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hyperglycemia, hypercholesterolemia, hypertension, hyperinsulinemias, hyperlipidemia,
atherosclerosis and myocardial ischemia in mammals.

In spite of the early discovery of insulin and its subsequent widespread use in
the treatment of diabetes, and the later discovery of and use of sulfonylureas {e.g.
Chlorpropamide™ (Pfizer), Tolbulamide™ (Upjohn), Acetohexamide™ (E.l. Lilly),
Tolazamide™ (Upjohn)) and biguanides (e.g. Phenformin™ (Ciba Geigy), Metformin™ (G.
D. Searle)) as oral hypoglycemic agents, the treatment of diabetes remains less than
satisfactory. The use of insulin, necessary in about 10 % of diabetic patients in which
synthetic hyiaoglycemic agents are not effective (Type | diabetes, insulin dependent
diabetes mellitus), reqdires multiple daily doses, usually by self injection. Determination
of the proper dosage of insulin requires frequent estimations of the sugar in urine or
blood. The admi_r;\istration of an excess dose of insulin causes hypoglycemia, with
effects ranging from mild abnormalities in blood glucose to coma, or even death.
Treatment of non-insulin dependent diabetes mellitus (Type il diabetes, NIDDM) usually
consists of a combination of diet, exercise, oral agents, e.g. sulfonylureas, and in more
severe cases, insulin. However, the clinically available hypoglycemics can have other
side effects which limit their use. In any event, where one of these agents may fail in
;m individual case, another may succeed. A continuing need for hypoglycemic agents,
which may have fewer side effects or succeed where others fail, is clearly evident.

Atherosclerosis, a disease of'tpe arteries, is recognized to be the leading cause
of death in the United States and Western Europe. The péthological sequence leading
to atherosclerbsis-;and occlusive heart disease is well known. The earliest stage in this
sequence is the formation of "fatty sireaks’ in the carotid, coronary and cerebral arteries
and in the aorta. These lesions are yellow in color due to the presence of lipid deposits
found principally within smooth-muscle cells and in macrophages of the intima layer of
the arteries and aorta. Further, itis postulated that most of the cholesterol found within

{he fatty streaks, in turn, give rise to development of the "fibrous plaque®, which consists

of accumulated intimal smooth muscle cells laden with lipid and surreunded by extra- .
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; ﬁgs Is 3 '; fou 0 degt’Bgﬁ@%‘ﬁ gre now realized to be at particular high risk. Such independent risk factors
inc!udg glucose intolerance, left ventricular hypertrophy, hypertension, and being of the
15 male s:_ex. Cardiovascular disease is especially prevalent among diabetic subjects, at
least m part because of the existence of muitiple independent risk factors in this
.’popula_iion. Successful treatment of hyperlipidemia in the general population, and in
diabeti¢ subjects in particular, is therefore of exceptional medical importance,” -
_ E‘Hypertension (or high blood pressure) is a condition which occurs in the human
.20 -populafion as a secondary symptom to vérious other disorders such as rena artery
o .stenosi,s._ pheochromocytoma or endocrine disorders. However, hypertension is also
' 'evidenéed in many patients in whom the causative agent or disorder is unknown. While
' sl._;ch 'éssential' hypertension is often associated with disorders such as obesity, -
: di_abeteé and hypertriglyceridemia, the relationship between these disorders has not
25 been elgéidated. Additionally, many patients display.the symptoms of high blood
pressuré in the complete absence of any other signs of disease or disorder.

It is known that hypertension can directly lead tc} heart failure, renal failure and
stroke (ﬁrain hemorrhaging). These conditions are capab{é:-of causing short-term death
in a pati?nt. Hypertension can also contribute to the d}e?_elopment of atherosclerosis

30 and corcinafy disease. These conditions gradually; weél{:én a patient and can led to
' !ong~teruﬁ' death. e
- Tfie exact cause of essential hypertension is unknown, though a number of
factors afe believed to contribute to the onset of the disease. Among such factors are
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- 2- cellular lipid, collagen, elastin and proteoglycans. The cells
plus matrix forma fibrous ‘cap that covers a deeper deposit of cel
‘debrisand:‘more extra cellular lipid. The lipid is primarily free and
esterifled cholesterol. The fibrous plaque forns slowy, and is likely
intime to become calcified and necrotic, adwancing to the "conplicated

| esi on" which 5 accounts for the arterial occl usi on and tendency toward
mural thronbosis and arteri al nmuscl e spasmthat characterize advanced
at her oscl er osi stress, uncontroiled gmetinasi ynreguisted harmeenadelenss (thpiranip, angiotensin,
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particular, sﬁﬁqsgéﬁﬁﬁ al step in prevention of CVD. The upper
limts of " rs)r mal " #he tRatmEmMovh edsentid hypertension has been undertaken bearing the

foregoing factors in mind. Thus a broad range of beta-blnckers, vasoconstrictors,
angiotensin converting enzyme inhibitors and the like have been developed and"
marketed as antihypertensives. The treatment of hypertension utilizing these
compounds has proven beneficial in the prevention of short-interval deaths such as
10 heart failure, renal failure and brain hemorrhaging. However, the development of
atherosclerosis or heart disease due to hypertension over a long period of time remains
a problem. This implies that although high bloed pkéssure is being reduced, the
underlying cause of essential hypertension is not responding to this treatment.
Hypertension has been associated with elevatedblood insulin levels, a condition
15 known as hyperinsulinemia. Insulin, a peptide hormone whose prirﬁan/ actions are to
promote glucose utilization, protein synthesis and the formation and storage of neutral
lipids, also acts to promote vascular cell growth and i‘n_brease renal sodium retention,
among other things. These latter functions can be accomplished without affecting
glucose levels and are known causes of hypertension. Peripheral vasculature growth,
20 for examp!e can cause constriction of peripheral capillaries; while sodium retentlon
increases blood volume. Thus, the lowering of insulin levels in hyperinsulinemics can
prevent abnormal vascular growth and renal sodium retention caused by high insulin
;evels and thereby alleviate hyperlénsion.
Cardiac hypertrophy is a significant risk factor in the development of sudden
25 death, myocardial infarction, and congestive heart failure. These cardiac events are due,
at least in part, to increased susceptibilily to myocardial injury after ischemia and
.reperfusion which can occur in out-patient as well as perioperative seftings. There is
an unmet medical need {o prevent or minimize advérse myocardial perioperative
outcomes, particularly perioperative myocardial infarction. Both non-cardiac and cardiac
30 surgery are associated with substantial risks for myocargial infarction or death. Some
7 million patients undergoing non-cardiac surgery are considered to be at risk, with
incidénces of perioperative death and serious cardiac complications as high as 20-25%

in some series. In addition, of the 400,000 patients :'undergoihg coronary by-pass
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significantly | ower than heretofore appreciated. As a result, large
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In the conplete absenégﬁo §’any ot her signs of disease or disorder.
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_Glycogenolysis is an important iarget for interruption of hepatic glucose
production. The liver produces glucose by glycogenolysis (breakdown of the
15 glucose polymer glycogen) and gluconeogenesis (synthesis of glucose from 2- and
3-carbon precursors). Several fines of evidence indicate that glycogenolysis may
‘make an important contribution to hepatic glucose output in NIDDM. First, in normal’
.post absorptive man, up to 75% of hepatic glucose production is estimated to resuit
from glycogenolysis. Second, patients having liver glycogen storage diseases,
20 including Hers' disease (glycogen phosphorylase deficiency), display episodic
~ hypoglycemia. These observations suggest that glycogenolysis may be a significant
process for hepatic glucose production.
- Glycogenolysis is catalyzed in liver, muscle, and brain by tissue-specific
isoforms of the enzyme glycogen phosphorylase. This enzyme cleaves the glycogen
25 macromolecule to release glucose-1-phosphate and a new shortened glycogen
macromolecule. Two types of glycogen phosphorylase inhibitors have been
reported lo date: glucose and glucose analogs [Martin; J.L. et al. Biochemistry
1991, 30, 10101] and caffeine and other purine analogé [Kasvinsky, P.J. et al. J.
Biol. Chem. 1978, 253, 3343-3351 and 9102-9106}. These compounds, and
30 glycogen phosphorylase inhibitors in general, have béen postulated to be of
. potential use for the treatment of NIDDM by decreasiné hepatic glucose production
.__and lowering glycemia. [Blundell, T.B. et al. Diabetologia 1992, 35, Suppl. 2, 569-
- 576 and Martin et al. Biochemistry 1991, 30, 10101].
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- 3- stress, uncontrolled enotions, unregul ated hornone rel ease (the
reni n, angiotensin, al dosterone systen), excessive salt and water due
‘totkidney malfunction, wal l t hi ckeni ng and hypertrophy of the
vascul'ature-resulting in constricted bl ood vessel s and genetic
factors. = 5 The treatnment of essentgal hypertension has been
undert aken bearing the foregoing factors in mnd. Thus a broad range
of bet a-bl ockers, vasoconstrictors, angi ot ensi n converting enzyne

i nhibitors and the I ; ; #Hbm

ant i hypertensives. Tpi@ﬁr%g?‘réﬁﬁéﬁ\ﬁg%ggﬁgam onyﬂ?ﬁrﬂ;glﬁ‘@ tsﬁseégzed after
conpounds has pschemiatandaperfusion is nohfullpupdenstaash: b has been réported (Ml FoAllerds

such as 10 hoagie, k! 4oy, 86741 GAT b %oFb HSHRG WAL ek rddRARS s

t he devel opnen

associated with improved post ischemic left ventricular functional recovery in
§ - hypertrophied rat hearts®, |
Thus, although there are a variety of hyperglycemia, hypercholesterolemia,
hypertension, hyperlipidemia, atherosclerosis and myocardial ischemia therapies
there is a continuing need and a continuing search in this field of art for alternative
therapies.
10 Summary of the Invention
This inventioﬁ is directed to glycogen phosphorylase inhibitor compounds of
Formula | useful for the treatment of diabetes, hyperglycemia, hypercholesterolemia,
hypertension, hyperinsulinemia, hyperfipidemia, atherosclerosis and myocardial

ischemia.
15 The compounds of this invention have the Formula |
20
. 5
Rio Ria
25 : Formula |

and the pharmaceutically acceplable salls and prodrugs thereof
wherein '
the dotted line (---) is an optional bond;
A is -C(H)=, -C((C,-C,)alkyl)= or -C(halo)= when the dotted line (---) is a
30 bond, or A is methylene or -CH((C,-C,)Jalkyl)- when the dotted line (---)is nota
bond; _
R,, R, or R,, are each independently H, halo, 4-, 6- or 7-nitro, cyano, (C,-

C.)alkyl, (C,-C,)alkoxy, fluoromethyl, difluoromethyl or trifluoromethyi;
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at heroscl erosis or heart disease due to hyperteﬁsion'over a long period of

time remains, a problem This inplies that although high bl ood pressure
i s being-reduced, the underlying cause of essential hypertension is
not responding to this treatnent. ' Hypertensi on has been

associated with elevated blood insulin levelg., a condition 15 known as
hyperi nsulinema. Insulin, a peptide hornone whose prinmary actions are to
pronote glucose utilization, protein synthesis and the formation and
storage of neutral R, is i; pids, also acts to pronote vascular cell growth

and increase renal sgdig eRt 1 .on, anong ot her things. These latter
functions can be accoﬁp%ﬁ&ieevﬁs%"ﬁﬂm af fecting . glucose levels and are
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ol i cati ons ZoiCh e A 5 g R, rocycles are optionally mono- or dj-
substituted independently with halo, trifluoromethyl, (C, |
15 amino or hydroxy and said mono-or di-substituents are

Rs is H, hydroxy, fluoro, (C,-C;)alkyl, (C,-
amino(C,- +Jalkoxy, mono-N- or di-N,N-(C,-C, )alk
C.)alkoxy, (C,- s)alkoxy—carbonyl(c,-C‘)alkoxy.
carbonyloxy wherein said carbonyloxy is carbon
imidazolyl, 1H-indolyl, furyl, pyrrolyl, oxazolyl,

Pyridazinyl, pyrimidinyl, pyrazinyl or 1,3,5

-CJalkyl, (C,-C,)alkoxy,
bonded to carbon;

s)alkoxy, (C,- slatkanoyl,
ylamino(C,-C,)alkoxy, carboxy(C,-
benzylox-ycarbonyl(c, -C,)alkoxy, or
-carbon linked with Phenyl, thiazolyl,
Pyrazolyl, isoxazolyl, isothiazolyl,

20

. -triazinyl and wherein said preceding Ry
fings are optionally mono-substituted with halo, (C,-C,)alkyl (C,-C
s 1 a

amino or triflucromethyl and said mono-substituents are bonded 1o
R, is H, fluoro or (C,-Cs)alkyl; or

Rs and R, can be taken together to be oxo:

Jalkoxy, hydroxy,
carbon;

25

Rs is carboxy, (C, -Cg)alkoxycarbonyl, C(O)NR,R; or C(O}R

wherein ‘2'

Rgis H, (C, -C;)alkyl, hydroxy or (C,-C,)alkoxy; and
Ry is H, (Ci-Cylalkyl, hydroxy, (C,-Cs)atkoxy,

| met_hyiene-perﬂuorinated(c -
30 C,lalkyl, phenyl, pyridyl, thienyl, furyi, pyrrolyt, |

C pyrrolidinyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, isoxazol;{l,'i'_sothiazolyi
piperidinyl, morpholinyl, pyridazinyl, pyrimidinyl, pyrézinyl; ’
triazinyl wherein said preceding R, rings are carbon-nitrog

pyranyl,
piperazinyl or 1,3,5-
en linked; or

i



In some series. In addition, of the 400,000 patients undergoi ng coronary

Pi_pass surgery annually,'perioperaftve nmyocardial infarction

is estlmatedto occur In 5% and _ death in 1-2% There is
currently no drug therapy in this area which-#=educes danmage

to cardiac tissue from perioperative myocardial ischema or enhan(r:]es .
| resi stance to i schem c episodes. Such a therapy

gﬁ{ ?Ic?gat ed to be'l |BeISsravmqtrgdandtn-subststuted (C,-6,)alkgly ahefeit Sdid %hbé’tﬁ&érﬂ?%re

enhance qual i tW@épédd‘eﬁﬂﬁPﬂh{r&@W%MS "@b Lo-:ﬁg-po&c{? E‘C‘*Zw(‘geﬁ% %ﬁ%&mﬂqa’on is an

k patients.
Plrrggr'[;lt 'I[D Zr get f orRNs DB tos dhpybstiiited (C,-Cgalkyl, wherein Said @Ubétitudi€ afgy O

regulator of plisddBRndbhfiPsteryf bkidy! AP NS S SyrFo! py‘fjlrpo :%Mt, ongzogl a"s“tago Wi,

§ imidazolyl, pyrazolyl, pyrazolinyl, pyraz_ohdlnyl, isoxazolyl, isothiazolyl, pyranyl,
pyridinyl, piperidinyl, morpholinyl, pyridazinyl, pyrimidinyl, pyrazinyl, piperazinyl or
1,3,5-triazinyl

wherein the nonaromatic nitrogen-containing R, rings are optionally mono-
substituted on nitrogen with (C,-C s)alkyl, benzyl, benzoy! or (C,-Cg)alkoxycarbonyt

10 and wherein the R, rings are optionally mono-substituted on carbon with halo, (C,-

‘)alkyl (C -C,)alkoxy, hydroxy, amino, or mono-N- and di-N,N (C,-C;)alkylamino
provided that no quaternized nitrogen is included and there are no mtrogen-oxygen
nitrogen-nitrogen or nitrogen-halo bonds:;

R,, is piperazin-1-yl, 4-(C,-C,)alkylpiperazin-1-yl, 4-formylpiperazin-1-yl,

15 morpholine, thiomorpholino, 1-oxothiomorpholino, 1,1-dioxo-thiomorpholino,
thiazolidin-3-yl, 1-oxo-thiazolidin-3-yi, 1,1-dioxo-thiazolidin-3-yl, 2-(C,-
Celalkoxycarbonylpyrrolidin-1 -yl; oxazolidin-3-yl or 2(R)-hydroxymethylpyrrolidin-1 -vi;
or '

R,, is 3- and/or 4-mono-or di-substituted oxazetidin-2-yl, 2-, 4-, and/or S-

20 mono- or di-substituted oxazolidin-3-yl, 2-, 4-, and/or 5- mono- or di- substituted
thiazolidin-3-yl, 2-; 4-, and/for 5- mono- or di- substituted 1-oxothiazolidin-3-yl, 2-, 4-,
and/or §- mono- or di- substituted 1 .1-dioxothiazolidin-3-yl, 3- and/or 4-, mono- or di-
subsbtuted pyrrolidin-1-yl, 3-, 4- and/or 5-, mono-, di- or tn-subsututed piperidin-1-yl,
3-, 4-, andjor 5- mono-, di-, or tri-substituted piperazin-1 -yl, 3-substituted azetidin-1-

25 yl, 4- andjor 8-, mono-.or di-substituted 1,2-oxazinan-2-yl, 3-and/or 4-mono- or di-
substituted pyrazolidin-1-yi, 4- and/or 5-, mono- or di-spbstituted isoxazolidin-2-yl, 4-
and/or 5-, mono- and/or di-substituted isothiazolidin-2-yl wherein said R,
substituents are independently H, halo, (C,-Cs)-alkyl, hydroxy, amino, mono-N- or di-
N.N-(C,-C)alkylamino, formyl, oxo, hydroxyimino, (C,-C;)alkoxy, carboxy,

30 carbamoyl, mono-N-or di-N,N-(C,-C,)alkylcarbamoyt, (C,-C,)alkoxyimino, (C,-
C.)alkoxymethoxy, (C,-Cglalkoxycarbonyl, carboxy(C,-Cs)aikyt or hydroxy(C,-

Cs)alkyl;

with the proviso that if R, is H, methyl, ethyl or n-propyl Rs is OH;
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state, and the rate of hepatic glucose production in N DDM patients is
signifi cant ly 10 elevated relative to normal individuals.
Ukewise:=i‘n-the postprandial (fed) state, where the liver
has a proportlonately smaller role.in the total plasma glucose supply,
hepatic glucose production is abnor nal | y higkg.in NI DOM patients.

d ycogenol ysis is.an inportant target for interruption of hepatic glucose
production. The |iver produces glucose by glycogenol ysis (breakdown of the

15 gl ucose pol yner glnMﬁQS@B}ov%&Qhﬂi mngaﬁegg@émﬁewntmﬁm meug)mﬁﬁe from
2- and - 3-carbon precursor-ea)alkevera i nes of evidence

indi cate that gn-PERYbrIvdg@IKCrayalkyl or (C, oxy(Grefkdalisy! andiftuls SHOINR,R,,
contribution t t I ,@gﬁg in NDDM First, in normal
post absorpti vgc{gﬁ’ ﬁ‘g‘cgf%gf" egg't i c glucose pr oduct ion is estinmated
to result A first grouprofjpretestednasingpounds 3 Fomiuladaionsistssofibaseng | i ver
gl ycogen stora 20 including Hers' disease (glycogen
phosphoryl ase %W‘?@had}e‘?heal spl ay episodic hypogl yceni a.
These observations sBgigesH, Shalo, Gimetbgeord-gyane; ney be a significant
process for hepatic gl uco produ
@ ycogenol ysis is ca’tg‘ala\f‘f%‘laﬁe F?ébpgem%qngy Haﬁr h%?'al n by tissue-specific
i sof ornms of the enzyiNis @ gen phosphoryl ase. This enzyne cl eaves the
(g2

gl ycogen r?ﬁr ormlL'_ecuI e to rel ease glucose-i-phosphate and a
new shortened glyco an macr onol ecul e. Two types of gl ycogen

phosphoryl agg i nhi big QE%hQﬁMKJ,bGQQk¥I wherein said pheryf Bfiup8ré fomat, ¥i- &Itncose
and gl ucose anal ogs {l\/artl n Bi ochem stry

30, 101011 and S¥BfYtufesdndspensienty withH %h%lﬁar@wq &aginwﬁwep 'odep@ndsmﬂy J.

Biol. Ch 19 3 chq,g ,aagn
360 gl ycggr;nen p@?pﬁhg‘%?a@lec‘??% @(;Lrts% egg'rﬁgmn:mggghﬁen post ul at’ed fo

be of R, ’is thien-2- or -3-yl(C,-C,)alkyl, pyrid-2-, -3- or 4-yi(C, -C,)alkyl thiazol-2-, -
4- or -5-yl(C,-C,)alkyl, imidazol -1-, -2-, 4- or -6-yl(C,-C,}alkyl, fur-2- or -3-yI(C,-
15 C,)alkyl, pyrrol-2- or -3-yi(C,-C,)alkyl, oxazoi-2-, -4- or -5-yl-(C,-C,)alkyl, pyrazol-3-, -
 4-or -5-yl(C,-C,)alkyt, isoxazol-3-, -4- or -5-yl(C,-C,}alkyl wherein said preceding R,
heterocycles are optionally mono- or di-substituted independently with halo,
trifluoromethyl, (C,-C,)alkyl, (C,-C,)alkoxy, amino or hydroxy and said mono- or di-
substituents are bonded to carbon;
20 Rs is hydroxy;
R, is C(O)NRgR, or C(O)R, ,; and
R, is H. .
Within the above first group of preferred compounds of Formula | is a first
group of especially preferred compounds wherein
25 ihe carbon atom a has (S) stereochemistry;

the carbon atom b has (R) stereochemistry;

R, is phenyl(C,-C,}alkyl, thien-2-yi-(C,-C,)alkyl, thien-3-yl-(C,-C,)alkyl, fur-2-yi-
(C,-C,)alkyl or fur-3-yl-(C,-C,)alkyl wherein said rings are mono- or di- substituted
independently with H or fluoro;

30 Rs is C(O)NR4R,;

R, is {C,-C,)alkyl, hydroxy or (C,-C,)alkoxy; and

Ryis H, (C,-C,)atkyl, hydroxy, hydroxy(C,-C,)alkyl, (C,-C;)alkoxy, pyridyl,
morpholinyl, piperazinyl, pyrrolidinyl, piperidinyl, lmadazolyl or thlazoiyl or (C,-C,)alkyl
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potential use for the treatnment of NI DOM by decreasing hepatic glucose

. .production and | owering glycema. [Blundell, T.B. et al.
Di-dbetigl ogi;a= 1992, 35, Suppl. 2, 569- 576 and Martin et al.
Bi ochemi stry 1991, ‘30, 10101]. , T 771 , n, .i A
The mechani sn(s) responsi ble for the myocardial injury observed after
-g-

mono-substituted with pyridyl, morpholinyl, piperazinyl, pyrrolidinyl, piperidinyi,
imidazoly! or thiazolyl. _
Within the above first group of especially preferred compounds are the
particularly preferred compounds
5 §-Chloro-1H-indole-2-carboxylic acid [(1S)-((R)-hydroxy-dimethylcarbamoyi- .
methyl)-2-phenyl-ethyl]-amide,
5,6-Dichloro-1H-indole-2-carboxylic acid {(1S)-[(R)-hydroxy-(methoxy-methy-
carbamoyl)-methyl}-2-phenyl-ethyl}-amide,
5-Chloro-1H-indole-2-carboxylic acid {(1S)-[(R)-hydroxy-(methoxy-methyi-
10 carbamoyl)-methyl]-2-phenyl-ethyl}-amide,
§-Chioro-1H-indole-2-carboxylic acid {(1S)-{(R)-hydroxy-[(2-hydroxy-ethyl)-
methyl-carbamoyl]-methyt}-2-phenyl-ethyl)-amide,
$5-Chioro-1H-indole-2-carboxylic acid {(1S)-[(R)-hydroxy-(methyl-pyridin-2-yl-
carbamoyl)-methyl]-2-phenyl-ethyi}-amide or
15 §-Chloro-1H-indole-2-carboxylic acid {{1S)-{(R)-hydroxy-[methyl-(2-pyridin-2-yl-
ethyl)-carbamoyl]-methyl}-2-phenyl-ethyl)-amide.
Within the above {irst group of especially preferred compounds are the -
compounds wherein |
a. R, is S-chioro;
20 R,, and R,, are H;
R, is benzyl;
R, is methyl; and
R, is methyl;
b. R, is 5-chloro;
25 "Ry, is H;
R,, is 6-chloro;
R, is benzyl;
R, is methyl; and
R, is methoxy;
30 c. R, is S-chloro;
R,c and R,, are H;
R, is benzyl; _ e ——

R, is methyl; and This Sheet Has Been Replaced
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I schem a and reperfusion is not fully understood. It has been reported (M

F. Allard, et al. Am J. Physiol. 267, H66-H74, 1994) that "pre
sschem:c. glhycogen reduction...is associated with i mproved post
~i'schemic left ventricular functional recovery in 5 hypertrophied rat

hearts". Thus, although there are a variety of hyperglycem a,

hyper chol est erol om a, hypert ensi on, EFrlrprdenra at heroscl erosi s

and nyocardi.al ischem a therapies thet'®is a continuing need and a

continuing search in this field of art for alternative t herapies. 10

Sunmmary of the Invention This invention is directed to gl ycogen

phosphoryl ase inhi bitor Boﬁﬂﬂﬂﬁ@y'of Formula | useful for the

treatment of diabetgs, hgprraddnisem a, hyperchol esterol em a,
hypertension. hyperinsulinem a hyperl | pi dem a, atherosclerosis and
nyocar di al i schemi afwo®8d Ry, ¢ H; The conpounds of this invention have

the Fornul a | R, is benzyl;
5 R, is methyl; and
R, Is 2-(hydroxy)ethyl;
e. R, is 5-chloro;
R,o and R,, are H;
R, is benzyl;
10 R, is methy}; and
' R, is pyridin-2-yl; and
f. R, is 5-chloro;
R,, and R,, are H;
. R, is benzyl;
15 R, is methyl; and
R, is 2-(pyridin-2-yl)ethyl.
Within the above first group of preferred compounds of Formula | is a second -
group of especially preferred compounds wherein
| the carbon atom a is (S) stereochemistry;
20 the carbon atom b is (R) stereochemistry;
. R, is phenyl(C,-C,)alkyl, thien-2-yl-(C,-C,)aikyl, thien-3-y-(C,-C,)alkyl, fur-2-yi-
{C,-C,)alkyl or fur-3-yl-(C,-C,Jalkyl wherein said rings are mono- or di- substituted
independently with H or fluoro;
R, is C(O)R,,; and
25 R,, is morpholino, 4-(C,-C,)alkylpiperazin-1-yl, 3-substituted azetidin-1-yl, 3-
and/or 4-, mono- or di-substituted pyrrolidin-1-yl, 4- and/or 5- mono- or di-substituted
isoxazolidin-2-yl, 4- and/or §-, mono- or di-substituted 1,2-oxazinan-2-yl wherein said
substituents are each independently H, halo, hydroxy, amino, mono-N- or di-N,N-
(C,-Cs)alkylamino, oxo, hydroxyimino or alkoxy.
30 Within the above second group of especially preferred compounds are the
particularly preferred compounds
5- Chloro-1H—rndole-2 -carboxylic acid [(1S)-benzy!- (2R) hydroxy-s (4- methyl-

prperazrn- -yl)-3-oxo-propyl] -amide hydrochloride,
This Sheet Has Been Re;
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[err] 25 Formula | . and _the
pharmaceutical ly acceptable salts and prodrugs thereof wher ei n
the:dotted-tine (---) is an optional bond; ' Ais -C(H)=,
-C((derr}-derr])alkyl)= or -C(hal o)= when the dotted line (--) is a 30
bond, or Ais nethylene or -CH((C[err] -CJerr])al kyl)- when the dotted |ine
(---) is not a bond; Rlerr], Rerr]. or Rerr] are each
i ndependently H, halo, 4-, 6- or 7-nitro, eywno, ((err]- Clerr])al kyl,
(derr]-Cderr])al koxy, fluoromethyl, difluoromethyl or trifluoronethyl;
- 5-Chloro-1H-indole-2-carboxylic acid [(1 S)-benzyi-(zR)-ﬁydroxy-a-(a-hydroxy-
azetidin-1-yl)-3-oxo-propyl]-amide, _
5-Chloro-1H-Indole-2-carboxylic acid ((1S)-benzyl-(2R)-hydroxy-3-isoxazolidin-
2-yl-3-oxo-propyl)-amide,
S §-Chloro-1H-indole-2-carboxylic acid ((1S)-benzyl-(2R)-hydroxy-3-
[1.2]oxazinan-2-yl-3-oxo-propyl)-amide, -
5-Chloro-1H-indole-2-carboxylic acid [(1 S)-benzyl-(2R)-hydroxy-3-((é$)-
hydroxy-pyrrolidin-1-yi)-3-oxo-propyl}-amide,
~ 6-Chioro-1H-indole-2-carboxylic acid {(1S)-benzyl-3-{(3S,4S)-dihydroxy-
10 pyrrolidin-1-yl)-(2R)-hydroxy-3-oxo-propyl]-amide,
. §-Chloro-1H-indole-2-carboxylic acid [(1S)-benzyl-s-((sﬂ.4S)-dihydroxy'-
pyrrolidin-1-yi)-(2R)-hydroxy-3-oxo-propyl}-amide or
§-Chloro-1H-indole-2-carboxylic acid ((1S)-benzyi-(2R)-hydroxy-3-morpholin4-
yi-3-oxo-propyl)-amide.
16 Within the above second group of especially preferred compounds are the
compounds wherein
a. R, is 5-chloro;
R,, and R,, are H;
‘ R, is benzyl; and
20 R,; is 4-methylpiperazin-1-yl;
b. R, is 5-chloro;
R,, and R,, are H;
R, is benzyl; and
R,, is 3-hydroxyazetidin-1-yl;
25 c. R, is 5-chloro;
R, and R,, are H;
R, is benzyl; and
R,, is isoxazolidin-2-yi;
d. R, is 5-chloro;
30 : R,, and R,, are H;
R,is benzyand = e e e

R,, is (1,2)-oxazinan-2-y; This Sheet Has Been Reﬁaced
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Rlerr] is H Rlerr] is Hor

(C-derr])al kyl; R4 is H nethyl, ethyl, n-propyl,

.-.;'_:hydroxy(C[err] C[err])al kyl , (C[err] Cerr])al koxy(C[err]

-5-yl(Cerr]-

4- 10 or -5-yl- (C[err]

-5-yl((err]-

i sot hi azol - 3-,

~derr])al kyl-, phenyl (Cerr]-Cerr])alkyl,

phenyl hydroxy(C[err] Cerr])alkyl, phenyI(C[err] C[err])al koxy(C[err] - 5
~(ferr])alkyl, thien-2- or -3- yI(C[err] C[er{d)al kyl or fur-2- or
-3-yl((err]-Cerr])al kyl wherein said R4 rings are nono-, di- or
tri-substituted i ndependently on carbon with H, halo, (C, - C4) al kyl ,
(C -derr])al koxy, triflyoro hyI hydroxy, am no or cyano; or '
R4 is pyrid-2-, -3- or - wyﬁ"@ lC[err])al kyl, thiazol-2-, -4- or
-5-yl(Cerr]-

C[err])alkyh‘,sbenz|aﬂdndazo -1-, -2-, -4- or
C4) al kyl grrol 2y err]-Cerr])al kyl, oxazol-2-,
e['%?ﬁs])-)‘wrvayvpvrwdmzbvt 3-, -4- or
C4) al kyl, igox ora” or -5-yl(C, - 4) al kyl
-4- or -5-\T(CJerr]- C4)a| kyl , pyridazin-3- or

-4-yl - ([ erB]-C4)al kyl, Ry andRyyeseildi n-2-, -4-, -5- or

-6-yl(Cerr]-
1,

Clerr])al kyh,' %[dz or -3- yl(Cerr]-Cerr])al kyl or
5-triazin- &Féraf err])al kyl, wherein said preceding

rr] heterocycles ar e Rxpis @Sdﬂ)»ﬁlhydmypwokﬁlnd-yl; substituted

i -
dr oxy,

i
(
di
h
(Cerr]- C[
di -

15 .

25

30

err]-Cerr])alk
substltuents are boncR; ahd R pared; Rlerr] is Herr]
oro, (C[err]RCigrr IﬂnyI (err]-Cerr])al koxy, '

r])al kanoyl ,

N, N-(Cerr]-Ca4)al kyl &y, rsq(sﬁ,:ss%wyaiax@bmwm-wr gy (C, -

‘or hydroxy and sai d nono-or

3,

e
I ndependently with an ronmethyl, (C-Cerr])alkyl,
d Fi‘é §Fﬁlhﬁ’8

y

o(Clerr]-C err])al koxy, nmono-N- or

h. R, is 5-chioro,
R,, and R,, are H;
R, is benzyl; and
R,, is morpholino. _
A second group of preferred compounds of Formula | consists of those
compounds wherein
R, is H, halo, methyl or cyano;
R, and R,, are each independently H or halo;
Ais -C(H)=;
R, and R, are H;
R, is phenyl{C,-C,)alky! vs)herein said phenyl groups are mono-, di- or tri-

- substituted independently with H or halo or mono- or di- substituted independently

 with H, halo, (C,-CJ_a_Ik_yl_, (C,-C,)alkoxy, triftuoromethyl, hydroxy, amino or cyano; or

R, is thien-2- or -3-y}(C,-C,)atkyl, pyrid-2-, -3- or -4-yl(C,-C,)alkyl, thiazol-2-, -
4- or -5-y|(C,-C,)alkyl, imidazol -1-, -2-, 4- or -5-yl(C,-C,)alkyl, fur-2- or -3-yl{C,-
C;)alkyl, pyrrol-2- or -3-yl(C, -C,)alkyl, oxazol-2-, -4- or -5-yi-(C,-C,)alkyl, pyrazol-3-, -
4- or -5-yl(C,-C,)alk'-'yl,: isoxazol-3-, -4- or -5-yl(C,-C,)alkyl \:-_Nherein said preceding R,
heterocycles are op{ionally mono- or di-substituted indépgndently with halo,

triflucromethyl, (C,-C,Jalkyl, (C,-C,)alkoxy, amino or hydroxy and said mono- or di-

~ substituents are bonded to carbon;

Rs is hydroxy;, O
R, is carboxy or (C,-C,)alkoxycarbonyl; and  This Sheet Has Been Replaced
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Cerr])al koxy, (C -Cerr])al koxy-carbonyl (( err]-C4)al koxy,

benzyl oxycar bonyl (C[err]-Cerr])al koxy, or car bonyl oxy wherein said
-car-bonyl oxy ‘i s carbon-carbon |inked with phenyl, thiazolyl, 20 i mdazolyl,
1 Hindolyl, furyl, pyrrolyl, oxazolyl, pyrazol yI , 1soxazolyl,

i sot hi azol yI : pyri dazi nyI , pyri m di nyi3- pyrazinyl or 1,3,5-triazinyl
and wherein said preceding Rlerr] rings are optionally
nono-substituted with halo, ((Jerr]-Clerr])alkyl, (CJerr]-Cerr])al koxy,
hydroxy, . am n@, @ Hi fludrb v (O7€})akit. and sai d nmono- substituents are
bonded to carbon; . err] i fluoro or

or 25 R[ er r Vithinstheseppnd gﬁfpbg]ﬂrﬁég §9OPRANEAS Pt)&%@‘%ﬂ)‘s a L oup
Rlerr] is car bespecidifippétedred Edmpolindy dvﬁmnﬁr bonyl AONRerr]Rerr] or
C(ORerr], wher ei n RL 'J’ S H (derr]-derr])alkyl,
hydroxy or (Clerr]- W’?‘}’hﬂ?ﬂ"(?‘s (3] gtereochemist Rlerr] is H, _

(C -C)al kyls hydropg, cardreatohr Gﬁ@gn)]s}érbb&%ém
met hyl ene-perfluorinated(de

| d t hi
furyl, pyrrolyl, pyResl PWMWgédilgiban'zﬂk(%zéﬂ?kyl “‘?e¥"3'7|r(é£i'|§z%' U"I‘;n -
pyr azol yl, pyr @ZQ‘} Jt 0 lﬂ)féﬁi] CLE Q&P# whér‘é?f?gi% Yth?s Mghéz&lé{l subQY {L@&Y |

pi peri di ny/ I’pﬁ pyrimd pyrazinyl, piperazi nyI
or 1,3,5- mdmemienvvwméwmuosw d preceding R[err] rings are
carbon-nitrogen |i nll-fedaind% are H:
: 10 11 '
10 R, is carboxy; and
R,is H.

Preferred within the immediately preceding group is a compound wherein

R, is S-chloro; '

R,, and R,, are H; and

15 R, is benzyl.
A third group of preferred compounds of Formula | consists of those
- compounds wherein
R, is H, halo, methyl or cyano;
R, and R,, are each mdependently H or halo;
20 A is -C(H)=; '

R, and R; are H;

R, is phenyi(C,-C,)alkyl wherem said phenyl groups are mono-, di- or tri-
subsmuted independently with H or halo or mono- or di- substituted independently
with H, halo, (C,-C,)alkyl, (C,-C,)alkoxy, trifluoromethyl, hydroxy, amino or cyano; or

25 R, is thien-2- or -3-¥i(C,-C,)alky!, pyrid-2-, -3- or -4-yl(C,-C,)alkyl, thiazol-2-, -
4- or -5-yl(C,-C,)alkyl, imidazol -1-, -2-, -4- or -5-yl(C,-C,)alkyl, fur-2- or -3-y}(C,-
C,)alkyl, pyrrol-2- or -3-y(C,-C,)alkyl, oxazoi-2-, -4- or -5-y!-(C,-C,)alkyl, pyrazol-3-, -
4- or -5-yi(C,-C,)alkyl, isoxazol-3-, -4- or -5-y}(C,-C,)alkyl wherein said preceding R,
heterocycles are optionally mono- or di-substiluted independently with halo,

- 30 trifluoromethyl, (C,-C,)alkyl, (C,-C,)alkoxy, amino or hydroxy and said mono- or di-
substituents are bonded to carbon;

This Sheet Has Been R laced
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-7- Rlerr] is nmono-, di- or tri-substituted (C
-Clerr])al kyl, wherein said substituents are I ndependently H,
hydr oxy;-.amino, mono-N- or di-N,N(Cerr]-Cerr])al kyl am no; or
‘Rlerr].is nmono- or.di-substituted (CJerr]-Clerr])alkyl, wherein said

substituents are I ndependent | y phenyI.M.pyri dyl, furyl, pyrrolyl,
pyrrolidinyl, oxazolyl, thiazolyl, 5 i mdazol yl, pyrazol yI pyrazolinyl,
pyrazol i di nyl, |soxazolyl |soth|azolyl pyranyl , yr|d|nyl

D per 0y T 1% B XEL N, EUGHRR b YA, e
ni t rogen- cont Ny G%Dakwémhbmscadkowaamquqcmxy, (C,-Coalktagt i t ut ed on

?ICE re;)?]enqvme'; :]]c)(a%er r]); gwabqﬁ/}l yiox %ﬁ%ﬂ%ﬂﬁ@@%err] rings are

optionally rmno sulrgtis @ (CAC emoquarbw @and(Clerr] -

Clerr])alkyl, (Cerr]-Clerr])alko droxy, am no, or nono-N and di-N, N
(C - C[err])él kyl amﬁvdsﬂ “°’°p?"o(§1 é})‘"f%rat no quaternized nitrogen is

included and there @fdﬁrtﬁ(grauﬁ pr&fbrw&fhﬁpounds of F&Hwﬁlag%nélét"srdm%k&r
ni trogen-hal o bonds; Rlerr] is piperazin-1-yl,

4-(Cerr]- C[er@]")ﬂﬂ“ﬂ?#ﬂ%@"&m n-1-yl, 4-fornyl pi perazin-1- yI 15
nmor phol i no, thi om)erhQH Ao, ;lme‘ gr Q%é}marphol ino, 1,1
I n-

- di oxo- thlonDrphollﬁo 1- oxo-t hi azol i di n-3-yl,
1, 1- di oxo-t hi azol i @pagd i, a@-e(@pemdqpendenty H or halo;
10 Ais -C(H)=;

R, and R, are H;

R, is phenyl(C,-C,)alky! wherein said pheny! groups are mono-, di- or tri-
substituted independently with H or halo or mono- or di- substituted independently
:with H, halo, (C,-C,)alkyl, {C,-C,)alkoxy, trifluoromethyl, hydroxy, amino or cyano; or

15 R, is thien-2- or -3-yl(C,-C,)alkyl, pyrid-2-, -3- or 4-yl(C,-C,)alkyl, thiazol-2-, -
4- or -5-yI(C,-C,)alkyl, imidazol -1-, -2-, -4- or -5-yl(C,-C,)alkyl, fur-2- or -3-y{(C,-
C,)alkyl, pyrrol-2- or -3-yi(C,-C,)alkyl, oxazol-2-, 4- or -5-yi-(C,-C,)alkyl, pyrazol-3-, -
4- or -8-yl(C,-C,)alkyl, isoxazoi-3-, -4- or -5-yl(C,-C,)alkyl wherein said preceding R,
heterocycles are optionally mono- or di-substituted independently with- halo, |

20 - trifluoromethyl, (C,-C,)alkyl, (C,-C,)alkoxy, amino or hydroxy and said mono- or di-.
substituents are bonded to carbon;

R, is fluoro, {C,-C,)alkyt, (C,-C,)alkoxy, amino(C,-C,)alkoxy, mono-N- or di-
N,N-(C,- Jalkylamino(C,- .)élkoxy, carboxy(C,-C,)alkoxy, (C,-C;)atkoxy-
carbonyl(C,-C,)alkoxy, benzyloxycarbonyl(C,-C,Jalkoxy;

25 R, is C(O)NR;R, or C(O)R,, ; and

R, is H, fluoro or (C,-Cgalkyl.

Yet another aspect of this invention is directed to a method fcr treating a
glycogen phosphorylase dependent disease or condition in a mammal by
administering to a mammal suffering from a glycogen phosphorylase dependent -

30 disease or condition a glycogen phosphorylase dependent disease or condition

treating amount of a Formula | compound.

“ﬁﬁ’iiﬁ‘liiitﬁﬂi“ “Tin




err])al koxycar bonyl pyrrolidin-1 -yl, oxazolidin-3-yl or _
(Z:ER) Lg/droxy?/rethyl pyrrolidin-1 -yl; or Rerr] is 3-
and/or 4= nono-or di-substituted oxazet i di n- 2- yl, 2-, 4-, and/or 5- 20
mono- or di-substituted oxazolidin-3-yl, 2-, 4-, and/or 5- nono- or di-
substi t ut ed t hi azolidin-3-yl, 2-, 4-, and/or 5- mono- or di- _
substituted 1-oxothiazolidin-3-yl, 2-, 4-, and/or 5- nono- or di-
substituted 1,1 -dioxothiazolidin-3-yl, 3- ald or 4-, nono- or di-
substituted pyrrolidin-1-yl, 3-, 4- and/or 5-, nono-, di- or
tri-substituted pi pey’ gi n-, _-.yl., : 3-., 4-, and/or 5 nono-, ddl tr’ gr
tri-substituted pi pef&cfipiaenaspest of thisiinyention '%EMQR‘ 1. 8 metiod far ead?gmd/ or
5-, mono- or di hypdigh/bériiadd ajm&nﬁ?aiiéy raarhu%stéhn Owr "3‘;‘- fsuiRRRg B,

ted razol 1 din-1-
?S?ié'zéi’. 3. nmz/ 6 perglycemia a 'émmjycesma tmﬁeg amwnbofair-'ommaﬂ compednd.

e , i di n-2-vl e ndently
:—I so';] 2: gzol( IC di rC]:[er ¥] )W&r%&%ﬁ?(%% ]ri{]wr?gtion f&u&?etﬁeﬂ?%&eﬁ\ for g'eg

N, N ([ err] - § efigpstas e mmmal lyoadrministering tohe thaoayal susffering from diabetes a

((:hC NC[N?E 23][ Za(ralr i‘%ﬂ%ﬁtf@ﬁ@f&ﬁ%ﬁ%@%%@#@ﬁ&a F&}}RE%'#] )al koxyimno, (Cerr]-
C[ err]) al koxynet hoxy¥, et(aeoth@f espéct a[Mywanﬂwmﬁldlﬁ&db@)&%é!?gﬂfﬁ)ﬁ%éﬁ@?kﬂ or

g)[/Cei ; :’)i(yl( g[ ar r ]rreh c,ho&ﬂerélg'n%l lhyprpggmal ﬁyeacﬂ'wsgen@{to a marRmal suffering from
hypercholesterol_emna a hypercholesterolemia treating amount of a Formula |

10 compound. Included in the treatment of diabetes is the prevention or attenuation of

long term complications such as neuropathy, nephropéthy, retinopathy or cataracts.

Yet another aspect of this invention is directed to a method for treating
atherosclerosis in a mammal by administering to a mammal suffering from

_ atherosclerosis an atherosclerosis treating amount of a Formula | compound.
15 Yet another aspect of this invention is directed to a method for treating
. hyperinsulinemia in a mammal by administering to a mammal s;uffering from
hyperinsulinemia a hyperinsulinemia treating amount of a Formula | compound. -

Yet another aspect of this invention is directed t_b a method fortreating

‘hypertension in a mammal by administering to a mammal suffering from
20 hypertension a hypertension treating amount of a Formula | compound.

Yet another aspect of this invention is dlrected to a method for treating
hyperhpldemla in a mammal by administering to a mammal suffering from
hyperlipidemia a hyperhpldemla treating amount of a Formula | compound.

' Yet anothér aspect of this invention is directed to a method for preventing a
25 myocardial ischemic injury in a mammal by administering to a mammal at risk for
perioperative myocardial ischemic injury a perioperafive_ myocardial ischemic injury
preventing amount of a Formula 1 compound.

Yet anothe:_'rj.aspect of this invention is directed to a method for preventing a
myocardial ischemic injury in a mammal by admi:nistéring to a mammal at risk for

30 perioperative myocardial ischemic injury a periop_erati:vezirhyocardial ischemic injury
preventing amount of a glycogen phosphorylase inhibitor.
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with the proviso that if Rlerr] and Rerr] are H then R4 is not H, nethyl,

et hyl, . n-propyl, hydroxy((err]-C3)al kyl or

(Cerrj-= C[err])alkoxy(C[err] Clerr])alkyl and Rlerr] I's C(ONRerr]Rerr],
C(ORerr] or (CJerr]-Cerr])al koxycar bonyl . * Afirst group
of preferred conpounds of Formula | consistsi@f those 5 conpounds

wher ei n Rlerr] is 5-H b5-halo, 5-nethyl or 5-cyano; .
Rlerr] and Rlerr] are each independently H or hal o; Ais

-C(H) =; This irveotior) iscalsb 8fented tanplarmaceutical composmons \Rﬁchts
- I ' ' : | _ar s are or tri-
B lbet it ed i nShiaiee:n PRl seRilE Hmo i 3t B eohiwonnd d Fwpiia e a
i ndependent | y pharmaceutichlly-acdeptable ¢&sfier.r 1 - Clerr])al kyl, (C, - C[ err] ) al koxy,
ani no

t L: LInU(Z)r ogvrat hgl yl (Béﬁ%?éﬁ’ee[cgmgs W§|ncltrﬁﬂ,;?l@r@aceut§al gﬂmposmons for t]he
-4-yl(Cerr]s Cireaﬁﬂémld{:glycogbh d@hebph%rylase de endeﬂt di@éases or conditions in mammals
I-m daz

i E g;: E 8[[ or 1 % %BHH nRdae & glycogen lBFOSM'Q&q féenq'tdenthfssemmcmdmwmams 2-
OE[ ;a?r ]yl) ; ﬂ( ;lr r larg%gl; gii a éblﬁ&bun@’é?F@}m@a 1 anda pHarmacdtichff &ceptable carrier.
Another aspect of this invention is directed to pharmaceutical compositions
for the treatment of diabetes which comprise a therapeutically effective amount of a
10 glycogen phosphorylase inhibitor;
one or more antidiabetic agents such as insulin and insulin analogs (e.g.
LysPro insulin); GLP-1 (7-37) (insulinotropin) and GLP-1 (7-36)-NH,; Sulfonylureas
and Analogs: chlorpropamide, glibenclamide, tolbutamide, tolazamide,
: acetohexami;ie, glypizide®, glimepiride, repaglinide, meglitinide; Biguanides:

16  metformin, phenformin, buformin; o2-Antagonists and Imidazolines: midaglizole,
isaglidole, deriglidole, idazoxan, efaroxan, fluparoxan; Other insulin secretagogues:
linogliride, A-4166; Glitazones: ciglitazone, pioglitazone, englitazone, troglitazone,

~ darglitazone, BRL49653; Fatty Acid Oxidation. Inhibitors: clomoxir, etomoxir; a-
- Glucosidase inhibitors: acarbose, migiitol, emigiitate, voglibose, MDL-25,637,

20 camiglibose; MDL-73,945; 8-Agonists: BRL 35135, BRL 37344, Ro 16-8714, ICl
D7114, CL 316,243; Phosphodiesterase Inhibitors: L-386,398; Lipid-lowering Agents:
benfluorex; Antiobesity Agents: fenfluramine; Vanadate and vanadium complexes
.(e.g. naglivan®) and peroxovanadium complexes; Amylin Antagonists; Glucagon
Antagonists; éluconeogenesis Inhibitors; Somatostatin Analogs; Antilipolytic Agents:

25 nicotinic acid, acipimox, WAG 994; and

optionally a pharmaceutically acceplable carrier.

Preferred pharmaceutical compositions within the immediately preceding
group are those compositions wherein the glycogen phosphorylase inhibitor is a
compound of Formula .

30 Another aspect of this invention is a method of treating diabetes in a
mammal with the above described combination compositions.

Glycogen phosphorylase dependent diseases or conditions refers to

disorders which are mediated, initiated or maintained, in whole or in par, by the
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4- or -5-yl((err]-Cerr])al kyl, isoxazol-3-, -4- or
-5-yl(derr]-(err])alkyl wherein said preceding Rierr] -—-.pneterocycles
are optionally nono- or di-substituted i ndependently with haI 0,

trifluoronethyl, (Jerr]-Cerr])alkyl, (C -Cerr])al koxy, arff cReaced
and said nono- or di- substituents are bonded to car bonﬂm(,

Rlerr] is hydroxy; Rlerr] is C(O)NR[err]R[err]

and ~ Rlerr] is H hin t he above flrst group

of preferred conpounds of Fornula I is a fi rst group of especially
preferred conpounds wherein 25 the carbon atom a has (9S)

st er eochemi st r ycleavage of the glycogmma@emuht ynglpcdgen piREphorylase ehzymes toy;

i en 3. y1 (G 2 PFeghode LphSphart A Afe Sicnngl ol lgtul Tpes

fur-3-y1-(C, - C[dtsrorc]lérelakqhmeimwdb riddctiomgisorasharattariaed by afli elevaitibs of t ut ed

Rlerr] s (dl obFSgsR PhosRiaRyRss aexmxﬁwﬁ%mcme @%49%1 PPty e

Rlerr] is Hgrh gér&ﬁéétbréférﬁfa hypédensionh éPmyuhnemIa. hyferhmdeml
hydroxy(C err]-Clerr])al kyl ( E(134[]err]3 koxy, pyrid rmrphol I nyl,
pi perazi nyl , pgierscigresis a"ﬁl"@)‘&qa ysc emid-dazol yl or thiazolyl or

(derr]-(err])al kylthe term glycogen phosphorylase inhibitor refers to any substance or agent
or any combination of substances and/or agents which reduces, retards, or
eliminates the enzymatic action of glycogen phosphorylase. The currently known

10 enzymatic action c;f glycogen phosphorylase is the dé_gradation of glycogen by
catalysis of the reversible reacﬁon of a glycogen mac‘r_omolecule' and inorganic
phosphate to glucose-1-phosphate and a glycdge‘n macromolecule which is one
glucosyl residue shorter than the original giycogen macromolecule {forward direction
of glycogenolysis).

15 The term “treating® as used herein includes preventative (e.g., prophylactic)
and palfiative treatment.

By halo is meant chioro, bromo, iedo, or fluoro.

By alkyt is meant straight chain or branched saturated hydrocarbon. -
Exemplary of such alkyl groups (assuming the designated length encompasses the-

20 particular example) are methyl, ethyl, propyl, isobropy.l. butyl, sec-butyl, tertiary butyl,
pentyl, isopentyl, hexyl and isohexyl. |

By alkoxy is meant straight chain or branched saturated alkyl bonded
through an oxy. Exemplary of such alkoxy groups (assuming the designated length
encompasses the particular example) are methoxy, etfvoxy. propoxy, isopropoxy,

25 butoxy, isobutoxy, tertiary butexy, pentoxy, isopentoxy, hexoxy and isohexoxy.

The expression "pharmaceutically-acceptable anionic salt® refers to nontoxic
anionic salls containing anions such as (but not limited to) chloride, bromide, iodide,
sulfate, bisulfate, phosphate, acetate, maleate, fumaratg. oxalate, laclate, tartrate,
citrate, gluconate, methanesulfonate and 4-toluene-sulfonate.

30 The expression “pharmaceutically-acceptable cationic salt® refers to nontoxic
cationic salts such as (but not limited to) sodium, potassium, calcium, magnesium,
ammonium or protonated benzathine (N,N'-dibenzylethylenediamine), choline,

ethanolamine, diethanolamine, ethylenediamine, meglamine (N-methyl-glucamine),



nmono- substituted with pyridyl. norpholinyl, piperazinyl, pyrrolidinyl,

pi peridinyl, I m dazolyl or thiazolyl. ~Wthin the above
first group-of especially preferred conpounds are the particularly
preferred conpounds 5 5-Chl oro- 1Hi ndol e- 2-carboxylic acid ((1
S) - ((R) - hydr oxy-di net hyl car banoyl . meggyl ) - 2- phenyl -et hyl ] -am de,
5,6-Dichloro-1 Hindole-2-carboxylic acid {(1

S-[(R- hydroxy (met hoxy nmet hyl - car banoyl ) -nmet hyl ] -2-phenyl - et hyl }
-am de, I . .
I8 (R hydr Oxy t N rﬁgganbhétﬁﬂaﬂnﬁre? pipérasivg lor froAfetithmine (2-amino-2

car banoyl ) - et h @WQM’}%’P&QWB}“OBm de, 5- Chl oro-1

e S o o), Tha bt bok g b e kA 5l Welgpe,
H- i ndol e- 2- car Wbichl following: ddm(rﬁstﬁ)lefr,(rla)ealagdhe)dmg(lrrMMa pome chembba) br
5 physiological process (e.g., a prodrug on being brought to the physiological pH is
converted to the desired drug form). Exemplary prodrugs upon cleavage release
the correspondingfree acid, and such hydrolyzable esterforming residues of the
compounds of this invention include but are not limited to carboxylic acid
substituents (e.g,'._gﬂc is carboxy, or Ry, Ry or R,, contains carboxy) wherein the free

10 hydrogenis replécgd by (C,-C,)alkyl, (C,-C,,)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl
having from 4 to 9 carbon atoms, 1-methyl-1-(alkanoyloxy)-ethyl having from § to 10
carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-
(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-

_ (alkoxycarbonyloxj)et_hyl having from § to 8 carbon atoms, N-

15 (alkoxycarbonyl)aminomethyl having from 3109 carbon atoms, 1-(N-
(alkoxycarbony!)a_;ﬁfno)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C,-C,)alkylamino(C,-C,)alkyl (such
as B—dimethylamino:ethyl), carbamoyi-(C,-C,)alkyl, N,N-di(C,-C,)alkylcarbamoyl-(C,- -
C,)alkyl and piperidino-, pyrrolidino- or morpholino(C,-C,}alkyl.

20 Other exemplary prodrugs release an alcohol of Formula | wherein the free - -
hydrogen of the hydroxy substituent (e.g., R, is hydroxy) is replaced by (C,-
Cy)alkancyloxymethyl, 1-((C,-C,)alkanoyloxy)ethyt, 1-methyl-1-((C,-
Ce)alkanoyloxy)ethyl, (C,-C,lalkoxycarbonyloxymethyl, N-(C,-
Cs)alk.oxycarbonylaminémethyl, succineyl, (C,-C;)alkanoyl, a-amino(C,-C,)alkanoyl,

25 arylactyl and a-aminoac_yli, or g-aminoacyl-a-aminoacyl wherein said a-aminoacyl
moietics are independently any of the naturally occurring L-amino acids found in
proteins, P(O)(OH),, -P(O)(O(C,-Cs)alkyl), or glycosyl (the radical resulting from
detachment of the hydr_oxyl of the hemiacetal of a carbohydrate).

Other exemplary. prodrugs include but are not limited to derivatives of

30 Formulal wherein R, is a free hydrogen which is replaced by R-carbonyl, RO-

carbonyl, NRR‘-ca;_b;pny{ where R and R’ are each independently ((C,-C,,)alkyl, (C,-

C,)eycloalkyl, benzyl, or R-carbonyl is a natural g-aminoacyl or natural g-aminoacyl-

natural a-aminoacyl, -C(OH)C(O)OY wherein (Y is H, (C,-C,)alkyl or benzyl), -
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car banoyl ) - met hyl ] - 2- phenyl -et hyl }-am de or 15 | 5-Chloro-1
H-i ndol e- 2- carboxylic acid ((1 S)-{(R)-hydroxy- [rrethyl (2-pyridin-2-yl-

‘et hyl )~"'car banoyl | - net hyl ) - 2-phenyl - et hyl ) - am de. Wthin the
‘above first group of especially preferred conpounds are the conpounds
wherein a. Rlerr] is 5-chlort8 20 Rl err]

and Rl err] are H Rlerr] is benzyl;

Rlerr] is nmethyl; and Rlerr] .is, meth | ; b.

Rlerr] is 5- chI@QQYo)ﬂawheremY is (C,-C,) alkyl Bhd Y, Jis ((é -E‘,)a!kyi. carboxy(C -C,alkyl,
Rlerr] is 6-chloro;

N ar 15 ot o) SRR -Colalkyl or mono-N- or a-NH(Gh /il ainaliy, -CR¥Ys wherein.Y,

Rerr] is 5-chligroor methyl and Y, Is mono-N- or BI-NIN-[C,20galiyigrmirlo, Acipitblino, piperidin-

Rierr] is benzyl

S

10

15

1-y1 or pyrrolidin-1-yl.

Other exemplary prodrugs include but are not limited to derivatives of formula
| bearing a hydrolyzable moiety at R,, which release a compound of formula |
wherein R, is a free hydrogen on hydrolysis. Such hydrolyzable moieties at R,
arefinclude 1-hydroxy(C,-C,)alkyl or 1-hydroxy-1-phenyimethyl.

Other exemplary prodrugs include cyclic structures such as compounds of
Formula | wherein R, and R, are a common carbon, thus forming a five-membered
ring. The linking carbon may be mono- or di-substituted independently with H, (C,-
C,Jalkyl, (C,-C,)cycloalkyl or phenyl. Alternatively, R, and Ry may be taken together
to form an oxazolidine ring and the number 2 carbon of the oxazolidine ring may be
mono- or di-substituted independently with H, (C,-C,)alkyl, (C5-C,)eycloalkyl or
phenyl. Alternatively, a prodrug of a Formula | compound includes compounds

~ wherein R, Is taken together with Ry or R, to form an oxazolidin-4-one ring and the

number 2 carbon of said ring may be mono- or di-substituted independently with H,

" (C,-C,lalkyl, (C,-C,)eycloalkyl, phenyl or oxo.

20

25

30

As used herein, the expressions “reaction-inert solvent” and "inert solvent*
refers to a solvent which does not interact with starting materials, reagents, -
intermediates or products in a manner which adversely affects the yield of the

desired product.

The chemist of ordinary skill will recognize that certain compounds of this

invention will contain one or more atoms which may be in a particular

stereochemical or geometric configuration, giving rise to stereoisomers and
configurational isomers. All such isomers and mixtures thereof are included in this
invention. Hydrates of the compounds of this invention are also included.

The chemist of ordinary skill will recognize that certain combinations of
heteroatom-containing substituents listed in this invéntfpn define compounds which
will be less stable under physiological conditions (e.g. those containing acetal or -

aminal linkages). Accordingly, such compounds are.lefss preferred.
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-10- ' Rlerr] is methoxy; d. N Rl err]

I's. 5-chloro; Rlerr] and R err] are H,

R4 -is benzyl ;. 5 Rlerr] is nmethyl; and

Rlerr] is 2-(hydroxy)ethyl; e. Rlerr] is 5-chloro;
Rlerr] and Rlerr] are H -20- R4 'is benzyl; 10

Rlerr] is nethyl; and Rlerr] is pyridin-2-yl; and

The term *R, ring® wherein x is an integer, for example °R, ring*, 'R,, ring" or
* .h'ng' as used herein in reference to substitution on the ring refers to moieties
wherein the ring is R, and also wherein the ring is contained within R,.
As used herein the term mono-N- or di-N,N- (C,-C,) alkyl...refers to the (C,-
5 C,) alkyl moiety taken independently when it is di-N,N-{C,-C,) alkyl....; (x refers to an
integer).
Other features and advantages will be apparent from the specification and
claims which describe the invention. _
Detailed Description of the Invention
10 In general the compounds of Formula | can be made by processes which
include processes known in the chemical arts, particularly in light of the description
contained herein. Cehain processes for the manufacture of Formula | compounds

are provided as further features of the invention and are illustrated by the following

reaction schemes.
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f. Rlerr] is 5-chloro; Rlerr] and Rlerr] are H
Rlerr] .is benzyl; 15 Rlerr] is nmethyl; and

Rlerr] is 2-(pyridin-2-yl)ethyl. Wthin the above first group
of preferred conpounds of Formula | is a second . group of especially
preferred conpounds wherein ' t he2tarbon atoma is (S
stereochem stry; 20 the carbon atomb is (R) stereochem stry;
Rlerr] is phenyl(Cerr]-Cerr])alkyl, thien-2-yl-((err]-C2)al kyl,
thien-3-yl-((err]-C2)al kyl, fur-2-yl- err]-Cerr])al kyl or _
fur-3-yl-(derr]-C2)al kyl mhereiREéﬁkﬂﬁNn§§ HE mbno- or di- substituted

i ndependently with H ar fluoro; Rerr] is CCORerr]; and 25
Rlerr] is norpholino, 4-(Clerr]-Cerr])al kylpkperazi n-1-yl, 3-substituted
azetidin-1-yl, 3- and/or 4-, nono- qg di~8ubs R¢ uted pyrrolidin-1 -yl,

4- and/or 5- nono- or di-substituted
mono- or di-8ubstituted 1,2-oxazinan-2-yl S&d substituents
are each independently H, halo, hydro i no-N- or di-N, N
(derr]-derr])al kyl am no, oxo, hydroxyri no or3 al koxy. 30 Wthin
t he above second group of especiall Reed conpounds are the
particularly preferred conpoun 5- Chl or o-

1- H i ndol e-2-carboxylic acid [ (‘12 yl -(Zh)- ydroxy-3-(4 -nmethyl -

L din-2-yl, 4- and/or 5-,

pi perazin- 1 -yl)-3-o0xo-propyll -arriRm R);clir ochl origProcedure A
10 (C,-Cg)OH
/ RgRgNH
0 Procedure R RioH Re - COOH

A\ K
. JOH _‘?“N y R,
q v Rs
15 NR, MR R3
2
Ry R
I1 1 IV
Rio Ry

Rio Ry
. +
20 _ aqueous
OH-
R4 Rs
) )%“74\ Re  coogt
. H—N R R, 0
\ Rs
R3 N R,
' \ RS
25 111 A R
NR,
-
v
Rio Ry
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Dat e: 5- Chl oro- 1H-i ndol e- 2-carboxylic acid [(1

| S):- benzyl (2R) hydroxy 3- (3- hydr oxy- azetidin-1 -yl)-3-o0xo0-propyl]
§ ~anide, 5-Chl oro-1 Hindol e-2-carboxylic acid ((1

~ S)- benzyl - (2R) hydr oxy- 3-i soxazol i di n. 2-yl - 3- oxo- propyl ) - am de, 5
5-Chloro-1 Hindol e-2-carboxylic acid ((1 Sy2%enzyl - (2R) - hydr oxy- 3-

REACTION SCHEME fl

COQEt
' COOEt CUOH
. NN
~
- Ry VIII
Vi
Rio Ryy Rio Ry
10
- ' COOE ¢
"0 1. (ROCO)Y,, base
e 2. Reducing
15 16 ™1 conditions
' Ix Ryo R11
hydrolysis
| conditions
COOH '
20
. V1A
Ryg Rll
siiﬁliiilfiﬁlieﬂlird



[1 ,2]oxazinan-2-yl-3-o0xo-propyl)-am de,

- 5-Chl oro-1Hi ndol e-2-carboxylic acid [(1 S)-benzyl -

~ hydroxy-pyrrolidin-1-yl)-3-oxo-propyl]-an de,
H-indol e- 2- carboxylic acid [(1 S)-benzyl-3-((3S,4S)-
pyrrolidin- 1 -yl)-(2R)-hydroxy-3-oxo-propylds.am de,
5-Chloro-1 Hindol e-2-carboxylic acid ((1 S)- benzyl
pyrrolidin-|
5- Chl or o- 1H-i ndol e- 2-car boxylic acid
((1S)-benzyl -

(2R) - hydr oxy- 3- nor pliR&AGTF KON SCHEYE I bko- propyl ) - ani de

(2R) hydr oxy- 3-((3S) -
5-Chloro-1
di hydroxy- 10

3-( (3R, 4S) - di hydr oxy-

-yl )-(2R) - hydr oxy- 3- oxo- propyl ] -am de or

15

Wthin the above second group of especially preferred conpounds are the

conmpounds wherein

Rlerr] and Rlerr] are H :
Rlerr] is 4-nethyl pi perazin-|-yl;
Rlerr] and Rgerr] are H
Rlerr] is 3-hydroxyazetidin-1-
Rlerr] and Rlerr] are H

a. is 5-ch

Rl err]
b.

10

15

CO.Et Reducing
A= agents
X N\Ra
Ry
VII

20 Rio Ry

i
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Rl err]

Rerr] i
R e

| or o;

i s benzyl; and 20
R err] |sR5 chl or o;
benzyl; and

0.8
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Rlerr] is isoxazolidin-2-yl; d. Rlerr] is 5-chloro; 30

* Rlerr] and Rlerr] are H Rlerr] is benzyl; and
_Rrerr] i's (1,2)-oxazinan-2-yl;

-12- ' Rlerr] and Rerr] are H,

Rlerr] is benzyl; and 2®err] is

3(S) - hydroxypyrrolidin-1-y1,

REACTION SCHEHE ]V

P a P ,
Ry R, OH R, OH —

XX XX1 XX11
10‘ P aR4 . Re R 2H
r b_C00Alky] Pr_ & - !
, Ry OH - Ry OH
XXIT1 ' XXIV
15 | Rq - Re
P a .
T\N)\brCONRsRQ ,C(O)Rlz HNCONRSR?;C(O)RI?
{
Ry OH —_— é; OH
XXV XXV
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f. Rlerr] is 5-chloro; 5 Rlerr] and Rlerr] are H

' Rlerr]. is benzyl; and Rerr] is

. (3S, 45)-- di hydroxypyrrol idin-1-yl; g. Rlerr] is 5-chloro;

" Rlerr] and Rerr] are H, 10 R4 is benzyl; and
Rlerr] is (3R 4S)-di hydroxypyrrolidin-1-yl; apg. h. R err]
is 5-chloro; Rlerr] and R err] are H,
R4 is benzyl; and 15 Rlerr] is nor phol i no.
A second group of preferred conmpounds of Formula | consists of those
conmpounds wher ei n RIBEACT 0N SEHEMEewVhyl or cyano;
R[err] and R err] are each independently H or halo; 20 Ais
' Rlerr] and Rlerr] are H Rlerr] i

phenyl (C[err] Cerr])al kyl Rt\/nerel n said phenyd groups are nono-, di- or

tri- substituted i ndepthdently with H oryal o or nono- or d|
substituted i gdependently 1 ~with Hphalo,: C[err] Cerr])alkyl,
(C, - C[err])al koxy, trifH OQH , -hxdl 0 ROt ®F cyano; or 25

Rlerr] is thien-2- or -3LyI(C[err] C2) al kyl pyrid-2-, -3- or
-4-yl (Cerr]-C2)al kyl, tRgazol-2-, - R
XXX XXX

| | Py N/k
10 . \\' CHO
Ry - Ry

A "
HN" " CH0H '\N)\CHaOH

15 XXX 11 % XXXIT1
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4- or -5-yl(Cerr]-Clerr])al kyl, i
é-SW(qmr]quDMKw fur-2-
pyrrol -2- or -3-yl (C, - C[err])alkyl
- 5- yl(C[err] Cerr])al kyl, pyrazol -
-5-yl(Cerr]-Clerr])al kyI,
wherein said preceding R err]
di -substituted i ndependently with
(C Cerr])al kyl,
di - substituents are bondedy

i soxazol

4- or
Cerr])al kyl,

m dazol -1-, -2-,
or -3-yl((err]-
oxazol -2-, -4- or

3-, 4- or

-3-, 4- omeS5-yl(Jerr]-Cerr])al kyl
het erocycl es are optionally nono- or
hal o, 30 trifluoromethyl,

(err]-Cerr])al koxy, am no or hydroxy and said nobno- or

?m@wca%g% vy, el s hydroxy;

Rlerr] is carboxy or (Clerr]-(err
- 13- R7 is H fluoro or (Cerr] C[err])alkyl
Wthin the second group of preferred conpounds of Formula | is a group of
P H/li sase, Ra¥ N
N oo - ’\f)\coou
Ra  wir
10
i 1. PhCHO, reduce Ry . |
: .
3. Exhaustive R
: 3
15 XLII Ha, Pd/C xxx
20 Re Re
R
|
. OH R; OH
XLIV XLV
25
R4 R
30 NH \
2 Rs Hr}‘ RS
Rz Ry R
ITIA [11
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"especially preferred conpounds wherein the carbon atoma is

I (S) stereochem stry; 5 the carbon atomb is (R) stereochem stry;

- Rrerr] is phenyl((err]-Cerr])alkyl, thien-2-yl-(Cerr]-C2)al kyl,
thien-3-yl-(Cerr]-Clerr])al kyl, fur-2-yl- (Cerr]-Cerr])al kyl or
fur-3-yl-(Cerr]-Cerr])al kyl wherein said ri2®s are nono- or di-
substituted i ndependently with H or fluoro; R err] and
Rlerr] are H 10 - Rlerr] is carboxy; and - Rerr] is H
Preferred within the inmediately preceg, roup.Ls.a_conpound wherein
Rlerr] is 5-chloro; R[eréitﬂgﬂ%cﬂr[@ﬁfﬂgré’ . and 15
Rlerr] is benzyl. A third group of preferred conpounds of
Forrmula | consists of those " compounds wherein Rlerr] is
H, hal o, nethyl or cyano R[err] and R[err] are each
i ndependently H or hal o; Ais - Fﬂﬁﬁr] and
Rlerr] are HS R%a{r] |s phen (C[err]-C[err ) al kyl rein
sai d phenyl groups ﬁ{- Ntuted™ HERy
with Hor halo or nnno, or [di - sabs%+tut d i ffependentdly, ¢ with H halo,

(C-Cerr])alkyl, (C -Rferr(d)al koxy, tri &uor met hyl , hydroxjs amino or
cyano; or _

L : L] L1l
10 .
I"\N/K/CQNR"R’ﬂzm‘z?la H\N/|\/C02R
15 ;’23 '|23
I118 [11a
i



- 25 Rlerr] is thien-2- or -3-yl(C -Cerr])al kyl, pyrid-2-, -3- or

i - 4- yI(C[err] derr])al kyl, thiazol-2-, - 4- or -5-yl((err]-C2)al kyl,
§|mdazol -1-, -2-, -4- or -5-yl((err]-Cerr])al kyl, fur-2- or

- -3-yl(Jerr]- Clerr])al kyl, pyrrol-2- or -3-yl(C -(err])al kyl,
oxazol -2-, -4- or -5-yl-((err]-Cerr])alkyl ogoyrazol -3-, - 4- or
-5- yI(C[err] Cerr])alkyl, |soxazol 3-, -4- or -5-yl(C, - C[err])alkyl
wherein said preceding R[err] heterocycles are optionally nmono- or

di -substituted i ndependently with halo, 30 trifluoronethyl,
(C-Qerr])alkyl, (C-Qerr])al kpsRCATON SCHYAEOY[41d said mono- or di-
substituents are bonded to carbon;

-14- Rierr] is quoro, (err]-derr])al kyl .
(derr]-Cerr])al koxy, amno(Cerr]-Cerr])al koxy, nono-N or di-
N,N(Clerr]-Clerr])al kylam no(C[err]-C[err])al koxy,

carboxy(C, - Cgerr] ) al koxy, (R’.i[err] Clerr])al koxy- R,

carbonyI(C[err] C[er‘{,l\alk XY, benzyl oxycaernyI( errRgCl err])al koxy;

{
R3 OH Ra Oalle
LXI _ | LXII
10
o
P " Re
TN
15 _ N R,
Ra 0'(CHa)neSlef‘
LXITI
L
20 R4 Rs R4 R
P]’\N : PT\ ¢
. ) 0CCHZ) ,CN , 0CCH,),,CH,NH,
3 R, ' R3 R,
LXIv LXV
25
Rq
R
30 P~ $
| ?’J\5f~0<CH2>nNHP,1
Ry R, B
e LRV
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R[err]'is carboxy or ({(err]-C, )al koxycarbonyl; and 5 Rlerr] is

‘' H fluoro or (CJerr]-Cerr])alkyl. A fourth group of
preferred conmpounds of Formula | consists of those cofrpounds wherein
Rlerr] is H, halo, methyl or cyano; R[err] and Rlerr] are
each independently H or halo; 10 E C(H= R err]
and R err] are H, R err] |s p enyI(C[err] C2) al kyl wherein
sai d phenyl groups are nono-, di- or tri- substituted i ndependently
with H or halo or nono- or di- substituted independently with H
halo, (Cferr]-C4)alkyl, ((err]- MR@n@nyNrstIHEIqq nqt,byl hydr oxy, am no
or cyano; or 15 Rlerr] is thien-2- or -3-y %[err] C[err])al kyl ,
pyrid-2-, -3- or -4-yl((err]-Cerr])alkyl, thlazol 4- or
-5-yl (C -(err])al kyl, imdazol -1-, -2-, L4 or -5- yI(C[err].-C[err])aI kyl ,
fur-2- or -3-yl(Jerr]- Clerr])al kyl, pyrrol-2- or

- 3- yI(C[err]sc[err])aI kyl, oxazolg2-, -4- or -5-yl-((erg]-C2)alkyl,
pyrazol - 4- or -5-yl( -Cerr])al kyl, i |

-5- yI(C[err] Clerr])al kyl Rperei pgﬁgeﬂt %Rq\h

optionally nmono- or di-substitMted
(C[-e-F-r-]—-CLerr]

trifluoronethyl, (C[err]-C[errlg)aI
hydr oxy and said nono- or di- bstituents are gdedFt o carbon;

Rlerr] is fluoro, ((err]-C4)alkyl, (C C[err])alkoxy,

am no(C[err]-C4)al koxy, nono-N 0%

N,N(C[err]t@ferr])al kyl am no(C rII] 4) al koxy, LXVII
carboxy((err]-Cerr])al koxy, (CGerr]-Cerr])al koxy-
carbonyl-(Clerr]-Cerr])al koxy, bgnzyloxycarbonyl ((err]-Cerr])al koxy; 25
Rlerr] is C(ONRerr]Rerr] or ORerr]; and

. Re Ry R
15 PT\ R6 PT\N 6
!|Q . - A ~F
R
3 ELNsF, 2 F
LXVIITI LXIX
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Rlerr] is H fluoro or (Clerr]-Clerr])alkyl. Yet anot her
aspect of this invention is directed to a nethod for treating .a

gl ycogen phosphoryl ase dependent di sease or condition in a manmal by

adm nistering to a mammal suffering froma gl ycogen phosphoryl ase dependent
30 di sease or condition a glycogen phosphorygpase dependent di sease or

condition treating anount of a Fornula | conpound.

- 15- Yet anot her aspect of thi s i nvention is directed to a
met hod for treating hypergl ycem a in a yadmnlsterlngtoa
mamal suffering from REACTION SCHEHE

5 Re
P'\N/kwo RM P'\N/(\n/ PT\N/kF
i
R3

Oxxdatxon'

LXX LXX1 LXXT1

10 | ' l
| Y COCNRGRe: R i t
gh9 IRy esier
H\N ’ “\N/k(\
| R7 [ R?

15 R, OH R, OH

LXIV LXXITI

According to Reaction Scheme | the Formula | compounds, wherein R,, R,,,
R, A, R, R,, R, Ry, Ry and R, are as defined above may be prepared by either of
20 two general processes. In the first process the desired Formula | compound may be
prepared by coupling the appropriate Formula | indole-2-carboxylic acid or indoline-
2-carboxylic acid with the appropriate Formula il amine (i.e., acylating the amine). In
.the second process the desired Formula | compound may be prepared by coupling
the appropriate Formula IV compound (i.e., a Formulé | compound wherein Rg is
25 carboxy) with the appropriate alcohol or formula R;B;NiH or R,,H amine or alcohol,
wherein Ry, Ry and R,, are as defined above (i.e., acylating the amine or alcohol).
Typically, the Formula Il compound is combined with the Formula il
compound (or Formula IV compound is combined with the appropriate amine (-.g.,
R, ,H or RgRyNH)) or alcohol in the presence of a suitable coupling agent. A suitable
30 coupling agent is one which transforms a carboxylic acid into a reactive species
which forms an amide or ester linkage on reaction with an amine or alcohol,
respectively.
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hyperglycem a a hyperglycen a treating amount of a Fornmula | conpound.

Yet anot her aspect of this Invention is directed to a nethod for treating
‘5 di abetes in a mammal by adninistering to a mamal suffering from di abetes
a di abetes treating amount of a Formula | conpound. Yet
anot her aspect of this invention is directe@dito a nethod for treating

hyper chol esterolem a in a mammal by adm nistering to a manmal suffering

from hyper chol esterol em a a hyperchol esterolem a treating anount of a
Formula | 10 conpourkb cduwhgldgdmtlmafwatré@gﬁﬂrwmcmém!@m @cﬁ\deﬁsétl&ﬁ ina
prevention or attenuation |l ong term conplicatjons such

neur opat hy, nep?ﬂ%@)%ftﬂf?cesﬁé'{heﬁdﬁ'é?%?ﬁmf Xfithy thecarboxylic acid and amm opMeehal

aspect of this i} theefid Erlo'b% Qnﬂ@ﬁ%@aﬁa@hbﬂ?nsfﬂéf&&ﬂﬂd Qﬂploya large
at heroscl erosis in a nmanmal @P/qgthmmSte“n mral suffering rom

at her oscl er osi £X§pssefibe G@@h g reaclign |sﬁyeahwﬁt°fdf""\9¢@u°rfel1aﬁ equivientund.
15 Yet saniiddalaifsh pylilihg. R mg%hgao.ﬁ. nf!rb&gdritdlafe"y . et hod tor

treating hyperi nsut nem |nana ering t amarmal
suffering fr omdtmethy&wmpmm;)l-?ratbwsarbadhypbrhm'nnhlarb:m-lwd'wqaemzognaznw nt of

F I I Y. f
Girected to a NEERMPNprarppuidimigactie. ABlonSkyBEBEtInRerb i hiaiiassd ' °
adni ni stering t(d8a), My-mhbwcarb@nyknm{ydmmdlnasﬁsbaa thertenm ;)n f
t t t t her aspect. o
{his. | nventi on cPECAVENBIoRAIRT. AER Ao eninRgide. TR Supfte P ARoed o
mamral by agdei i ah afénr@mem %réfaﬁmﬁ arbaprofit sa@ei&tra:ratem ePé{Q%FdflaBbdleQb@CQo
hyper| i pi denmi a gr eat | of .a Formul a

anot her aspect 2BPUt 3 &q f%@@ﬂ‘f‘l bie shoutAB hoprsy E@"%ﬂﬂt%ﬂ%‘ﬂdﬁﬁéﬂéﬁ?ﬂ'ﬁé&a

dichloromethane, dimethylformamide and chloroform. An example of a suitable
coupling procedure is Procedure A, contained herein (just prior to the EXAMPLES).
The cl:oup!ing agent may also be that agent which converts the carboxylic
15 acid to an activated intermediate which is isolated and/or formed in a first step and
allowed to react with the amine or alcohol in a second step. Examples of such
coupling agents and activated intermediates are thionyl chloride or oxalyl chioride to
form the acid chloride, cyanuric fluoride to form an acid fluoride or an alkyl
chloroformate such as isobutyl or isopropenyl chioroformate (with a tertiary amine
20 base) to form a mixed anhydride of the carboxylic acid. if the coupling agentis -
oxalyl chloride it is advantageous to employ a shdl amount of dimethylformamide
as cosolvent with another solvent {(such as dichloromethane) to catalyze the
.formation of the acid chloride. Use of these coupling agents and appropriate
- selection of solvents and temperatures are known to those skilled in the art or can
25 be readily determined from the literature. These and other exemplary conditions
useful for coupling carboxylic acids are described in Houben-Weyl, Vol XV, part I, E.
Wunsch, Ed., G. Theime Verlag, 1974, Stuttgart, and M. Bodansky, Principles of
Peplide Synthesis,.Springer-Verlag Berlin 1884, and The Peptides. Analysis ,
Synthesis and Biology (ed. E. Gross and J. Meienl';of_e_;), vols 1-5 (Academic Press
30 NY 1979-1983). |
The Formula IV compounds wherein Ry, Ryo, Riy, A, Ry, Ry, Ry, R, and R, are
as defined above may be prepared from the correspof;ding Formula V ester (i.e.,

Formula | compounds wherein Ry is (C,-C;)alkoxycarbonyl or benzyloxyéarbonyl) by
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25 nyocardial ischemic injury in a manmal by adm nistering to a mammal at
risk for perioperative nyocardial ischemc injury a perioperative
nmyocardi al ischem c injury preventing amount of a Formula | conpound.
Yet anot her aspect of this invention is directed to a nethod for preventing
a myocardi al ischenic injury in a mamual-32y administering to a mamual
at risk for 30 perioperative nyocardial ischemc injury a perioperative
nyocardi al ischem c injury preventing anount of a gl ycogen

phosphor yl ase i hydrblysisrwith aqueous alkali at a temperature of Bboat 2096116 iabout 1002(Cs 0

her apeut | cal 1 yWBRALE of S5bu 3BTRS fasaniEad Biiles ta apaR AR 0 o
pharmaceuti cal |y accapéraliivaly; ®ofrhéla.IV compounds are prepared by activation of a Formula
Il indole carboxylic acid with a coupling agent (as described above) which gives an
5 activated interm“ediate (such as an acid chloride, acid fluoride, or mixed anhydride)
which is then aflowed to react with a compound of Formula lil wherein R;, R,, Rs,.
and R, are as described above and R, is carboxy, in a suitable solvent in the
presence of a suitable base. Suitable solvents include wateror methanol or a
_ mixture théreof. together with a cosolvent such as dlchloromethane, tetrahydrofuran,
10 or dioxane. Suit,éble bases include sodium, potassium or lithium hydroxides,
~ sodium or potas‘s__ihm bicarbonate, sodium or potassidm carbonate, or potassium
carbonate together with tetrabutyl ammonium bromide (1 equivalent) in sufficient
quantity to consume the acid liberated in the reaction (generally that quantity
sufficient to maintain the pH of the. reaction at greater than 8). The base may be
15 added incrementally together with the activated intermediate to effect proper pH
control of the reaction. The reaction is conducted generally between -20°C and
50°C. Isolation procedures are tailored by one skilled in the art to remove
impurities, but typfca!ly consist of removal of water-miscible cosolvents by -
evaporation, extraction of impurities at high pH with an organic solvent, acidification
20 to low pH (1-2) and filtration or extraction of the desired product with a suitable .
solvent such as ethyl acetate or dichloromethane.
The Formula V. compound may be prepared by coupling the appropriate
Formuta Il compound Wherein R, is alkoxycarbonyl and the appropriate Formula il

compound in an analogous procedure to that described above (e.g., Procedure A).
25 Alternative!y_, Formula | compounds which contain sulfur atoms in the

sulfoxide or sulfone oxidation state may be prepared from the corresponding

Founula | éompb&)nds having the sulfur atom in the unoxidized form, by treatment

with a suitable oki_d_izing agent, such as with m-chloroperoxybenzoic acid in .

dichloromethane at a temperature of about 0°C to abdut 25°C for about 1 to about
30 48 hours using about 1 to about 1.3 equivalent for cébversion to the sulfoxide

oxidation state _and?-"greater than about 2 equivalents for conversion to the sulfone

oxidation state.
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Preferred conpositions include pharnmaceutical conpositions for the 5
treatment of glycogen phosphoryl ase dependent di seases or conditions in

manmal s ~whi ch conprise a glycogen phosphoryl ase dependent disease or
condition treating anount of a conpound of Fornula | and a
pharmaceutically acceptable carrier. -33- Anot her aspect of this
invention is directed to pharmaceutical conpositions for the treatnent

of di abetes which conprise a therapeutically effective anount of a 10

gl ycogen phosphor ylAiteendtinétiy thie Formula | compounds ainet apé rrm?foe oR G- lRIANE8 R,
agents such as IE%*H‘I n and, i nsul i n,anal

P I
a1 (757) " amiosalkor Pag PapreRaie i e poligsthaging For @aﬁ?eh??ﬁwi%erem
and Anal 0gs: ~ @}li9 ariifaloxy Gy ribnaEKYIatN otdialkation GHIHAR, érﬁinaaamb%re the

acetohexamde egJ)|2|de[err] gl inepiride, repallnlde litind

Bi guani des: Femuylal 59@ﬁ95m¢n $P°hb%|f‘\9PﬁT B dltaéwwnmmge ﬁpe@@t%bly
| mi dazol i neg: tr‘”éhﬁ'ﬁ&k'o? 'fﬂaen,F aminoalkdRf cbfipblind Wath 1 108duiRlight of Wﬁ@%ate

ef ar oxan, fl uparoxan; I nsulin secret agogues: I'1no
A 4166 G it azaibesyl eangpoung-liarenonealigiation) ongreatasghan a@gﬁwalentsayltme azone,

ctomoxi 1. a. SPPIoPERatail Kofpptad ol el RubH N & Bufsnif KUK Glagent iy,
vogl i bose, MDsuifb|&8dlverk0 Suitablglredusing ciublitiats, iddGde pedm]n ¢\gonberobydrigidlor
o bt ors: 1 Sagum B8Ryt icthonel o aREhBL o FherdbBofiogPlRRRIRNE .ol 7 °
Agents: ferd | (sualiasepalladiomoed earbbd) Incen pdianisoleentsliel @s water, migthagiol, or .
At agoni sts: ) Hae0rBabAEd S o PGSO 16 4EBRURCL ot n Angl ogs:
Antilipolytic AgenAmernafively, &ed Forntul®¢ cOmpadndy, WhereiWAGIORancyitky (RCOO-),

are prepared by O-acylation of the appropriate Formula | compound with an

appropriate acid chloride or other activated acid derivative in the presence, if

15 necessary, of a suitable base, (e.g., tertiary amine base such as trialkkylamine or
pyridine), preferably in an aprotic solvent such as tetrahydroiuran or
dichloromethane, at a temperature of about 0°C to about 50°C, for about 0.5 to
about 48 hours.

Alternatively, the Formula | compounds wherein R and R, are taken together

20 to be oxo are prepared by oxidizing a corresponding Formula | compound, for
example, wherein Ry is hydroxy and R, is H, with a suitable oxidizing agent.
Exemplary oxidizing agents include the Dess-Martin reagent in dichloromethane, a

-;:arbodiimide and dimethylsulfoxide and acid catalyst (Pfitzner-Moffatt conditions or
modifications thereof, such as employing a water-soluble carbodiimide) or Swem-

25 type reactions (e.g., oxalyl chloride/DMSO/triethylamine). The Formula | compounds
having other oxidation sensitive functionality may benefit from appropriate protection
and deprotection of such functionality. _

Some of the preparation methods described herein may require protection of
remote functionalily (i.e., primary amine, secondary amine, carboxyl in Formula |

30 precursors). The need for such protection will vary depending on the nature of the
remote functionality and the conditions of the preparation methods. The need for
such protection is readily determined by one skilled in the art. The use of such

protection/deprotection methods is also wnthm the sk:ll in the ant. For a general
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optionally a pharmaceutically acceptable carrier. Preferred

phar maceuti cal conpositions within the i nmedi ately preceding group are

those ‘conpositions wherein the glycogen phosphorylase inhibitor is a

. conmpound of Formula I. 30 Anot her ggpect of this invention is a
~method of treating diabetes in a mammal w th the above descri bed

conbi nati on conpositions. A ycogen phosphoryl ase dependent

e rer e AR R s and HGELLI S M) 68, Akl Brouoe
-17- in_ Organic Synthesis, John Wiley & Sons, New York, 1991,
| For example, in Reaction Scheme | certain Formula | compounds contain
primary -amine, secondary amine or carboxylic acid funcﬁonality in the part of the
§ molecule defined by R, or Ry which may interfere with the intended coupling

reaction of Reaction Scheme | if the Formula Ill intermediate, or R,,H or R;R,NH
amine is left unprotected. Accordingly, the primary or secondary amine functionality
may be protected, where it is present in the R; or R, moieties of the Fofmu!a 1]
intermediate or amine (RgRyNH or R,,H) by an appropriate protecting group during

10 the coupling reaction of Reaction Scheme !. The product of such coupling reaction
is a Formula | compound containing the protecting group. This protecting group is
removed in a subsequent step to provide the Formula | compound. Suitable
protecting groups for amine and carboxylic acid protectié_n include those protecting
groups commonly used in peptide synthesis (such as N-t}butoxycarbonyl, N-

15 carbobenzyloxy, and 9-flucrenylmethylenoxycarbonyl for amines and lower alkyl or
benzy! esters for carboxylic acids) which are not chemicélly reactive under the
coupling conditions described above {and immediately préceding the Examples
herein as Procedure A) and can be removed without chemica!l\'( altering other
functionality in the Formula | compound.

20 - The starting indole-2-carboxylic acids and indoline-2-carboxylic acids used in
Reaction Scheme !, when not commercially available or khown in the prior art (such
art is extensively published), are available by conventional synthetic methods. For

~example, according to Reaction Scheme Il the Formula VII indole ester may be
prepared from the Formula VI compound (wherein Q is selected to achieve the

25 desired A as defined above) via a Fischer Indole synthesis (see The Fischer Indole
Synthesis Robinson, B. (Wiley, New York, 1982)) followed._by saponification of the
resulting Formula Vil indole ester to yield the corresponding Formula VIl acid. The
starting aryl hydrazone may be prepared by condénsation?of a readily available

- hydrazine with the appropriate carbony! derivative or via the Japp-Klingeman

30 reaction (see Organic Reactions, Phillips, R. R., 1959, 10, 143).

Alternatively, the Formula VIilA indole 2- carboxyhc acrd may be prepared by

condensation of a Formula IX ortho methyi nitro compound with an oxalate ester to

This Sheet Has Been Re[ilaced .

RO




cl eavage of the glycogen macronol ecul e by gl ycogen phosphoryl ase enzynes to
rel ease gl ucose-1-phosphate and a new shortened gl ycogen nol ecul e. These
-di sorders are aneliorated by reduction of or characterized by an el evation

“of - gl ycogen phosphoryl ase activity. Exanples include diabetes,
hyper glycem a, 5 hyperchol esterol em a, hygertension, hyperinsulinenm a,
. hyperlipidem a, at heroscl erosi s and nyocardi al ischem a.

- The term gl ycogen phosphorylase inhibitor refers to any substance or agent

or any cormbl naiyighdul Ferhiull X Hadfe 416N BllowdP BY FedtlGH of BRES ard f gHd S

elimnates the enzymatic action o gl ycogen %hosp ory ase. urrently
known 10 enzy®tbsequent hydfolysisgl ycogen phosphoryl ase is the degradatlon of

I b I
maor ool ecul e and' | THSHRleR Hep bRESLE KRR & HEHCICsER ifdoid stfde Hhissan,
gl ycogen nacr o@hesische Berichte 1|897.0303 1030) Cohditioay for racsomiplishifppthisssequbade, t he

15 O M 9% D AR BDART Ieta cort cBe P 1 Rere g, Al 9EC ey )

prophyl actic) Soe. 1%1d11m|1lsoz;t¢mohraal &riled. Chem. 1881, 24,B3a8hdlifan| 6t érwnt
chl oro, brono,

chain or br ancHS% %’t"ﬁ‘% EPE‘M@’%&BE? SAfied Newayﬁgﬁ%: 5#% Eén‘%légﬁéﬂ% P

groups (assuni ng). tAreexk®spl@ oAt peci iriplemRATAE0A D thid BqUAhcB ¥ Exdnhilas 10A-
exanpl e) are éﬁ)(‘l et hyl, propyl, isopropyl, butyl, sec-butyl, tertiary
_butyl, peni9¥ Ne{eipent yI, hexyl and isohexyl . By al koxy is

nmeant straiyght chai Q-i-&lo-@-&ﬁlﬂﬁ:hﬁ‘i-irﬁ.fé‘ié«‘i-@&%xﬂld@didsbﬁlﬁﬁ %o be prepared by
halogenation of 5-chloro-1 H-indole-2-carboxylic acids.
Alternatively, (to Reaction Scheme II) the Formula XIV substituted indolines
may be prepared by reduction of the corresponding Formula XV indoles with a
reducing agent such as magnesium in methanol at a temperature of about 25°C to
15 about 65°C for about 1 to about 48 hours (Reaction Scheme lli).
Formula XVI indoline carboxylic acids are prepared by saponification of the
corresponding Formula XVl ester (Reaction Scheme ilf). The Formula XVIi
compound is prepared by reduction of the corresponding Formula Vil indole ester
with a reducing agent such as magnesium in methanol as deséribed for the
20 conversion of the Formula XV compound to the Formula XIV compound above.
- The following paragraphs describe hovJ to prepare the various amines which
are used in the above Reaction Schemes. _
) According to Reaction Scheme IV the Formula XXl compounds (the Formula
il amines of Reaction Scheme | wherein Ry is OH, R, is H and R, is an ester) or
25 Formula XXVI compounds (R4 is C(O)NRgR, or C(O)R,,) are prepared starting from a
Formula XX N-protected {denoted by P,) aldehyde. The Formula XX aldehyde or the
sodium bisulfite adduct of a Formula XX aldehyde is treated with potassium or
sodium cyanide in aqueous solution with a cosolvent such as dioxane or ethyl
acelate at a temperature of about 0°C to about 50°C to provide a Formula XXI
30 cyanohydrin. The Formula XX! cyanohydrin is treated with an alcohol {e.g., (C,-
Cs)alkanol such as methanol) and a strong acid cataly#f such as hydrogen chloride
at a temperature of about 0°C to about 50°C, foﬂowedi by addition of water, if

necessary. The protectlng group (P,) is then removed lf stlll present by an
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t hrough an oxy. Exenplary of such al koxy groups (assuning t he desi gnated
| ength enconpasses the particul ar exanple) are nethoxy, ethoxy,
propoxy, isopropoxy, 25 butoxy, isobutoxy, tertiary butoxy, pentoxy,

" i‘sopent oxy, hexoxy and i sohexoxy. The expression
"pharnaceutical |l y-acceptable anionic salt” -8@&fers to nontoxic ani oni c
salts containing anions such as (but not limted to) chloride, bromde,

i odi de, ~sul fate, bisulfate, phosphate, acetate, nal eate, fumarate,

-Zx al ?t e, | ac]t ?hpprobﬂafe(r)dbbmtection @}t‘thbdtyialdigb _umumm: xwabmp_semf.}‘makanpndgl
-t ol uene-su nal e. e ex e I " ar ceutLc cceptabl e
St on 6 sal t » RGTQTnGI XX Nepretasting Grous By & dpfButsyearbagailt B6s) b Farpla
limted to) soMXMBonfsYuAESS difectiydbmmed TroBEE Foimia XXI coriPeRAd ldRd addition of

prot onat ed benzat hine (N, N -di benzyl el hyl enedi am ne), choli ne, )
et hanol ami ne, WRlef ifnRlingsesaary. oThe Femradd XMl empetgd fhay ke protected on nitrogen

(D'; g?t hyl - glgiC@#f BR)appropriate protecting group to form a Formula XXl compound followed by
_ hydrolysis of the ester with aqueous alkali at a temperature of about 0°C to about
50°C in a reaction-inert solvent resulting in the corresponding Formula XXIV hydroxy
acid. The Formula XXIV compound is coupled (in an analogous procedure to the
coupling process described in Reaction Scheme ) with an appropriate R,R;NH or
10 HR,, amine to form a Formula XXV compound, which is then deprotected resuiting
in the Formula XXVI compound (i.e., Formula Il compound wherein Ry is OH, R, is
H and R4 is C(O)R,, or C(O)NR,R,. An example of the conversion of a Formiuta XXI
cyanohydrin to the corresponding Formula XXl methyl ester with removal of the -
boc protectirig group is provided in PCT publication WO/9325574, Example 1a.
15 Other examples wherein a cyanohydrin is converted to Formula XXIi lower alkyl
esters may be found in U.S. patent no. 4,814,342, and EPO publication 0438233.
Certain Formula | compounds are stereoisomeric by virtue of the
stereochemical configuration at the carbons labeled a and b. One skilled in the art
may prepare Formula XXIf and XXVI intermediates with the desired stereochemistry
20 according to Reaction Scheme V. For example, the Formula XX aidehyde is
available in either enantiomeric form (stereochemistry at a) by literature procedures
outlined below (see Reaction Scheme V). The Formula XXI cyanohydrin may be
brepared from the Formula XX compound by treatment with sodium or potassium
cyanide as described above while maintaining the stereochemistry at carbon a
25 resuiting in a mixture of sterecisomers at carbon b.
The skilled chemist may employ crystallization at this stage to separate
isomers or purify one isomer.
For example, the preparation of the Formula XXI compound wherein Py is
Boc, R; is H, R, is benzyl and the stereochemistry of carbons a and b is (S) and (R)
30 respectively, employing this route together with purification by recrystallization is
described in Biochemistry 1992, 31, 8125-8141. '
Alternatively, isomer separation may be eflected by chromatography or

recrystallization techniques after conversion of a compound of formula XXI (mixture

[T
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benet hami ne (N-benzyl phenet hyl am ne), pi pérazi ne or tronetham ne

(2-am no- 2- hydr oxynet hyl - 1, 3- propanedi ol ) . The
expression "prodrug" refers to conmpounds that are drug precursors,

whi ch follow ng adm ni stration, release the drug in vivo via sone chem ca
or 5 physiol ogi cal process (e.g., a prod@®g on being brought to the
physi ol ogical pHis converted to the desired drug form. Exenplary
prodrugs upon cl eavage rel ease t he corresponding free acid, and such

hydrol yzabl e eof Bonietsyforicdpbantesf RIMURSCXIL, XXIl, mwow;ixxvf v, Sorl b{ the
invention include but are not Ilmted to carbo lic acid substitfuents
(e.g., Rerr] PEOSEIURSInd/onseguenses degcdbed sfe"ﬁ[ Formpla Xofintermaediales 649 )

wherein the fre eclﬂ@si&VéUcﬁG%tﬂysatr&FB@ﬁ@aﬁa’b(ag Séﬁ\]en%%fﬁo}rﬁhié%ﬂl
(derr]-derr]) aI kanoyl oxyrret hy éal kanoy| oxy? et hy having from4
to 9 carbon at #t@merdiaigs with !&teom'kah {m Serppchemistry ﬁé(\ﬁﬁ#gﬂwtd?ﬁh@ft geahwl and

(a1 Koxycar bony Fass T My YR oy VR SR Botosel) el
(al koxycar bonyhosye et hyl haV|ng_fron15 to 8 carbon atons, N 15
o Kanyearbon s AAFEHIR Y A 0o SRR e b
cr ot onobtaimedrby der@atrzaiwhtdfyme)Fammxx} intermediate and chromatographvc
d' NN-(Jerr] se%[a?énr(:]n? & thg dzan}er}(e)én%nc Qénvqnves &Jr exa%plé wL{g trimethylsilyl chloride
10 (TMS) or t-butyldimethylsilyl chioride (TBDMS) to give O-TMS or O-TBDMS
derivatives). For éxamp!e. Example 24D (contained herein) describes the separation
of Farmula XXI diastereomeric derivatives. A silyl derivative of a Formula XXi
intermediate having a single stereoisomeric form at carbons a and b is converted
with retention of stereochemistry to a Formula XXIl intermediate (if the silyl group is
15 not removed in this step it is removed subsequently by an appropriate method,
such as treatment with tetrabutylammonium fluoride in tetrahydrofuran), by the
method described above for the conversion of the Formula: XXI compound to the
Formula XXll compound (see Example 24C contained herein for conversion of a silyl
derivative of Formula XXI compound to a single isomer of Formula XXl with loss of
20 the silyl group).
According to Reaction Scheme V the Formula XX aldehydes (starting
materials for Reaction Scheme V) are prepared from the corresponding Formula
XXX amino acids. The Formula XXX amino acid is protected on nitrogen with a
protecting group (P;) (such as Boc). The protected compound is esterified with an
25 alcohol and converted to an ester, preferably the methyl or ethyl ester of the
Formula XXXI compound. This may be accomplished by treating the Formula XXX
compound with methyl or ethyl iodide in the presence of a suitable base (e.g.,
K.CO,) in a polar solvent such as dimethyiformamide. The Formula XXX! compound
is reduced, for example, with diisobutylaluminum hydride in hexane or toluene, or a
30 mixture thereof, at a temperature of about -78°C to about -50°C followed by
quenching with methanol at -78°C as described in J. Med. Chem., 1985, 28, 1779-
1790 to-form the Formula XX aldehyde. Alternatively {not depicted in Reaction
Scheme V), analogous N- methoxymethylamldes correspondmg to the Formula XXXI
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‘as [err]-dinethylam noethyl), carbamoyl-(Cerr]-Clerr])alkyl,

NN-di (Cerr]-Cerr])al kyl carbanmoyl -(Clerr] - C2) al kyl and pi peridi no-,
pyrrolidino- or norpholino(Clerr]-Cerr])alkyl. 20 ‘O her exenpl ary
prodrugs rel ease an al cohol of Fornmula I wherein the free hydr ogen of

t he hydroxy substituent (e.g., Rerr] is hy8-oxy) is replaced by (C -
C err])al kanoyl oxynmethyl, 1-((derr]-C err])al kanoyl oxy) et hyl ,
1-nmethyl-1-((Cerr]- d err])al kanoyl oxy) et hyl ,

(C -Cerr])al kmpaﬂm rwﬁaéwmé ajcoholsubsiitaent] of the ester is replaced by N(OMe)Me

[err] L ami nol & Srpmied oy 8 Featip0Eamaialpd Np-dimbybldrpsipmne segie o

a- am noacyl - a- ﬁfﬂaﬁ@a@w uneea@e esg’ﬂ ﬂ(é-&hffelhmxneac@bws-e 51.:%0@%@1% are

s found in

d dent | |
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a carbohydrate). exenpl prodrugs include but are not

limted to dertplyahydsetyrasy amtmmﬁp@ of afout QFG trpbpyy 25°§3 to forradherFarmsan
V\:hIChISI’e| J 0 Rand
D are eachpl 2 e%'?}%aﬁdf ﬁ’i?% steﬁ%ahgd is ?é‘rﬁ%&ﬂ& ?\&Il@ﬁvféfc}ﬂ SN-prRE G &
Cf err]) cycl oaldayihe aaeisztplf-‘ormulm aldebydds (Fshrantzaand Gastan, Synthesis \1D83)1676-
nat ur al a-am natural a-am noacyl, -C(OH) C(O OY wherein (Y is
H, (C[err] (%?Sf) al kyl or benzyl), -

Alternatively Formula XX aldehydes may be prepared by oxidation of Formula

XXXl protected aminoalcohols, for example, with pyridine-SO, at a temperature of
about -10°C to about 40°C in a reaction-inert solvent, preferably dimethylsulfoxide .
" Formula XXXl protected aminoalcohols, if not commercially available, may be
prepared by protection of Formula XXXl aminoalcohols. The Formula X0XXI
15 amihoalcohols are prepared by reduction of Formula XXX amino acids. This
réduction is accomplished by treatment of Formula XXX compounds with lithium
aluminum hydride according to the procedure described by Dickman et al., Organic
Syntheses; Wiley: New York, 1990; Collect. Vol. Vil, p.-_SSO, or with sulfuric acid-
sodium borohydride by the procedure of Abiko and Masamune, Tetrahedron Lett.

- 20 1992 333, 5517-651 8, or with sodium borohydride-iodine according to the procedure
of McKennon and Meyers, J. Org. Chem. 1993, 58, 3568-3571, who also reviewed
other suitable procedures for converting Formula XXX amino acids to Formula XXXII
amino alcohols.

According o Reaction Scheme VI the Formula XXX compounds utilized in
25 Reaction Scheme V may be prepared as follows. The Formula XL amino acids may
be prepared by N-alkylation of the Formula XL protected {P,) amino acids by
treatment with an approprizte base and alkylating agent. Specific procedures for this
alkylation are described by Benoiton, Can. J. Cliem 1977, 65, 906-910, and. Hansen,
J. Org. Chem. 1885, 50 945-850. For example, when R; is methyl, sodium hydride
30 and methyl iodide in tetrahydrofuran are utilized. Deprotection of the Formula XU
compound yields the desired Formula XXX compound. :
Alternatively, a Formula XU1 amino acid may be'N-alkylated by a three-step
sequence involving reductive benzylatlon (such as wuth benzaldehyde, Pd/C-
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C(OY[err])Y[err] wherein Y[err] is (err]-Cerr]) alkyl and Y[err] is
((derr]-derr])al kyl, carboxy(Cerr]-(err])al kyl,
am no(Cerr]-C[err])al kyl or nono-N or

di-N,N-(derr]-derr])al kyl am noal kyI -C(Y[err])Y[err] wherein Y2 IS
H or nethyl and Y[err] is nono-N or -N,8xClerr]- C[err])al kyl am no,
nmor phol i no, piperidin- 1-yl or pyrrolrdr n-1-yl. O her

exenpl ary prodrugs include but are not limted to derlvatlves of formula
| bearing a hyﬂtﬂ#ﬂﬁﬂdﬁogﬁnaﬁby) totgive mbrﬁoanbﬁmzymmammwnd of
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or 1-hydroxy- koghem¢drittréhydride to rntroduce Rghbemem 96 mdorwéhzsasuwcl ude
cyclic structures_such as conpounds of rmul a’l erein err and

Rlerr] are a GHHﬁ'BH‘eéMBﬁ acf Jberhbm%watqqﬂossﬁ%@rwvemen yiremgved (er
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10 (which is a Formula lll intermediate wherein R, is OH). The immediately precedmg
| preparation may also be used to introduce an R, moiety into a Formula lila
intermediate (which is a Formula }ll intermediate wherein R, is H).
The amino acids used in the schemes herein (e.g., XL, XLII), if not
_commercially available, or reported in the literature, may be prepared by a variety of
15 methods known to those skilled in the art. For example, the Strecker synthesis or
variations thereof may be used. Accordingly, an aldehyde (R,CHO)}, sodiun'r or
potassium cyanide and ammonium chloride react to form the corresponding
aminonitrile. The aminonitrile is hydrolyzed with mineral acid to form the desired
Formula XUl R,C(NH,)COOH amino acid. Alternatively, the Bucherer-Berg method
20 may be used wherein a hydantoin is formed by heating an aldehyde (R,CHO) with
ammonium carbonate and potassium cyanide followed by hydrolysis (for example,
with barium hydroxide in refiuxing dioxane) with acid or base to form the desired
Formula XLil R,C(NH,JCOOH amino acid. |
Other methods for synthesis of g-amino acids are also reported in the
25 literature which would permit one skilled in the art to prepare ti;e desired Formula
XLII R,C(NH,)COOH intermediate necessary for the <ynthesrs of Formuta |
compounds.
Suitable methods for the synthesis or resolution of Formula XUl compounds
are found in reviews by Duthaler (Tetrahedron 1994, 50, 1539-1650), or by Williams
30 (R. M. Williams, Synthesis of optically active amino acids. Pergamon: Oxford, U.K.,
1889). o
A specific method for the synthesis of a Forrhuia.XLll intermediate in either

enantiomeric form from the corresponding RX (X = Cl, Br, or 1) intermediate is the
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nunber 2 carbon of said ring may be nono- or di-substituted i ndependently

wth H, (Jerr]-(err])alkyl, (Cerr]- C[err])cycloalkyl phenyl or

0XO. As used herein, t he expressions "reaction-inert solvent"
and "inert solvent 20 refers to a solvent which does not interact with
starting materials, reagents, I nt er nedigg.es or products in a manner
whi ch adversely affects the yield of the desired product.

The chem st of ordinary skill wilt recognize that certain conmpounds of this

nventi on wi || BRRLELA AMinig AR RréHrANY (O ORRICHRR, 1998, R0kT-SURL: B

st efeochemi cal Or geonetric uration rise to stereol sofers” and
confi.gur at i onal theqseeedure of O'Conpell, |%drddsA!anGhmxSQ¢-e‘§GBhé‘r7e(2ﬁ35&2§55)ndh9ded

in this g e T Tt Ty SN R L

al so i ncl uded st o recogni ze
t hat. certai n cocHuinnist skilled Imtheart Ffwtesammie)rﬂmsaraompuumgszwlbatﬁ XueAtCGH X mapd

DL B BRI gt ol o e d AR e o
| i nkages) . Accdhd;largieyAr-H anl coav@rsiondd tiae aicbissito mﬂebmmiad..
Ancther specific method for the synthesis of Formula XUl intermediates in
either enantiomeric form is that of Corey and Link (J. Am. Chem. Soc. 1992, 114,
1906-1908). Thus, an intermediate of formula R,COCCI, is reduced
10 enantiospecifically to intermediate R,CH(OH)CCl,, which is converted on treatment
with azide and base to an intermediate R,CH(N,JCOOH, which is reduced by
catalytic hydrogenatfon to the desired Formula XLit compound. The requisite
trichloromethyl ketone R,COCCI, is obtained by reaction of the aldehyde R,CHO
with trichloromethide anion followed by oxidation (Gallina and Giordane, Synthesis
15 1989, 466-468). '
Formula i intermediate amines {used in Reaction Scheme [}, wherein R, and
R, are H may be prepared according to Reaction Scheme Vil. A Formula L amino
acid :s(suitab!y protected (P,.) is activated by conversion to the acid chloride, fluoride
or mixed anhydride (e.g., with isobutyl chloroformate and triethylamine in an inert
20 solvent such as tetrahydrofuran or dioxane at about -0°C to about 40°C) and the
activated intermediate treated with diazomethane to gi_\)_e the Formula U
diazdketone. The Formula Ul diazoketone is treated with an alcohol (ROH) (e.g.,
~(C,-C{,s)alkanol such as methanol), and a suitable catalyst such as heat, silver oxide
or silfler benzoate to prepare the Formula LIl ester. The Formula LIi ester is
25 deprotected to form the Formula HIA compound (via Wolff rearrangement).
Alternatively the Formula LIl ester is hydiolyzed, with for example alkali, and coupled
with the appropriate R, ,H or HNR R, amine lo prepare the Formula l1IB compound
as described previously.
According to Reaction Scheme VIl the Formula il intermediate amines
30 wherein R, is an oxygen linked substituent (e.g., alkoxy) (used in Reaction Scheme
[} may be prepared as follows. The Formula LXi compound is alkylated on oxygen
by trealment with an appropriate alkylating agent (e.g., alkyliodide, alkylbromide,
alkylchloride or alkyltosylate) and sufficient base fo fo_rm the alkoxide (sodium or
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20 The term'Rerr] ring" wherein x is an integer, for
exanple 'Rlerr] ring", '"Rerr] ring" or "R err]ring" as used herein in
reference to substitution on the ring refers to noieties wherein the
ring is Rerr] and also wherein the ring is contained within Rerr].

As used herein the termnono-N or di-NN g-err]-Cerr]) alkyl...refers
to the (CJerr]- 5 (err]) alkyl noiety taken i ndependently when it is

di-N,N(C -Cerr]) alkyl....; (x refers to an I nt eger).
Qther features wdssaﬂ%zaw% w'sluhasle polirEpestic $d1dnt (418., IRRahjidmamide and

cl ai n8 whi ch describe the inventio

Det ai | ed Descri EVM’@F“‘PHE‘#WR’PM‘ ehabout 0°G , tplaut|15PRG resitingiRds of
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chem cal arts, I1:Part i cul arI in Iight of the description cont ai ned
her ei n. Oertal edigte. npnuf acture of Forrmula | conpounds
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alkoxycarbonylalkoxy (used in Reaction Scheme 1) may be prepared as follows. The
Formula LXI compound is alkylated with a halo-alkanoate ester to form a Formula
LXIlt compound which is then deprotected' to form the desired amine. The |
corresponding acid may be prepared by hydrolysis of the ester using aqueous alkali

10 in an appropriate sélvent. Those Formula il amines wherein R, contains an ester
and R contains a carboxy may be prepared from the Formula LXiil amine (as
prepared above in this paragraph), wherein Ry contains the carboxylic acid -
functionality protected as the t-butyl ester by freatment with anhydrous acid to
provide the éorresponding acid at By without hydrolyzing the ester at the R, position.

15 The Formula LXVI compounds (Formula lll intermediate amines wherein R; is
protected aminoalkoxy) may be prepared from the Formula LXI compound. The
Formula LXI compound is alkylated with a halo-alkane-nitrile to form the Formula
LXIV compound. The Formula LXIV compound is reduced to the primary amine by
treatment with hydrogen and an appropriate catalyst (e.g., rﬁodium-on—_carbon) in

20 the pressence of ammonia in preferably a polar, protic solvent such as water,
methanol or ethanol to give the Formula LXV primary amine. The Formula LXV
compound is protected on nitrogen with a protecting group (P,,), which is
‘orthogonal to the other protecting group (P,), followed by deprotection of the P;
protecting group to yield the desired Formula lll compound. The protected Formula

25 il compound is coupled with the appropriate-Formula Il compound and the resulting
protected Formula | compound is deprotected. |

The Formula LXIIl and LXIV compounds wherein n is two are preferably
prepared by treatment of the Formula ' XI compound wilh an excess of acrylate
ester or acrylonitrile, respectively, in the presence of a suitable base, such as

30 potassium or sodium hydroxide, in a suitable solvent, preferably a polar protic
solvent.

According to Reaction Scheme 1X the Formula {XVIl and Formula LXIX

compounds (Formula Il compounds wherem H is F or Ry and R, are both F) may
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be prepared from the Formula LXI compound. The__t__prrmula Xl compound Is treated
with a suitable ﬂubrinaﬁng agent such as diet_hyiamfﬁosulfur trifluoride in a reaction-
inert solvent such as an aprotic solvent, preferably dichloromethane, to form the
Formula LXVil compound. The Formula LXVIl compound Is conveniently
deprotected. .

The Formula LXI compound is oxidized to the Formula LXVIHi compound
utilizing the conditions described above for the preparation of the Formula |
compounds wherein Rg and R, together form oxo. The Formula LXVIIl compound is
difluorinated under suitable conditions (e.g., diethy!afninosulfur trifluoride in
dichloromethane). ' |

According to Reaction Scheme X the Formula LXXIll compound or Formula
LXIV compound wherein R, is alkyl (.e., Formula 1il ;c__ompound wherein R, is alkyl)
are prepared from the Formula LXX compound (aiso"-see Reaction Scheme V for
analogous amine preparation). The Formula LXX compound is treated with an
organometallic reagent R,M and the resuiting secondary alcohol oxidized as in the
directly preceding paragraph to form the Formula LXX! compound. The Formula
LXXI compound is converted via the Formula LXXIl cyanchydrin to the Formula
LXX1Il compound using the same conditions that are 'jgsed to convert the Formula
XXl compound 1o the Formula XXI compound in Reé_gtion Scheme IV.

Alternatively, the Formula LXXII compound is converted to the Formula LXIV
compound as described for the conversion of the cyano intermediate to the amide
in Reaction Scheme V.

A compound of the formula R;NH, or RyNH, is:monoalkylated with a
carbonyl compound corresponding to R, or Ry, respectively, under appropriate
reductive amination conditions, to give a formula RBRQNH amine. To avoid
dialkytation, it may. be preferable to prolect the amines {R;NH, or R;NH,) with a
suitable protecting group P; o give R,(P,;)NH or RS(P_,;S'NH. for example by reaction
with benzaldehyde and a reducing agent. The protecé_i_;ed amines are monoalkylated’
with a carbonyl compound corresponding 1o R, or R .':ir'iéé'speciively, under suitable
reductive amination condmons to give RZRN(P;). The protechng group (P;) is
removed (e.g. by exhaustlve catalytic hydrogenation when P; is benzyf} to give a
compound of formula R R NH. Appropriate reductive ammahon conditions are

available from the literature to one skilled in the art. These condmons mclude those
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reported by Borch et al. (J. Am. Chem. Soc. 1971, 2897-2904) and those reviewed
by Emerson (Organic Reactions, Wiley: New York, 1948 (14), 174), Hutchins et al.
(Org. Prep. Proced. Int 1979 (11), 20, and Lane et al. (Synthesis 1975, 135).
Reducti\)e amination conditions favoring N-monoatkylation include those reported by
Morales, et al. (Synthetic Communications 1984, 1213-1220) and Verardo et al.
(Synthesis 1992 121-125). The RyNH, or RjNH, amines may also be monoalkylated
with R.X or RyX, respectively, where X is chloride, bromide, tosylate or mesylate.
Alternatively, an intermediate of formula Rg(P;)NH or Ry({P;JNH may be alkylated with
RX or RgX, and the prot.ecting group removed to give a compound of formula

RgR NH.

Additional methods may be used to prepare formula R,R,;NH amines wherein

Rg-NH or R,-NH are oxygen-nitrogen linked. Thus a readily available compound of
formula (C,-C,Jalkoxycarbonyl-NHOH or NH,CONHOH is dialkylated on nitrogen and
oxygen by treatment with base and excess suitable alkylating agent (R-X) to give the
corresponding (C,-C,)alkoxycarbonyl-N(R)OR which is then hydrolyzed to give a
compound of formula RR,;NH (wherein R;=R,=R). Suitable conditions, base, and
alkylating agent include those described by Goel and Krolls (Org. Prep. Proced. Int.
1987, 19, 75-78) and Major and Fleck (J.-Am. Chem. Soc. 1928, 50, 1479).
Alternatively, a formula NH,CONH(OH) amine may be sequentially alkylated, first on
oxygen to give NH,CONH(OR'}), then on nitrogen to give NH,CON(R*}(OR"), by
successive freatment with the alkylating agents R‘X and R" X, respectively, in the
presence of a suitable base. Suulable base and alkylating agents include those
.descnbed by Kreutzkamp and Messmger {Chem. Ber. 100, 3463-3465 (1967) and
Danen et al {(J. Am. Chem. Soc. 1973, 85, 5716-5724). Hydrolysis of these alkylated
hydroxyurea derivatives yields the amines R'ONH, and R‘ONHR", which correspond
to cerfain foimula RgRyNH amines. The chemisf skilled in the art can adapt the
procedures described in this paragraph to other alkylating agents R, R* and R”-X to
prepare other amines of formula R;R;NH wherein Rg-N or R,-N are oxygen-nitrogen
linked. Uno et al (SynLett 1991, 559-560} describe the BF,-catalyzed addition of an
organometallic reagent R-Li to an O-alkyl oxime of formula R°"CH=N-OR", to give
compounds of formula R’RCH-NH(OR"). This route may also be used to give
compounds of formula R;R;NH wherein one of R,-NH or Ry-NH are oxygen-nitrogen

linked.
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Prodrug.é:p’f this invention where a carboxyl group in a carboxylic acid of
Formula [ is replaced by an ester may be prepared by combining the carboxylic acid
with the appropriate alkyl halide in the presence of a base such as potassium
carbonate in an inert éolvent such as dimethy!formémide at a temperature of about
0°C to 100°C for about 1 to about 24 hours. Alternatively the acid is combined with
appropriate aléohol__as soivent in the presence of a catalytic amount of acid such as
concentrated sulfuric acid at a temperature of about 20°C to 120°C, preferably at
reflux, for about 1'hour to about 24 hours. Another method is the reaction of the
acid with a stoichiome{ric amount of the alcohol in the presence of a catalytic. amout
of acid it an inert solvent such as tetrahydrofuran, with concomitant removal of the
water being produced by physical {e.g. Dean-Stark tfap) or chemical {(e.g. molecular
sieves) means. | .

Prodrugs of this invention where an alcohol function has been derivatized as
an ether may be prepared by combining the alcohol with the appropriate alkyt
brom_i&e or lodide-in the presence of a base such as potassium carbonate in an
inert solvent such as dimethylformamide at a temperature of about 0°C to 100°C for
about 1 to about 24 hours. Alkanoylaminomethyl ethers may be obtained by
reaction of the alcohol with a bis-(alkanoylamino)methane in the presence of a
catalytic amount df_at:id in an inert solvent such as tetrahydrofuran, according to a
method described |n US 4,997, 984, Alternatively, theée compounds may be
prepared by the methods described by Hofiman et al. in J. Org. Chem. 1994, 69,

3530.

The dialkylphosphate esters may be prepared by reaction of the alcohol with
a dialkyl chlorophosphate in the presence of a base in an inert solvent such as
tetrahydrofuran. The dlhydrogen phosghates may be prepared by reaction of the
alcohol with a diaryl.or dibenzyl chlorophosphate as described above, followed by
hydrolysis or hydrégenation in the presence of a nobl'g metal catalyst, respectively.

Glycosides ér’e prepared by reaction of the a!céhol and'a carbohydrate in an
inert solvent such as toluene in the presence of acid. Typucally the waler formed in
the reaction is removed as it is being formed as descnbed above. An alternate
procedure is the reaction of the alcohol wilh a suntably-._‘_protected glycosyl halide in

the presence of base followed by deprotection.
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N-(1-hydroxyalkyl) amides, N-(1-hydroxy-1-(alkoxycarbonyl)methyl) amides or
compounds where R, has been replaced by C(OH}C(O)OY may be prepared by the
reaction of the parent amide or indole with the appropriate aldehyde under neutral
or basic conditions (e.g. sodium ethoxide in ethanol) at temperatures between 25
and 70°C. N-alkoxymethyl indoles or N-1-(alkoxy)alkyl indoles can be obtained by
reaction of the N-unsubstituted indole with the necessary alkyl halide in the
presence of a base in an inert solvent. 1-(N,N-dialkylaminomethyl) indole, 1-(1-(N,N-
dialkylamino)ethyl) indole and N,N-dialkylaminomethyl amides (e.g. R, =
CH,N(CH,),) may be prepared by the reaction of the parent N-H compound with the
appropriate aldehyde and amine in an alcoholic solvent.at 25 to 70°C.

The aforementioned cyclic prodrugs (e.g., the prodrugs of this invention
where R, and R; are a common carbon) may be prepared by reaction of the parent
compound (drug) with an aldehyde or ketone or its dimethyl acetal in an inert
solvent in the presence of a catalytic amount of acid with concomitant water or
methanol removal. Alternatively, these compounds may be prepared by reaction of
the amino alcohol or hydroxy amide with a gem-dibromo alkane in the presence of
base (e.g. potassium carbonaté) in an inert solvent (e.g. dimethylflormamide).

The starting materials and reagents for the. above described reaction
schemes (e.g., amines, substituted indole carboxylic acids, substituted indoline
carboxylic acids, amino acids), although the preparation of most of which are
described above, are also readily available or can be easily syntheéized by those

Skilled in the art using conventional methods of organic synthesis. For example,

many of the intermediates used herein lo prepare compounds of Formula | are, are
retated to, or are derived from amino acids found in nature, in which there is a large
scientific interest and co'mmercial need, and accordingly many such intermeciates
are commercially available or are reported in the literature or are easily prepa:ed
from other commonly available substances by methods which are reportied in the
literature. Such intermediates include, for example, Formula XX, Formuta XXX,
Formula XXXI, and Formula XXXIl compounds.

The compounds of Formula | have asymmetric carbon atoms and therefore
are enantiomers or diastereomers. Diésteromeric mixtures can be separated into
their individual diastereomers on the basis of their physical chemical differences by

methods known per se., for example, by chromatography and/or fractional
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crystallization. Enantiomers (e.g., of Formula Ill, Vill or IX) can be separated by
converting the §nantiomen‘c mixture into a diasterom'eric mixture by reaction with an
appropriate 6pt_i<‘:ally active compound (e.g., alcoho!}, separating the diastereomers
and converting-(e.g., hydrolyzing) the individual diastereomers to the corresponding
pure enants'omef_s. All such isomers, including diastereomers, enantiomers and
mixtures thereof are considered as part of this invention.

Although many compounds of this invention are not ionizable at
physiological cohditions, some of the compounds of this invention are ionizable at
physiological conditions. Thus, for example some of the compounds of this
invention are acidic and they form a salt with a pharmaceutically acceptable cation.
All such salts are within the scope of this invention and they can be prepared by
conventional methods. For example, they can be prepared simply by contacting the
acidic and basic entities, usually in a stoichiometric ratio, in either an aqueous, non-
aqueous or p'artially aqueous medium, as appropriate. The salts are recovered
either by filtration, by precipitation with a non-solvent followed by filtration, by
evaporation of the solvent, or, in the case of aqueous solutions, by lyophilization, as
appropriate.

In addition, some of the compounds of this invention are basic, and they
form a salt with a:pharmaceutically acceptable anion. All such salts are within the
scope of this..invénﬁon and they can be prepared by conventional methods. For
example, they can be prepared simply by contacting the acidic and basic entities,
usually in a stoichiometric ratio, in either an aqueous, non-aqueous or partially
a:queous medium, as appropriate. The salts are recovered either by filtration, by
precipitation with a non-solvent followed by filtration, by evaporation of the solvent,
or, in the case of aqueous solutions, by lyophilization, as appropriate.

In addition, when the compounds of this invention form hydrates or solvates they
are also within the scope of the inventicn. ]

The utility of the compounds of the present invenlion as medical agents in
the treatment of metabolic diseases (such as are detailed herein) in mammals (e.g.
humans) is demonstrated by the activity of the compounds of this invention in

conventional assays and the in vilro and in vivo assays described below. Such

assays also provide a means whereby the activities of the compounds of this

invention can be compared with the activities of other known compounds The
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results of these comparisons are useful for determining dosage levels in mammals,
including humans, for the treatment of such diseases.
The purified human liver glycogen phosphorylase a (HLGPa) is obtained by

| the following procedure.
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Expression and fermentation:
The HLGP cDNA is expressed from plasmid pKK233-2 (Pharmacia Biotech.

Inc., Piscataway, New Jersey) in E. coli strain XL-1 Blue (Stratagene Cloning
Systems, LaJolla, CA). The strain is inoculated into LB medium (consisting of 10 g
tryptone, § g yeast extract, 5 g NaCl, and 1 mi 1N NaOH per liter) plus 100 mg/L
ampicillin, 100 mg/L pyridoxine and 600 mg/L. MnCl, and grown at 37°C to a cell
density of ODgge= 1.0. At this point, the cells are induced with 1 mM isopropyl-1-
thio-B-D-galactoside (IPTG). Three hours after induct.ion the cells are harvested by
centrifugation and cell pellets are frozen at -70° C until needed for purification.

Purification of Glycogen Phosphorylase:

The cells in pellets described above are resuspended in 25 mM 8-
glycerophosphate (pH 7.0) with 0.2 mM DTT, 1 mM MgCl,, plus the following

protease inhibitors:

0.7 yg/mbL Pepstatin A

0.5 yg/mL Leupeplin

0.2 mM phenylmethyisulfonyl flucride (PMSF), and
0.5 mM EDTA,

lysed by pretreatment with 200 pg/mL lysozyme and 3 pg/mL DNAase followed by
;onication in 250 mL batches for 5 x 1.5 minutes on ice using a Branson Model 450
ultrasonic cell disrupter (Branson Sonic Power Co., Danbury CT). The lysates are
cleared by centrifugation at 35,000 X g for one hour followed by fillration through
0.45 micron fiters. HLGP in the soluble fraction of the lysates (estimated to be less
than 1% of the total protein) is purified by monitoring the enzyme activity (as

described in HLGPa Aclivity Assay section, below) from a series of chromatographic

steps detailed below.

Immobilized Metal Affinity Chromatography (IMAC):

This step is based on the method of Luong et al {(Luong et al. Journal of
Chromatography (1992) 584, 77-84.). 500 mL of the filtered soluble fraction of cell
lysates (prepared from approximately 160 g of original celt pellet) are loaded onto a
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130 mb column-of IMAC Chelating-Sepharose (Pharmacia LKB Biotechnology,
Piscataway, New Jersey) which has been charged with 50 mM CuCl, and 25 mM 8-
glycerophosphate; 260 mM NaCl and 1 mM imidazole at pH 7 equilibration buffer.
The column is washed with equilibration buffer untii the A, retums to baseline. The

- sample is then eluted from the column with the same buffer containing 100 mM

imidazole to remove the bound HLGP and other bound proteins. Fractions
containing the H_('.GP activity are pooled {approximately 600 mL), and
ethylenediaminetetraacetic acid (EDTA), DL-dithiothreitol (DTT), phenylmethyisuifonyl
fluoride (PMSF), leupeptin and pepstatin A are added to obtain 0.3 mM, 0.2 mM, 0.2
mM, 0.5 p#g/mb and 0.7 pg/ml. concentrations respectfvely. The pooled HLGP is
desalted over a Sephadex G-25 column (Sigm‘a Chemical Co., St. Louis, Missouri)
equilibrated with 25 mM Tris-HCI (pH 7.3), 3 mM DTT buffer (Buffer A) to remove
imidazole and is stored on ice until the second chromatographic step.
5. AMP-Sepharose Chromatography:

The desalted pooled HLGP sample (approximately 600th) is next mixed with
70 mt of 5'-AMP_'-'S._epharose (Pharmacia LKB Biotechnology, Piscataway, New
Jersey) which has been equilibrated with Buffer A (see above). The mixture is gently
agitated for one hour at 22°C then packed into a colufnn and washed with Buffer A
until the A280 retUhs to baseline. HLGP and other proteins are eluted from the
column with 25 m.M_Tris-HCl. 0.2 mM DTT and 10 mM adenosine 5-monophosphate
(AMP} at pH 7.3 (Buffer B). HLGP-containing fractions are pooled following
identification by d'é__termining enzyme (described below) activily and visualizing the M,
approximately 97 kdal HLGP protein band by sodium dodecy! sulfate polyacrylamide

“gel electrophoresis (SDS-PAGE) followed by silver staining (2D-silver Stain Il "Daiichi

Kit*, Daiichi Pure Chemicéls Co., LTD., Tokyo, Japan) and then pooled. The pooled
HLGP is dialyzed ihto 25 mM f-glycerophosphate, 0.2 mM DTT, 0.3 mM EDTA,
200mM NaCl, pH 7 0 buffer (Buffer C) and stored on ice until use.
Determination of HLGP Enzyme Activity:

A) Actwat:on of HLGP: Conversion of HLGPD to HLGPa

Prior to the_determmanon of HLGP enzyme activity, the enzyme is converted

-from the inactive f_or‘m as expressed in E. coli strain XL-1 Blue (designated HLGPb)

(Stragene Cloning Systems, La Jolla, California) to the active form {designated
HLGPa) by phosphorylation of HLGP using phosphorylase kmase as follows
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HLGPb reaction with Immobilized Phosphorylase Kinase
Phosphorylase kinase (Sigma Chemical Company, St. Louis, MO) is

immobilized on Affi-Gel 10 (BioRad Corp., Meivile, NY) as per the manufacturer's
instructions. In brief, the phosphorylase kinase enzyme (10 mg) is incubated with
washed Affi-Gel beads (1 mL) in 2.5 mL of 100 mM HEPES and 80 mM CaCl, at pH
7.4 for 4 hours at 4°C. The Affi-Gel beads are then washed once with the same
buffer prior to blocking with 50 mM HEPES and 1 M glycine methyl ester at pH 8.0
for one hour at room temperature. Blocking buffer is removed and replaced with 50
mM HEPES (pH 7.4), 1 mM B-mercaptoeth.anol and 0.2% NaN, for storage. Prior to
use to convert HLGPb to HLGPa, the Affi-Gel immobilized phosphorylase kinase
beads are equilibrated by washing in the buffer used to perform the kinase reaction,
consisting of 25mM 8-glycerophosphate, 0.3 mM DTT, and 0.3mM EDTA at pH 7.8
{kinase assay buffer). .

_ The partially purified, inactive HLGPD obtained from 5-AMP-Sepharose
chromatography above is diluted 1:10 with the kinase assay buffer then mixed with
the aforementioned phosphorylase kinase enzyme immobilized on the Affi-Gel
beads. NaATP is added to 5 mM and MgCl, to 6 mM. The resuiting mixture is
mixed gently-at 25°C for 30 to 60 minutes. The sample is removed from the beads -
and the percent activation of HLGPb by conversion to HLGPa is estimated by
determining HLGP enzyme activity in the presence and absence of 3.3 mM AMP.
The percentage of total HLGP enzyme activity due to HLGPa enzyme activity (AMP-
independent) is then calculated as follows:

% of total HLGP as HLGP, = HLGP activity -ANP
HLGP aclivity +RHP

B) HLGPa Activity Assay:

The hypoglycemic activity (also the other disease/condition
treating/preventing aclivities described herein) of the compounds of this invention
can be indirectly deterrnined by assessing the effect of the compounds of this
invention on the activity of the activated form of glycogen phosphorylase (GPa) by
one of two methods; glycogen phésphorylase a activity is measured in the forward
direction by monitoring the production of glucose-1-phosphate from glycogen or by
following the reverse reaction, measuring glycogen synthesis from glucose-1-

phosphate by the release of inorganic phosphate. All reactions are run in triplicate in .
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96-well microtiter plates and the change in absorbance due to formation of the
reaction product is measured at the wavelength specified below in a MCC/340 MKII
Elisa Reader (Lab Systems, Finland), connected to a Titertech Microplate Stacker
(ICN Biomedical Co, Huntsville, Alabama).

To measure the HLGPa enzyme activity in the forward direction, the
production of glucose-1-phosphate from glycogen is monitored by the multienzyme
coupled general method of Pesce et al. {Pesce, M.A., Bodourian, S.H., Harris, R.C.
and Nicholson, J.F. (1977) Clinical _Chemistry 23, 1711-1717] modified as follows: 1
to 100 ug phosphorylase a, 10 units phosphoglucomutase and 15 units glucose-6-
phosphate dehydrogenase (Boehringer Mannheim Biochemicals, Indianapolis, IN)

contains 50 mM HEPES, 100 mM KCI, 2.5 mM ethyleneglycoltetraacetic acid
(EGTA), 2.6 mM MgCl,, 3.5 mM KH,PO, and 0.5 mM dithiothreitol. 20 pl of this
stock is- added to 80 ! of Buffer A containing 0.47 mg/mL glycogen, 9.4 mM
glucose, 0.63 mM of the oxidized form of nicotinamide adenine dinucleotide
phosphate (NADP*). The compounds to be tested are added as 5 yL of solution in
14% dimethylsulfoxide (DMSO) prior to the addition of the enzymes. The basal rate
of HLGPa enzyme activity in the absence of inhibitors Is determined by adding 5 gL
of 14% DMSO and a fully-inhibited rate of HLGPa enzyme activ}ty is obtained by
adding 20 pL of 50 mM of the positive control test substance, caffeine. The reaction
is followed at room temperature by measuring the conversion of oxidized NADP* to |
reduced NADPH at 340 nm.

To measure HLGPa enzyme activity in the reverse direction, the conversion
of glucose-1-phosphate into glycogen plus inorganic phosphate is measured by the
general method described by Engers et al. {Engers, H.D., Shechosky, S. and
Madsen, N.B. (1970) Can. J. Biochem. 48, 746-754] modified as follows: 1 to 100 ug
HLGPa is diluted to 1 mL in Buffer B (described hereinafter). Buffer B is at pH 7.2
and contains 50 mM HEPES, 100 mM KCI, 2.5 mM EGTA, 2.5 mM MgCl, and 0.5
mM dithiothreitol. 20 pL of this stock is added to 80 pl of Buffer B with 1.25 mg/mL
glycogen, 9.4 mM glucose, and 0.63 mM glucose-1-phosphate. The compounds to
be tested are added as § plL of solution in 14% DMSO prior to the addition of the
enzyme. The basal rate of HLGPa enzyme aclivity in the absence of added inhibitors
is determined by adding 5 pL of 14% DMSO and a fully-inhibited rate of HLGPa
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enzyme activity is obtained by adding 20 uL of 50 mM caffeine. This mixture is
incubated at room temperature for 1 hour and the inorganic phosphate released
from the glucose-1-phosphate is measured by the general methed of Lanzetta et al.
{Lanzetta, P.A., Alvarez, L.J., Reinach, P.S. and Candia, O.A. (1979) Anal. Biochem.
100, 95-97] modified as follows: 150 pL of 10 mg/mL ammonium molybdate, 0.38
mg/mL malachite green in 1 N HCl is added to 100 gL of the enzyme mix, After a 20
minute incubation at room temperature, the absorbance is measured at 620 nm.

The compounds of this invention are readily adapted to clinical use as
hypoglycemic agents. The hypoglycemic activity of the compounds of this invention
can be determined by the amount of test compound that reduces glucose levels
relative to a vehicle without test compound in male ob/ob mice. The test also allows
the determination of an approximate minimal effective dose (MED) value fof the in
vivo:reduction of plasma glucose concentration in such mice for such test
compounds.

Since the concentration of glucose in blood is closely related to the
development of diabetic disorders, these compounds by virtue of their hypoglycemic
action, prevent, arrest and/or regress diabetic disorders.

Five to eight week old male C578L/6J-ob/ob mice (obtained from Jackson
Laboratory, Bar Harbor, ME) are housed five per cage under standard animal care
practices. After a one week acclimation period, the animals are weighed and 25
microliters of blood are collected from the retro-orbitat sinus prior to any treatment.
The blood sample is immediately diluted 1:5 with saline containing 0.025% sodium
heparin, and held on ice for metabolite analysis. Animals are assigned to treatment
groups so that each group has a similar mean for plasma glucose concentration.
After group assignment, animals are dosed orally each day for four days with the
vehicle consisting of either: 1) 0.25% w/v methyl cellulose in water without pH
adjustment; or 2) 0.1% Pluronic® P 105 Block Copolymer Surfactant (BASF
Corporation, Parsippany, NJ) in 0.1% saline without pH adjustment. On day 5, the
animals are weighed again and then dosed orally with the test compound or the
vehicle alone. All drugs are administered in vehicle consisting of either: 1) 0.25% w/v
methyl cellulose in water without pH adjustment; or 2) 10% DMS0/0.1% Pluronic®
P105 (BASF Corporation Parsippany, NJ) in 0.1% saline without pH adjustment.
The animals are then bled from the retro-orbital sinus three hours later for
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determination of blood metabolite levels. The freshly collected samples are
centrifuged for two minutes at 10,000 x g at room temperature. The supernatant is
analyzed for glucose, for example, by the Abbott VP™ (Abbott Laboratories, '
Diagnostics Division, lrving, TX) and VP Super System® Autoanalyzer {Abbott
Laboratories, lrving,. TX), using the A-Gent™ Glucose-UV Test reagent system (Abbott
Laboratories, Irving, TX) {(a modification of the méthod of Richterich and Dauwalder,
Schweizerische Medizinische Wochenschrift, 101, 860 (1971)) (hexokinase method)
using a 100 mg/dL standard. Plasma glucose is then calculated by the equation:
Plasma glucose (mg/dL)=Sample value x 5 x 1.784 = 8.92 x Sample value

where § is the dilution factor and 1.784 is the plasma hematocrit adjustment
(assuming the he}natocrit is 44%).

The animals dosed with vehicle maintain substantially unchanged
hyperglycemic glucose levels (e.g., greater than or equal to 250 mg/dL), animals
treated with test ;:ompounds at suitable doses have significantly depressed glucose
levels. Hypoglycemic activity of the test compounds is determined by statistical
analysis (unpaired t-test) of the mean plasma glucose concentration between the
test compound group and vehicle-treated group on day 5. The above assay carried
out with a range of doses of test compounds allows the determination of an
approximate minimal effective dose (MED) value for the in vivo reduction of plasma

glucose concentration.

The compounds of this invention are readily adapted to clinical use as
hyperinsulinemia reversing agents, triglyceride lowering agents and
hypoecholesterolemic agents. Such activity can be determined by the amount of test
compound that reduces insulin, triglycerides or cholesterol levels relative to a control
vehicle without test compound in male ob/ob mice.

Since the concentiation of cholesterol in blood is closely related to the
development of cardiovascular, cerebral vascular or peripheral vascular disorders,
the compounds of this invention by virtue of their hypocholesterolemic action,
prevent, arrest and/or regress atherosclerosis. |

Since the concentration of insulin in blood is related to the promotion of
vascular cell growth and increased renal sodium' retention, (in addition to the other

actions e.g., promotion of glucose utilization) and these functions are known causes
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of hypertension, the compounds of this invention. by virtue of their hypoinsulinemic
action, prevent, arrest and/or regress hypertension.

Since the concentration of triglycerides in blood contributes to the overall
levels of blood lipids, the compounds of this invention by virtue of their triglyceride
lowering activity prevent, arrest and/or regress hyperlipidemia.

Five to eight week old male C578L/6J-ob/ob mice (obtained from Jackson
Laboratory, Bar Harbor, ME) are housed five per cage under standard animal care
practices and fed standard rodent diet ad libitum. After a one week acclimation
period, the animals are weighed and 25 microliters of blood are collected from the
retro-orbital sinus prior to any treatment. The blood sample is immediately diluted
1:5 with saline containing 0.025% sodium heparin, and held on ice for plasma
glucose analysis. Animals are assigned to treatment groups so that each group has
a similar mean for plasma glucose concentration. The compound to be tested is
administered by oral gavage as an about 0.02% to 2.0% solution (weight/volume
(w/v)) in either 1) 10% DMSO/0.1% Pluronic® P105 Block Copolymer Surfactant
(BASF Corporation, Parsippany, NJ)I in 0.1% saline without pH adjustment or 2)
0.25% w/v methylcellulose in water without pH adjustment. Single daily dosing
(s.i.d.) or twice daily dosing (b.i.d.) is maintained for 1 to 15 days. Control mice
receive the 10% DMSO0/0.1% Pluronic® P105 in 0.1% saline without pH adjustment
or the 0.25% w/v methylcellulose in water without pH adjustment only.

Three hours after the last dose is administered, the animals are sacrificed by
decapitation and trunk blood is collected into 0.5 mL serum separator tubes
containing 3.6 mg of a 1:1 weight/weight sodium fluoride: potassium oxafate
mixture. The freshly collected samples are centrifuged for two minutes at 10,000x g
at room temperature, and the serum supernatant is transferred and diluted 1:1
volume/volume with a 1TIU/mL aprotinin solution in 0.1% saline without pH
adjustment.

The diluted serum samples are then slored at -80°C until analysis. T.ie
thawed, diluted serum samples are énalyzed for insulin, triglycerides, and
cholesterol levels. Serum insulin concentration is determined using Equate® RIA
INSULIN kits (double antibody method; as speéiﬁed ..;b-y the manufacturer) purchased
{from Binax, South Portland, ME. The inter assay coefficient of variation is < 10%.
Serum triglycerides are determined using the Abbott VP™ and VP Super System®
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Autoanalyzer (Abbott Laboratories, lrving, TX), using the A-Gent™ Triglycerides Test
reagent system (Abbott Laboratories, Diagnostics Division.lrving, TX) (lipase-coupled
enzyme method; a modification of the method of Saknpson. et al., Clinical Chemistry
21, 1983 (1976)). Serum total chblesterol levels are determined usiﬁg the Abbott
VP™ and VP Super System?® Autoanalyzer {Abbott Laboratories, Irving, TX), and A-
Gent™ Cholesterol Test reagent system (cholesterol esterase-coupled enzyme
method; a modification of the method of Allain, et al. Clinical Chemistry 20, 470
(1874)) using a 100 and 300 mg/dL standards. Serum insulin, triglycerides, and total
cholesterol levels are then calculated by the equations,

Serum insulin (pU/mL) = Sample value x 2

Serum triglycerides (mg/dL) = Sample value x 2

Serum total cholesterol {(mg/dL) = Sample value x 2
where 2 is the dilution factor.

~ The animals dosed with vehicle maintain substantially unchanged, elevated

serum insulin (e.g. 225 pU/mL), serum triglycerides (e.g. 225 mg/dl), and serum total
cholesterol (e.g. 160 mg/dL) levels, while animals treated with test compounds of this
invention generally display reduced serum insulin, triglycerides, and total cholesterol
levels. The serum insulin, triglycerides, and total cholesterol lowering activity of the test
compounds are determined by statistical analysis (unpaired t-test) of the mean serum
insulin, triglycerides, or total cholesterol concentration between the test compound
group and the vehicle-treated control group.

Activity in providing protection from damage to heart tissue for the compounds
of this invention can be demonstrated in vitro along the lines presented in Butwell et al.,
Am. J. Physiol., 264, H1884-H1889, 1993 and Allard et al., Am. J. Physio., 1994, 267,

H66-H74. Experiments are performed using an isovolumic isolated rat heart
preparation, essentially as described in the above-referenced aricle. Normal male
Sprague-Daw/ley rats, male Sprague-Dawley rats ireated to possess cardiac hypertrophy
by an aortic banding operation, acutely diabetic male BB/W rats, or non-diabetic BB/W
age matched control rals are pretreated with heparin (1000 u, i.p.), followed by
pentobarbital (65 mg/kg, i.p.). After deep anesthesiais achieved as determined by the
absence of a foot reflex, the heart is rapidly excised and placed into iced saline. The
heart is retrogradely perfused thrbugh the aorta within 2 minutes. Heart rate and

venlricular pressure are determlned usmg a latex balloon in the left ventricle with high
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pressure tubing connected to a pressure transducer. The heart is perfused with a -
perfusate solution consisting of (mM) NaCl 118, KCI 4.7, CaCl, 1.2, MgCl, 1.2, NaHCO,
25, glucose 11. The perfusion apparatus is tightly temperature-controlled with heated
baths used for the perfusate and for the water jacketing around the perfusion tubing to
maintain heart temperature at 37°C. Oxygenation of the perfusate is provided by a
pediatric hollow fiber oxygenator (Capiax, Terumo Corp., Tokyo, Japan) immediately
proximal to the heart. Hearts are exposed to perfusion solution + test compound for
about 10 minutes or more, followed by 20 minutes of global ischemia and 60 minutes
of reperfusion in the absence of the test compound. The heart beats of the control and
test compound treated hearts are compared in the period following ischemia. The left
ventricular pressure of the controf and test compound treated hearts are compared in
the period following .ischemia. At the end of the experiment, hearts are also perfused
and stained to determine the ratio of infarct area relative to the area at risk (%IA/AAR)
as described below. -

The therapeutic effects of the compounds of this invention in preventing heart
tissue damage otherwise resuilting from an ischemic insuit can also be demonstrated
in_vivo along lines presented in Liu et al., Circulation, Vol. 84, No. 1, (July 1991), as
described specifically herein. The in vivo assay tests the cardioprotection of the test

compound relative to the control group which receives saline vehicle. As background
information, it is noted that brief periods of myocardial ischemia followed by coronary
artery reperfusion protects the heart from sﬁbsequent severe myocardial ischemia
(Murry et al., Circulation 74:1124-1136, 1986). Cardioprotection, as indicated by a
reduction in infarcled myocardium, can be induced pharmacologically using
intravenously administered adenosine receptor agonists in intact, anesthelized rabbits
studied as an in_situ model of myocardial ischemic preconditioning (Liu et al.,
Circulation 84:350-356, 1991). The in vivo assay tests whether compounds can
pharrmacologically induce cardioprotection, i.e., reduced myocardial infarct size, when
parenterally administered 1o intact, aresthetized rabbits. The effects of the compounds
of this invention can be compared to ischemic preconditioning using the A1 adenosine
agonist, N°-1-(pﬁenyi-2R-isopropyl) adenosine  (PIA) that has been shown to
pharmacologically induce cardioprotection in intact anesthetized rabbits studied in sity
(lJu et al., Circulation 84:350-356, 1991). The exact methodology is described below.
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Sufgegy: New Zealand White male rabbits (34 kg) are anesthetized with sodium
peatobarbital (30 mg/kg, i.v.). Atracheotomy is performed via a ventral midline cervical
incision and the rabbits are ventilated with 100% oxygen using a positive pressure
ventilator. Catheters are placed in the left jugular vein for drug administration and in
the:left carotid artery for blood pressure measurements. The hearts are then exposed
through a left thoracotomy and a snare (00 silk) placed around a prominent branch of
the left coronary artery. Ischemia is induced by pulling the snare tight and clamping
it in place. Releasing the snare allowed the affected area to reperfuse. Myocardial
ischemia is evidenced by regional cyanosis; reperfusion was evidenced by reactive
hyperemia.

Protocol: Once arterial pressure and heart rate has been stable for at least 30 minutes
the experiment is started. Ischemic preconditioning is induced by twice occluding the
coronary artery for 5 min followed by a 10 min reperfusion. Pharmacological
precbnditioﬁing is induced by twice infusing test compound over, for example 5 minutes
and iaﬂowing 10 minutes before further intervention or by infusing the adenosine
agori_ist. PIA (0.25 mg/kg). Following ischemic preconditioning, pharmacological
precenditioning or no conditioning (unconditioned, vehicle control) the artery is
occluded for 30 minutes and then reperfused for two hours to-induce myocardial-
infarction. The test compound and PIA are dissolved in saline or other suitable vehicle
and delivered at 1 to 5 mi/kg, respectively. |

Staining (Liu et al., Circulation 84:350-356, 1991): At the end of the 2 hour reperfusion
period, the hearts are quickly removed, hung on a Langendorff apparatus, and flushed
for 1 minute with normal saline heated to body temperature (38°C). The silk suture
used as the snare is then tied tightly to reocclude the artery and a 0.5% suspension of
flucrescent particles (1-10 pym) is infused with the penusafe to stain all of the
myocardium except the area at risk (nonfluorescent ventricle). The hearts are then
quickly frozen and stored overnight at -20°c. On the following day, the hearts are cut
into 2 mm slices and stained with 1% triphenyl tetrazolium chloride (TTC). Since TTC
reacts with living tissue, this stain differentiates between living (red stained) tissue, and
dead tissue (unstained infarcted tissue). The infarcled area (no stain) and the area at
risk (no fluorescent particles) are calcutated for each slice of left ventricle using a pre-
caiibrated image analyzer. To normalize the ischemic injury for differences in the area

at nsk between hearts the data is expressed as the ratio of infarct area vs. area at risk
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(%IAJAAR). All data is expressed as Meant SEM and compared statistically using
single factor ANOVA or unpaired t-test. Signiﬁcanée is considered as p<0.05.
) Administration of the compounds of this invention can be via any method
which delivers a compound of this invention preferentially to the liver and/or cardiac
5 tissues. These methods include oral routes, parenteral, intraduodenal routes, etc.
Generally, the compounds of the present invention are administered in single (e.g.,
once daily) or multiple doses.
However, the amount and timing of compound(s) administered will, of
course, be dependent on the particular disease/condition being treated, the subject
10 being treated, on the séverity of the affliction, on the manner of administration and
on the judgment 'o'f the prescribing physician. Thus, because of patient to patient
variability, the dosages given below are a guideline and the physician may titrate
doses of the drug to achieve the activity (e.g., glucose lowering activity) that the
physician considers appropriate for the patient. In considering the degree of activity
16 desired, the physician must balance a varieiy of factors such as starting level, other
risk (cardiovascular) factors, presence of preexisting disease, and age of the patient

and the patient's motivation.
In general an effective dosage for the activities of this invention, for example

the blood glucose, triglycerides, and cholesterol lowering activities and
20 hyperinsulinemia reversing activities of the compounds of this invention is in the . -
range of 0.005 to 50 mg/kg/day, preferably 0.01 to 25 mg/kg/day and most

preferably 0.1 to 15 mg/kg/day.
Generally, the compounds of this invention are administered orally, but

parenteral administration (e.g., intravenous, intramuscular, subcutaneous or

25 intramedullary) may be utilized, for example, where oral administration is
inappropriate for the instant target or where the patient is unable to ingest the drug.
Topical adminisiration may also be indicated, for example, where the patient is
suffering from gastrointestinal disorders or whenever the medication is best applied
to the surface of a tissue or organ as determined by the attending physician.

30 The compounds of the present invention are generally administered in the
form of a pharmaceutical composition comprising at least one of the compounds of

this invention together with a pharmaceutically acceptable vehicle or diluent. Thus,
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the compounds of this invention can be administered individually or together in any
conventional oral, parenteral or transdermal dosage form.

For oral administration a pharmaceutical composition can take the form of
solutions, suspensions, tablets, piils. capsules, powders, and the like. Tablets
containing various excipients such as sodium citrate, calcium carbonate and calcium
phosphate are employed along with various disintegrants suzh as starch and
preferably potato or tapioca starch and certain complex silicates, together with
binding agents such as polyvinylpyrrolidone, sucrose, gelatin and acacia.
Additionally, lubricating agents such as magnesium stearate, sodium laury! sulfate
and talc are often very useful for tabletting purposes. Solid compositions of a
similar type are also employed as fillers in soft and hard-filled gelatini capsules;
preferred materials in this connection also include lactose or milk sugar as well as
high molecular weight polyethylene glycols. When aqueous suspensions and/or
elixirs are desired for oral administration, the compouﬁds of this invention can be
combined with various sweetening agents, flavoring agents, coloring agents,
emulsifying agents and/or suspending agents, as well as such diluents as water,
ethanol, propylene glycol, glycerin and various like combinations thereof.

For purposes of parenteral- administration, solutions in sesame or peanut oil
or in aqueous propylene glycol can be employed, as well as sterile aqueous |
solutions of the corresponding water-soluble salts. Such aque;:us solutions may be
suitably buffered, if necessary, and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These aqueous solutions are especially suilable for
intravenous, intramuscular, subcutaneous and intraperitoneal injection purposes. In
this connection, the sterile aqueous media employed afg all readily obtainable by
standard techniques well-known to those skilled in the art. |

For purposes of transdermal (e.g.,lopical) administration, dilute sterile,
aquecous or partially aqueous solutions (usually in about 0.1% to 5% concentretion),
otherwise similar to the above parenteral solutions, are prepared.

Methods of preparing various pharmaceutical 6o'mpositions with a certain
amount of active ingredient are known, or will be apparent in light of this disclosure,
o those skilled in this art. For examples, see Remmgtons Pharmaceutical Sciences,
Mack Publishing Company, Easter, Pa., 15th Edition (1975).
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Accor di ng to Reaction Schenme | the Fornula | conpounds, wherein R[e'rr]-

Rl err] Rerr], A R, Rerr], R4, Rerr], Rerr] and R err] are as

defi ned above nay be prepared by either of 20 two general processes. In the
first process the desired Formula | conmpound nay be prepared by
coupling the appropriate Formula | indol e-2-ggtboxylic acid or indoline-
2-carboxylic acid with the appropriate Formula |1l amne (i.e., acylating
the amne). In t he second process the desired Formula | conpound nay be

db [ . ' E . \, ' .
Bor il a1 compound wPIPACERRGAREBlohs sEeMith {o R HRBHGH ridy: Gonef .15
al cohol or fornmet% dtthe cbipeundsHodthisineentidr, preferablyr1%70%hin any eventitheei n
et ) 8BRSl by g SRSt RSO 20 1,
the Fornula |1 compoGRdBPactbrding toeNavantion inQFPaHOchtieevaltoatt md h t he

appropriate amne (e.g., . Rgerrg_H or R err@NH)) or alcohol in the
presence of P sdiseaga/eonditign ofihe sybiect being Yiepied: be.38 ASOPRN RosRRATYIEFE one

whi ch transfor ”Eeﬁﬁrﬁﬁbpa%Xéée?c&Fdit%rJ. nto a reactive species . which forns
an am de or ester li1nkage on reaction with an am ne or al cohol,
respectively. TECHNIQUES '
' NMR spectra were recorded on a Varian XL-300 (Varian Cc., Palo Alto,
California) or Bruker AM-300 spectrometer (Bruker Co., Billerica, Massachusetts) at
10 about 23°C at 300 MHz for proton and 75.4 mHz for carbon nuclei. Chemical shifis
are expressed in parts per million downfield from trimethylsiiane. Resonances
designated as exchangeable did not appear in a separate NMR experiment where
the sample was shaken with several drops of D,0 in the same solvent. FAB-MS
specira were obtained on a VG70-2505 spectrometer (V4 analytical LTD,,
15 Wythanshaw, Mancheste}, U.K.}) using a liquid matrix consisting of 3:1
dithiothreitol/dithioerythritol. Thermospray MS (TSPMS) were obtained on a Fisons
Trio-1000 spectrometer (Fisons Co., Valencia, California) using ammonia ionization.
Chemical ionization mass specira were obtained on a Hewlett-Packard 5989
instrument (Hewlett-Packard Co., Palo Alto, California) (ammonia ionization, PBMS),
20 Where the intensity of chiorine or bromine-containing ions are described the
expected intensity ratio was observed {(approximately 3:1 for **Cl/*’Cl-containing
ions) and 1:1 for 7*Br/®'Br-containing ions) and the intensity of only the lower mass
ion is given.
HPLC was performed with 214 nM detection oh a 250 x' 4.6 mm Rainin
25 Microsoib C-18 column (Rainin Co., Woburn, Massachusens) eluted isocrafically by
a two-pump/mixer sysiem supplying the indicated mixiure of acelonitrile and
aqueous pH 2.1 (with H,PO,) 0.1M KH,PO,, respectively, at 1.5 mL/min. Samples
wete injecled in a 1:1 mixture of acetonitrile and pH 7.0 phosphate buffer (0.025M
in each Na,HPO, and KH,PO,). Percent purities refer to percent of total integrated
30 area usually over a 10 to 15 minule run. Melting points are uncorrected and were
determined on a Buchi 510 melting point apparatus (Buchi Laboratorums-Technik
Ag., Flawil, Switzerland) where melting points of 120.5-122°C for benzoic acid and
237.5-240.5°C for p-chlorobenzoic acid (Aldrich 99+% grades) were obtained. _
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- 31- : The coupling agent nmay be a reagent which effects this

condensation in a one pot process when m xed together with the
carboxylic acid and am ne or al cohol. If the acid is to be condensed
with an alcohol it is preferable to enploy a | arge excess of the

al cohol as the reaction solvent, with or witlggut 1.0 to 1.5 equival ent 5
added di net hyl am nopyri di ne. Exenpl ary coupling reagents are 1-(3-
di met hyl am nopropyl ) - 3- et hyl car bodi i m de hydrochl ori de- hydr oxybenzotri azol e

(i cycl ohexyl car ol eS8 fphy was perdormed with Amicongiica ge (30 uM, 60A pore
2- et hoxy- 1- et hosige(Amicyh m\fﬁlodl Mﬂr@mer&CnneBe(vEE[Wass) in glass ootumns under
Car Do 1 SAGot coeutt UMK COBRRRS Yo Tora i B B tainec
tenperature of pbUgommetcislisbGrces. Dlmethylformamlde 2-propanol, tetrahydrofuran, and
§ dichloromethane used as reaction solvents were the anhydrous grade supplied by
Aldrich Chemical Company (Milwaukee, Wisconsin). Microanalyses were performed
by Schwarzkopf Microanalytical Laboratory, Woodside, NY. The terms
*concentrated® and coevaporated refer to removal of solvent at water aspirator
pressure on a rotary evaporator with a bath temperature of less than 45°C.
10 _ Procedure A (Peptide Coupling Using DEC)

An 0.1-0.7 M solution of the primary amine (1.0 equiv, or a primary amine
hydrochloride and 1.0 to 1.3 equivalents of triethylamine per equiv HCI) in
dichloromethane (unless other solvent specified), is treated sequentially at 25°C with
0.95 to 1.2 equivalent of the specified carboxylic acid, 1.2 to 1.8 equivalent

16 hydroxybenzotriazole hydrate (usually 1.5 equivalent relative to the carboxylic acid), and
0.95-1.2 equivalent (corresponding in mole ratio to the carboxylic acid) 1-(3-
dimethylaminopropyl)3-ethylcarbodiimide hydrochloride (DEC) and the mixture is stirred
for 14 to 20 hours. (See Note 1 below). The mixture is diluted with ethyl acetate,
washed 2 to 3 times with 1 or 2N NaOH, 2 to 3 times with 1 or 2N HCI (Note 2), the

20 organic layer dried over MgSO,, and concentrated giving crude product which is
purified by chrométography on éilica gel, trituration, or recrystallization, as specified
using the specified solvents. Purified producls were analyzed by RP-HPLC and found
to be of greater than 95% purity unless otherwise noted. Exceptions in the use of
Procedure A are noted individually where appropriate below. Reactions conducted at

25 0 to 25°C were conducted with initial cooling of the vessel in an insulated ice bath
which was allowed to warm to room temperature over several hours.

Note 1: On larger scale couplings (>50 mL solvent) the mixiure was concentrated at
this point and the residue dissolved in ethyl acetate. Note 2: If the product contained

ionizable amine functionality the acid wash was omitted.
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about 50[erf] C for about 1 to about 48 hours. Exenplary sol vents include

acetonitrile, di chl or onet hane, di nethyl f ormam de and chl oroform An
exanple of a suitable coupling procedure is Procedure A contained
herein (just prior to the EXAMPLES). The coupl i ng agent nmay

al so be that agent which converts the carboxgi-ic 15 acid to an activated
I ntermedi ate which is isolated and/or fornmed in a first step and
allowed to react with the am ne or alcohol in a second step. Exanpl es of

such coupling agents and activated ipgksmpRd ates are thionyl chloride
or oxalyl chloride to formthe aC|d c or| e cyanurlc fluoride to

forman acid fluoride or{3 . janainel@R)Awdroxyidnt y|  or

i sopropenyl chl orof ormate (W|th 3 : ga%) to forma m xed
anhydri de of the carboxylic acid. oxal yl
chloride it is advant@dmwmaoptopyl)&ethywarbmdmude hyﬂrodhlnedénﬂ&@;nma’g &38
as cosol vent _wi t h _anot her,

formation of ot fBMQ ,‘ﬁaiﬂﬁﬁ?ﬂfggfr'%géﬁ{?f‘ r%§%' hl OW#\% &g%ﬁ%ﬂﬂ)%&w‘e

appropriate  butyR} &d ||s2ﬂ>r§§yt esler ems gpad3tame| Sldes- 1#-Rdile@uarbexylid as®l
skilled in the art or can 25 be rehg dx)xdeterm,ne fromthe literature.

These and ot hed18Re8pI%4 yne¥hdiado ybenzetiiazpls hydwte i (1dSc gr Boxynmel) in
aci ds are descifdppslohfethdiePaBs- Mey Et’ 2yet, >er Ridklre Was Gtirred at %ﬁ@:@rtar 15@1our§3

Thei me Verlag, 1974, Stuttgart, and M_Bodansky, Principles of Peptid
Synt hesi s[ er r | Sivtiedgéth ethyliaggtalss the resultiag solutien washetkiwicewith 2MMNaOy bwice wnh

ynthest s iy 9gﬂgggn(ea%veﬁMgébQS&%%cémr%Feﬁ*f\gfrsgbu% WAS Thimiatb GIBAETTbA
Rlerr], Rerr] 112apesmqa e!m,edmm 1R! ethy] aceRte-hRkanes| (1.SdoliRpwed by 43ethy! acetate-
defined above gy, he iR Hthe'duBNahEE: TRId SRROAPLET76/3b/ B bG minitsd Faxdy. 265 -
minutes (19%). TSPMS 415/417 (MH+, 100%);
"~ 'HNMR (CDCl,) 6 8.7 (s, 1H), 7.57 (d, 1H, J= 2 Hz), 7.38-7.18 (m, 7-8H), 6.73
15 (d, 1H, J = ca. 2 Hz), 6.57 (d, 1H, J = 9.7 Hz), £.04 (septet, 1H, J = 6.3 Hz), 4.83 (m,
1H), 4.19 (dd, 1H, J = 2 Hz), 3.51 (d, 1H, J = 3.6 Hz), 3.05 (m, 2H), 1.17 (d, 3H, J =
6.3 Hz), 1.11 {d, 3H, J = 6.3 Hz). Approximately 15% of another substance, presumed
to be the N, O-bis (5-chloro-1H-indole-2-carbonyl derivative) d (partial ) 9.80 (s, 1H),
5.28 (dd, 1H, indole-CO,-CH) was present.
20 Example 1A
3(S),2(R)-3-amino-2-hydroxy-4-phenylbutyric acid isopropyl ester
A solution of 3(S),2(R)-N-[(1,1-diméthylethoxy)ca‘rbonyl]-3—amino-2-hydroxy-4- _
phenylbutyronitrile (Parris et al., Biochemistry 1992, 31, 8125-8141 (252 g, 0.912
mol) in dry 2-propanol (6L) was treated at §-17°C with anhydrous hydrogen chioride

25 (374 g) and stirred at 25°C for 20 hours {protected {frorn aimosphere with a tube
containing Drierite). Another 348 g anhydrous hydrogen chloride was added at less
than 10°C and the mixture stirred for 72 hours at 25°C. The mixiure was
concentraled, the residue dissolved in 0.1 N HCI. Afler slanding 1 hour at.25 °C,
‘this solution was extracted with ether (3 x 1 L) and _the adueous layer brought to pH

30 12 with 6N NaOH (c':a.-'450:-mL),. Thé resulting s‘uépens_’ion was extracted with ethyl
acetate (4 x 1L}, the extracts washed with water (500 mL), brine (500 mL}, dried and

© concentrated giving 177g of a yellow solid. This solid was dissolved in boiling
isopropyl ether (2 L), filtered hot, and concentrated by borlmg toa volume of 1.4 L.
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Formul a | conpounds wherein Rerr] is (CJerr]-Clerr])al koxycarbonyl or
benzyl oxycar bonyl ) by .

Dat e: ' - 32-

hydrol ysis with aqueous alkali at a tenperature of about -20[err]C to about
100[err] C, typlcally at about 20[err]gs. for about 30 nminutes to
about 24 hours. Alternatively, Formula IV conpounds are
prepared by activation of a Fornula Il indole carboxylic acid with a

oV, o 202" RASSARR SRR ol s tgedty g e iRt
washed with cold isopropyl ether and dried (107 g) A second crop (12.2 g) was
obtained from the mother liquors. A third crop wa§_j_pbtamed by chromatographing
the concentrated mother liquours on silica gel with-'__'a_:,gradient of 2-propanol in
5 dichloromethane (1% to 4%) and recrystallizing th_e,puriﬁed product from isopropyl
ether (4.4 g, total yield 123.6 g, 57%): mp 106-1 09°C; 1H NMR {CDCI3) d 7.35-7.2
(m, SH), 5.11 (septet, 1H, J = 6.2 Hz), 4.01 (d, 1H, J = 2.2 Hz), 3.30 (ddd, 1H), 2.91
(A of AB, 1H, J = 6.3, 13.3 Hz), 2.71 (B of AB, 1H, J = 8.5, 13.3 Hz), 1.8 (br, 2-3H),
1.25 (d, 6H, J = 6.2Hz); TSP-MS 238 (MH +).
10 Example 2
' §-Chloro-1H-indole-2-carboxylic acid [(1S

(3S)-Amino-(2R)-hydroxy-1 -(4-methyl-piperazi5;1 -yl)-4-§henyl-butan-1 -one
dihydrochloride {0.25 mmol) and S-chloro-1 H-indole.féfcarboxylic acid (0.30 mmol)
15 were coupled according to Procedure A and the pro_dt_ict purified by
chromatography on silica gel eluting with 0.5-8% eth?_;_ﬁol in dichloromethane giving
the title substance in 42% yield, together with 13% of-'lje_ss polar material
characterized by 'H NMR as the corresponding N, O{bis (5-chloro-1H-indole-2-
carbony! derivative. The more polar desired substance {48 mg) was dissolved in a
20 mixture of methanol and 0.25 mL 1N HCI, the resulting soiution concentrated, and
the resuiting solid triturated with ether giving the title substance (42 mg):
HPLC (70/30) 80%, 2.53 minutes and 13%, 4.04 min, the latter corresponding in
retention time to the N,O-bis O-acylated derivative iséié}éd above.
H NMR (D,0)67.70 (s, 1H), 7.6-7.2 (m, 7H)_,"-_-_7:;'-05 (s, 1H), 4.57 (m, 1H), 4.47
25 (m, 1H), 4.04 (m, 1H), 3.58 (m 4H), 3.34 (m, 4-5H), 297 (s, 1.8H), 2.91 (s, 1.5H).
PBNS 455/457 (MH+, 100%) '
Example 2A
{SS)-Amino-{2R)-hydroxy-1-{4-methyi- pvperazm -1- yl)-4-phenﬂ-
butan-1-one dlhvdrochlonde

30 [(1S})-Benzyl-(2R)-hydroxy-3-(4-methyl- plperazm- -yl) -3-oxo-propyl]-carbamic
acid tert-butyl ester (0.190 g. 0.5 mmol) was dlssolved in 4 M HCl-dioxane at 25°C
for 0.5 hours. The mixture was concentrated and the' resndue triturated with ether
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which is then allowed to react with a conpound of Formula Il wherein

Rerr], R4, Rerr], and R err] are as described above and Rerr] is
carboxy, in a suitable solvent in the presence of a suitable base.
Sui t abl e sol vents include wateror nethanol or a m xture thereof,

together with a cosolvent such as dichloronggfane, tetrahydrofuran, 10 or
di oxane. Suitable bases include sodium potassiumor |ithium hydroxides,
sodi um or pot assi um bi carbonat e, sodi um or potassium carbonate, or

pot assi um carbonate together with Eg%,r@li)élégl anmoni um brom de (1
equi valent) in sufficient quantity me the acid liberated in
the reaction (generall Bahz thH -3-(4-methivf-piperaain- 1-91) Ieixdtprt he pH
of the reaction at greater than 8

. The ,base nma ? 15 added increnentally
together with the activated inter nﬁéﬁéﬂh‘—é@‘—%&ﬁé&y—ﬁﬁ@er pH control

of the reaction. TheN-Wé\ﬁ%h@@raEﬁe‘(?@ﬂiq?b% ﬁ%{%a_gﬁ?ﬁ)\ﬂ@%_- 20[err]C and

50[err]C. Isolation proce es are tai'lored by one ed in the art to
renove Bnptoxycashonylaming:pihydioxy-4phesylsbutyic aciddQ.200 @ 0\G8tramol}iwere bl e
cosol vents by ratipn r ' of . | §1 ' ] an
or gani ¢ sol vent€°u§3:e§d/$%%6°§'{‘é g°n'°‘f§é§"6’3f%€}9§‘ﬂ %f{)@gééngmﬁf@ﬁcgw %nmsg'g' ‘Whtbtk
extraction of tphaeifidatikin: efeldra28ung, 86%;PEBMS S78dMHet, 100%)s0l vent such as

et hyl acetate or dichl oronet hane. Ex !TEe Forrmul a V conpound may be
prepared by coupling the appropriate a lll conpound wherein

Rlerr] is al koxycarbonyl gs0#idreaHIngseR dattbexy 2 hydr&@pound in an
anal ogous procedure to that de 0 ' e Procedure A). 25

Al ternativel9. Fornula | compibyiearbampyin athyl-2-phepyl-ethyll-amidas i n t he

sul foxi de or sul f oneyaklEidedtydd M &ideRD. B MRTHRHEBS)-f @RHIdS- 113hGeRoNdi ng
Formul a I conpounds hav?n tehe sul fu’r atom i nophe u%oi?(gi zed form gy

t r eat ment carbonyl)amino]-(2R)-hydroxy-4-phenylbutyric acid (0.35 mmol) were coupled

according to procedure A (except in DMF at 0-256°C), and the crude product was
purified by chromatography on silica gel in 1-8% ethanol in dichloromethane
15 containing 0.5% ammonium hydroxide, giving the title substance:
Yield 82%; HPLC (70/30) 98% at 3.09 min; PBMS 386/388 (MH+, 100%);
Anal. Calcd for C,,H,,CIN,0, +0.26 H,0: C, 61.54; H, 5.29; N, 10.76.
Found: C, 61.17; H, 56.63; N, 10.83. '

, Example 4 :
20 (3S)-1{5-Fiuoro-1H-indole-2-carbonyl)-amino]-(2R)-hydroxy-4-

phenyl-butyric acid methyl ester

{3S)-Amino-(2R)-hydroxy-4-phenyl-butyric acid methyl ester (0.8 mmol, WO
9325574 Example 1A) and S-fluoro-1H-indole-2-carboxylic acid {0.8 mmol) were '
coupled according 1o Procedure A {except at 0-25°C, and with acid then base

25 exiraction), and the crude product purified by trituration with ether:

Yield, 71%; HPLC(60/40) 4.51 minutes (98%); mp 219.5-210°C; PBMS 371
(MH+,100%); _
Anal. Caled for C,H,sFN,O, +0.25 H,0: C, 64.08; H, 5.27; N, 7.44.
Found: C, 64.14; H, 5.30; N, 7.48.
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with a suitabl e oxidizing agent, such as with mchl oroperoxybenzoic acid in
di chl oronet hane at a tenperature of about O[err]C to about 25[err]C for
about 1 to about 30 48 hours using about 1 to about 1.3 equivalent for

conversion to the sul foxide oxi dation state and greater than about 2

equi val ents for conversion to the sulfone .g4. OXxidation state.

- 33- Alternatively, the Fornmula | conpounds that are nono-
or di-alkylated on Rerr] - anm noal koxy nmay be prepared fromthe '

correspondi ng Formula | conpound wher ei Nnexample SR err] i s am noal koxy by
nonoal kyl ation or dialkylation on the R 'e-rr?p—am i repare t he
desired Formul a | conpo(88k[(5Bromanttiindole-2rcarkionyl}iamino]- ¥- conduct ed

'%e agpﬁ (r)g?}[ gfgt of the R err] a&ﬁ@n@l g%ﬁc%%@r%ﬂtgp 1 eqU| val ent of
(3S)-Amino-(2R)-hydroxy-4-phenyl-butyric acid methyl ester (WO 93/25574,

5 Example 1A) (0.7 mmol) and 5-bromo-1H-indole-2-carboxylic acid (0.7 mmol) were
coupled according to Procedure A {except at 0-25°C). The crude product contained
25% of the N.O-bis~acylaied material (HPLC) and was used in subsequent
transformations without further purification: Yield, 9?%; HPLC (70/30) 4.03 minutes
(73%), 11.8 minutes {26%). A sample was triturated with ether -hexanes for |

10 characterization and biological testing: HPLC (70/30) 4.03 minutes (94%) 11.7
minutes (4%). FABMS 431/433(MH+ ,3£%), 307(100%);
'H NMR (CDCl,) & 9.31 (br, 1H), 7.75 (d, 1H, J = ca. 2Hz), 7.35-7.20 (m, 7H), 6.73
(d, 1H, J = 1.6Hz), 6.47 (d, 1H, J = 9.6Hz), 4.80 {m, 1H), 4.21 (dd, 1H, J = 2, 5H2),.
3.72 (s, 3H),3.33 (d, 1H, J = 4 Hz), 3.06 (m, 2H).

15 Anal. Caled for C,oH,,BIN;O,: C, 66.70; H, 4.44; N, 6.50.
Found: C, 56.12; H, 4.62; N, 6.16.

hydroxy-methyl)-2-phenyl-ethyl}-amide

20 Dimethylamine hydrochloride (0.52 mmol) and (3R)-[(5-fluoro-1H-indole-2-
carbonyl)-amino]-(2S)-hydroxy-4-phenyl-butyric acid (0.43 mmd!) were coupled
according to Procedure A (except at 0-25°C). The crude product was dissolved in
dichloromethane and the resulting solution stirred with approx 200 mg
dimethylaminopyridine-polystyrene resin (Aldrich Chemical Co., Milwaukee, W) for 1

25 hour, filtered, and concentrated giving the product as a colorless solid: Yield, 62%;
HPLC (60/40) 4.15 minutes (97%); mp 213-214°C; TSPMS 384 (MH+,100%);

Anal. Caled for C,,H,,FN;O;: C, 65.78; H, 5.78; N, 10.96.
Found: C, 65.89; H, 6.16; N, 11.00.
: Example 7
30 5-Bromo-1H-indole-2-carboxylic acid {(1S)-[(R)-hydroxy-
{methoxy-methyl-carbamoyl)-methyl]-2-phenyl-ethyl}-amide
(‘33)-Amino-(2R)-hydroxy-N;methoxy-N-methy!-4-phenyl-butyramide
hydrochlonde (0 36 mmol) and 3-[{S-bromo-1H-indole-2-carbonyl)- ammo]-z-hydroxy-
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carbonyl conpound (for -nonoal kyl ati on) or greater than 2 equival ents of the
appropriate carbonyl conpeound (for dialkylation) and a suitable reducing

agent in a sui tabl e solvent. Suitable reducing conditions include
sodi um cyanobor ohydri de or sodi um bor ohydri de in nethanol or ethanol,
or hydrogen/ hydrogenati on catal yst 10 (sue$s-as pall adium on carbon) in a
pol ar sol vent such as water, nethanol, or et hanol at about O[err]Cto
60[err]Cfor 1 to 48 hours. ' Alternatively, the Forrmula |
conpounds, Fh@nﬁ[b%()fnl: acid @ dﬁhﬁidl)(wvre(dmad) accordlng Qé PrédeDad A@n@Yhe
Oacylatlon of ropriate Formul npound with appropriate

acid chlori de Wd%mw&éﬂﬂﬁﬂﬁ‘t %C'HGW’Q%PP%PF silica gel ﬁ'é""BG adth 0% and 40%
necessary, ahﬁtacte?éeé ﬁemasf HloWed: by {rg{){:ﬁcﬁ{ mﬁmﬂamaﬁexamghvaﬁs 65%:

trlalkylamn ne pret’e y In an aprotic solvent such as
t et r ahydr of urdﬂPlcCB (60/40) Sinmm:tes’rﬁtﬂﬁ%r)ef’shiﬁ 460/462MHE#+.80%)0f about O[err]C

to about 50Ler baut out
Al ternative ﬁ{:{aﬁ cflégcrdr@ c&l Hﬁ@Mm& zgrze 4%?érr'] g%d R7 are taken

t oget her 20 tcrdmdox@ $4.88: PHEP.22E (N, [By8 X d| zing a corresponding Formula |

compound, for exanpl e, wherein Rler ydroxy and Rlerr] is H wth
a suitabl e oxidizing agent. Exenpl i zing agents i ncI ude the
Dess Martin reagent in ci-Chiofs-QRithy ﬂ-maole-z-carsaidi

di met hyl sul f oxi de and aC| d catalys Pl |tzner- at .
modi fi cati ons t her ediydraxydmethoxy-mathyjicarban # de) or

o a0 18- react(bgpgmﬁ%vqgﬂ .hgd‘ﬁ*eyhom hBﬂ Q%se Sl F%’Sﬁ PWX%HQ) e

Forrmul a | conpounds at’on ctionality may
benefit from ygrogphirisdedO, pmebtandrs-chloroa?wmed%ﬂ Btindele-reaghoxylic acid (0.3

functional it y'mmol) were coupled according to Procedure A and the crude product purified by
trituration with ether: Yield, 59%, HPLC (60/40) 7.45 minutes (100%); PBMS 430/432
(MH+, 100/40%); '
15 'H NMR (CDCl,) 6 8.98 (br, 1H), 7.56 (d, 1H, J = 2 Hz), 7.4-7.15 (m, 7H), 6.35 (d,
1H, J = 9 Hz), 4.95 (m, 1H), 4.32 (d, 1H, J = 5.1 Hz), 3.81 (d, 1H, J = 5 Hz), 3.36
(s, 3H), 3.15 (s, 3H), 3.156 (dd, 1H), 3.03 (dd, 1H, J = 13, 16 Hz), 2.51 (s, 3H).
Anal. Caled for C,,H,,CIN,O,: C, 61.46; H, 5.63; N, 9.77.
Found: C, 61.13; H, 5.53; N, 9.74.
20 Example 8A
5-Chloro-3-methyl-1H-indole-2-carboxylic acid
2N NaOH (20 mL) was added to a suspension of 5-chloro-3-methyl-1H-
indole-2-carboxylic acid ethyl ester (7.0 g, 29.4 mmol) in methanol (50 mL) and the

resulting mixiure stirred at 25°C for 18 hours. Tetrahydrofuran (100 mL) was added

25 and the resulting solution heated at reflux for 30 minutes and concentrated. The
residue was dissolved in water and the resulting solution extracted twice with ethyl
acelate. The aquecus layer was acidified and the precipilzte collected by filtraticn
and washed with water (5.24 g).

Example 88
30 5-Chloro-3-methyl-1H-indole-2-carboxylic acid ethyl ester

The p-chlorophenylhydrazone of ethyl 2-oxobutanoate was prepared by
adaptation of the Japp-Klingemann reaction as described by Lions and Hughes (J.
Proc. Roy. Soc. N.S. Wales 1939, 71: 445) 1o p-chloroaniline and ethyi 2-
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Some -of the preparation nmethods descri bed herein may require protection of
renote functionality (i.e., primary am ne, secondary am ne, carboxyl in
Formula | 30 precursors). The need for such protection will vary dependi ng
on the nature of the renote functionality and the conditions of the -
preparation nethods. The need for su€h- protection is readily determn ned
by one skilled in the art. The use of such prot ecti on/ deprotection

nmet hods is also within the skill in the art. For a general

- 34- ethiylacetoacetate. Dhisphenyibydragone wasdreatat wite HClethanob according to

125 o G860 BBy o BT A SO Sy s B LA 1 85, e
conpounds casagplied therein to the corresponding bromophenylhydrazone. The title substance
was colléded by filtration as an orange solid after suspending the concentrated
§ residue in water.
Example 8C
(3S)-Amino-{2R)-hydroxy-N-methoxy-N-methyl-4-phenyl-butyramide
hydrochloride 31055-274-2 31056-85-1 -
{(18)-[(R)-Hydroxy-(methoxy-methyl-carbamoyi)-methyl}-2-phenyl-ethyl}-

10 carbamiq acid tert-butyl ester (791 mg, 2.3 mmol) was dissolved in 4M HCl-dioxanes
for 45 minutes at 25°C for 45 min, the mixture concentrated, the residue
coevaporated with ether, suspended in ether and filtered giving 583 mg (91%) of the

title substance.

Example 8D
15 {(18)-[{R)-Hydroxy-(methoxy-methyl-carbamoyl)-methyl]-

2-phenyl-ethyl}-carbamic acid tert-butyl ester
(3_S)-tert-Butoxycarbonylamino-(2R)-hydroxy—4-ph_eny|—butyric acid (10.06 g,
34.1 mmd}, Schweizerhall, Inc.; S. Plainfield, NJ) and N,O-dimethylhydroxylamine
hydrochldride (3.49 g, 35.7 mmol) were coupled according to Procedure A and the
20 crude product (10.7 g) purified by chromatography on silica gel eluted with 25-50%
ethyl acetate-hexanes giving the title substance as a foam (8.5°g, 83%): MS 339
(MH+, 100%).

Example 9
(8S)-](5.6-Dichloro-1 H-indole-2-carbonyl)-amino]-(2R)-hydroxy-4-
25 phenyl-butyric acid methyl ester

(3S)-Amino-{2R)-hydroxy-4-phenyl-butyric acid methyl ester (1.2 mmol) and
5,6-dichloro-1H-indole-2-carboxylic acid (1.2 mmol) were coupled according to
Procedure__ A (reaction time 72 hours) and the product purified by chromatography
on silica ufsing 20-40% ethyl acetate-hexanes: Yield, 52%; 198-202°C; TSPMS

30 421/423 (MH+,100%);
Anal. Caled for C,0H,¢CI,N,0, +0.26 H,0: C, 56.42; H,'4.38; N, 6.58.
Found: C, 56.25; H, 4.17; N, 6.58.
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pri mar'y am ne, secondary am ne or carboxylic aci d functional i ty in the part
of the 5 nolecule defined by Rlerr] or Rerr] which my interfere-with the
i'nt ended coupl i ng reaction of Reaction Schenme | if the Iﬁ;g&y 11
internmediate, or Rlerr]H or Rlerr]Rerr]NH amine is left _ eplaced
Accordingly, the primary or secondary anine.§mnctionality f
protected, where it is present in the Rerr] or R err] noieti

Forrmula 111 intermediate or anmine (Rlerr]Rerr]NH or R err]H by an
appropriate protecting group during 10 tlg bAng reaction of Reaction
Schenme 1. The product of such coupling ré’&%ﬁ%’éﬁ)— is a Formula I conpound
contai ning the protecting grous.6-Dichior K:la;:s renoved in a
subsequent step to ovi d Far mul a rotecting
groups for anine an F’B@x@gﬁ@ gélrﬂmﬁpa’(aéc? ‘g?fpg'ﬁyﬁh{? Yvﬁﬂgédﬂ?‘ Ot 8idng .
groups commonl w.m&%smesm&dmnﬁwweqtsgssmhnmal)hh hcéﬂété&d’ ey dlmer'%

15 carbobenzyl oxy, and 9-fl uorenyl net hyl enoxycarbonyl for am nes and | ower

al kyl or bémymmelsservsw@ms wackix preurred )hemcah The sesullingcsolutionawvhy
reactive under eug.l t ] % iately
precedi ng the I]:))t?gf‘eq to 80° emg r%é’égfghgp?cé%ﬁ 28'53\?}%;%8& Q’n?géwg%mgg

wi t hout chemi c&ltétyedathed'ﬂ!eneg solitewashed Mhacietimabidtqnd thetfltaatd-comoenrated. The
conmpound. 20 st.ar 2- carbox

ol 1 ne- 2- car RRigNe WA B SRt lckly NAOHL RE e IR onortVashegfitth atber (o0,

commer ci al |y adaihicibhmethane k23 \Rd iagidifftd BrpH with 6NSHCHhand extratlediwith ethyl
ext ensi vely published are avail abl e by conventional synthetic nethoé

For exald| @celate: othei sigfacts vase dried ﬁ"gcﬂ%\?énV pledgiving 2 #ghtbrown Siohdd_ﬂ&
SZIt ggt ggyt lgeac ge\l?g%?ﬁgﬁgéwégm red Q@s@uggf I\/Inegoggg\tjg;i \(/:Age;e::r]chhiaf | ndol e
synt heS| s (see The Fi scher Indole _ELa__mgl_g_Q_@ )
3,4-dichloro-5- mlroghenylgygyuc acid potassium salt
Absolute ethanol (25 mL) was added at 3-15°C to a a stirred mixture of
16 potassium metal (2.67 g, 68 mmol) in ether (100 mL). The resulting solution was
treated at 3°C with a solution of diethyl oxalate (10.0 g, 62 mmol) and 2-methyl-3,4-
dichloro-1-nitrobenzene (10.0 g, 62 mmol) over §-10 min, and the resulting solution
stirred 30 minutes at 3°C and 25°C for 18 hours. The mixture was filtered and the
resulting solid washed with ether and dried (13.7 g). This material (12.7 g) was

20 dissclved in 400 mL hot water, the solution cooled and exiracted with ether. The
resulting aqueous layer was acidified to pH 2 with cone. HCI and the ether layer
separated, dried and concenirated giving 7.5 g of a solid which was triiurated with
hexanes giving the title substance as a yel!ow' solid (7.01 g, 41%).

| Example 10 '

25 5:Cyano:1H-indole-2-carboxylic acid {(1S):[{R)-hydroxy-{methoxy-

methyl-carbamoyl}-methyl]-2-pheny! ethyl}-amide

(38)-Amirio-(2R)-hydroxy-N-methoxy-N-methy!-4.-_phenyl-butyramide
hydrochloride (0.3 mmol) and s-cyano-1'H-indole-2-carboxylic acid (0.3 mmol) were
coupled according to Procedure A (reaction time 5 days). The crude product was

30 dissolved in methanol containing 1.0 equiv 1N NaOH at 25°C for 45 min,
concentrated, the residue dissolved in elhyl acelale, the resulting solution washed
with 2 x 2N HCI, 2 x 2N NaOH, dried, concentrated, and the residue
chromatographed on silica gel eluted with 20-50% eihyi. acetate-hexanes. The



Synt hesi s Robinson, B. (Wley, New York, 1982)) followed by saponification

of the resulting Formula VIl indole ester to yield the correspondi ng
Formula VI1I acid. The starting aryl hydrazone may be prepared by
condensation of a readily avail able hydrﬁzi ne with the appropriate
carbonyl derivative or via the Japp-Kl i'ngen‘ﬁ 30 reaction (see Organic
Reactions, Phillips, R R, 1959, 10, 143). Alternatively, the
Formula VIIT A indole 2-carboxylic acid may be prepared by condensati on
~of a Fornul a | puiifiedhproguetias filurated withpb it rethes-hexanas givingthe title substance:
- 35- Yi 1he ' e f 8} d.9VFk BN ' e
nitro group angg%%élg' éﬁ%%ﬁﬁ 'Egﬂﬁgrefsﬁga%)' 9“’9' 'WBngwt(Mm'?&)%sl'

'H NMR (CDCl,) ¢ 9.83 (br, 1H), 7.97 (s, 1H), 7.46 {m, 2H), 7.36 {m, 4H), 6.88 (d,
1H, J = 2 Hz), 6.56 (d, 1H, J = 10 Hz), 4.95 (m, 1H), 4.32 (d, 1H, J = 5.5 Hz), 3.83
$ (d, 1H, J = 5.4 Hz), 3.36 (s, 3H), 3.13 (s, 3H), 3.10 {m, 2H).
Anal. Caled for C,,;H,,N,O,: C,65.01; H, 6.46; N, 13.78.
Found: C, 64.92; H, 5.60; N, 1&3.78.
Example 10A
~ 5-Cyano-1H-indole-2-carboxylic acid
10 §-Cyano-1H-indole-2-carboxylic acid ethyl ester (1.71 g, 8.0 mmol) was
added to a solution of ethanol {10 mL) and potassium hydroxide (2 g} and the
resulting mixture heated at reflux for 1 hour. Waler was added fo dissolve the
precipitate, and 6N HCl was added to bring the pH to 1. A precipitate formed. The
mixture was cooled in an ice bath, filtered, and the resulting coloriess solid washed
15 with cold water and dried (1.51 g). A portion (1.4 g) was suspended in hot acetic
acid (40 mL) and cooled giving a solid which was filtered, washed with cold ethyi
acetate and dried: Yield 880 mg 70%; HPLC (60/40) 3.09 minutes (97%).
Example 10B '
§-Cyano-1H-indole-2-carboxylic acid ethyl ester
20 Zinc dust (57.8 g, 887 mmol) was added to a hot suspension of 3-cyano-S-
nitrophenylpyruvic acid ethyl ester (23.2 g, 88 mmol) in acetic acid (225 mL) and
water (225 mL, Caution!, vigorous initial e¥otherm) at a rate to maintain reflux, and
the reaction was held at reflux for 0.5 hours. The mixture was filtered, the filtered
salts washed with hot acetic acid {150 mL), and the filtrale chilled overnight giving
25 cryslals which were fillered, washed with cold 1:1 acetic acid-waler, water, and dried

(10.11 g, 53%). The fillrate was concentrated, the residue dissolved in ethyl acelate,

and the resulting soluticn washed with saturated aqueous sodium bicarbonate,
brine, dried and concentrated giving a second batch {5.05 g).
The major lot was used in subsequent tiansformations.
30 Example 10C
3-Cyano-5-nitrophenylpyruvic acid ethy! ester
A solution of sodium ethoxide in ethanol (from 2.2 g, 400 mmot sodium
metal in 400 mi etharol) was added at 0°C to a mixture of distilled diethyl oxalate
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This three step process is knowmn as the Reissert indole synthesis

(Rei ssert, Chem sche Berichte 1897, 30, 1030). Conditions for
acconplishing this sequence, 5 and references thereto, are described in
the literature (Kernmack, et al., J. Chem. Soc. 1921, 119, 1602;

Cannon et al., J. Med. Chem 1981, 24, 238; -8%lian, et al in
Het erocycl i ¢ Conpounds, vol 3 (WIley, New York, NY, 1962, R C. Elderfield,
ed.) p 18). An exanple of the specific inplenentation of this

sequence is Exgned gs8dOMmol) and S-H&hﬁaf Sitrabendhitrile (32 g, 197 mmol). The resultmg
3- Hal 0- 5-chl oro-1 Hi ndol e- 2- car boxyl 1 ¢, aci ds may_al so be prepared

hal ogenati on offed:selytign wes hepied at ccf%‘ﬂ@)mqfﬁ dBp geooled mixture was dilted with
Al ternatively, v&g@,@ %Qndﬁgm Wwith cbhE. 15el {M:ﬁ 4. Vl'h%ug:? di .t&@t%at formed

i ndol i nes e prepare reduction of the corres I ng Formnmu
i ndol es with awas colleetddcbﬂ/rﬁgra&gerwtm&a°69nmgae@iadmnd'pm§ed@ryol at a

f ab 25 C. b 48
hours. ( React PofEiEiearaphy oh siicd ehieB VAt 15, 34764d &% SerBPaches iR .
acids are prepar ebsbhaaaﬂﬁéh Whe asedwithbut @rmcauonms gs®medi ng Formula XVi|

ester (Reaction Scheme I11). The Fornul a conpound i s prepared by
reduction of the corresponding Fornula VEJ@_I"_‘.EB'QlJe ester with a
reduci ng agent such as nmy N

The fol | owi ng par agr aphgmethox

eV 18 Eor mtESITRRb éf“}phi a@e'?mefhfe@r“ methv'mﬁvf’b ﬁs%"é%%?“ o
React i on Schembydroghieride (0.5jrenal] and Sikethy]- tifihdale-2idarbuntylie] &id 0.6 mmal) esdrer )
or

coupled according to Procedure A (reactioh temperature 0-25°C, extraction with
acid first, then base) and the product purified by chromatography on silica in 20-
50%ethyl acetate-hexanes: Yield, 75%; HPLC (60/40) 5.06 minutes (99%); PBMS
15 396 (MH+,100%);
'H NMR (CDCl,) & .14 (br, 1H), 7.4-7.2 (m, 6H), 7.07 (dd, 1H,J = 2, ca 8 Hz), 6.76
(d.1H, J = 2 Hz), 6.45 (d, 1H, J = 9.7 Hz), 4.90 (m, 1H), 4.29 (d, 1H, J = 6.5 Hz),
3.83(d, 1H, J = 5.5 Hz), 3.35 (s, 3H), 3.13 (s, 3H), 3.09 (dd, 1H, J = 6, 13 Hz), 3.00
(dd, 1H, J = 9, 13 Hz), 2.42 (s, 3H).
20 Anal. Caled for C,,H,N,O,: C, 66.82; H, 6.37; N, 10.18.
Found: C, 66.97; H, 6.48; N, 10.33.
Example 12
§-Fluoro-1H-indole-2-carboxylic acid {{1S)-[(R)-hydroxy-
{methoxy-methyl-carbamoyi)-methyl]-2-phenyl-ethyl}-amide
25 (3S)-Amino-(2R)-hydroxy-N-methoxy-N-methyl-4-phenyl-butyramide
hydrochloride (0.5 mmol} and 5-fluoro-1H-indole-2-carboxylic acid (0.5 mmol) were

coupled according to Procedure A (washing first with acid then base) and the
product purified by chromatography on silica gel eluted with 20-50% ethyl acelate in
hexanes: Yield, 69%; HPLC (60/40) 4.55 minutes (95%); PBMS 400 (MH+,100%);
30 'H NMR (CDCl,) & 9.34 (br, 1H), 7.4-7.2 (m, 7H), 7.00 (dt 1H, J = 2.5, 9.1Hz), 6.80
(d, 1H, J = 1.6Hz), 6.48 (d, 1H, J = 9.5Hz), 4.93 (m, 1H), 4.30 (d, 1H, J = 5.3 H2),
3.83 (d, 1H, J = 6.3 Hz), 3.35 (s, 3H), 3.14 (s, 3H), 3.08 (dd, 1H, A of AB), 3.02 {dd,
H,J=5611Hz,BofAB).
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25 Formul a XXVI conpounds (Rerr] is C(CONRerr]Rerr] or CCORerr]) are
prepared starting froma Formula XX N-protected (denoted by Plerr])

al dehyde. The Formul a XX al dehyde or the sodi um bi sul fite adduct of a
Formul a XX al dehyde is treated wi th potassi umgor sodi um cyani de in
aqueous solution with a cosolvent such as di oxane or ethyl acetate at
a tenperature of about O[err]C to about 50[err]C to provide a Formula XXI

30 cyanohydrin. akhe d(f:?eg’q# kéﬁpb?'@orycgg 5.019, 55§a,§;efbggt h an al cohol
err

(e.g., (Cerr]- duch as met’hanol )’ and a strong acid
cat al yst such a§oupdr &yé4. 16hH06£aEN 10.9%t a tenperature of about 0C to

about 50[err]C, followed by addition of I i1f necessary. The
ifﬁ}ﬁ-r?ﬁ—&r

protecting group (PT) is then renoved, esent, by an

- 36- 1H-Indole-2-carboxylic acid {(1S)-[(R)-hydroxy-{methoxy-
5 methyl-carbamoyl}-methyl]-2-phenyl-ethyl} -amide
(3S)-Amino-(2R)-hydroxy-N-methoxy-N-methyl-4-phenyl-butyramide
hydrochloride {0.26 mmol) and 1H-indole-2-carboxylic acid (0.28 mmol) were
coupled according to Procedure A (0-25°C reaction temperature) and the product
purified by chromatography on silica gel eluted with 20-50% ethyl acetate in
10 hexanes: Yield, 87%; HPLC (60/40) 4.26 minutes (96%), PBMS 382 (MH+,100%);
'H NMR (CDCl,) & 9.24 (br, 1H), 7.63 (d, 1H, J = 8.0 Hz), 7.4-7.15 (m, 8H), 7.11 (dt,
1H, J = 8.0, 1.5Hz), 6.85 (d, 1H, J = 1.5 Hz), 6.48 (d, 1H, J = 9.8 Hz), 4.94 (m, 1H),
430 (d, 1H, J = 6.5 Hz), 3.84 (d, 1H, J = 5.4 Hz), 3.36 (s, 3H), 3.14 (s, 3H), 3.09 |
{dd, 1H, J = 6, 13 Hz, A of AB), 3.03 (dd, 1H, J = 10, 13 Hz,-B of AB).
15 Anal. Calcd for C,,H,3N,0,: C, 66.13; H, 6.08; N, 11.02.
C. 66.19; H, 6.08; 11.02.
Example 14
5-Chloro-1 H-indole-é-carpoxvlic acid {(1S)-{(methoxy-methyl-carbamoyl)-
methyl]-2-phenyl-ethyl}-amide
20 (3S)-[(5-Ch!oro-1H-indole-2lcarbonyl)-amino]-4-phényl-butyric acid (357 mg,
1.0 mmol) and N,O-dimethylhydroxylamine hydrochloride, 8% (98 mg, 1.0 mmol)

vere coupled according to procedure A (dimethylformamide solvent). The foam
obtained was iriturated with ether, the sticky solid dissolved in dichloromethane,
concentrated and triturated with hexanes: yield 215 mg, 54%; HPLC (60/40) 6.38

25 minutes (98%);PBMS 400/402 (MH+, 100%);
Anal. Calcd for C,,H,,CIN;O,: C, 63.08; H, 5.55; N,10.51.
Found: C, 62.91; H, 5.79; N, 10.21,

Fxample 14A
(3S)-[(5-Chloro-1H-indole-2-carbonyl)-amino}-4-phenyl-butyric acid

30 2N NaOH (3.0 mL) was added to a suspension of (3S)-[(5-chloro-1H-indole-2-
carbonyl}-amino}-4-phenyl-butyric acid methyl ester (1 28 g, 3.45 mmol) in methanol
{10 mL) at 26°C. Afler 18 hours the reaction mixture was dilﬁted with
tetrahydrofuran (10 ml), the solution heated to reflux for 10 minutes, and
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appropriate deprotection nethod yielding a Formula XXl I conpound. For
exanple, if the Formula XX N-protecting group Plerr] Is

tert-but oxycarbonyl (t-Boc), the Formula XXI'I'l conpound is directly
formed from-the Formula XXl conpound, and addition of wat er is not
necessary. The Fornula XX/ | conpound nay be protected on nitrogen 5wth
an appropriate protecting group to forma Forrmula XXl Il conpound follomed

about o o1 ] C 1eraaBeted TRegEtulhd toRfWES Hinfs S entacliot TFBaRREY Bl i ng

in the correspaidpedsicn finarkd, aaa Mdned:nmug solid waabediwnﬂ' 28 HOIrand driedlyiéld

conmpound is co gl ed&(ial n an anal us procedur g t he coupl i ng process
described i n Rehé$9:0F % cHEKE (759/ Pri8dRINYIRS OPP®At e Rl err], Rlerr]NH or 10
HR[err] amne to forma Fornula XXV conmp@yaghpidasch is t hen deprotected
resul ting in the Forrrula XXVI €., Formula“lll corrpound
wherein Rl erf] is d@S)-RKp 11dd-indole-2<carbenyd) -6 i{2R)ctivch 4-p Ibutyric
CCONRerr]Rerr]. An exanple of the c%y ly } eQfer @ Formul a XXI
cyanohydrin to the correspondi ng For nul | ester with renoval of
the t- boc protBcadnm@tlmmpopmppﬂ&elmrbmliﬁ@ae bymbcmwde)tDEmHBQ.Bﬁm

Exanple la. 15 Ghrex S wherein anohy v d t.o Formul a
T Tover ar ol we SR8 & M ey SRR A ryeR iV Ouhig achl

and EPO publ i cahétA@ %W%msu Example Ta[ 72BY, 590 Mihal), Is- STBORHMOR-2-
stereoi soneric by virtue of ereochenm cal configuratjon _at the

carbons | abdPegatboxytic acid @?e“% Er PT%H"T‘?D f‘ﬂ@ 1hydroxybenzoliazglehydralen ny| a
XXI'| and XXVI - idiHisraRitine (640 hh.l) tahQsdGS'Tﬂ"@q'e&E!ﬁ &ﬁﬂ%ﬁ@‘vﬁs%‘!"n@@ {6 FOh&inRY

to Reaction Schene |V. For ‘exanple, the Formula de is
avai | abl e i n eiccReentetechitherrsidue q!'é?qmdsmeetéwcﬂ?e#ﬂlgttwreéplﬂas splution washedr e

procedur es %BtvhiHW NABID Wi St AR HCIOBrin; 478, afld cohdéntrAbd Yiving tHle

cyanohydri n may
substance as a yellow foam (140.7 g, 98%) which was used in the subsequent

15 hydrolysis described herein without purification {HPLC (70/30) 3.61 minutes (82%),
8.57 minutes (13%)). A pure sample was oblained by chromatography on silica in
ethyl acetale-hexanes, mp 180-183°C;

"H NMR (CDCl,) 6 9.52 (br, 1H}, 7.55 (d, 1H, J = 2 Hz), 7.35-7.15 {m, 7H), 6.70 (d,
1H, J = 2 Hz), 6.50 {d, 1H, J = 10 Hz), 4.82 (m, 1H), 4.22 (s, 1H), 3.72 (s, 3H), 3.4

20 (br, 1H), 3.05 (m, 2H).

*CNMR (CDCl,, 75.5 mHz) & 174.2, 164.4, 137.1, 135.0, 131.1, 129.8, 128.8, 128.3,
127.0, 126.2, 125.0, 121.0, 113.2, 102.3, 70.4, 43.3, 43.1, 38.1.

TSPMS 387/389 (MH+, 100/30%)

Anal. Calcd for C,H,;CIN,O, + 0.6H,0: C, 60.69; H, 5.09; N, 7.08.

25 Found: C, 60.3(; H, 4.98; N, 6.86.

Example 16
3-[(5-Chloro-1H-indole-2-cartbonyl)-aminol-(2RS)-hydroxy-propionic acid

(RS)-3-amino-2-hydroxypropionic acid methyl ester hydrochloride (6.6 mmol)
and S-chloro-1H-indole-2-carboxylic acid (6.6 mmol) were coupled according to
30 Procedure A (except that acid, then base extraction was'performed, and during the
first acid wash a precipitate appeared so the mixture was filtered and the filtrate
carried on in the usual manner of Procedure A). The crude proddct (920 mg) was
dissolved in methanol and treated with 1N NaOH (6.6 mL) for 2 hours at 25°C. iN
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prepared fromthe Forrmula XX conpound by treatnment with sodi um or pot assi um
cyani de as described above while maintaining the stereochem stry at carbon

a 25 resulting in a mxture of stereoisoners at carbon b. The
skilled chem st may enploy crystallization agpthis stage to separate

I somers or purify one isoner. For exanple, the preparation of
the Fornul a XXI corrpound wherein Plerr] is Boc, Rerr] is H Rerr] is
benzyl and the t (
respectively, e'?fép oyl n e?js(%?gouagﬁé e”?u%rw%sb%%nrsﬁ ?’ t?%tg 'IW('}% rgl'dgg dissoived

recrystal | i zat iimethyb acetatedaad nhé)eetultmg&almimmmﬁhe;d WioZN HEL, br&ih?ﬂn&dlélénd
Fecryotal || 2ot (GASPIEAF qBE "= ilE CORTRFLTIR e Shvet b SuREeIgm PBE TP
(mxture giving the title substance: Yield 763 mg, 40%; HPLC (60/40) 2.86 minutes(89%); mp
§ 214-215°C; PBMS 283/285 (MH+, 100%);

"H NMR (DMSO-d,) & 11.78 (s, 1H), 8.62 (t, 1H), 7.70 (d, 1H, J = 2 Hz), 7.42 (d, 1H,

J=87Hz),7.17 (dd, 1H, J = 2, 8.7 Hz), 7.14 (d, 1H, J = 2 Hz), 4.18 (dd, 1H, J =

5, 8 Hz), 3.58 (m, 2H).

Anal. Caled for C,,H,,CIN,O, + 0.1H,0: C, 50.66; H, 3.97; N, 9.85.

10 Found: C, 50.80; H, 4.06; N, 9.48, _
Example 16A
(RS)-3-amino-2-hydroxypropionic acid methyl ester hydrochloride
A mixture of D,L-isoserine (2.06 g, 19.6 mmol), methanol (20 mL) and

chlorotrimethylsilane (8.5 g, 88 mmol) was heated at reflux for 6 hours, cooled and '

15 concentrated giving the title substance (3.20 g).
Example 17
5-Chioro-1H-indole-2-carboxylic acid [(1S )-{(R )-methoxyomethyicarbamoy_l-
methyl)-2-phenyl-ethyl]-amide
(3S)-Amino-(2R)-methoxy-N,N-dimethyl-4-phenyl-butyramide hydrochloride

20 (0.84 mmol) and 5-Chloro-1H-indole-2-carboxylic acid (0.80 mmol) were coupled

according to Procedure A (0-25°C reaction temperature, 2:1 dichloromethane-

dimethylformamide solvent) and the product purified by chromatography on silica
eluting with 1:1 ethyl acetate-hexanes: Yield, 81%; HPLC (60/40) 5.44 minutes
(100%); TSPMS 414/416 (MH+, 100/30%);
25 *H NMR (CDCl;) 6 9.38 (br, 1H), 7.60 (d, 1H, J = 2 Hz), 7.4-7.2 (m, 6H), 7.20 (dd,
1H,J = 2,9 Hz), 7.03 (d, 1H, J = 8 Hz), 6.92 (d, 1H, J = 2 Hz), 4.50 (m, 1H), 4.00
(d. 1H, J = 2 Hz), 3.40 (s, 3H), 3.22 (dd, A of AB, 1H, J = 5, 13Hz) 3.00 (dd, B of
AB, 1H, J = 10, 13 Hz), 2.86 (s, 3H), 2.65 (s, 3H).
Anal. Caled for C,,H,,CIN,O;: C, 63.48; H, 5.84; N, 10.15. Found: C, 63.48; H,
30 5.97; N,9.97.
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of isoners) to a conpound of fornmula XXII, XXIII, XXI\/, 'XXV, XXV, Vv, 1V,

or | by the procedures and/ or sequences described herein. Fornmula XXl
i nternmedi ates of a specific stereochem stry at carbons a and b are
converted to Formula XXII |nterned|ate? with retention of this
stereochem stry by treatnment with an al cohol”3nd 5 a strong acid
catalyst, followed by addition of water, if necessary, as described

above. Alternatively, the desired isoner of the Forrmula XX
conpound nay al so be obt ai ned by deﬁﬁﬂwﬂﬂﬂiﬂ on of the Formula XX

i nternediate and chagym
derivatives (for exa

t - butyi di net hyl si | yI(!ﬁJQRQ)-U Ben(yFBrmirB?thMcaqpamoyDZthxy-ﬁhWBﬂlBamac acid tert-

separati on ) Uy SERPRAma S iriopl et GRS LR AEREl B Gl v

derivative of #obay angs? O sbncentratechamd trmitestcmehmevqgaratedlmml ather and dried.

st er eoi somaric format carbons a a_nd b ié cor?vg?Eé W th retenftion of

stereochem stry to a Forrmula XXI| inter f the silyl group is 15

not renoved in this S?sgmt(ﬂsienﬁﬂwmé@@mgﬂ 7.8 Metmsx,gahﬂnemaﬁii@t e
met hod, such as treatnment wth tetrabutylamoni um uorit de 1n
t et rahydrofuran), by the rret hod @sistetitviyiestele for the conversion of

the Formula XXI' comaguig, h@drhdiSoi ?vspergﬁf‘\ypb Ind'ét 50%%9@3’90( eE sEf alof<><|24c

contai ned herein for conve s on der Ive o ornu
conpound t o1& $iSH2R)e(1itenapr2-dimelylcanbamagi2-hydroxy-etbylbcarbadie adick test-bytyl ester

group) . (322 mg, 1.0 mmoil) in tetrahydrofuran (4 mL) at 0°C. After effervescence ceased

(several minutes), methyl iodide (155 mg) was added, and after 15 minutes another
11 mg NaH dispersion and 23 mg methyl iodide were added. After 15 more minutes
aqueous ammonium chloride solution and ethyl acetate were added, and the
15 organic layer was separated, washed with water, 2N NaOH, dried and concentrated
giving a viscous oil which was used without further purification: Yield 283mg, 84%.
Example 17C
(1S,2R)-(1-Benzyl-2-dimethylcarbamoy!-2-hydroxy-ethyl)-carbamic

acid tert-butyl ester
20 - (3S)-tert-Butoxycarbonylamino-(2R)-hydroxy-4-phenyl-butyric acid

(Schweizerhall, Inc., S. Plainfield, NJ, 1.02 g, 3.4 mmol) and dimethylamine
hydrochloride (338 mg, 4.1 mmol) were coupled according to Procedure A (0-25°C,
dimethylformamide~dichloromethane solvent, acid, then base extraction) giving crude
product which was chromatographed on silica eluted with 1-8% ethanol in
25 dichloromethane: Foam; Yield 895 mg, 91%,;
Example 18 _
5-Chloro-1H-indole-2-carboxylic acid (3-azetidin-1-yl-(1S)-benzyl-
(2R)-hydroxy-3-oxo-propyl)- amide
Azelidine (0.44 mmol) and (3S)-[{6-chloro-1H- mdole 2- carbonyl) amino]-(2R)-
30 hydroxy-4-phenyl-butyric acid (0.4 mmol) were couplegi; according to Procedure A

(1:1 dimethylformamide-dichloromethane solvent) giviné'the title substance: Yield
94%; HPLC (60/40) 4.55 minutes (>98%); PBMS 412/414 (MH+, 100%);
Anal Calcd for C,,H,,CIN O, +0.25 H,0: C, 63.46; H, 545 N, 10.09.
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According to Reaction Schene V the Fornula XX al dehydes (starting

materials for Reaction Scheme I'V) are prepared fromthe correspondi ng
Formul a XXX am no acids. The Forrmula XXX amino acid is protected on
nitrogen with a protecting group (P[errlp.(such as Boc). The protected
conmpound is esterifed with an 25 al cohol and converted to an ester,
preferably the nethyl or ethyl ester of the Formul a XXXI conpound. This

nmay be acconpl irghgd: Y é3.&ptH ed: e foxarul a XXX - compound wi th nethyl or’
ethyl iodide in the presence of a suitable base (e.g., KC33) in a polar

sol vent such as di net hyf or mam de The Foﬁma'_s)@(l conpound I's reduced,

for exanple, with dii 1 or a 30
SSEHb i

m xture thereof, at a “r] C

fol | oned by quenchi ng wit h(mh@gmétlﬂ-cwﬁﬂﬁgﬂ& Qlﬁarrﬁhaescrl bed in J.
AINE '? er ﬁgs |mvel %g?ﬁot 22%%?%3‘3@'?'%@&3 Hisne °"y l“i’h%)i%ﬂgﬁlge {0 31 mmol)
N- met hoxynet hy hadisdaioreOfH-fieR Bl 88 okflictders Wl”ﬁ%l%b coupled according to
Procedure A and the product purified by chromatog'raphy on silica gel in 20-40%
ethy! acetate-hexanes: Yield 81%,; HPLC (60/40) 7.39-'-minutes (98%); PBMS 4307432
(MH+, 100%);
10 'H NMR (COCL,) & 9.44 (s, 1H), 7.58 (d, 1H , J = ca. 2 Hz), 7.4-7.22 (m, 6H), 7.19
(dd, 1H, J = 2.0, 8.8 Hz), 6.89 (d, 1H, J = ca. 2 Hz), 6.80 (d, 1H, J = 8 Hz), 4.72
(m, 1H), 3.93 (s, 1H), 3.39 (s, 3H), 3.24 (s, 3H), 3.19 (dd, 1H, J = 5.1, 13Hz, A of
AB), 3.06 (s, 3H), 2.95 (dd, 1H, J = 10.9, 13 Hz, B of AB).
Anal. Calcd for C,,H,,CIN,0, +0.33C,H,,: C, 62.85; H,6.30; N, 9.16.
15 Found: C, 62.91; H, 6.29; N, 8.95.
| Example 19A
{3S,2R])-3-Amino-(2R),N-dimethoxy-N-methyl-4-phenyl-butyramide
(1S,2R)-(1-Benzyl-2-methoxy-methyl-carbamoyl-2-methoxy-ethyl)-carbamic
acid tert-butyl ester (113 mg, 0.32 mmol) was dissolved in 4N HCl-dioxane {4 mL) at

20 25°C for 1 hour, concentrated, and the residue triturated with ether giving the title
product (33 mg, 100%). '

Example 198
{1S,2R)-(1 -Benzyi-?-methoxy-meihyl-carbamovl-2-methoxv—ethvﬂ-carbam mic

acid lert-butyl ester

25 Sodium hydride dispersion (30 mg of 50% in oil) was added o a solution of
(1S,2R)-(1-Benzyl-2-methoxy-methyl-carbamoyl-2-hydroxy-ethyl)-carbamic acid tert-
butyl ester in tetrahydrofuran (2 n1Lj at 0°C. Afler 5 m.inutes methyl jodide (175 mg)
was added and the mixluie was allowed 1o stand at 25°C for 18 hour. Ethyl acetate
and saturated aqueous ammonium chloiide solution were added and the organic

30 layer was separated, washed with water, dried, concenirated, and chromatographed
on silica eluting with 10-20% ethyl acetate-hexanes: Yield 113 mg, 52%; HPLC
(60/40) 6.45 minutes (>96%).
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- 38- conpound, wherein the al cohol substituent of the ester is

repl aced by N(Owe) Me, are formed froma Fornmul a XXX conpound,
N, O di et hyl hydr oxyl am ne and a sui tabl e coupling agent (e.g.,
1- (3-di net hyl ani nopr opyl ) 3- et hyl car bodi i ni dess. hydr ochl ori de (DEC) as

in Procedure A. The resulting conpound is reduced, for 5 exanple, with
lithiumal um num hydride in a reaction-inert solvent such as ether or
tetrahydrofuran at a tenperature of about to about 25[err]Cto form
t he Formul a XX al dehyde. This tm-st%’md is general for the
conversi on of N-prot e¢@8y{(6@hldre-1H-indolerd-carbanyliamine]-ftR)(rethoky-mettighy des

~ (Fehrentz and Castro, Synthesis . ci

Alternatively Fornula XX a B of Fornul a

r .‘G‘ >
XXXI 11 protected am predSORAMIN f1qmma%ahym&baﬁu@dbnenﬁgr@péﬂyja&ewe

tenperature of about’ -10[ err]C to about 40Q[err n a reaction-inert
sol vent , preffera@d@eazw@swlhyénop eride (162 mg, ﬁ@ﬁrmfma | Yag| qaupadovith wdloro-1H-

| cohol |
am noal ohol = boRehSRBESL (7Y Y Wi Erlfiy o proRidRgheE 2bsc
am noal cohol s arreacmmepmpedatbge) laadnime trude pirodiget pukifieddiX chrameatograptiy onTilica
duct he t f For . i th
CehiumC areeh ey Rk ST B g i RN Buiaing SR SUBNAndR Agp tessy
D ckman et al ., sdidg¥ield; 61%; TSBWMS Wsss (WiH 8y S0/80%), 6815831080+ NEG| §60/50%).

Vol. VIl, p 530 or with sulfuric acid- sggi um bor ohydri de by the
procedure of °Ab| ko and Masamune, Tetrah ! :

acid benzyl ester hydrochloride

(1R,2S)-[2-tert-Butoxycarbonylamino-1 -(methoxy-methyl-carbamoyl)-3-phenyl-
propoxy]-acetic acid benzyl ester {170 mg, 0.35 mmol) was dissolved in 4N HCI-
15 dioxane (2 mL) for 1.5 hours at 25°C, concentrated, the residue coevaporated with
ether and dried giving an oil (163 mg). MS 387 (MH+, 100%).

Example 208
{1 R,2S)—|2-ten-Bufoxycarbongfamino-? -(methoxy-methyl-carbamoyl)-

3-phenyl-propoxyl-acetic acid benzy! ester

20 Sodium hydride dispersion (120 mg of 50% in oil, 2.8 mmol) was added to a
solution of (1S,2R)-(1-benzyl-2-methoxy-methyl-carbamoyl-2-hydroxy-ethyl)-carbamic
acid tert-butyl ester (858 mg, 2.6 mmol) in tetrahydrofuran (8 mL}) at 0°C. Afler
effervescence ceased benzyl bromoacetate (0.56 g, 2.6 mmol) was added and the
mixture was brought to 25°C. After 2 hours more NaH dispersion was added (12

25 mg}, and the mixture was stirred 1 hour, diluted with ethyl acetele and saturated
ammeonium chloride, the organic layer separaled, washed with weter, dried, and
concentraled giving an oil which was chromatographed on silica gel eluted with 20-
75% ethyl acetlate-hexanes. The most pure fractions were combined giving an oil
(175 mg, 15%): MS 487 (MH+), 387 (100%).
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20 1992 333, 5517-5518, or wi th sodi um borohydri de-iodine according to the

procedure of McKennon and Meyers, J. Og. Chem 1993, 58, 3568-3571,
who al so revi ened other suitable procedures for converting Fornula XXX
am no acids to Formula XXXI | am no alcohﬂ% According to
Reaction Scheme VI the Formula XXX conpounds‘ttilized in 25 Reaction Schene
V may be prepared as follows. The Formula XLI am no acids may - be
prepared by N-al kylation of the Formul a és Er?tgited (Plerr]) am no acids
by treatment with an appropriate bas yIatlng agent. Specific
procedures for this 28 $¢MQﬁ¢quaaaeQﬁ§§5 the. Chem
1977, 55, 906-910, an nsen, . 0.~ For
exanpl e, when Rlerr] is nethylca“:' i odide in

tetrahydiofuran are A'Hshh?@%&%g%&ﬁ&ﬁ'-ﬂ@lﬂolé f%a}EURW': (18} 9\9&%99’“

yiel ds the desired Formul a
For mul a XLI | Sarmeibylesrdamayl)-8phehylipropoxybacetic acid bepzyl sstep (120 mgeo.2anmel)

i nvolving reduGhivehel Gla! S Qlm Er8ids ofcbibdped %aalysq ¥S&Ghandl (&1 mL) was
shaken at 40 p.s.i. hydrogen pressure and 25°C for 1 hour. The mixture was
allowed to stand for 30 min, then filtered through a filter aid and the filtrate _
concentrated giving 121 mg of a solid which was chromatographed on silica and

10 eluted with 25-100% ethyl acetate-hexanes giving 84 mg of a solid, HPLC (60/40)
4.81 (37%) and 6.24 minutes (63%). 'H NMR and MS 'analysis showed these to be
methyl esters of the 5-des-Cl and title product respectively. This solid was dissolved
in THF and treated with 1N NaOH (170 uL) for 30 minutes at 25°C, the solution
concentrated, and the residue partitioned between ethyl acetate and 1IN HCI. The

16 organic layer was separated, washed with water, dried, and concentrated giving a
mixture of the title substance and the des-5-Cl analog: Yield 85 mg, 71%; HPLC
(60/40) 3.49 minutes (37%), 4.23 minutes (61%); MS 338 (MH+, 100%); TSPMS
474/476 (MH+for title substance, 40%), 440 (MH-+for des-Cl analog, 95%);

Example 22

20 _ {38S)-[(1H-indole-2-carbonyllamino]-(2R)-hydroxy-4-phenylbutyramide

(2R,38)-3-amino-2-hydroxy-4-phenylbutyramide (0.59 mmol, US 4,599,198
Example 1D) and indole-2-carboxylic acid (0.71 mmol) were coupled according to
Procedure A (washing with acid, then base) and the resulting product purified by
chromatography on silica by eluting with 66-100% ethyl acetate-hexanes: Yield 89%:
25 HPLC (60740, Dupont Zorbax C-8 column) 99%; MS 338 (MH+, 100%). 1TH 1H NMR
(DMSO-d6) 6 11.53 (s, 1H), 7.95 (d, 1H, J = 9 Hz), Z.63 (d, 1H, J = 8 Hz), 7.5-7.15
(m, 7-8 Hz), 7.12 (d, 1H, J = ca. 7 Hz), 7.02 (d, 1H, J = ca. 8Hz),595(d, 1H,J =
6 Hz), 4.55 (m, 1H), 3.93 (m, 1H), 2.98 {dd, 1H, A of AB, J = 6, 13 Hz) 2.8" (dd,
1H, B of AB, J = 8, 13 Hz).
30 Example 23 :
(3S)-[(5-Chloro-1H-indole-2-carbonyl)amino] -(_28)_-h\._/_droxv-4 -phenylbutyramide
§-Chloro-1H-indole-2-carbony! fluoride (0.30 g, 1.29 mmol) was added to a
solution of (28.3S)-3-amino-2—hydroxy-4-phenyl-butyramide hydrochloride (0.319 g,
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- 39- catal yzed hydrogenation) to give the nono-N benzyl derivative

and reductive am nation with the appropriate acyl conpound (for
exanple with fornal dehyde and sodi um cyanoborohydri de to introduce
Rlerr] as nmethyl) to give the N Benzyl, N-R[ﬁ[r]- substituted am no

acid. The N-benzyl protecting group is conveniently renoved (for 5
exanpl e by hydrogenation with an appropriate catalyst) to yield the Formla

XXX conpqund. Specifjc,.conditions for this threge.step alkylatiqn
procedure are 3;@&" nd {_"ethy _ "Pfek’r?%dpg' iﬁ%é?'?‘,"bjf.‘ ‘f@i‘?m%ﬁ@wf’,x @%{g,atll,
258- 260. 25°C. Aftef 18 HotrEMeahitiuve Wae aildicdowiti eyl addtate, heledliting be
used to introduce an R| noi et}l/ into the Fornula XUV internedi ate

to form the Foffkilian ﬂaﬁggél&ﬁﬁwh ANHCh dwicgithhsaturated-aqieaus NahCO,, once
i nternedi ate V"Wﬂﬁ%rf?\e%ﬁé&.]cghéemed. -558 th& & Eﬁﬁbn%é’%t‘iehéWW silic%elute

preparation may al'so be used to Introduce an err]| noi / Into a Forml a
Illa i i emitb $i0at09% ethylacetate-heranesgiving lal salidt(0:3teg)iwhich whs resrystalfizedr |

X)) it not  fom oplyEldTy RS PRSI 2 it

may bE pr epar eNNW(WS@Fd,?ﬁiﬂiﬂid B% (dyaHhdds Sidz)\vr.480(d| s =sRinb,e‘id?-'rm (trﬂng
t. t t t

s, Accor di nal S-S HEHyad Ky bRs g 4Qnimni bl 2oL TR RIS 1y T °°

cyani de and a WY @, o' despRRt to formthe corresponding .

aminonitrile. The amnonitrile is hydrolyzed with nineral acid to formthe
desi red 10 Example 23A

§-Chloro-1H-indole-2-carbonyl fluoride

A solution of 5-chloro-1H-indole-2-carboxylic acid (10.0 g, 51.1 mmol) and

pyridine (33.1 mmol) in acetonitrile was added to a solution of cyanuric fluoride (2.76

g. 20.4 mmol} in acetonitrile (total 340 mL) at 25°C. The reaction was followed by
15 TLC on aliquots quenched with butylamine and appeared nearly complete at 1 hour,

The mixture was poured onlo ice, exiracted with ether, dried (Na,SO,), and

concentrated giving a solid which was used without purification (10.0 g, 99%). TLC

of a butylamine-quenched aliquot showed some 5-chloroindole-2-carboxylic acid and

the less polar N-butylamide. A sample was purified by chromatography on silica gel
20 eluting with ethyl acetate-hexanes (50-100%) for characterization (16368-130-1).

Example 23B
(2S,35)-3-Amino-2-hydroxy-4-phenyl-butyramide hydrochloride

[(18)-{(S)-Carbamoyl-hydroxy-methyl)-2-phenyl-ethyl]-carbamic acid tert-butyi
ester (0.50 g, 1.7 mmol) was dissolved in 4 M HCl-dioxane at 25°C for 1 hour. The
25 mixture was concentrated and the residue triturated with ether and dried giving a
colorless solid (430 mg): HPLC (60/40) 2.68 min, 100%.
Example 23C
[(18)-((S)-Carhamoyl-hydroxy-methyl)-2-phenyl-ethyl]-carbamic acid tert-butyl ester
Tetrabutylammonium fluoride (23 mL of 1M in 1gfrahydrofuran) was added to

30 a solution of {(1S)-[(S)-(tert-butyl-dimethyl-silanyloxy)-carbamoyl-methyl]-2-phenyl-
ethyl}-carbamic acid tert-buty! ester in tetrahydrofuran {6 mL) at 0°C. After 30
minutes the mixture was diluted with elhyl acetate and water, the organic layer
separated, washed with water, 2 x 1N HCI, 2 x 1N NaHCO,, and brine. An emulsion
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Fornul a XLI | RC(NH2) COOH ami no acid. Alternativel y t he Bucherer-Berg
met hod 20 may be used wherein a hydantoin is formed by heating an al dehyde

(Rlerr]CHO with anmoni um car bonat e and pot assi um cyani de fol | owed by
hydrol ysis (for exanple, with barium hygy oxide in refluxing di oxane)
with acid or base to formthe desired ormul a XLI |

Rl err] C(NH err]) COOH am no -aci d. O her nmethods for synthesis of

Lo LT 59 7R Hnad SRGCRRF bRek bl Bomet b dhtpf &8 ¢ Perm
Rl err] C( NH er r kph&&ptrated givingd 86I0HSC SSIRINOYS gozo%)hea. ﬁumbhe(slﬁg)caf the fnetkd |

conpounds. Sui t abl e net hods for the s esis or resolution of

Formul a XLI | c&@fisb(fhdg) was regrystalized from 'P%*\Rtwc t@dt"’l‘mﬁ?bﬂ‘“’?“l‘é‘t gixingd on

1994, 50, 1539%dfe i (1 Iliams 30 (R M WIIlianms, Synthesis of
optically actl\‘;e agng ?\% a b"ﬁaé‘YPergarmn O(ford U. K 1989).
A specific rethod for the synthesis of £xampie23D XL| I Internmediate in

ﬁ')t!‘ﬁ[emdiegtagt;g"f 48187 b B R e RO B RORA B RIS fethyf1 2. 5h &y BT ©F

ethvi}-carbamic acid tert-butyl ester
30% hydrogen peroxide (7.2 mL, 64 mmol) was added over a period of 15

minutes to a solution of [1(S)-benzyl-(2S)-(tert-butyl-dimethyi-silanyloxy)-2-cyano-
10 ethyl}-carbamic acid tert-butyl ester (Example 24D, 5.0 g, 12.8 mmol) and 1N NaOH
(22 mL) in ethanol (110 mL) at 0°C. The mixture was stirred 1.5 hours, treated with

aqueous 10% sodium thiosulfate solution (175 ml), concentrated, and extracted with
ethyl acetate. The extracts were dried over Na,SO, and concentrated. The residue
was chromatdgraphed on silica eluted with 20-33% ethy! acetate hexanes giving the
15 title substance as a colorless solid (3.17 g, 61%).
Example 24
5-Chiloro-1t! indole-2-carboxylic acid {(1 S)-[(S)-hydroxy-{methoxy-
metﬁyl-carbamoyl)-methyl|-2-ghenyl-ethyl[-amide
N,O-Dimethylhydroxylamine hydrochloride (0.4 mmol) and (3S)-{(5-Chioro-1H-
20 indole-2-carbonyl}amino]-(2S)-hydroxy-4-phenylbutyric acid (q.éa mmol) were
coupled according to Procedure A and the product purified by chromatography on
silica eluted with 20-50% ethy! acelate-hexanes: Yield, 72%; HPLC (60/40) 5.05 min,
98%; PBMS 416/418 (MH+, 100%); '
'H NMR (CDCl;) 6 9.30 (br, 1H), 7.60 {d, 1H, J = 2 Hz), 7.33 (d, 1H, J = 8 Hz), 7.3-
25 7.15 {m, 6-7H), .75 (m, 2H), 5.00 (m, 1H), 4.65 (d, 1H, J = 4 Hz), 3.71 (s, 3H), 3.06
(s, 3H), 2.87 (m, 2H), 1.6 (br).
Anal. Caled for C,,H,,CIN;O, + 0.35H,0: C, £9.74; H, 5.42; N, 9.95.
Found: C, 60.14; H, 5.65; N, 9.55.
Example 24A
30 {3S)-[{5-Chloro-1H-indole-2-carbonyllaminoc}-(2S)-hydroxy-4-phenylbutyric acid
Aqueous 1N NaOH (2.6 mL) was added to'a solution of (3S)-[(5-Chioro-1H-
indole-2-carbonyl)amino]-(2S)-hydroxy-4-phenylbutyric acid methyl ester (500 mg,

1.29 mmol) in methanol at 25°C. After 18 hours the mixture was concentrated, the

nmiiﬂi‘ii\ﬁ °|“|i“i||




. (J. Am Chem Soc. 1992

- 40- procedure of Pirrung and Krishnamurthy (J. Org. Chem 1993,

58, 957-958), or by the procedure of O Donnell, et al. (J. Am Chem
Soc. 1989, 111, 2353-2355). The required R4X internedi ates are
readily prepared by many nethods famliar tq.the chem st skilled in
the art. For exanple, those conpounds when %P’err]x Is ArCH err] X may 5 be

. prepared by radical hal ogenation of the conpound ArCH err] or by

formyl ati on of ene Ar-H and convyersi of the alcghol to th

brom de. ~ residue dit s Bre taleceiale and salkt. snd thafesung redtien aicibsetal o

XUl i nter medi abRs Wit o che' m@aq@é&tﬁtn%mws%ewdﬁd exiridbd tre vyl Unk
- 19 Thus, an internediate o

formula Rlerr] etmlcac{eeate] thuesorganiadmrs cwnbmdt ﬁrcnﬂomd ¢concentratedgiving & sadidi at e

E[agcrarlg_lgna_? %ﬁﬁréﬁéa?m}rﬁ@?@g%& ?r\iﬁitgﬁnits redu\é\ﬂeélhbiZI de and

catal ytic hywdrogenation to the desired Examplec248 | | conpound. The requisite
trichl oronmet hyl ketone Seme .ctlon of the

al dehyde R[err] CHO ' : ) PONE YA R B i dat i on
(Gl lina and G ordano, Synt he5| S 'é@@dmﬁ ester For mula |11
I nt ermedi at e am nes 3(&.used I n_ React| on err]

Rlerr] are H may bel QéﬁH‘F%‘&?SQWGFWﬂdJ'?%‘YRE%W B‘Pld%'é\f'(@ (1 4A"PGHrﬁ!Hda5‘L

ami no Chloro-1H-indole-2-carboxylic acid (1.37 mmol) were coupled according to

10 Procedure A (0-25°C reaction, 40 hour reaction time, 1:1 dichloromethane-
dimethylformamide solvent) giving the ti*'e product: Yield, 94%; HPLC (60/40) 5.38
minutes (97%); mp 214-221°C; PBMS 387/389 (MH+, 100%);

Anal. Caled for C,oH,,CIN,O,: C, 62.10; H, 4.95; N, 7.24. Found: C, 62.16; H,
5.07; N, 7.11.
15 _ Example 24C
{3S)-Amino-(2S)-hydroxy-4-phenyl-butyric acid methyl ester
[1(S)-Benzyi-(2S)-(tert-butyl-dimethyl-silanyloxy)-2-cyano-ethyl]-carbamic acid
tert-butyl ester (417 mg) was added to a solution of anhydrous HCI (3.2g) in
methanol (20 mL) and the resulting solution capped and kept at 25°C for § days.

20 The mixture was concentrated to give 308 mg of colorless solid which was
homogeneous by '"H NMR (D,0). This material was combined wiih spectrally
equivalent material prepared in the same manner from 400 mg of the same
precursor, and together the mixture was dissolved in saturated aqueous NaHCO,
which was extracted ten times with chloroform. The combined extracls were dried

25 and concenliated giving the tille substance (328 mg,75%):

' Example 24D
[1{S)-Benzyl-(2S)-(iert-butyl-dimethyl-silanyloxy)-2-

cyano-ethyll-carbamic acid tert-butyl ester
N-t-butoxycarbonyl-(3S)-amino-(2RS)-hydroxy-4-phenylbutyronitrile was

30 converted to the corresponding O-terl-butyldimethylsilyl ethers by the procedure
described in US pat. no. 4,599,198, Example 1B, and the isomers separated by
silica gel chromatography (7%-8% ether-hexanes). The title substance was thereby
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acid (suitably protected (PT) is activated by conversion to the acid
chloride, fluoride or m xed anhydride (e.g., w.th isobutyl
chloroformate and triethylamne in an inert 20 solvent such as
tetrahydrofuran or di oxane at about -0C to apout -40[err]C) and the
activated internediate treated with di azonethane to give the Formula U
di azoket one. The Fornula LI di azoketone is treated wth an al cohol (RCH)

(e.qg., (derr]- Cd[err])al kanol such as_methanol), and a suitable

catal yst such ﬁpax@ég from Recslighily rss po!ar%‘itsem%them&é@@mw%ﬂrby&zattm
Formul a LII eStisedag Forrmula LIl ester is 25 deprotected to formthe
Formula 111 A cor‘rpoun (via WI ff rearrangenent). Alternatively the

Formula LIl ester is hydrol yzed, wt h foﬁmﬂgﬁiﬁ al kali, and coupl ed
with the appropriate H - ,

| I'l B conpound as : S ;

Reaction Schgme VIIIA 5he sautm:tloa sbhﬁum arsemm@ln sag) lnrwaiasueo mtt)ewas ﬂdcﬂ[daror I

is an oxygen |inked substituent (e. Reagct i on Sche

1) may be pr epéP‘é’H°5§?Nﬂ ?%W“WVEBPHEPQaféQPaé@n%Hngh 80y Vet ég {%9'
oxygen y & Q@tﬂ%‘b uotMnﬁaal)a@larrﬁ&hbi\}&\aidwbewm ow¥T. {Ke fhixture was
al kyl i odi de aI Kyl broni“de, kyl chl ori de or al kyltosylate) and

sufficient basstived fasdheurs a&DRG)@T@eihegwﬁﬁﬁC@Vemlgm The mixture was
concentrated to 80 mL volume, diluting with ethyl acetate (250 mL), and the

10 resulting solution treated with potassium cyanide (2.61 g, 40.1 mmol). After 4 hours
at 25°C the organic layer was separated, washed twice with water, once with brine,
dried and concentrated. The resulting oil was crystallized from ether/hexanes giving
a colorless solid (3.53 g): mp 95-98°C. A seéond crop was obtained by
recrystallizing the mother liquor (5.0g) with ether/hexanes (colorless solid, 2.44 g):

15 mp 88-92°C, The latter, lower-melting material was used in the subsequent
silylation transformation described herein.

' Example 25

(3S)-[(5- Chloro-1H-mdole-z-carbonyl)ammo| {2R)-hydroxy-4- yphenVlbutync acid
Aqueous 2N NaOH (375 mL) was added at 10-22°C to a solution of crude

20 (3S)-[(5-chloro-1H-indole-2-carbonyl)-amino}-(2R)-hydroxy-4-phenylbutyric acid
methyl ester (containing 13% of the N,O-bis-5-chloro-1H-indole-2-carbonyl impurity,

140.7 g, 363 mmol).in methanol (1800 mL) and the mixture was allowed to stir at
25°C. After 2 hours the solution was concentrated and the residue dissolved in
ethyl acetate (2L) and 2N HCI (500 mL). The aqueous layer was separated and

25 washed twice with 2N HCI, and the organic layers were combined, washed with
brine, dried over Na,SO, and concentrated. The residue (137.6 g) was consolidated
in 100 mL hot ethyl acetate (suspension), chloroform (1300 mL) was added, and the
resulling suspension heated at reflux with mechanical stirring for § min, filtered hot,
and the filtered solid washed with near-boiling chloroform-ethyl acetate (3:1, 400

30 ml). The resulting solid was dried in vacuo to constant weight (101 g, 75%). The
filtrate was concentrated and recrystallized by dissolving in hot-tetrahydrofuran (70
mL), adding hot hexanes (200 mL), coolfng ovérnight and filtering and Washing the
resultmg sohd w:th THF hexanes (1:5), giving 7.03 g (5%). The mother liquors from
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-41- pot assi um hydride) in a suitable polar aprotic solvent (e.g

di met hyl f or mam de or tetrahydrofuran) at a tenperature of about OC

to about 150[err]C resulting in a Formula LXI'| conpound. The Formul a

LXI'l conpound is deprotected to afford the desired am ne

I nt er medi at e. 5 The Fornula |11 infernediate am nes wherein Rlerr]

Is ((err]-derr]) al koxycar bonyl al koxy (used in Reaction Schene |)
und i s al kyl at ed

may be prepare follows. -The Foryoul g LXl:.c

L e Parbat ihd kb onélion Wite soncepvalidrand redrvataRiGd sotaceing do e samen i s
then depr ot ect ptodedutegivinig 1. drgl(svwl Allitifee Idi8howed HALY (i QP RihAsd d
may be prepareﬁl 5 ?y%rol Si ester using aqueous kal'i 10 in an
appropri ate sof¥ ﬁ?" HB‘Q’%’ Pzrsrﬁhi%(°ﬂﬁ"n§ﬁ19r?e§afhﬁé¥l'€|a|¢'¢$@1*¢f}f wqaqwhahed
est er andbmui (@@zamanasac,ﬁ%m 6084009 ngg.as& mhm @f@%ﬁ{&" a

LXI'1'l am ne prepared above in thi's paragra
contains th cé??i&(%w)cswlm this subbsianae presénttat Mt@l%edndﬁ%heestpebhﬂeﬂ in

t by t t d t.h
ol d at R err] Ty ik SORUGUNEAfostrb®) above PERhRRAT ot i EP4RT2 Y
The Formul a LXUSPMSAS/BREs(MHRe10a%l |11 internediate- am nes V\,herel n Rlerr]

Lomound” O CCh T AN OMBO DS % 128 Mbr THE 1T TH), 1% {d) GH, 38 P, 7.71 (@,
1H, J = 2 Hz), 7.39 (d, 1H, J = 8.7 Hz), 7.28 (m, 4H), 7.17 (m, 3H), 5.55 (br, 1H),
10 4.57 (m, 1H), 4.05 (d, 1H, J = 3.6 Hz), 2.97 (dd, 1H, A of AB, J = 6.5, 13.5 Hz), 2.87
(dd, 1H, B of AB, J = 8.5, 13.5 Hz).
Anal. Caicd for C,;H,,CIN,0O,: C, 61.21; H, 4.60; N, 7.51.

Found: C, 61.09; H, 4.63; N, 7.59.

Example 26 _
15 {3R)-[{S-Fluoro-1H-indole-2-carbonyl)-amino]-(2R)-hydroxy-

4-phenyl-butyric acid
.A solution-of (3S)-[(5-fluoro-1 H-indole—z-carbonyl)-amino.l-(2R)-hydrox'y-4-
phenyl-butyric acid methyl ester (190 mg, 0.5 mmol), 1IN NaOH (1 mL) and methanol
(5 mL) was stirred at 25°C for 18 hours. The pH was adjusted to 1-2 with 1N HCI,
20 the solution concentrated, and the solids ground up under water at 25°C and
filtered. The resulting solid was washed with ether and dried giving a colorless glass
(160 mg, 87%): HPLC {60/40) 3.49 minutes (99%); 'H NMR (partial, DMSO-d,) é 8.15
(d, 1H, J = 8 Hz), 7.42 (m, 2H), 7.3 (m, 4H), 7.15 (m, 2H), 7.03 (dt, 1H), 4.60 (m,
1H), 4.03 (d, 1H), 3.00 (dd, 1H, J = 8, 13 Hz), 2.90 (dd, 1H, J = 8, 13 Hz.
25 Example 27 |
{3S)-[(5-Bromo-1H-indole-2-carbonyl)-amino]-(2R}-hvdroxy-
4-phenyl-butyric acid
Aqueous 1N NaOH (60 mL) was added to a solution of (3S)-[(§-bromo-1H-
indole-2-carbonyl)-amino]-(2R)-hydroxy-4-phenyl-butyric_acid methyl ester (2.45 g,

30 6.7 mmol) in methanol (60 mL) at 25°C. After 2 hours the mixture was concentrated

and partitioned between ethyl acetate and 2N HCI. The aqueous layer was
separated, extracted with ethyl acetate, the combined organic layers washed with 1N

HCH, bnne dned concentrated and the resulting solid triturated with chloroform at
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Formul a LXI
For mul a

conpound is alkylated with a hal o-al kane-nitrile to formthe
LXI'V conmpound. The Formula LXIV conmpound is reduced to the

primary anm ne by treatment with hydrogen and an appropriate catalys
(e.g., rhodiumon-carbon) in 20 the pressencgﬁof anmonia in preferably a

pol ar, protic solvent such as water,

anol or ethanol to give th

Formula LXV primary am ne. The Forrml a Lxv conpound is protected on

s BT HSERRE GARA e S R Bl
Eg?trrﬁlcgl gg lglroup”t,mgl(mkd. gdvg);desired Formula 11l conpound. The prot ect ed

I corrpoundls co ed with the appropriate Formul a conpou
and the resul ting NMR (ppttigt, QM g@‘d?bﬁﬁﬁﬁ@ (Pf-dé'ﬁpﬁaacﬂd-lwd-bprm@éhé’eﬁs (d, 1H
The F la LXILI
prgpa(r)(ragubs tre‘étzrragﬁ 7397 h@?"_ﬁ?—ﬁﬁ&?%o wq@h’gc?gr{gs ‘%_Zé\ggg ess Z‘P& a10Hr

ester or acr¥gl Om,tJHE,JSElschﬁa (dell yH, Brof tABe Jpr 85118dH2)f a suitable base

t
e

he

Ste

such as 30 pota si odju r QXi syj t abl s preferably
a polar protic i‘ rs% 93‘? b‘sw"%yﬂ doe%g'&lbd ﬁgg)f B?'R%Qéﬂi ﬁ-s%ﬁ‘é I X the
Forrmul a LXVI | qr&,@r@ut,@;sxwus Rogpeunds (Formula 11 conpounds wherein
Rlerr] is For Rerr] and R[err] are.both F) ma

10

15

20

25

30

Example 28
§.6-Dichloro-1H-indole-2-carbonyl)-
4-phenyl-butyric acid
Aqueous 1N NaOH (1.18 mL) was added to a suspension of (3S)-[(5,6- '
dichloro-1H-indole-2-carbonyl)-amino]-(2R)-hydroxy-4-phenyl-butyric acid methyl
ester (249 mg, 0.6 mmol) in methanol (5 mL) at 26°C. After 18 hours the mixture

3S

was concentrated, the residue partitioned between excess 2N HCI and ethyl acetate,
the aqueou§ layer separated and washed with ethyl acelate, the combined organic
layers washed with brine, dried and concentrated giving a yellow solid: Yield 259
mg; HPLC (60/40) 4.96 minutes (100%); TSPMS 407/409 (MH:I-.100/40%);
'H NMR (partial, DMSO-d,) & 11.8 (br, 1H), 8.28 (d, 1H, J = 9 Hz), 7.98 (s, 1H),
7.58 (s, 1H), 7.3-7.15 (m, 6H), 4.60 (m, 1H), 4.07 (d, 1H, J = 34 Hz), 2.98 (dd, 1H,
A of AB, J = 6, 13 Hz), 2.88 (dd, 1H, J = 9, 13 Hz). )
Anal. Calcd for C,gH,,CI,N,0, + 0.5H,0: C, 54.82; H, 4.12; N, 6.73.
Found: C, 54.86; H, 4.08; N, 6.76.
Example 29
(3R)-{(5-Chloro-1H-indole-2-carbonyl)-amino]-(2R)-hydroxy-
4-phenyl-butyric acid _
Aqueous 1N NaOH (1.69 mL) was added to a suspension of (3R)-[(5-Chloro-

1H-indole-2-car50nyl)-amino]-(ZR)-hydroxy-4-phenyl-b_ut‘,'ric acid methyl ester (326
mg, 0.8 mmol) in methanol at 26°C. Afler 2.5 hours the mixlure was cencentrated
(starling material found) and redissolved in methanol:and aqueous 1N NaOH (0.5
mL). After 1 hour the mixture was concentrated and the residue partitioned between
excess 2N HCI and ethvl acetate, the organic layer separated, dried and
concenlrated:Yield 288 mg, 92%; HPLC (60/40) 3.89 minules (93%); mp 215-223°C;
TSPMS 373/376 (MH+,100%);
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-42- be prepared fromthe Formula LXI conpound. The Formul a LXI
conpound is treated with a suitable fluorinating agent such as

di et hyl ami nosul fur trifluoride in a reaction- i nert solvent such as
an aprotic solvent, preferably dichloronethane, to formthe Formul a
LXVI 1 conpound. The Fornmul a LXVI| conpound ®3 conveniently 5 depr ot ect ed.
The Formula LXI conpound is oxidized to the Fornula LXVIII conpound
utilizing the conditions described above for the preparation of the Formula

I conmpoun'tsNMR(GMEOR.p 6 r1]2 7aﬁm el t P5t(ag1é'!)h§¢50f(dr iHost & 8:Bridz)rdaen(d,a
LXVI ||
di et hyl g%nﬁggzﬁﬁuﬁ K |2| 'ﬁ)ugﬁf’c@ ?(7:1:#%2%?2 'an'@) 80}1&; -ti"%?i*e(m?ﬂ'i).

According to Raaat(danSOhem ba)t 2.94Ii'dd.n1H.aA bXXB) $ =C bOypIBUHE), @178HddMiHAB of

LXI'V conpound er el rg R{‘g is alkyl (i.e., Formula Ill conmpound wherein
Rlerr] is al ky | ZEyrepared fromthe Forrmul a LXX conmpound (al so see

Reaction SC*’@”MM f©@4led for CIRZCAUGS BITH)O: NC BTGAH,aNB3; NE48Or mul a LXX
conmpound is treated with an '
Found: C, 60.72; H, 4.78;, N, 7.53.

Example 28A
(3R)-[{5-Chlorc-1H-indole-2-carbonyl)-amino]-(2R)-hydro
4-phenyl-butyric acid methyl ester

10 (2R,SR)-3-Amino-2-hydroky-4-phenylbutyric acid methyl ester hydrochioride
(239 mg, 1.0 mmol) and 5-chloro-1H-indole-2-carboxylic acid (200 mg, 1.05 mmol)
were coupled according to Procedure A (0-25°C, washed with acid, then base)
giving crude product which was used without further purification: Yield 328mg, 87%.

Example 298

16 {2R,3R)-3-Amino-2-hydroxy-4-phenylbutyric acid methyl ester Hydrochloride
A mixture of (2R,3R)-3-amino-2-hydroxy-4-phenylbutyric acid (200 mg, 1.0
mmol, Sigma Chemical Co. (St. Louis, MO}, chlorotrimethyisilane (500 mg, 4.6

mmol) and methanol (2 mL) was heated at reflux for 5.5 hours and concentrated to
a foam: Yield 244mg, 100%.
20 Example 30
5-Chloro-1H-indole-2-carboxylic acid [{2RS)-hydroxy-2-
{methoxy-methyl-carbamoyl)-ethyl]-amide
N,O-Dimethylhydroxylamine hydrochloride (1.0 mmol) and 3-{(S-chloro-1H-
indole-2-carbonyil)-amirio}-{2RS)-hydroxy-propionic acid (0.95 mmol) were coupled

25 according to Procedure A (0-25°C, washed with acid, then base) and the crude
product triturated with ether giving a colorless solid: Yield 63%; HPLC (60/40) 3.18
minutes (96%); mp 192-192.5°C; PBMS 326/328 (MH+,100%);

'H NMR (DMSO-dg) 6 11.80 (s, 1H), 8.62 (t, 1H), 7.70 (d, 1H, J = 2 Hz), 7.41 (d,
1H, J = 8.8 Hz), 7.17 (dd, 1H, J = 2, 8.7 Hz), 7.13 (s, 1H), 5.35 (m, 1H), 4.65 (m,

30 1H), 3.69 (s, 3H), 3.47 (m, 2H), 3.34 (s, 3H).

Anal. Calcd for C, H,,CIN;O,: C, 61.62; H, 4.95; N, 12.90.
Found: C, 51.78; H, 5.07; N, 12.75. S
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15 organonetal lic reagent RM and the resulting secondary al cohol oxidized
as in the directly precedi ng paragraph to formthe Fornula LXXi
conpound. The Formul a LXXI conpound is converted via the Forrmula LXXII
cyanohydrin to the Formul a LXXI 1| corrpx%ar)d usi ng the sane conditions
that are used to convert the Fornul a conpound to the Formula XXl |

conpound in Reaction Schene IV. 20 Alternatively, the Fornula LXXII

conmpound is converted to the Fornul a LXIE | ggmmund as described for
m de in Reaction

t he conversion of the cyano internediate
Schene V.
I s nonoal kyl ated wmth a correspon | n err

Rlerr], respectivel A laasejeatceagsf ewda?tes 2‘5‘"?%2’95 rdrogyced in @n %ﬁmntqfdas)

Lo S ve ot O Mol 4 MBI mIR g Fpnensa i S P,
SRl[.II t a]bl( I(?a’[ pr o]s;aﬁsien]g*lfgo mngEVenmbl) iromgthemoR[ @ mL] &hcbthe mb&dlxrerwr?sdheateddm a

err err or _gex e and a
reduci ng agent . 2 8S$F‘8F€é$%{?aﬁ%f ﬁﬁgggrse'qrxﬁhggf’?yﬁs ?@@Qéa .HW\%P%J & Y83 bony!
co (rjrpognd corr es:?emm aen%ehttrE{eer &nd e r_BE@ltmé sblis nmhtedalwg[ elhﬁ?)etr‘elgl_ t:at etke 30
reducti ve am nat| condi ti ons Ve r r err e
protecting grofify '-%ﬁrﬁ 2jnainutes (%8@&5(%7 9\1"5& Qé%\" we catalytic _
hydrogenati on V"'P-?NM?-{ §artlal i GMOOREZY S 11178 @1 ¥K), B.04 (d, QPWW?H afH, fﬁé@!‘-{f}
R err] RNH. % riate reductive am nation conditions are avai | abl'e

fromthe |i1@rt5at-d (b SHi5-9&k (br) Hi), #H2: (e Uik 3.98Hbs d H o886 (k)i 3EBUdd.

t hose
This is the reprl?a'cerrent sheet
Anal. Calcd for C,gH,,CIN,0, + 0.5H,0: C, 59.92; H, 5.03; N, 11.03.

Found: C, 59.66; H, 5.10; N, 11.40.
\ Example 32
15 5,6-Dichloro-1H-indole-2-carboxylic acid {{1S)-{{R)-hydroxy-

(methoxy-methyl-carbamoyl)-methyi]-2-phenyl-ethyl}-amide
N,O-Dimethylhydroxylamine hydrochloride {0.24 mmol) and (3S)-[(5,6-

dichloro-1H-indole-2-carbonyl)-amino}-(2R)-hydroxy-4-phenyl-butyric acid

(0.22 mmol) were coupled according to Procedure A (96 hours reaction time,

20 washed with acid, then base) and the product purified by chromatography on silica
eluting with 20-40% ethyl acetate-hexanes: Yield 72%; HPLC (60/40) 7.2 minutes
(99%); mp 210-211.5°C; PBMS 450/452 (MH+,100%);

"H NMR (CDCL,) & 10.41 (br, 1H), 7.73 (s, 1H), 7.68 (s, 1H), 7.4-7.2 {m, 6H), 6.78 (d,
1H, J = ca. 1 Hz), 6.58 (d, 1H, J = 10 Hz), 5.03 (m, 1H), 4.34 (d, 1H , J = 5 Hz),

25 3.85(d, 1H, J = 5 Hz), 3.37 (s, 3H), 3.2-3.0 (m, 2H), 3.10 (s, 3H).

Anal. Calced for C, H,,CLLN,O,: C, 66.01; H, 4.70; N, 9.33.
Feund: C, 85.61; H, 4.68; N, 8.22.
Example 33
. 5-Chloro-1H-indole-2-carboxylic acid [{1S)-((R)-hydroxy-
30 dimethylcarbamoyl-methyl)-2-pheny l-ethyl]-amid
Dimethylamine hydrochloride (262 mg, 3.22 m;nol) and (3S)-{(6-chloro-1H-
indole-2-carbonyl)-amino]-(2R)-hydroxy-4-phenyl-butyric acid (1.0 g, 2.68 mmol) were
coupled in DMF (4 mL) using tnethylamme (530 mg, 3 22 mmol) 1-
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-43- reported by Borch et al. (J. Am Chem Soc. 1971, 2897-2904)

1948 (14), 174),

and t hose revi ewed by Enerson (Organic Reactions, WIley: New York,
Hut chins et al. (Org. Prep. Proced. Int 1979 (11),
al . (Synthesis 1975, 135). Reductive am nation

20, and Lane et

conditions favoring N-nonoal kyl ati on | ncl ude-&8hose reported by 5 Moral es,
et al. (Synthetic Communications 1984, 1213-1220) and Verardo et al.
(Synthesis 1992 121-125). The Rerr]NH2 or Rlerr]NH err] am nes may al so be

nonoal kyl at ed
chl oride, brom
i nt er nedi at e of

hydroxybbilﬂzdﬁﬁabtd hydbateF@BEQ migl4 mmsptema V%ii-!!lrrl)é!h?!@m%pr&pyl)-a-
d t ern e
e PyerBesibfe at 267 fr AT Tue mikinsoven dipted with

with — Rer rchPér@fbrﬁ?)(BO aﬂ_gi ahb e.myl at@ate (10 ral) Ard wAINRYSMHT SNNAGH 22N HCl,

conpound of fornul a

1 ] NH Addi ti onal net'’hods

be used to prep&fied f%‘F’rﬁ&’I"&e’N[aé?q PR["\Qr‘r 2 @plaeoledessifeami This material was

5

10

15

20

25

30

dissolved in ethyl acetate and the resulting solution washed twice with 2N NaOH,

"dried and concentrated giving 1.02 g of a colorless solid. This material was ground

up in 10 mL cold ether and filtered, washing with § mL cold ether giving after drying
a colorless solid: Yield 715 mg, 67%); mp 190-192°C; HPLC (60/40) 4.53 minutes
(100%); FABMS 400/402 (MH+, 80%), 178 (100%);

"H NMR (CDCl,) 6 9.40 (s, 1H), 7.55 (s, 1H), 7.4-7.1 (m, 7H), 6.86 (d, 1H, J = 2 Hz),

6.62 (d, 1H, J = 9.6 Hz), 4.65 (m, 1H), 4.40 (m, 2H), 3.10(m, 2H), 2.88 (s, 3H), 2.72
(s, SH).
Anal. Caled for C,,H,,CIN;O,: C, 63.08; H, 5.55; N, 10.51.
Found: C, 63.03; H, 5.68; N, 10.25.
Example 34

§-Chloro-1H-indole-2-carboxylic acid {{ 1‘SH (R)-hydroxy-
{(hydroxy-methyl-carbamoyl)-methyl]-2-phenyl-ethyl}-amide

N-Methylhydroxylamine hydrochloride (167 mg, 2.0 mmol) and (3S)-[(5-
chloro-1H-indole-2-carbonyl)-amino)-(2R)-hydroxy-4-phenyl-butyric acid (373 mg, 1.0

mmol) were coupled according o Procedure A (DMF solvent, base wash omitted)
and the crude product purified by chromatography on silica eluting with 0.54%
ethanol in dichloromethane containing 0.5% acetic acid. The purified product was
triturated with ether-hexanes: Yield 13%, HPLC (60/40) 4.26 minutes (97%); mp 182-
184.56°C; TSPMS 402/404 (MH+,100%);

"H NMR (DMSO-d;, pariial) 6 11.67 (br, 1H), 9.89 (br, 1H), 8.08 (d, 1H, J = 10 Hz),
7.71 (d, 1H, J = 1.9 Hz), 7.39 (d, 1H, J = 8.8 Hz), 7.35-7.1 (m, 7H), 4.73 (m, 2Hj),
4.51 (m, 1H), 3.05 (s, 3H), 2.93 (m, 2H).

Exampie 35
5-Chloro-1 H-indole~2-carboxylic. acid J(18)-({R)-hydroxy-
methoxycarbamoyl-methyl)-2-phenyl-ethyl]-amide
N-Methoxylamine hyd-rbch!oride (0.77 mmol} é_nd (3S)-[(5-chloro-1H-indole-2-
carbonyl)-amino}-(2R)-hydroxy-4-phenyl-butyric acid (0.70 mmol) were coupled

accordmg to Procedure A (DMF solvent) and the product purified by
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Rlerr]-NH or Rl err]-NH are oxygen-nitrogen |linked. Thus a readily avail able
conpound of formula (Jerr]-derr])al koxycarbonyl - NHOH or NH2CONHCH i s
di al kyl ated on nitrogen and - oxygen by treatnment with base and excess
suitabl e al kylating agent (R X) to give the 15 correspondi ng
(Cerr]-derr])al koxycarbonyl - N(R) OR whi ch I"S"then hydrolyzed to give a
conpound of forrmula R err] RNH (wherein R[err] =Rl err]=R) Suitable

condi tions, base, and al kyl atin ent i nclude tg ;e descri bed by Goel
and Krolls. (OCB“”W(@SWWM Ica ¢lute W‘ 1-19%7ethanpl inydic °@ﬁﬁ‘%}@°‘&?ﬁiby

Fleck (J. A A '

NH(Zag:O\II(—K OH) mamﬂngmn%§qﬁg' és‘@éﬁ%%’?ﬂgf'l 3%?3 @7‘%{"’55@ ({5?/5;2?6 'g n qé%moe%y(fge d) lve

NH2 CONH( OR' ) 2hé-§1615°@ (ﬁleogeﬁvkEMS 402/ 0Nt ErH, 100RY R') (OR ),X by el
ccessive tre nk_w at | X ectively,

;Sﬁ thzS prggancéa%fﬁ%r g}:’f:g%ﬂ basggﬁgﬁ %%%ﬁ&f&“a‘iﬁgtl ng d

agent s i ncl wgleFémge C, 57.90 e &l1sheN, 1Q/16r eut zkanp and Messi nger (Chem Ber.

100, 3463-3465 (1967) and Danen et I J. Am Chem Soc. 1973, 95,
5716-5724). Hydrolysis of these al kyl at roxyurea derivatives yields

the am nes R ONH2 and R @tHRoro- mluﬁdb!@-?fch@ﬂildac:d { t_@:[@ E%}&?tf ornul a
Rl err] R err] NH am nes. Thecems I n e ar canaap the
procedures described i niRINOXKA pethyih EE oY e e
R'Xto prepare ; I I
or Rerr]-N are oxyg'ted?lﬁr'lrlnta r I?ﬁﬁr&&lafrﬁﬁéﬁtﬁo 'ﬁ%déeﬁ[ffﬁn%%n Le?j 9 [g%'?u'gfo M\I
559-560) dd€crindeletdrcarBbhy)- au]numd{(%m)ym@hjo:afdﬂpmrwhanaacxaqsdr maredeeral | i c
reagent R-Li t 0 IJ]E. O r 'l | 2
conpounds of fﬁﬁﬁ?&g‘%ﬂsﬁﬁf@ﬁ&@% @H‘}’ gﬁﬁg %&d&ve&@ &g'ég qrigde proguet
conpounds of fwhich Imsﬂmbmhﬁfﬁﬁﬂéﬁ%ﬂ\&ﬁéeelm:@'ﬁmﬁoﬂméﬁ lsoRt-ewwt ddetate-] - NH
are oxygen-nit r?(%n 5
es glvmg cru e product which was stirred under 1:1 ether-hexanes overnight,
giving a solid which was collected by filtration and dried: Yield 70%,; HPLC (60/40)
15 5.36 minutes (99%); mp 189-190°C; 'H NMR: {CDCl,;) 6 9.52 (br, 1H), 7.56 (d, 1H,
J = 2.0 Hz), 7.4-7.3 (m, 5H), 7.38 (m, 1H), 7.18 (dd, 1H, J = 2.0, 8.8 Hz), 6.76 (d,
1H, J = 1.4 Hz), 6.53 (d, 1H, J = 9 Hz), 4.94 (m, 1H), 4.31 (d, 1H, J = 5.2 Hz,
collapses to s with D,0), 3.86 (d, 1H, J = 5.6 Hz, exchanges with D,0), 3.35 {s, 3H),
3.13 (s, 3H), 3.13-2.98 {m, 2H). PBMS 593/595 (MH +, 65%), 200 (100%).
20 An analysis was obtained on material recrystallized from 1:3 ethyl acetate-
hexanes (shrinks at 150°C, mp 189-190°C). Calcd for: C,,H,,CINJO‘:' C. 60.65; H,
5.33; N, 10.10. Found: C, 60.52; H, 5.34; N, 10.32.

Example 37
5-Chloro-1H-indole-2-carboxylic acid {2S)-{{5-chloro-1H-indole-
25 2-carbonyl)-amino]-(1R)-{methoxy-methyl-carbamoy!)-3-phenyl-propy! ester

(3S)-Amino-(2R)-hydroxy-N-methoxy-N-methyl-4-phenyl-butyramide
hydrochloride (4.2 mmol) and 5-chloro-1H-indole-2-carboxylic acid (4.2 mmo!) were
coupled according 1o Procedure A. The mixture was purified by chromatography on
silica eluting with 33-50% ethyl acetate-hexanes giving the title substance (100 mg)

30 and the more polar major substance 5-chloro-1H-indole-2-carboxylic acid {(1S)-[(R)-
hydroxy-(methoxy-methyl-carbamoyl)-methyl}-2-phenyl-ethyl}-amide (970 mg), plus a
mixture of the two substances (153 mg, mostly more polar product). For the title
substance: PBMS 593/595 (MH+, 60%), 400(100%);
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-44- Prodrugs of this invention where a carboxyl group in a
carboxylic acid of Formula | is replaced by an ester may be prepared
by conbi ning the carboxylic acid with the appropriate alkyl halide in
the presence of a base such as potassium g, carbonate in an inert

sol vent such as dinethylformam de at a tenperature of about - 5-0Cto

100[ err] C for about 1 to about 24 hours. Alternatively the acid is conbi ned

arount of anr o BIARIEBCS SR ehba i Chrbn 22T 5t T srarkl 7 4
about 20[err] C7t20(nl2fdrgrvb@(dpﬂ¢f.ﬁ£adnawzpts 91 (d, m-efJ axm-zﬂzar ssoo(utm .Ineuz to
about 24 hours. Another neth reacti on

st oi chi onet ri cH&IMRAR (Bf TG 43I (éoﬂ‘@b 312§ (@delly éseﬁc@ Hg). 3- lﬁ(sapWA%g%(ﬁﬁut
1H, J = 10, 13Hz).
5 Example 38
§-Chloro-1H-indole-2-carboxylic acid ((1S)-benzyl-(2R)-hydroxy-
3-ox0-3-pyrrolidin-1-yl-propyl)-amide -
Pyrrolidine (0.5 mmol) and (3S)-[(5-chloro-1H-indole-2-carbonyl)-amino}-(2R)-
hydroxy-4-phenyl-butyric acid (0.6 mmol) were coupled according to Procedure A

10 (dimethylformamide solvent) giving crude product which was triturated with ether:
Yield 65%; HPLC (60/40) 6.3 minutes (98°%); PBMS 426/428 (MH+, 100%);;
Anal. Caled for C,;H,,CIN;O, + 0.26H,0: C, 64.18; H, 5.74; N, 9.76.

Found: C, 64.02; H, 5.71; N, 9.61.

, Example 39
15 5-Chloro-1H-indole-2-carboxylic acid [{1S)-benzy!-(2R)-hydroxy-

3-(3-hydroxy-azetidin-1-yl)-3-oxo-propyl]-amide
3-Hydroxyazetidine hydrochloride {0.56 mmol) ‘and (3S)-[(S-chloro-1H-indole-
2-carbonyl)-amino]-(2R)-1iydroxy-4-phenyl-butyric acid-(0.5 mmol) were coupled

according to Procedure A (0-25°C,1:1 dichloromethane-dimethylformamide solvent)
20 and the crude product purified by chromatography on silica using 2-10% ethanol-
dichloromethane: Yield, 69%; HPLC (60/40) 3.38 minutes (S6%); PBMS 428/430
(MH+, 100%);
Anal. Caled for C,,H,,CIN;O, + 0.125H,0: C, 61.43; H, 6.21; N, 9.77.
Found: C, 61.09; H, 5.67; N, 9.68. '
25 Example 40
§-Chloro-1H-indole-2-carboxylic acid {{1S)-benzyl-
(2R)-hydroxy-3-isoxazolidin-2-yl-3-oxo-propyl)-amide
Isoxazolidine hydrochloride (Cupps, T.L. et al, J. Org. Chem. 1985, 50, 3972-
3979, 0.83 mmol) and (3S)-[(5-chlqro-1H-indole-2-carbohyl)-amino]-(-2R)-hydroxy—4-
30 phenyl-butyric acid {0.79 mmol) were coupled according to Procedure A and the

product purified by chromatography on silica gel eluted Mih 50% and 75% ethyl
acetate-hexanes: Yield 75%, HPLC (60/40) 4.94 minutes (95%); TSPMS 428/430
(MH+, 100%);
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10 of acid in an inert solvent such as tetrahydrofuran, with concom tant

renoval of the wat er bei ng produced by physical (e.g. Dean-Stark trap)
or chem cal (e.g. nol ecul ar si eves) neans. Pr odrugs of
this invention where an al cohol function has been derivatized as an

ether may be prepared by conbining the al coh88 with the appropriate al kyl
15 brom de or iodide in the presence of a base such as potassium carbonate
in an i nert solvent such as dinethylformam de at a tenperature of
about O[ err] C t JHINPRIDMSDHg)ré 11.70 (sibiH)t 81 7t{d, tMpdit= 98 HOUT T (s, 1H,J = 2

B oy e 55, T 95105 3050 47,08 o 854 0 E R G745,

amount of acid g2 adl 4. 19Qh 9B, 398 masHy, .55 (i dTH), RI98m aHY, @.28 (18, 3H). @
20 net hod descri be ﬂﬂr q P?) Kﬂ"t er’nat | vgiljxlmi he?;( corr{:)ound(si rra'? be

prepared by theA'r\ﬂtrﬁﬁl%d@ég)ﬁzth:@y GofifdnHef I8 N.8823 o g. chem 1994,

59, 3530. d: C. 61 g.l,.[f ghosphate esters may be prepared by
reaction of tshelewz:ohof6 SJIW &% a ééial kyl chl orophosphate in the presence

of a base in an inert sol vent such as 25 EBxampiggHr of ur an. The di hydrogen

phosphat es may be prepared b§ AHas '*9’35@‘&595 o icaelc? é h a diaryl or

di benzyl chl orophosphate as hydronS|s or
hydr ogenati on in the presedigt loafb&m ¢ Begmaidei vel y.

dr £ -p othyd
e S vent -soon abeRRE TS o8 ?L? &é ?%%e. ﬂﬂmﬂy&aé%"%ﬂ%ﬁifnwﬁ;”
fornmed in 3Qot l(any-ay&bkm phSn;ﬂ-%WBQcitﬁ(O4 n‘irﬁolpﬁ/bﬁgcJ@léﬂidcéb?dnﬁ?w Pk&ﬁé@ure

above. An alterna ocedure is the reaction r] gl coho
suitably proted éﬁg gp?e@gypt pytified by chromatography on snhca eluted with 10-26% ethyl

acetate-hexanes: Yield, 35%; HPLC (60/40) 7.06 minutes (96%); mp 218-222¢°C;

PBMS 428/430 (MH+, 100%);

'H NMR (CDCl,) 6 9.14 (s, 1H), 7.61 (s, 1H), 7.4-7.15 (m, 7H), 6.81 (d, 1.3H), 6.55
18 (d, 1H, J = 10 Hz), 4.55 (m, 1H), 4.37 (d, 1H, J = 6.2 Hz), 4.29 (d, 1H, J = 5.3 Hz),

3.43 (m, 1H),.3.2-3.0 (m, 3H), 2.88 (q, 2H, J =7 Hz), 1.05 (t, 3H, J = 7.1 Hz), 0.98

(t, 3H, J = 7.1 Ha). ' |

Example 42
5-Chloro-1H-indole-2-carboxylic acid {(1S)-{(R)-
20 hydroxy-{(2-hydroxy-ethyl}-methyi-carbamoyl]-methyl}-

2-phenyl-ethyl)-amide
N-(2-Hydroxyethyl)methylamine hydrochloride (0.77 mmol} and (3S)-[(5-
chloro-1H-indole-2-carbonyl)-amino}-(2R)-hydroxy-4-phenyl-butyric acid (0.70 mmol)

were coupled according to Procedure A (dimethylformamide solvent, acid, then base
25 extraction) and the product purified by chromatcgraphy on silica eluted with 0.5-8%

ethanol-dichloromethane {ollowed by trituration v.'th ether-hexanes: Yield, 65%;

HPLC (60/40) 3.67 minutes (93%); mp 192.5-165°C; TSPMS 430/432 (MH +,100%);

1TH NMR (CDCi,) 4 9.18 (br, 1H), 7.60 (d, 1H, J = 2 Hz), 7.4-7.25 {m, 6H), 7.24 (dd,

1H, J = 2, 9Hz), 6.85 (d, 1H, J = 2 Hz), 6.63 (d, 1H, J = 9 Hz), 4.85 (m, 1H), 4.47
30 (m 1H), 4.06 (m, 1H), 3.63 (m 2H), 3.12 (m, 2H), 2.95 (s, 3H), 2.85 (m, 1H), 2.5

(br, _2H).
Anal. Calcd for C,,H,,CIN,O,: C, 61.46; H, 5.63; N, 9.77.
Found: C, 61.45; H, 5.95; N, 9.85. e
This Sheet Has Been Replaced

T




the presence of base foll owed by deprotection.

- 45- N- ( 1- hydr oxyal kyl ) am des,

N- (I - hydroxy-1-(al koxycarbonyl ) net hyl') am des or conmpounds where
Rlerr] has been replaced by C(OH) C(O OY may be prepared by the

reacti on of the parent amide or indole witi%he appropriate al dehyde under
neut r al or basic conditions (e.g. sodium ethoxide in ethanol) at

t enper at ures bet ween 25 5 and 70[err] C. - N-al koxynmet hyl indol es or

N-1- (al koxy) al kyl indol es can be obt ai n&!ﬂb;&'g_‘@ ‘reaction of the
N-unsubstituted indole with 4 53] -Bet:NE

presence of a base in an ife > gtet hyl ) i ndol e,
1- (1- (N, N di al kyl ami(2®) Sbmiel em:ﬁh-lN nbl Jaideri nonet hyl

am des (e'_ 9- ReM ] o3 eridine hydrochloride (0.42 mmol) and (3S)-[(5-chloro-1H-indole-2-
§ carbonyl)-amino]-(2R)-hydroxy-4-phenyl-butyric acid (0.4 mmol) were coupled

according to Procedure A (1:1 dichloromethane-dimethylformamide solvent) and the
product purified by chromatography on silica eluted \:A;ilh 20-25% ethy! acetate-
hexanes: Yield 97%; HPLC (60/40) 6.92 minutes (1 00%). PBMS 440/442 (MH+, -
100%);

10 Anal. Caled for C,H,,CIN;O,: C, 65.52; H, 5.96; N, 9.55.
Found: C, 65.27; H, 6.12; N, 9.29.

Example 44

5-Chloro-1H-indole-2-carboxylic acid {{1S)-benzyl-2(R)-
hydroxy-3-morpholin-4-y}-3-oxo-prop yl)-amfde

15 Morpholine (0.66 mmol) and (3S)-[(5-chloro-1H-indole-2-carbonyl)-amino]-
(2R)-hydroxy-4-phenyl-butyric acid (0.6 mmol) were coupled according to Procedure

A (dimethylformamide solvent) and the product purified by trituration with ether:
Yield 50%; HPLC (60/40) 6.37 minutes (>98%); TSPMS 442/444 (MH+, 100%); -
'H NMR (CDCI,) 6 9.13 (br, 1H), 7.59 (d, 1H, J = 2 H2), 7.35-7.1 (m, 7H), 6.79 (d,
20 1H, J = 2 Hz), 6.51 (d, 1H, J = 9 Hz), 4.55 (m, 1H), 4.30 (m, 1H), 4.27 (m, 1H), 3.77
{m, 1H), 3.62 (m, 2H), 3.50 (m, 3H), 3.05 (m, 3H), 2.94 (m, 1H).
Anal, Caled for C,4H, CIN,O,: C, 62.51; H, 6.47; N, 9.51.
Found: C, 62.11; H, 5.39; N, 9.19.
. Example 45
25 5-Chloro-1H-indole-2-carboxylic acid ((1S)-benzyl-(2R)-
hydroxy-3-{1,2loxazinan-2-yl-3-oxo-propyl)-amide
[1,2)Oxazinane hydrochloride (0.42 mmol) and (3S)-[(5-chloro-1H-indcle-2-
carbonyl)-amino}-(2R)-hydroxy-4-phenyl-butyric acid (0.4 mmol) were coupled

according to Procedure A (1:1 dichloromethane-dimethylformamide solvent) and the
30 product purified by chromatography on silica eluted wnth25% ethyl acetate-hexanes:
Yield 76%; HPLC (60/40) €.07 minutes (99%); PBMS 4{2]444 (MH+, 100%);
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CH err] N(CH3)2) may be prepared by the reaction of the parent N-H conpound
with the 10 appropriate al dehyde and am ne in an al coholic solvent at 25
to 70[err] C The aforernentioned cyclic prodrugs (e.g., the
prodrugs -of this invention where R err].and R err] are a common
carbon) may be prepared by reaction of the pafent conpound (drug) with
an al dehyde or ketone or I ts di nethyl acetal In an inert solvent in
the presence of, a cat tic ampunt of acid wth concom_tant water

met hanol renovaH &8 (bf ABL -8B kdothhak= bzl &- %?r%ﬂ)%"éd"db s. 78 (d

t f t I I
;Fil;nlaolnnot he présjéﬁc?m 8.58 (aoﬂq Jorglpgjirﬁg? sg?ﬂ’ri‘\(,:!aér ?Whnan ) nert
solvent (e.g. dmpSH)Y3.10(me2hl)ia)e (br), 1.7 (m, 4H). The starti ng mat eri al s and

Subst it ut ed | nABre EHERITats el & BER 1 h F N I ne 50’ carboxyl i c
aci ds, am nosafFodad: GleehepghsiseeNpB@®ar ati on of nost of which are

descri bed above, are also readily availagle gr gan be easily synthesized by
t hose skilled in the art using con met hods of organic

synthesis. For exanple, sChidi81H- .ﬁaotbtzecarabmaﬁdid_a%@-wg {(PRJ-ein to
prepare conpounds of Fornula | arse are related to or' aredderlved
fromam no acids found DMIAXY-grES)-N L2 : &cientific
i-nt erest and commer es -
are comrercially avghfggmégllpygpgd,@gg%g@%% Fﬁﬁ)ﬁﬁ%ﬁg&g@a&% easily
pr epar eg . 10 1;] cwbnnyllbr_amlrmd)-(ﬁﬁ)fl'Iyyirweﬂ pb&nyd}bstybsneldd€§6bymnﬁn¥mdsouﬂedh are
reported in t o Li ture r ol _ex
Formul a XX, Fo ?ﬁﬂ'ﬂ‘"wff’r'&e% Eor n%n‘g%él?’d@ﬁ%‘?f‘-‘gﬁ?% q‘ﬁ"’%&m ﬂ%sm 30
The conpounds sificdeluted with 25:300% athynaeétatecsheanbsrYield ©% HALC tmaafaom
minutes (96%);, PBMS 442/444 (MH+, 100%).

Example 47
15 5-Chloro-1H-indole-2-carboxylic acid [{1S)-((R)-tert-
butoxycarbamoyl-hydroxy-methyl)-2-phenyl-ethyl]-amide
O-Tert-butylhydroxylamine hydrochloride (2.0 mmol) and (3S)-{(5-chloro-1H-
indole-2-carbonyl)-amino}-(2R)-hydroxy-4-phenyl-butyric acid (1.0 mmol) were

coupled according to Procedure A (dimethylformamide solvent, omit acid washes)
20 and the product purified by chromatography on siliéa eluted with 30-50% ethyl

acetate-hexanes: Yield 77%. HPLC (60/40) 4.96 minutes (98%); FABMS 444

(MH+,90%), 511 (100%);

'H NMR (CDCl,) 6 9.38 (br, 1H), 9.18 (br, 1H), 7.85 (br, 1H), 7.53 (s, 1H), 7.3-7.0 (m,

7H), 6.87 (s, 1H), 4.40 (d, 1H, J = 4 Hz), 4.30 (m, 1H), 3.20 (m, 2H), 1.12 (s, SH).
25 : Example 48

5-Chloro-1H-indole-2-carboxylic acid {{1S)-benzyl-(2R)-
hydroxy:-3-oxo-3-thiazolidin-3:yl.propyl)-amide
Thiazolidine (0.70 mmol) and (33)-[(5-chloro-1H—ihdole-z-carbonyl)-amino]-
(2R)-hydroxy-4-phenyl-butyric acid (0.67 mmol) were coupled according to

30 Procedure A { 1:1-dichloromethane-dimethyliormamide solvent) giving product which
was used without purification: Yield 93%; HPLC (60/40).2 5.78 mfnutes (96%); PBMS
444/446 (MH+, 100%); | o |
Anal. Caled for C,,H,,CIN,0,S: C, 59.52; H, 5.00; N, 9.47.

This Sheet Has Been Replaced

[ATAWRR o




are enantioners or diastereoners. Diasteroneric mxtures can be separat ed

into their individual diastereoners on the basis of their physical
chem cal differences by nmet hods known per se., for exanple, by
chromat ography and/ or fracti onal 91-

- 46- crystallization. Enantioners (e.g., of Forrmula IIl, VIII or
| X) can be separated by converting the enantioneric mixture into a
di asteroneric egc han an appropriate optically
active compoun %e g. ’QSF hb$?9 gg%??atlng t he di astereoners and

converting (e.g., hydrolyzing) the |nd| Y g@leellgastereorrers to the
correspondi ng 5 pure.enan |0
di ast ereoners, enanti%#

ik acid. If ! gthylcarhye
part of this invention. !dfOXJZ n%ghﬂggﬂemryhﬂgmmnds of this

i nvention are not ionizable a
5 Dlmethylamlne hydrochloride (0.39 mmol) and (3S)-[(5-bromo-1H-indole-2-

carbony!)-amino}-(2R)-hydroxy-4-phenyl-butyric acid (0.32 mmol) were coupled
according to Procedure A (0-25°C) The crude product (159 mg) was stirred with 200
mg polystyrene-DMAP resin (Aidrich Chemical Co., Milwaukee, WI) in
dichloromethane for 1 hour at 25°C, filtered and the filtrate concentrated: Yield 68%;
10 HPLC (60/40) 6.4 minutes (>98%); mp 171-176°C; TSPMS 444/446 (MH+,85%);
Anal. Caled for C,,H,,N;0,Br: C, 66.77;. H, 4.99; N, 9.46.
Found: C, 56.42; H, 5.33; N, 9.08. '
. Example 50
5-Chloro-1H-indole-2-carboxylic acid {(1S)-[(R)-hvdroxy-
15 ridin-3-ylcarbamoyl)-methyl]-2-phenyl-ethyi}-amide
3-Aminopyridine (0.7 mmol) and (3S)-[(S-chloro-1H-indole-2-carbonyl)-amino]-
(2R)-hydroxy-4-phenyi-butyric acid (0.70 mmol) were coupled according to |
Procedure A (dimethylformamide solvent) and the product punf' ied by
chromatography on silica eluted with 0.5-8% ethanol in dichloromethane containing
20 0.5% ammonium hydroxide followed by trituration with ether: Yield 456%; HPLC
(60/40) 3.08 minutes (>99%); TSPMS 449/451 (MH+,100%);
Anal. Calcd for C,,H,,CIN,O, + 0.3H,0: C, 63.45; H, 4.79; N, 12.33.
Found: C, 63.35; H, 5.03; N, 12.37.
Example 51
25 5-Chloro-1H-indole-2-carboxylic acid {(1S)-[(R)-hydroxy-(2,2.2-
trifluoro-ethylcarbamoyl)-methyl]-2-phenyl-ethyl}-amide
2,2.2-Triﬂuoroeihylamine (0.28 mmol) and (3S)-{{§-chloro-1H-indcle-2-
carbonyl)-amino}-(2R)-hydroxy-4-phenyl-butyric acid (0.28 mmol) were coupled
according to Procedure A (dimethylformamide solvent) and the product purified by
30 trituration with ether: mp 228-229.6°C; Yield 81%; PBMS 454/456 (100%, MH+);
471/473 (MH+NH3, 80%);
Anal. Caled for C,,H,CIF;N,0,: C, 66.58; H, 4.22; N, 9.26.
Found: C, 65.29; H, 4.25; N, 9.04.
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physi ol ogi cal conditions, sone of the conmpounds of this invention are

I oni zabl e at physi ol ogi cal conditions. Thus, for exanple sone of the
conmpounds of this 10 invention are ‘acidi c and they forma salt with a
pharmaceutical |y acceptabl e cati on. such salts are within the
scope of this invention and they can be preggr ed by conventi onal

nmet hods. For exanple, they can be prepared sinply by contacting the
acidic and basic entities, usually in a stoichigmetric ratio, in either an

aqueous, non- aqueous or partially madl um as appropriate. The
salts are recovered 1 : .th a
non-sol vent foll owed by . by evaporation o € solvent, or,
in the case of aqueous sol uti 12 thdkamide appropri at e.

ddi
forma sait it Eea"pﬁéﬁ"a%@@??’c“”%?ﬁ%ﬁQ‘@é%ﬁd’di‘m'ﬂ"ﬁ&?f“?ﬁ%i‘%@”f”é"?ﬁé ~
within the %0 deapm'nol) dlunlerqanm'maa:ldrﬂa&lmg. Hedp mm!)tmdrﬁ-e‘piemeﬂ-l h;do!e-z-
t I d
Cont act i ng"t heeBPae RGP rob Bt ARy P B RBR FrabBhleh

ratio, in eit Mhyrﬁanawgw%g MBS AsHON Wer@ adiéd, tm tHis yrder, to @ﬁhlﬁﬁd!ﬁofm?dl um
as appropriate e salts are recovered ei t her filtration

preci pi tati on ¥iyAreusRimethyisyionide i Vﬂdﬁé’ﬂdtS?'“F“‘F anRYrgHs. ﬁ?’Q@héo?aM%rﬂ &f

the solvent, 23x,p¢ at pgo hﬁe?@a%‘ﬁoﬁfm&ﬂh'@% &Qieﬁtvh@\r@h l@éela‘(&%’d'thé%édﬂ as
appropri at e. I'n addition, when the conpounds of Chis 0 nvent ton Tor

hydr at es orl0s dowtoeswamsi with 2N HG, @n% satufaten ﬁqwmsw@t{éogfﬂmerganmémaron
The 1Y L o TR ol VSR 4 SRR R i 60
manmal s (e. g. mg, 35%; HPLC (60140) 10.72 minutes (87%), starting material eluted at 6.68

minutes in this run and was present at less than 0.5%; PBMS 414/416 (MH +, 70%),

384/386 (100%);

15 1H NMR (CDCI, containing 10-20% DMSO-d;) 6 9.90 (br, 1H), 7.54 (d, 1H, J = 1.7.
Hz), 7.3-7.1 {m, ca. 7H), 7.04 (m, 1H), 6.77 (s, 1H), 5.40 (m, 1H), 3.58 (s, 3H), 3.2
{m, 2H), 3.08 (s, 3H).
Example 63
§-Chloro-1H-indole-2-carboxylic acid [(15)-benzyl-(2R)-hydroxy-

20

4-Hydroxypiperidine hydrochloride (0.51 mmol)z and (3S)-[(5-chloro-1H-indole-
2-carbonyl)-amino}-(2R)-hydroxy-4-phenyl-butyric acid (0.48 mmol) were coupled
according to Procedure A (0-25°C) and the product purified by trituration with ether,
followed by trituration in boiling ethyl acetate, followed by chromatography on sitica
25 cluted with 50-100% ethyl acelate-hexanes: Yield 57%; HPLC (60/40) 3.92 minutes
(S6%); mp 230-232°C; TSPMS 456/458 MH+, 100%).
'H VMR (DMSO-d,) 6 11.65 (br, 0.5H) 11.60 (br, 0.5H), 8.24 (m, 1H), 7.70 (d, 1H, J
= 2 Hz), 7.38 (d, 0.5H, J = 9 Hz), 7.37 (d, 0.5H, J = 9 Hz), 7.3-7.1 (m, 7H), 4.2-4.7
(rm, 2H), 4.5 {m, 2H), 3.8-3.65 (m, 3H), 3.2 (m, 1H), 3.1:(dd, 1H), 3.0 (dd, 1H), 1.95
30 (m, 0.8H), 1.7-1.65 (m, 2H), 1.4-1.25 (m, 1.5H).

————
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30 humans) is denonstrated by the activity of the conpounds of this

i nvention in conventional assays and the in vitro and in vivo assays
.descri bed bel ow. Such assays al so provide a nmeans whereby the
activities of the conmpounds of this i nvgation can be conpared with the
activities of other known conmpounds. The

-47- results of these conparisons are useful for determ ning dosage
| evel s in mamal s, i ncl udi ng hunan§!r£8§§ghe treatment of such

di seases. : The purified hu ' =gl ycogen phosphoryl ase a

(HL&a) is obtained bg.Chloro-1H-indoled-taborgicricht FUSKBenzyl-(2R)-hydroxy-3-

Expression and fermentation; The H_LGP cDNA IS expressed from
pl asni d pKK233-2 (Phar naci #3 | |

3-Hydroxypiperidine (0.66 mmol) and (3S)-[(S-chioro- 1H-mdole-2-carbonyl)-
§ amino]-(2R)-hydroxy-4-phenyl-butyric acid (0.54 mmol) were coupled according to
Procedure A and the product purified by chromatography on silica eluted with 20-

40% ethyl acetate-hexanes followed by trituration with 1:1 ether-hexanes: Yield 47%;
HPLC (60/40) 4.44 minutes (92%); PBMS 456/458 (MH+, 100%);
Anal, Calcd for C,\H,,CIN,O,: C, 63.22; H, 56.75; N, 8.22.

10 Found: C, 62.9_3; H, 5.90; N, 8.92.

Example 55
§-Chioro-1H-indole-2-carboxylic acid [(1S)-benzyi-(2R)-
_tyg;ng-(i-((2R)-hvdroxvmem_y_l;pvrrolidin-‘!-vl_)-3-oxo-g-rogyl l-amide
R-2-pyrrolidinemethanol (1.1 mmol) and (3S)-[(5-chloro-1H-indole-2-carbonyl)-

15 amino}-(2R)-hydroxy-4-phenyi-butyric acid (1.1 mmol) were coupled according to
Procedure A and the product purified by chromatography on silica eluted with 1-8%
ethanol/dichloromethane followed by chromatography on silica eluted with 50% ethyl.
acetate-hexanes: Yield 9%; HPLC (60/40) 5.17 minutes (84%); mp 236-239°C;

_ TSPMS 456/458 (MH+, 100%);

20 Anal. Caled for C,H,CIN,O,: C, 63.22; H, 5.75; N, 8.22.

" Found: C,63.23; H, 6.11; N, 8.52.

- Example 56
§-Chloro-1H-indole-2-carboxylic acid {(1S)-{{R)-[{2-dimethylamino-
_ ethyl)-methyl-carbamoyl]l-hydroxy-methyl}-2-phenyl-elhyl}-amide

25 N-(2-dimethylaminoethyl)methylamine (0.77 mmol) and (3S)-[(5-chioro-1H-

indole-2-carbonyl)-amino]-(2R)-hydroxy-4-phenyl-butyric acid (0,70 mmol) were

coupled according to Procedure A {dimelhylformamide solvent) and the product

purified by chromztography on silica eluted with 1-8% ethanol-dichloromethane

containing 0.5% NH,OH, fol!qwed by trituration with ether-hexanes: Yield-87%; HPLC
30 (60/40) 2.89 minutes (86%); TSPMS 457/459 (MH+,100%);

Anal. Caled for C,iH,,CIN,O, + 0.2H,0: C, 62.59; H, 6.43; N, 12.16.

Found: C, 62.85; H, 6.82; N, 12.06
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Inc., Piscataway, New Jersey) in E. coli strain XL-1 Blue (Strafagené'

Cl oni ng Systens, Ladolla, CA). The strain is inoculated into LB nedi um
.(consisting of 10 g tryptone, 5 g yeast extract, 5 g NaCl. and 1 m 1N
NaOH per liter) plus 100 ng/L 10 anpicillin, 100 ng/L pyridoxine and 600
mg/L MhCl[err] and grown at 37[err]C to a c8# density of ODerr]=

1.0. At this point, the cells are induced with 1 nM i sopropyl -
thio-[err]-D-gal actoside (I PTG. Three hours after induction the cells are
harvest ed by centri-fugation and celk mlésvS are frozen at -70[err]C
until needed for purifi ca‘ on.... ye

Phosphoryl ase: 15 PEQs 1l R eSS E=erb¥
resuspended in 25 nmM [ er gy drox . d | amtdé 0.2 nmM DTT,

1 mMMMd([err], plus the 7o
0.7 pg/nm PER4RS, ﬁ-d;hydroxypyrrohdme (ﬂ'om 23 3§ (g-tg@rm_acud {unnatural

Leupeptin 2 F:fomerqdby the proceddré’d@¥ribed "Z)Ué pat. no. @Q@‘ﬁ'ﬁéﬁi B%Eﬁt#&faﬂay(!ﬁ)

fluoride (P
| ysed by pr et r g&chione-1kindol@p@arbpnyl)- ahymiz(?ﬁbhmmwpgpnﬂ totyrigsid (1.0 oned

B anson Nodel et Wite <bpll 2SR BT 1o Flacautisrn pieiEas Sovidy Bo e
ngPb g:} g g ﬁr ]:I'dglefigms;afrﬁéd ?Iy ;ﬁh&ﬁnatebﬂphwdmmmoaeamgd 2«15i©aéthyri race}ate?»ﬁﬂ&ﬂé)d Kyg
in the sol ubl &7fyralian ‘ﬁ'ﬁ}/S‘PeE h;ée?‘ﬁ 922’0 %E’r‘-(% &Bﬁ%?@d pHu Pg‘g’b Hpt'\% ﬂa?(H 499 of

the total ggot ;.m.)mg%purlfled by nonitoring the enzyne activity (as

descri bed in GPa Activity Assa sect i on, beI 0 froma series of
Chrorratograpmﬂgnal Calcd for H Cl 6033 ,5.28; N, 9.18. -

Found: C, 60.09; H, 56.21; N, 9.08.
Example 58
5-Chloro-1H-indole-2-carboxylic acid [{1S)-benzyl-3-((3S.4S)-
15 dihydroxy-pysrolidi -1-y1)-{2R)-hydroxy-3-oxo-propyll-amide
From 2R,3R-(+ tartaric acid, (3S,4S)-Dihydroxypyrrolidine (U.S. Patent
4,634,775 1.0 mmol) and (3S)-[(S-chloro-1H-indole-2-carbonyl)-amino}-{2R)-hydroxy-
4-phenyl-butyric acid (1.0 mmol) were coupled according to Procedure A

(dimethylformamide solvent) and the product purified by chromatography on silica
20 eluted with ethyl acetate followed by trituration with ether: Yield 60%; HPLC (60/40)
3.02 minutes (38%); TSPMS 458/460 (MH+, 100%);
'H NMR (DMSO-d,) 6 11.7 {br, 1H), 8.18 (d, 1H, J = 9 Hz), 7.70 (d, 1H, J = 2 Hz),
7.38 (d, 1H, J = 8.6 Hz), 7.26 {m, 4H), 7.15 (m, 3H), 5.18 (d, 1H, J = 4.0 Hz,
exchanges), 5.11 (d, 1H), 5.08 (d, 1H), 4.47 (m, 1H), 4.27 (dd, 1H, J = 5, 9 Hz,
25 collapses to d in D20,3.85 (m, 1H), 3.89 (m, 1H), 3.64'(__d'd, itHJ=49 Hz), 3.34
(m, 3H), 2.92 (m, 2H).
Anal. Caled for C,,H.,CIN,O, + 0.54,0: C, 59.16; H, 5.40; N, 9.00.
Found: C, 59.44; H, 5.29; N, 8.95.
Example 59
30 5-Chioro-1H-indole-2-carboxylic acid IhS) benzvl-3 {{3R,45)-
dihydroxy- pyrrohdm 1-y1)-(2R)-hydroxy-3- oxo propyll-amide

(3R,4S)-Dihydroxypyrrolidine hydrochloride (cis, or meso-isomer 0.86 mmol)
and (3S)-[(5- chloro-1H mdole 2—carbonyl) amlno] (2R)-hydroxy-4-phenyi-butyric acid
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steps detailed below. 30 | mobi | i zed Metal Affinity Chromatography
(I MAC) : This step is based on the nethod of Luong et al (Luong
et al. Journal of Chr omat ogr aphy (1992) 584, 77.84.). 500 nmL of the
filtered soluble fraction of cell | ysat egs.(prepared from approxi mately
160 g of original cell pellet) are | oaded onto a

- 48- 130 mL col um of | MAC Chel ati ng- Sepharose (Pharnmaci a LKB

50 I Ou0i [ of £ 1OBRmaST R cBlfba sttt fROMbckieh e RABrRaiR AN | |
M i m dazol e atarthé pradudt iparifiéd by chrohiatography on silitaeeluted with 1-$0%atiieewd! id t h
equi [ Tbration bott ol hane: Yield 358! HPLESBO/A0] 2'03 masts' 85%); Pus 4ss/4s0

(MH+, 100%);

5 Anal. Calcd for C,3H,,CIN,O¢ + 0.75H,0: C, 58.60; H, 5.45; N, 8.91.
Found: C, 59.22; H, 5.52; N, 8.59.
Example 59A
Cis-3 4-Dihydroxypyrrolidine hydrochloride (Cis, or meso isomer)
Cis-3,4-dihydroxypyrrolidine-2,5-Dihydro-pyrrole-1-carboxylic acid tert-butyl

10 ester (1.99 g, 9.8 mmol) was dissolved in 4M HCl-dioxane at 5°C and the resulting
suspension stirred at 25°C for 1 hour. Th.2 mixture was concentrated and the
residue friturated with ether giving a light purple powder (1.30 g, 95%).

Example 598 _
Cis-3.4-Dihydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester

15 A solution of crude 2,5-dihydro-pyrrole-1-carboxylic acid tert-butyi esler was

tfreated sequentially with osmium tetroxide (2.5% in t-butanol, 6 mL) and N-
methylmorpholine-N-oxide at 26°C. After 48 hours aqueous 10% sodium thiosulfate
solution was added and the mixture was stirred for 30 minutes, partially
concentrated to remove tetrahydrofuran, and the resulting aqueous mixture
20 extracted twice with ether. The ether extracts were washed with 10% sodium
thiosulfate, 0.1M HCI, dried and concentrated giving a dark orange oil which was.
chromalographed on silica eluted with 1%, 2%, 4%, 8%, and 10% ethanol-
dichloromethane giving an amber syrup {4.09 g).
Example 59C
25 2.5-Dihydro-pyirole-1-carboxylic acid tert-butyl ester
Di-t-butyldicarbonate (83 g, 380 mmol) was added to a solution of 3-pyrroline

(containing 35% pyrrolidine, 25 g, 362 mmol) in tetrahydrofuran (500 mL) at 0°C.
The mixture was stirred at 25°C for 1 hour and concentrated giving 76.2 g of a

yeliow oil which was used without purification.
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5 sanple is then eluted fromthe colum wth the same buffer containing 100
nivi I m dazole to renove the bound HLGP and ot her bound proteins.
.Fractions containing the HLGP activity are pool ed (approxi mately 600
m.), and et hyl enedi am netetraacetic acid (EDTA), DL-dithiothreitol
(DTT), phenyl met hyl sul f onyl fluoride F), leupeptin and pepstatin
A are added to obtain 0.3 mM 0.2 MM 0.2 10 mMM 0.5 pg/nmL and 0.7 pg/nL
concentrations respectively. The pooled HLGP is desalted over a
' Sephadex G 25 col unm (Si gma Chenical Co.Exazppiel8Q,is, M ssouri)

(raglrjr;){/labrat edl Vn\q Ezlgz(2);5emz\i/|n-(!l-gIC?ﬂ 4 I1H(' Hole-2idarbixiily ddld (91 b&H J(c)ﬁ;at ézgrgghi C
st ep. 5 - AWP- ex@Brthioatorphalipkd-yl-proyl)-amide The desal t ed
ool ed HLGP sanpl e r oxi nat 600 i \ xed, wi 70 .m. of
g - AVP Sephar ogg (Pﬁ@%?@qﬁk@é?d?gg @fﬁgff‘éﬁﬂ ngQQﬁg\ﬁa'bmmJersey)

whi ch has be@”aﬁﬁhﬁ]gmr woe&qw.pﬂferﬁubﬁgnc/ac@@mam» werélwupledtdecerdisg to

gently agitated for one t hen packed into a_colum and
washed with BuPfegedure A (0-251)iand the mzﬁ%w&ﬁsﬁ@n%mas‘emm@v of tisa:pldted

ot her proteins ef h vl
Ot 20w 430 S50 b e Rl 1ch0 758 WPLONGHINGR . PV (ke Akl

HLGP- cont ai ni n@&/ﬁ&(MUhslm%) pool ed fol | owi ng i dent i fication by
determ ni ng en ri b 'v't n vsul [
appr oxi mat el y 3@%@‘5‘@%&&‘2“‘%" 'ngb'séc())aﬁg U?an'g)deg ’su‘?}z 'ra%]@“‘MH)' 6.80
pol yacryl am'Cde(d 1H, Jgel2 Iﬂ),eﬁisz (hHdt,eb+=9 HSDSM)IH}Q#JZ@V(&,@H)WSDI (ogriH),
st ai ni ng (2D sj Ki I C r | s
o Tokye, TAdAT IHh Tkir 708 43 L6 Inpath 2pF e inggd 6. 3 33 1
25 M [err] gl ycerophosphate, 0.2 MV DT Exafhple 8M EDTA,
s-Chloro-1H-indole-2-carboxylic acid {(1S)-{{R})-hydroxy-
(methyl-gyndm-z-yI-carjgamov!)—methvﬂ-Z-pheny!-ethvﬂ;@r_n_ig_g
15 2-Methylaminopyridine (3.4 mmol) and (3S)-{(S-chloro-1H-indole-2-carbonyl)-
amino}-(2R}-hydroxy-4-phenyl-butyric acid (3.4 mmol) were coupled according to

Procedure A (dimethylformamide solvent, 1-hydroxy-7-azabenzotriazole substituted

for 1-hydroxybenzotriazole, 18 hour reaction time, no acid wash) and the product

purified by chromatography on silica eluted with 0.5-4% ethanol in dichioromethane,
20 followed by four triturations with ether: Yield 5%; HPLC (60/40) §.57 minutes {95%);

TSPMS 463/465 (MH+,100%); |

'H NMR (DMSO-d) & 11.73 (br, 1H), 8.24 {m, 1H), 8.18 (d, 1H, J = 9 Hz), 7.78 (dt,

1H, J = 2, 9Hz), 7.72 {d, 1H, J = 2 Hz), 7.43 (s, 1H), 7.41 (s, 1H), 7.28 (m, 1H),

7.25-7.1 {m, 5H), 7.02 (m, 2H) 5.05 {d, 1H, J= 9 Hz), 4.60 (m, 1H) 4.35 (m, 1H),
25 3.22 (s, 3H), 2.70 {m, 2H).

Anal. Calcd for C,,H,,CIN,O; 4- 1.3H,0: C, 61.74; H, 56.31; N, 11.52.

Found: C, 61.84; H, 5.00; N, 11.52.

Example 62
5-Chloro-1 H-inddle-z-carbox_yﬁc acid [{1S)-benzyl-3-(4-formyl-
30 piperazin-1-y1)-(2R)-hydroxy-3-oxo-propyll-amide
1-Formylpiperazine (0.77 mmol) and (33)-[(5-¢hi§ro-1H—indole-z-carbonyl)-

amino)-(2R)-hydroxy-4-phenyl-butyric acid {0.70 mmol) were coupled according fo
Procedure A (dimethylformaimide solvent, acnd then base washes) and the product
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200mMM NaCl, pH 7.0 buffer (Buffer C) and stored on ice until use.

Det erm nat'ion of HLGP Enzyne Activity: A) Activation of HLGP:
Conversion of HLGPb to HLGPa 30 Prior to the determ nation of HLGP
enzyne activity, the enzyne is converted fromthe inactive form as
expressed in E. coli strain XL-1 Blue (desi g%t ed HLGPDb) (Stragene
Cloning Systens, La Jolla, California) to the active form (-desi gnat ed

HLGPa) by phosphoryl ati on of HLGP usi n_'g phosphoryl ase ki nase as fol | ows:
Dat e: - purified by chromatography on sifica eluted with 0.5-8% ethanol-dichloromethane,

followed by trituration with ether-hexanes: Yield 78%; HPLC (60/49) 3.45 minutes
(96%), PBMS 469/471 (MH +,100%);
Anal. Calcd for C,;H,,CIN,O, + 0.3H,0: C, 60.77; H, 5.44; N, 11.81.
5 Found: C, 60.65; H, 5.70; N, 11.85.
Example 63
5-Chioro-1H-indole-2-carboxylic acid [(1S)-benzyl-{2R)-hydroxy-
3-(4-hydroxymethyl-piperidin-1-yi)-3-oxo-propyl]-amide
4-(Hydrokymelhyl)piperidine (1.5 mmol) (J. Med. Chem 1991, 34, 1073) and
10 (3S)-[(5-chloro-1H-indole-2-carbonyl)-amino]-(2R)-hydroxy-4-phenyl-butyric acid (1.4
mmol) were coupled according to Procedure A and the product purified by
chromatography on silica eluted with 50-100% ethyl acetate-hexanes: Yield 70%;
HPLC (60/40) 4.09 minutes (97%); TSPMS 470/472 (MH+, 100%);
Anal. Calcd for C,gH,CIN,O, + 0.25H,0: C, 63.29; H, 6.05; N, 8.86.
15 Found: C, 63.39; H, 6.00; N, 8.63. - |

Example 64

Melhyl-(z—pyridin-2-yl-ethyl)-amine (0.77 mmol) and (3S)-[{5-chloro-1H-indole-
20 2-carbonyl)-amino}-(2R)-hydroxy-4-phenyl-butyric acid (0.70 mmol) were coupled
~ according to Procedure A (dimethylformamide solvent) and the product purified by
chromatography on silica eluted with 0.5-8% ethanol-dichloromethane: Yield 82%,
HPLC (60/40) 3.33 minutes (97%); TSPMS 491/493 (MH+,100);
'H NMR (CDCl,) 6 9.84 (br, 0.7H), 9.35 (br, 0.3H), 8.49 (m, 1H), 7.7-7.5 (m, 2H), 7.4-
25 7.1 {m, 9H), 6.92 (d, 0.3H, J = 8 Hz), 6.8 (m, 1.4H), 6.66 (d, 0.3H, J = 9 Hz), 4.62
(m, 1.5H), 4.5 (m, 0.5H), 4.34 (s, 0.7H), 4.29 (s, 0.3H), 3.82 (m, 1H), 3.48 (m, 2H),
3.05 {m, 3H), 2.86 (s, 114), 2.70 (s, 2H). .
Anal. Caled for C,H,,CIN,O; + 0.2H,0: C, 65.57; H, 56.58; N, 11.33.
Found: C, 65.56; H, 5.84; N, 11.36.
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- 49- HLGPb reaction with Imobilized Phosphoryl ase Kl nase
Phosphoryl ase ki nase (Sigma Chem cal Conpany, St. Louis, M) is
i nmobilized on Aff-Gel 10 (Bi oRad Corp., Melvile, NY) as per the

manuf acturers instructions. In brief, dshe phosphoryl ase ki nase enzyne
(10 ng) is incubated with 5 washed Affi-Gel beads (1 nL) in 2.5 nL of 100
nmv HEPES and 80 mM CaCl [err] at pH 7.4 for 4 hours at 4[err]C. The

Affi-CGel beads are then washed once wthgﬁw buffer prior to

bl ocking with 50 mM HEPES and 1 M glycin ester at pH 8.0 for

one hour at roomtenperat ufﬂGSBk&Chldig tiindete-2-sarbenw)-amirild2Rpepl aced with

50 nmvl HEPES (pH 7.4), err]-nercaptoetha oI nd 0. 2% {\ILerr] for
storage. Prior to YII@XY S yicut : 52 AQ e

i mobi | i zed phosphOE}H ésn.bbeaa@ and (3S)E[esiéhxafoeu¢~mudré chaﬁb% iymtm% in
the buffer used to form the kinase reaction, consi sting o

3- gl ycer ophds phxsdrexy-&psemwbmwc agiehi (0075 mmelbwarexcoupled ageording tolAraeedure ds ay
buf f f 5
AVP- Sephar ose 32 e Rdf BRI bl thPihbioainny f Sl Bultdt P8kl |07 °

buffer then ma@lamrtehanes Yleldles%f BiPE.Ce(0/40) FB6p syt (38%)s PBMS 852/58hzy ne
I nmobi |i zed on% %}(&% beads. NaATP is added to 5 mM and

MyCl [err] to 6 )resultlng m xture is . mxed gently at 25[err]C
for 30 to 60 mnutes. The sanple is rentpgehglé 8 t he beads and t he:

percent activation of HLGPb by conversion to H.GPa is estimated by
10 1-{{3S)-[{5-Chloro-1H-indole-2-carbonyl)-amino]-(2R)-hydroxy-

4-phenyl-butyryl}-pyrrolidine-2(S)-carboxylic acid tert-butyl ester

(S)-pyrrolidine- 2-carboxyhc acid tert-butyl ester and (3S)-[(5-chloro-1H-indole-
2-carbonyl)-amino]-(2R)- hydroxy-4 phenyl-butyric acid (2.1 mmol) were coupled
according to Procedure A (60 hour reaction tnme) and the product purified by

15 chromatography on silica eluted with 25-50% ethyl acetate-hexanes: Yield 74%;
HPLC (60/40) 8.27 minutes (99%); TSPMS 526/528 (MH+, 100%);
Anal. Calcd for C,¢H,,CIN,O;: C, 63.93; H, 6.13; N, 7.99.
Found: C, 64.05; H, 6.32; N, 7.79.
Example 67
20 §-Chloro-1H-indole-2-carboxvylic acid {{1R)-{(S)-hydroxy-(methoxy-
methyl-carbamoyl)-methyl}-2-phenyl-ethyi}-amide
5-Chloro-1H-indcle-2-carboxylic acid {0.25 mmol) and (2S,3R)-3-amino-2-
hydroxy-N-methoxy-N-methyl-4-phenyl-butyramide hydrochloride (0.25 mmol) were

coupled according to Procedure A (0-25°C, acid then base wash). The crude

25 product was dissolved in methanol containing 0.25 equivalent 1IN NaOH for 2 hours
at 25°C and another hour with a second 0.25 equivalent portion of 1N NaOH (lo
hydrolyze the less polar N,O-bis-5-chloro-1H-indolecarbonyl derivative), the sc!ution
concentrated, the resid.ie dissolved in ethyl acelate, the resulting solution washed
with 2N HCI, brine, dried, and concentrated. The residue was purified by

30 chromatography on silica eluted with 30-50% ethyl acetate-hexane. The
chromatographed material /containing a polér impurity) was dissolved in ethyl

acetate and the resulling solution washed twice with 2N NaOH, dried, and
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20 determ ning HLGP enzynme activity in the presence and absence of 3.3 nM

AMP. The percentage of total HLGP enzyne activity due to HLGPa enzyne
activity (AMP- i ndependent) is then cal culated as foll ows:

% of total HLGP as HLGPa = HLGP activity - AI\/P

HLGP activity AWP 25 B) HLGPa Activity®¥ssay: The

hypogl ycem ¢ activity (also the other disease/ condl tion
treating/ preventing activities described herein) of the conpounds of this

i nventi on ceanaeatrated; Yielsk $7%.0dPLE 6H4Q) 3G minudes (3% noPOSIET °6; PEMS

conmpounds of th‘r%/ M ,ég .nonthe activity of the activated form of
gl ycogen phosphory‘?as%ﬂé| B? Y 30 one of two nethods: glycogen

phosphoryl ase aHaNMR/(QQCIg)SJ adadbr, ddi)] N.58Hd, IMJ&\/&rZin) 7417ne(01 i7drl), 6y7 (d, 1H,

ront o 10, e PLET ) o o SCR3B e PHRT RS Pl &) EMEEHS B, o o
glucose-1- 5§ (HNQBRIBHE), BG5S BESHRILESE, @H)Imos @anzi). phosphate. Al
reactions are rAJnrgll %a}czilfgrl bf‘?{t,,ecn'q?o‘ + 1.0H,0: C, 58.13; H, 6.58; N, 9.68;

Found: C, 58.05; H, 5.24; N, 9.54.

| Example 67A
.(2S,3R)-3-g_mino-2—hvdroxv-N-methoxv-N-metﬁvM-
10 phenyl-butyramide hydrochloride
{ 1(R)-[Hydroxy-({S})-methoxy-methyl-carbamoyl)-methyl]-2-phenyl-ethyl} -
carbamic acid (285 mg, 0.8 mmol) was dissolved in cold 4N HCI-dioxahe‘ and the

resulting solution stirred for 1 hour at 0°C. The mixture was concentrated and the
residue triturated with ether and dried giving 207 mg {90%) of a solid.

156 . Example 678
{(1S)-[Hydroxy-{(R)-methoxy-methyl-carbamoyl)-methyl]-2-phenyl-

ethyl}-carbamic acid
(2S,3R)-3-(t-Butoxycarbonylamino)-2-hydroxy-4-phenylbutyric acid (300 mg,

1.0 mmol, Sigma Chemical Co., St. Louis, MO}} and N,O-dimethylhydroxylamine

20 hydrochloride (104 mg, 1.1 mmol) were coupled according to Procedure A (0-256°C
reaclion temperature): Yield 88%; HPLC (60/40) 4.90 minutes {95%);

Example 68 .
5-Chl§ro-1H-indole-2-carboxylic acid {(1R}-fhydroxy-({(R)-methoxy-
methyl-carbamoyl)-methyl]-2-phenyl-ethyl}-amide

25 N,O-Dimethylhydroxylamine dihyd ochloride (0.32 mmol) and (3R)-{(5-Chloro-

TH-indole-2-carbonyl)-amino]-(2R)-hydroxy-4-phenyl-butyric acid (0.3 mmol) were

coupled according to Procedure A (0-25°C, acid then base washing) and the

product purified by chromatography on silica eluted with 20-50% ethyl acetaie-

hexanes: Yield 73%; HPLC {60/40) 4.86 minutes (95%); PBMS 416/418 (MH+,100%);
30 'H NMR (CDCl,) 6 9.47 (br, 1H), 7.58 (d, 1H, J = 1.7 Hz), 7.31 (d, 1H, J = 8.7 Hz),

7.30-7.10 (m, 6H), 6.78 (d, 1H, J = 10 Hz), 6.74 (s, 1H), 5.00 (m, 1H), 4.63 (m, 1H),

3.80 (br, ca. 1H), 3.70 (s, 3H), 3.04 (s, 3H), 2.87 (m, 2H).

Anal. . Caled for C,,H,,CIN;O, + 0.1H,0: C, 60.39; H, 5.36; N, 10.06.
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- 50- '96-well mcrotiter plates and the change in absorbance due to
formation of the reaction product is neasured at the wavel ength
specified below In a MCC 340 MWKI | El i sa Reader (Lab Systens,

Finl and), connected to a Trertech M cropl at e‘soﬁg acker (I CN Bi onedi cal
Co, Huntsville, Alabam). 5 To neastife the HLGPa enzyme activity
in the forward direction, the production of glucose-1 -phosphate from
gl ycogen is m)nltored bgbthe rrultlenz¥ coupl ed general nethod of
Pesce et al . 76,8 R (#i M9 78 H. . Harris, RC and

Ni chol son, J. F. (1977) Cini cal Chem str 1-17171 nodi fied as
follows: 1 to 100 pg phosphoryl ase yE% e ts phosphogl ucormt ase and
15 units gl ucose-6- - phid pdvad $ e R ) -

Bi ochem cal s, Indi anapol I's, 3 uf f er A
(describe | her ei nafter). Bu o310 "9 E S bifer ains 50 mv
HEPES, 100 n#1 KO, Zn&hwfbpémybémiqmﬂt(m rrrgam@oe«;mmmox) way By at 254

MG Ler ] S e St et LS A By Lo

gl ycogen, 9.4 fﬂhﬁoﬁﬂ:#@%ﬁm;ﬂl)@%tﬂﬂ'(m Btgge mhﬁ'\bla@ﬁidfdhld?bﬁhfetﬂahﬁ‘?ﬁ i MAdRr

adeni ne di nucl eoti de phosphat e he conmpounds to be tested are
added as 5 pL dfhaisthe mpduiervas Pourfd%ﬂ& m)ﬁngﬁﬁ@@'a@agmasqmmr to the

addi tion of the;&RzaRs (127RE) Qﬁ@qb%ré’cstféous sodium thiosulfate (12 mL) and ethyl acetate.
10 The aqueous layer was separated and extracted twice with ethyl acetate. The

organic layers were combined, washed with saturated aqueous sodium bicarbonate,
dried, and concentrated giving a yellow solid (80 mg, 96%): HPLC {60/40) 3.37
(97%), PBMS 460/462 (MH+, 100%).

Example 70 and 71

15 5-Chloro-1H-indole-2-carboxylic acid [{1S)-benzyl-{2R)-hydroxy-
3-0x0-3-(1-ox0-1-thiomorpholin-4-yi)-propyl]-amide (Example 70)
AND
§-Chloro-1H-indole-2-carboxylic acid [(1 S)' -benzyl-3-(1,1-dioxo-

1-thiomorpholin-4-y1)-{2R)-hydroxy-3-oxo-propyll-amide (Example 71)
20 m-Chloroperoxybenzoic acid (46 mg of 50%, 0.13 mmol) was added at 25°C

to a solution of 5-chloro-1H-indole-2-carboxylic acid {(1S)-benzyt-(2R)-hydroxy-3-oxo-
3-1hiomorpholin-4-yl-propyj)-amide (60 mg, 0.13 mmol} in dichloromethane (1.5 mL).
After 1 hour the mixture was poured into a mixture of saturated aqueous sodium
,bicarbonate (12 ml) and 10% aqueous sodium thiosulfate (12 ml) and ethyl acetcte.

25 The aqueous layer was separated and extracted twice with ethyl acetate. The
organic layers were combined, washed with saturated aqueous sodium bicarbonale,
dried, and concentrated giving the fitle sulfoxide (Example 70) as a yellow solid
which was chromatographed on silica gel eluting with 1% ethanol-dichloromethane:
Yield 44 mg, 72%; HPLC (60/40) 6.14 minutes (98%). PBMS 474/476 (MH+, 100%).

30 A less polar product (8 mg) identified as the title sulfone (Example 71) was also
isolated: HPLC (60/40) 6.44 minutes (96%). PBMS 490/492 (MH+, 100%).
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of HLGPa enzyne activity in the absence of inhi bi tors is determned by

adding 5 pL of 14% DVBSO and a fully-inhibited rate of HLGPa enzyne
activity is obtained by 20 adding 20 pl of 50 mM of the positive control
test substance, caffeine. The reaction is followed at roomtenperature
by neasuring the conversion of oxidized NADP - { o reduced NADPH at 340
nm To nmeasure HLGPa enzyne activity in the reverse direction,
t he conversion of gl ucose-1-phosphate_i nto glycogen plus inorganic
phosphate is neasured by the 25 general nélémﬂ_ﬂ%e

scrl bed by Engers et al.

[ Engers, H.D. Shechoskx,_
48, 746-754] modi fied a T TOt
in Buffer B (described herei naf n b ﬁdcr&-&!ad:ar bk'luc&cnd and cont ai ns

50 mM HEPES, 100 mM 2.5 .
dithiothreitol . 20 pggﬁtfm%’{f’?% ‘R‘A’f'%" ik ‘%Vgga'ée”l’% '8 meIW‘T ofs
ng/ nL 30 gl yapgen E)ss?-((% @%gﬂ mmne@b@r&rwamcgl( éxﬁ%ﬁém P o

conmpounds to e tested are ad sol utiion in 149

to the additi onP’BP"Ci’W'CWb%k%‘/ﬁ@d “ahd e5ias 4111700, 84 mpibip (e ADYEORER @ Ly

in the absence g gﬁ‘érbié ﬁ’étﬁs the rﬂ&ﬁur@%&%@%@@ﬁr&%% AR residle Pilurdtdde
DIVBOandafuIIylnhlblte rate of
with ether. The resulting sohd was partmoned between water and ethyl acetate and

6N HCl was added to aftain a pH of 1. The organic layer was separated, dried and
10 concentrated giving 108 mg (100%) of a solid: HPLC (60/40) 3.79 minutes (99%);
TSPMS 484/486 (MH+, 100%);
'H NMR (DMSO-d,) & 12.25 (br, 1H), 11.65 (br, 1H), 8.17 (d, 0.5H, J = 9 Hz), 8.14
(d, 0.5H, J = 9 Hz), 7.70 (d, 1H, J = 2 Hz), 7.38 (d, 1H, J = 8.8 Hz), 7.35-7.1 {m,
7H), 4.78 (m, 1H, exchanges with D,0), 4.5 (m, 2H), 4.1 (m, 1H), 3.8 (m, 0.5H), 3.7
15 (m, 0.5H), 3.15 (m, 0.5H), 3.0 (m, 2-2.5H), 2.75 (m, 1H), 1.5 (possible m, 1H), 1.8
(m, 2-2.5H), 1.5 {m, ca. 1.5H). '
Anal. Caled for C,H,,CIN,O, + 0.55H,0: C, 60.80; H, 5.53; N, 8.51.
Found: C, 61.15; H, 5.68; N, 8.11.
' Example 73
20 | §-Chloro-1H-indole-2-carboxylic acid [(1S)-{{R)-hydroxy-
hydroxycarbamoyl-methyl)-2-phenyl-ethyi]-amide

Trifluoroacetic acid (2 mL) was added to a solution of 5-chloro-1H-indole-2-

carboxylic acid [(1S)-((R)-tert-butoxycarbamoyl-hydroxy-methyi)-2-phenyl-ethyl]-amide
(256 mg, 0.68 mmol) in dichloromethane (2 ml) and the resulting solution was

25 stirred for 18 hours at 25°C. More trifluoroacetic acid (2 mL) was added and the
mixlure was allowed 1o stand for 72 hours, concentrated, and the residue
chrematographed on silica gel eluting with 2.5%, 5%, 10% ethanol-dichloromethane
containing 1% acctic acid. The purified product was trituraied with ether-hexanes
and dried: Yield 70 mg, 31%; HPLC (60/40) 3.11 (96%);

30 Anal. Caled for C, H,,CIN;O, + 1.0H,0: C, 56.23; H, 4.97; N, 10.35.
Found: C, 56.63; H, 4.94; N, 9.95.
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enzynme activity is obtained by adding 20 pL of 50 nmM caffeine. This mxture

S I ncubated at roomtenperature for 1 hour and the inorganic
phosphat e rel eased fromthe glucose-1-phosphate is neasured by the
general nethod of Lanzetta et al. (Lanzetta, P.A., Alvarez, L.J.,

Reinach, P.S. and Candia, O A (1979) Anal :'%8tochem 5 100, 95-97]

nodi fied as follows: 150 pl of 10 ng/nlL ammoni um nol ybdate, 0.38

ng/ mL mal achite green in 1 N HCl is added to 100 pL of the enzynme m x.
After a 20 m nute irncubation at rd&%Mmpiedérature, the absorbance is

oo o o ini ol s &Chioro-1 Hiinkdfo S BHBINIC R (1) S1- FUbENARDEBAIA! © T eac Y
adapted to clinical us . ] mc
activity of the conpouyilimetiyl-térbamogll¢R)-hyaoxylfiethgl}-dphertiethy)ramidéy t he -
anount of test conpqund that reduce | ucose, | ev relative,to .a .,
vehi cl e without tes&%&'gﬁiﬁa‘?f&'ﬁ:“"ﬁ‘&f"égﬁﬂ;@Bﬁmﬁgi'éﬁé'hyg@xyﬁrwnﬂbp&ﬂg acid
the determ mat 390 ntd B8 nithdlf &d MRbenZy- ib@ﬁ&inﬂf)ﬁ)&ﬁéﬂhyﬁarﬂ?%)@@loﬁ@l (geqf or
the in viVvo reduction of pfasmag ucose concentration in such mce for
such test pubinplinm@ 457 686, examplesi i dhereine2@bmae A mmathwere ¢aupiasse i n
bllood I's cl oselaofdihg i FrdcBdlrdSA (dimethyliormamide solvent). The crude product was
| purified by chromatography on silica gel eluted with 0.6-4% ethanol in

dichloromethane containing 0.5% ammonium hydroxide giving a colorless foam:

10 yield 140 mg, 30%; HPLC (60/40) 4.15 minutes {95%); TSPMS 559/562 (MH+,
100%); :
Anal. Calcd for C,,H,;,CIN,O, + HCL + 1.5H,0: C, 61.73; H, 6.31; N, 9.00.

Found: C, 61.61; H, 6.29; N, 8.71.

Example 75
16 4-{{(3S)-[(5-Chlor ~1H-Mole-z-cg_rbonvl)-amino -{2R)-hydroxy-4-

phenyl-butyryl}-methyl-amino)-piperidine-1-carboxylic
acid tert-butyl ester
(3S)~[(5-Chloro-1H-indble-z-carbonyl)-amino)-(ZR)-hydroxy-4-phenyl-butyric
acid (1.0 g, 2.6 mmol) and 4-methylamino-piperidine-1-carboxylic acid tert-butyl ester
20 (575 mg, 2.6 mmol) were coupled according to Procedure A (dimethylformamide

solvent). The crude product was purified by chromatography on silica gel eluted
with 20, 30, 40, 50, and 756% ethyl acetate-hexanes: yield 319 ﬁwg. 21%; HPLC
(60/40) 10.31 minutes (94%); 569/571 (MH+, 100%).

Example 75A '
25 4-Methylamino-piperidine-1-carboxylic acid tert-butyl ester

Powdered molecular seives (34, 5.2 g), methylamine hydrochloride (16.65 g,
251 mmol), anhydrous sodium acetate (41.21 g, 502 mmol), and 95% sodium
cyanoborohydride (3.99 g, 60 mmol) were added sequentially to a solution of 4-0x0-
piperidine-1-carboxylic acid tert-butyl ester in methanol-'(400 mL} at 0°C, and the
30 mixiure was allowed to warm to 25°C over several hours. After 18 hours at 25°C,
the reaction mixiure was filtered thru Celite®, the solids ;W,ashed with methanol and

ethyl acetate, and the fillrate concentrated. The residue was dissolved in ethyl
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devel opment of diabetic disorders, these conpounds by virtue of their
hypogl ycem ¢ action, prevent, arrest and/or regress diabetic

di sorders. Five to eight week old rmale C57BL/6J-0b/ob mce
(obt ai ned from Jackson Laborat ory, Bar Fbrbor ME) are housed five per
cage under standard animal care 20 practlcé§ After a one week acclimation
period, the aninmals are wei ghed and 25 mcroliters of blood are
collected fromthe retro-orbital sinus prior to ané t reat ment .

bl ood sanpl e i 9c¢tm¢emchme|rystdﬁ'nm§@lat'qn wagped twieg Wi M@@annge mopm.
sodi um hepALd And RBAcdMtratb LD éﬁs"t‘ﬁé gg w te analysis. Animals are -
at r

assigned to treatnent groups so oup has a simlar nean for
pl asma gl ucose concentrati on 25 Aft er gExamplads |gnment ani mal s are dosed
orally each day for fQq tzhe vehl ei ther: 1)
0.25% w v met hyl cell .

: me

Pl uronic[errdg P105 Bl ock (mrwm %éuarbagﬁgrme(@ﬁ.ghenggﬁmﬂgr ation,
Par si ppany, NJ) in 0.1% saline w thout pH adj ust nent ay 5, the
animal s are wei ghed again and t hen d ofideh tho test conpound or
the 30 vehicle alon : ,g,.;l},pg of
either: 1) 0.25% vvls(‘[(éé Cﬁﬂﬁo ce Paﬁ’glsé;é?%%ﬁg J?{}H&Wﬁrﬁ?%ﬁ ustnent;
or 2) 10% Dl\/BCbtﬂyw%rPBlbylmmopkpuppndme-1m®xyﬁﬂ§ﬁd@m-|buh&8$'@n(2926m9J @ﬁany,
NO) 1n 0.1% salif Wid e o inafl 1R Tilane at 0o EATR 8¢ FhSut BFHOR °

romthe retro-orgita hree ater f

ST nhus our's
-10 temperature. The mixture was concentrated and the residue triturated with ether

and dried: yield 249 mg, 96%; HPLC (60/4) 2.59 minutes (96%). PBMS 469/471
(MH+, 100%);
'H NMR (DMSO-d,) & 11.7 (s, 0.3H), 11.6 (s, 0.7H), 8.75 (br 2H, exchanges with
D,0), 72.70 (d, 1H, J = 2 Hz), 7.4-7.1 (m, 8H), 4.94 (d, 0.3H, J = 7.8 Hz, exchanges
15 with D,0), 4.77 (d, 0.7H, J = 7.7 Hz, exchanges with D,0), 4.6 (m, 1H), 4.47 (dd,
1H, J = 3, 8Hz), 44 (m, 0.7H), 3.9 {m, 0.3H), 3.4-3.2 (m, ca. 1.5H), 2.95 (m, 2H),
2.15-1.8 (m, ca. 2.5H), 1.75-1.50 {m, 2H).
Anal. Calcd for C,;H,,CIN,O, + HCI + 0.7H,0: C, 57.96; H, 6.11; N, 10.82,
Found: C, 68.22; H, 6.23; N, 10.46,
20 Example 77
5-Chloro-1 H~indolé-2—carboxylic acid ((1S)-{(R)-hydroxy-
methyl-(1-methyl-piperidin-4-yl)-carbamoyll-methyi} -2-
phenyl-ethyl)-amide hydrochloride
Molecular seives (3A powdered, 100 mg), triethy!émine {22 mg, 0.2 mmol),

25 glacial acelic acid (64 mg, 1.1 mmol), sodum cyanoborohydride (95%,18 mg, 0.3
rmmol), and aqueous formaldehyde (37 weight% in wéter. 22 mg, 0.3 mmol) were.
added sequentially fo a solution of 5-chloro-1H-indole-2-carboxylic acid {{1S)-{(R)-
hydroxy-(methyl-piperidin-4—y!-catbamoyi)-methy!}-z-pheny!-eihyl}-amide
hydrochloride (100 mg, 0.2 mmol) in methanol (2 mL) at 25°C. Aﬂer.18 hours the

30 reaction mixture was filtered thru Celite®, the solids washed with methanol and
concenirated. The residue was dissolved in ethyl acetate and the resulting solution
washed twice with 2N NaOH, b}ine, dried and concentrated. The colorless solid

residue was purified by chromatography on silica ge! eluted with 1-8% ethanol in
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-52- determ nation of blood netabolite |evels. The freshly
collected sanples are centrifuged for two mnutes at 10, 000
X g at roomtenperature. The supematant |s anal yzed for
glucose, for exanple, by the Abbott VP[err] 44 \bbott Laboratories,

D agnostics Division, Irving, TX) and VP Super Systenferr] Aut oanal yzer
(Abbot t : 5 Laboratories, Irving, TX), using the A-Gent[err]

T 1SN A e 070 RV it

Schwei zer i scheinMadihanol stidd*C, e hesultingr sdiutionltfthiedBwith (1 :I(B?Nl )HCI ((OQXML) remgicthe

Calcul at o by (st B Aniciady Ehntunish & Oicegd 308 PGl

value x 5 x 1. 734 drie&: @adm Q%VNF‘L@ somogzas mikltes (95%); TIPMS a83/488 t he
dilution factor and 1.784 is The plasma hematocrit adjustnent

(assuning tHe Mtk d89%E is 44%. The ani nal s dosed

with vehicle maintain substantially uncqr%%%_?% hypergl ycemni c
glucose levels (e.g., greater than or e 50 ng/dL), animals

treated with test corj € b@-chpsanyllieavino k4 hem'*bgmh;gcdbpressed
gl ucose

BOID

methyl ester _
(3S)-3-Amino-4-phenyl-butyric acid methyl ester hydrochloride (1.15 g, §

10 mmol) and 5-chloro-1H-indole-2-carboxylic acid were coupled according to
procédure. A. The product was purified by trituration with ether: yield 1.46g (79%);
HPLC (60/40) 8.85 minutes (100%); PBMS 371/373 (MH+, 100/35%);

Anal. Calcd for C,oH,,CIN,O,: C, 64.78; H, 5.16; N, 7.56.
Found: C, 64.81; H, 5.34; N, 7.46.

18 Example 78A
{3S)-Amino-4-phenyl-butyric acid methyl ester hydrochloride

(3S)-tert-Butoxycarbonylamino-4-phenyl-butyric acid meihyl ester (ref.
Heterocycles, p. 1836 {1989) and J. Med. Chem. 1975, p. 761, 3.49 g, 12.1 mmol)
was d_issolved in 4M HCl-dioxane at 0°C and stirred for 0.5 hours at 2 25°C. The

20 mixture was concentrated and the residue triturated with ether and dried: Yielc
2.56 g (92%).
' " It should be understood that the invention is not limited to the particular
embodiments described herein, but that various changes and modifications may be
made without departing from the spirit and scope of this novel concept as defined

25 by the following claims.
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15 l'evel s. Hypoglycenic activity of the test conpounds is determined by“"

statistical anal ysis (unpaired t-test) of (tThiesSKe@ans BlAR

gl ucose concentration between the t est conp

vehi cl e-treated group on day 5. The oye a§5ﬁy carried mmm”

wi th a range of doses of test conpou he determ

approxi mat e i ni mal ef¥ ssmipeuntbaf EvEDuda|lie for the in vivo reduction of
pl asma 20 gl ucose concentration. 'The
conpounds of this invention are readily adapth to Q.inical use as
hyperinsulinem a reversing agents, triglygeri Flng agents and
hypochol est erol enmi ¢ agents. Such activityycan e rm ned by the anpunt
of test : conmpound that reduc +Misul #ri gl yceri des or

ol

chol esterol levels relative to a conth
conpound in nmale ob/ob m ce.
of cholesterol in blood is closely refatelRp the

\R -'25 vehicle without test
3 Since the concentration

devel opnent

of cardi ovascul ar, cerebral vascul g Bvperi pheral vascul ar di sorders,

t he conpounds of this i nventi oR b
action, prevent, ar%s
30 Since the concentration |
pronotion of : vascul ar ¥

1’growth and increased

e of their hypochol esterol enm c
d/ or regress atherosclerosis.
sulin in blood is related to the

renal sodi um

retention, (in addition to the other actions-e.g., pronotion

of glucose utilization) and these functions e Kﬂf@? causes

and the pharmaceutically acceptable salts and prodrugs

thereof wherein

the ddtted line (---) is an optional bond;

A is -C(H)=, -C((C,-Cg)alkyl)= or -C(halo)= when
the dotted line (---) is a bond, or A is methylene or -
cn((ci-c4) alkyl) - when the dotted line (---) is not a bond;

Ry, Ryg or Ry; are each independently H,
6- or 7-nitro, cyamno, (Cq-C4z)alkyl, (C;-C,)alkoxy,
fluoromethyl, difluoromethyl or trifuloromethyl;

Rz is H;

Ry is H or (C;-Cg)alkyl;

halo, 4-'

Ry is H, methyl, ethyl, n-propyl, hydroxy(C,-

c3)a1ky1, (C4-C3)alkoxy(Cy-Cy)alkyl, phenyl(Cq-C,4)

alkyl.

phenylhydroxy (C; -C4)alkyl, phenyl(C,-C4)alkoxy(Cy-C,)alkyl,
thien-z- or -3-yl(C;-C4)alkyl or fur-2- or -3-yl(C,-C,)alkyl
wherein said R, rings are mono-, di- or tri-substituted
independently on carbon with H, halo, (C{-C4)alkyl, (Cq-
C4)alkoxy, trifluoromethyl, hydroxy, amino or cyano; or

Ry is pyrid-2-, -3- or -4-yl(C;-C,)alkyl, thiazol-
2-, -4- or -5-yl(C,-C4)alkyl, imidazol -1-, -2-, -4- or -5-
yl(C;-C4)alkyl, pyrrol-2- or -3-yl(C;-C,)alkyl, oxazol-2-,
-4- or:-s-yl-(cl-c4)alky1, pyrazol-3-, -4- or -5-yl(C,-
C4lalkyl, isoxazol-3-, -4- or -5yl(C;-C4)alkyl, isothiazol-

CASE: _PC 9160 ADO
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-53- of hypertension, the conpounds of this inventi

their hypoinsulinemc action, prevent arrest- and/ or regress

DYDeT NSO, s 9% b S E GO Ol T gl yeeydes 1
conpounds Q) alikyl i rpserkmiodinn2 vi ri4re, 0f54 her r-d#yg(q/f-ec4)®ky]5, | oweri ng
activity Rhya\eiin. A &L AW (&, TEH LTV | ) 8 fhzin-2-y1 (c, -
C4)alkyl, wherein said preceding R, heterocycles are
optionally mono- or di-substituted independently with halo,
trifluorcomethyl, (C,-C,)alkyl, (Cl-c4)alk6xy, amino or
hydroxy and said mono- or di-substituents are bonded to
carbon; |
Rg is H, hydroxy, fluoro, (Cq-Cg)alkyl, (C,-
Cg)alkoxy, (Cq-Cg)alkanoyl, amino(C,-C,)alkoxy, mono-N- or
di-N,N-(C;-C4)alkylamino(C, -C4) alkoxy, carboxy(C,;-C4)alkoxy,
(C4-Cg)alkoxy-carbonyl (Cq-C4) alkoxy, benzyloxycarbonyl (C,-
C4)alkoxy, or carbonyloxy wherein said carbonyloxy is carbon-
carbon linked with phenyl, thiazolyl} imidazolyl, l1E-indolyl,
furyl, pyrrolyl, oxazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, pyridazinyl, pyrmidinyl, pyrazinyl or 1,3,5-
trizinyl and wherein said preceding Rg rings are optionally
mono-substituted with halo, (C;-C4)alkyl, (Cy-C,)alkoxy,
hydroxy, amino or trifluoromethyl and said mono-substituents
are bonded to carbon;
Ry is H, fluoro or (C;-Cg)alkyl; or
Rg and R, can be taken together to be oxo;
Rg is carboxy, (C;-Cg)alkoxycarbonyl, C(O)NRgRgq or
C(O)RIZ'
wherein .
Rg is B, (C,-Cz)alkyl, hydroxy or (cl-c3)alkoxy; and
Rg is H, (C4-Cg)alkyl, hydroxy, (C4-Cglalkoxy.,
methylene-perfluorinated(C,-Cg)alkyl, phenyl, pyridyl,
thienyl, furyl, pyrrolyl, pyrrolidinyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, pyrazolinyl, pyrazolidinyl,
isozazolyl, isothiazolyi, pyranyl, piperidinyl, morpholinyl,
pyridazinyl, pyrimidinyl, pyrazinyl, piperazinyl or 1,3,5-
triazinyl wherein said preceding Ry rings are carbon-nitrogen
linked; or
Rg is mono-, di- or tri-substituted (C;-Cg)alkyl,
wherein said substituents are independently H, hydroxy.
amino, mono-N- or di-N,N-(Cq-Cg)alkylamino; or
Rg is mono- or di-substituted (C;-Cg)alkyl, wherein
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Five to ei ght week old mal e C57BL/6J-0ob/ob m ce (obtaine
Laboratory, Bar Harbor, ME) are housed five per cage und mal
care practices and fed standard rodent diet ad |ibitum After a one
week acclinati,on ni mal,s d and rol Lters of
bl ood .are ﬁﬁfFeEPﬁﬁtFFgﬁF%ﬁearfo PaF SnGFBSEXIgSFﬁHg pPVBFaYﬁ’a%VrY&'

treatnent.p?heom?modpyawplédmnylnnadaabéyy dchitedlyl, ihi8awmbliflsal i ne

cont ai ni ng od , ce gl ucose
anal ysi s. 2 ?Yggre gépggﬁé&?é ??Q FS&QFQHY% iggka?hii éach group has
a 5|n1lar ﬁﬁahh#EFOéY&SnHYgPBYésePYGhdéﬁYiatPéaertﬂenrbnpmannhpblbrlbested
by e ut ohukion
(me|ght/vo uﬁ%a%ggig}v 9?%hé§?%g§ 1??5321 & p%&?gﬁgégn?c g??fhp§05 Bl ock
Copol yner SELRELRY ( BASF Cor por at i on, ParS|ppany, NJ) in 0.1%saline
WIHt hgut pH adj ugt nenwhekedh the nenai%wﬂcrralhrbgehl-abaaaénmngangr wi t hout
pH a Justne in 0si n ce daj i ng
(b iy | Elngp.pdf Sptigph1 s nddosapbatishepy) of phbeoGed ntkn, 18R 1oy,
DNSCYO 1@6Bkhamkyipebepz?IOSbenzeylwbsaKc ngbahkuxyphrhdpyitaadt 20 or the

0. 25%w v bbb sekhl gsehckahes uasusgay GeLUSHIEREAE0EYe on

Three hours after t n1n S nlna are sacrificed
by decaﬁrbaﬂlUhthnbaipuanmrﬁqMaiBYéolKthgq)FikeerShﬁﬂrQKYum
separat or LpbRS, or ﬁBBbaNU' Bfa3a8- ﬁgnoﬁci-éS? Hhiﬂ@'ﬁ?&vi&d&uﬁhat
fluoride: pota55|un1gﬁa ate m xt ur e %Pcollected sanples are

cent ri f ugeBor GRAERED ﬁét&%tEngB dgoinecy “§5 aFnFOG T8 BERaPBre, and the
serum supeaféiageni-oxigens nuedgaﬁdnﬂltkuged bdrinitrogehuhmivobofdswi th a

1ITIU nmL aprotinin sokutl n hﬁpgrl%iiahLQE mnthout pH - adjustnent.
(cl-c4)§1ky1piperazin- -yl, 4-formylpiperazin-l-yl,
morpholino, thiomorpholino, l-oxothiomorpholino, 1,1-
dioxo-thiomorpholino, thiazolidin-3-yl, 1-oxo-
thiazolidin-3-yl, 1,1l-dioxo-thiazolidin-3-yl, 2-(C,-
Cg) alkoxycarbonylpyrrolidin-1-yl; oxazolidin-3-yl or
2 (R) ~-hydroxymethylpyrrolidin-1-yl;
or _ _

" Ryy is 3- and/or 4-mono- or di- substituted
oxazetidin-2-yl, 2-, 4-, and/or 5- mono- or di- substituted
oxazolidin-3-yl, 2-, 4-, and/or 5- mono- or di- substituted
thiazolidin-3—y1, 2-, 4-, and/or 5- mono- or di- substituted
1l-oxothiazolidin-3-yl, 2-, 4-, and/or 5- mono- or di-
substituted 1,l-dioxothiazolidin-3-yl, 3- and/or 4-, mono- or
di- substituted pyrrolidin-1-yl, 3-, 4- and/or 5-, mono-, di-
or tri-substituted piperidin-1-yl, 3-, 4-, and/or 5- mono-,
di-, or tri-substituted piperazin-l-yl, 3-substituted
azetidin-1-yl, 4- and/or 5-, mono- or di-substituted 1,2-
oxazinan-2-yl, 3- and/or 4-mono- or di-substituted
pyrazolidin-1-yl, 4- and/or 5-, mono- or di-substituted
isoxazolidin-2-yl, 4- and/or 5-, mono- and/or di-substituted
isothiazolidin-2-yl wherein said R;, substituents are
independgntly H, halo, (cl-cs)-alkyl, hydroxy, amino, mono-N-
or di-N,N-(C;-Cg)alkylamino, formyl, oxo, hydroxyimino,

IIIIIIII Illlll IIIII IIIII Il IIII



‘1ms oneet I1as necn Neplavtu

The diluted serum sanples are then stored at -80[err]C U”l Imlﬁmumn&“-rhe

t hawed, diluted serum sanples are analyzed for insulin, t and
30 cholesterol levels. Seruminsulin concentration is determ ned using

Equat e[ e RL L1 A Ay ti l T ified b
tﬂg maLm[ ;L(F&r Sls))j a&urcﬁésﬁzjﬂ&éﬁ'ﬁom Bi nag, 'IS.outﬁ g%?ﬁd#l@%ﬂhel ient e)r/
assay coef Figd r&HrIcRrTPamoN) 0 G1s Cq ) Bddkoxyimige, | fiCy Ty plddicryme thaxy .
det er ni ned (¢gi-0q ) BlkoARRAL IS Idardiedky\ic,SRoa1Rya! ¥H Hydroxy (¢, -

This is the eplagenent sheet
Dat e: %5 a%:y(i; -54-

Aut oanal yzer (Abbot t wixhortiieo pressiso Whag, iEXR, us @y nlethilGernthylr jor
Trlglyceriggirzg§&’ Rg is OH; .

with the proviso that if Rg and R, are H, then Ry
is not H, methyl, ethyl, n-propyl, hydroxy(C,-C3)alkyl or
(cl-c3Xa1koxy(c1-c3)alkyl and Rg is C(O)NRgRg, C(O)R;, or
(c,-C4)alkoxycarbonyl
2. A compound as recited in claim 1, wherein

Ry is 5-H, 5-halo, S5-methyl, 5-trifluoromethyl or
5-cyano;

Ryp and R;; are each independently H or halo;

A is -C(H)=;

R, and Ry are H;

Ry is phenyllcl-cz)alkyl wherein said phenyl groups
are mono-, di- or tri-substituted independently with H or
halo or mono- or di- substituted indépendently with H, halo,
(Cq-C4)alkyl, (C;-C4)alkoxy, trifluoromethyl, hydroxy, amino
or cyano; or

Ry is thien-2- or -3-yl(C;-C,)alkyl, pyrid-2-, -3-
or -4-yl(Cq-C,)alkyl, thiazol-2-, -4- or -5-yl(C,-Cj)alkyl,
imidazol -1-, -2-, -4- or -5-yl(C;-Cy)alkyl, £fur-2- or -3-
yl(C,-Cy)alkyl, pyrrol-2- or -3-yl(C,-Cjz)alkyl, oxazol-2-,
-4- or -5-yl-(Cy-C,)alkyl, pyrazol-3-, -4- or -5-yl(C,-
Cy)alkyl, isoxazol-3-, -4- or -5-yl{(C;-Cy)alkyl wherein said
preceding Ry heterocycles are optionally mono- or di-
substituted independently with halo, trifluoromethyl, (C;-
C4)alkyl, (Cq-C4)alkoxy, amino or hydroxy and said mono- or
di-substituents are bonded to carbon;

‘Rg is hydroxy;

Rg is C(O)NRgRg or C(O)Ry,; and

Ry is H.

3. A compound as recited in claim 2, wherein

the carbon atom a has (S) stereochemistry;

the carbon atom b has (R) stereochemistry;

Ry is phenyl(C;-C,)alkyl, thien-2-yl(C;-Cy)alkyl,

o



This Sheet Has Been Replaced
reagent system (Abbott Laboratories, D agnostics Division,
(lI'i pase-coupl ed enzyne nethod; a nodification of th
Sanmpson, et al., Oinical Chem stry 21, 1983 (1975)). erun1tota

chol esterol, |l eyels_ar eietmped ugi:ng,th bojt « PLer apd_ YP Super
Syst ens Au%%a%%lézg? ?SEB 8§gkgggfa?EF?§§¥Erfglﬁg?)7&?¥Yé%ﬁ gL :3- Y Gent
Chol est er okCJe€3) atkyénvheyeinnsadtdoréasger arecponpasercdipl eubeniypubed

met hod; a ﬂygé%éﬁaghemyoalgﬁeﬂngyh@Q ngAllaln et al. Cinical Chemstry
20, 470 usin 3 300 ng/ dL standards. Serum i nsulin

triglycerides, and t%saﬁs 8(0 )NRgBpésterol levels are then cal cul ated by
the equations, 10 Rg is (Egnu amxthnh9Ebbﬂ#)or feypts) ¥BkeRyx and

rumt ot al

Serun1trig|ycerides [ dL
chol esterol (ng/dL) SSéﬂp#e 6§1 82#%’!'f ﬁmﬁﬁPéYz Pgdfﬁﬁyiﬁlutlon factor.
The ani nal @ na$kglmnﬁd vegbalkoxyunpgrmdymbsmoﬂphaliuyuncpﬂpgrdziﬁ#myated

15 serum | goul Li:(ogy 2 B4 by SCHRRELSVY oS fRTabrdh 825 DL

and serum
treat ed mnc@)abbylcnnpgunubsgituned with pnvedrlenmgepboblnyldusplay

reduced sepyfbkazihid ggywbxsaihsies p2BErigial1cheheahssll or | eVels.

The serumTnsulin, yceri des d total choi esterol | owering activity
of the teskhiazo KBnpounds are determned by statistical analysis (unpaired

t-test) of4the nean Aeeuﬁpaﬁnanaulracitéaghﬁcenadass,osele&aé¢CB9bﬁstero

concentrati on betveeg b okeskacIlINTy  carllatty2doLRS (YER) Cltghoatod

heart ti sshpdtoxyttdtmethpldoatbanoylméthirly- ﬂnphenymnethylbeaﬂédanstrated in

vitro along the lineg gragefigdol iaBih¥shb-4ledbboxylic acid {(18)-
[(R)-hydroxy-(methoxy-methylcarbamoyl)-methyl] -2-phenyl-
ethyl}-amide,

5- Chloro-ln-indole-z-carboxylic acid {(18)-I[(R)-
hydroxy- (methoxy-methylcarbamoyl) -methyl] -2-phenyl-ethyl}-
amide,

5-Chloro-1H-indole-2-carboxylic acid ((18)-{(R)-
hydroxy-[(2-hydroxy-ethylmsthyl-carbamoyl]-méthyl}-z-phenyl-
ethyl) -amide,

5-Chloro-1H-indole-2-carboxylic acid {(18)-[(R)-
hydroxy- (methyl-pyridin-2-yl-carbamoyl) -methyl) -2-phenyl -
ethyl}-amide or

5-Chloro-1H-indole-2-carboxylic acid ((18)-{(R)-
hydroxy- [methyl- (2-pyridin-2-yl-ethyl) -carbamoyl] -methyl}-2-
phenyl-ethyl) -amide. |
5. The compound as recited in claim 3, wherein

5, is 5-chloro;

Ry and Ry, are H;

Ry is benzyl;

Rg is methyl; and

Rg is methyl.

6. The compound as recited in claim 3, wherein

Ry is S5-chloro; '

Ryq is H;

Hll\lll \Hll\ Illll \II\I \I \Il\



Am J. Physiol., 264, H1884-H1889, 1993 and Allard et aI ;"’"AH'"""J' I5hy5|o

1994, 267, 25 H66-H74. Experinents are perforned usin lmmd
i sol ated rat heart preparation, essentially as descrlbed
above-referenced artjcle Q@ nmal e Spr ague- Dawl ey rat

Sprague-Dawl ey rats lwai% %ﬁ% Qbss cardiac hypertrophy an aortlc

bondi ng operation, a&ptidybenzypkiic male BB/ Wrats, or non- dlabetlc BB/ W
age matched contr ol at Irsﬁéed W th heparln (1000 u, i.p.),
foll onwed by 30 pentd%%.%lta€'§%£ .p.). After deep anestheS|a S

achi eved as det er ni rRgl 1§ mekhoxy. absence of a foot reflex, the heart is
rapi dly exgjsed and ) QCoLmbNtd | £80r &AL 8- id"€1laim yea&ﬁef§iﬁetrogradely

perfused through the aoftawthin 2 mnutes. Heart rate and ventri cul ar
pressure are deter m¥ed®isT IR FA ex balloon in the left ventricle with
hi gh Ryo and R;; are H; - 55-

Ry is benzyl;

Rg is methyl; and

Rg is methoxy.

8. The compound as recited in claim 3, wherein

Ry is 5-chloro;

R;o and Ryq are H;

Ry is benzyl;

Rg is methyl; and

Rg is 2- (hydroxy)ethyl.

9. The compound as recited in claim 3, wherein

Ry is 5-chloro;

Rig and Ryq are H;

Ry is benzyl;

Rg is methyl; and

Rq is pyridin-2-yl.

10. The compound as recited in claim 3, wherein

Ry is 5-chloro;

Ryjp and Ry, are H;

Ry is benzyl;

Rg is methyl; and

Rg is 2-(pyridin-2-yl)ethyl.

11. " A compound as recited in claim 2, wherein

the carbon atom a is (S) stereochemistry:;

the carbon atom b is (R) stereochemistry;

R, is phenyl(C;-Cy)alkyl, thien-2-yl-(C;-Cy)alkyl,
thien-3-yl-(C;-Cylalkyl, fur-2-yl-(Cy-Cy)alkyl or fur-3-yl-
(C;-Cy)alkyl wherein said rings are mono- or di- substituted
independently with H or £luoro;

Rg is C(O)R;y,; and

Ry, is morpholino, 4-(Cl-c4)alkylpiperazin-l-yl, 3-
substituted azetidin-1l-yl, 3- and/or 4-, mono- or di-

\\ll\ll\ \\\I\\ |I|\\ \\l\l \\ \Il\



4430 DEIGWL 1 1L 11 [\NCplac
pressure tubing connected to a pressure transducer. The hear

wth a perfusate solution consisting of (nMV) NaCl 118, "M’H HH'H",

CaCl[err] 1.2, Mg J[err] 1.2, NaHCJO err] 25, glucose 11. The
per fusi on S e atyre okle th_hegted

bat hs usedgggéé?kgéggr %?g?%kéﬁé Fpﬁi 2 a%ﬁ?k%a§kegoﬁ% argué t he
perfusi on subshytused $8°#3Fﬂ@aﬂhnh3ari ténpepéferesat Boperr pE. di-

Oxygenat i ogyebeibetear 1Y23bRaksnAh 0¥ L?@dwﬁ&ram sampedbautﬁehehl ayef i ber
oxygenat or | rmedi at el y r oxi ma

a

to the hea?%ggF%Bé??’ﬁFEnEiﬁogethg pePYﬂEPgﬁ'sBPﬁPPonm°PQSF'CBHpngd for
about 10 nnnutee eCg na?kylémhhaweﬁxby B?dﬁbﬁ??ﬁiﬁefoglamkbxySChgnlahanﬂ 60
m nut es rep r Qn ce of .the test,compqu The heart
beat s of t%% control ﬁ%ﬁb y Les% Sgggﬁﬁngrgé?éﬁ %eg?%gcggg gﬁﬁﬁared in
the period follow ngS-Ebherpal-Hhintiele-2- carbenylucuaandpmé%SMFbenﬁylhe
control an S ugd €1CoRPas ekl §ki od
fol |l owi ng ?géﬁ %y&QH%? ghehengEﬁgl?Egggéﬁg%i%eﬁ?v Eegf spgrgyl?so perfused
and stalneHY€§°Gb@§Fﬁﬂﬁe the ratio of infarct area relative to the area at

r;sfh(%A/AAR)d f ?ﬁcﬂ&éﬁb'—hﬂdihabﬂw-z éézboxync I?.sat imspeyéhﬁysf-fects
(0] e COo U | Vv on I n ar sue anmage
Ot horvi oo NBRD Bydeoty s i k- Funrenvete P L A L5t ) S 3oke-nEnmKLT FapLde.

in vivo along |ines BrehokredlBrihdodée- aLcarEbkym&ctaoﬂd Y¢iLs) ~Bénzih- 1

(July 19915?0? dro egc%sg%gzgggakglEak%y3h§§=|§r?gge L ﬁgo assay tests

the cardio ¥ron e“control
group whi ch recelves55§h196°véﬁrébd°1ﬁs2baekypsvh&GZQCidnKélﬁhthenzY1t is
noted that ( Eg)eﬁ%aeakgds -, Ezeﬁiiﬂhih 259&eataxaog fl) D¥meQeONary
artery reperfusi tec s the heart from subsegu evere nyocardla

i schenia 5-Chloro-1H-indole-2- carboxylic acid {(18)-benzyl-
(2R)-hyaroxy-3-((38)-hyd:oxy-pyrrol;din- -yl) -3-oxo-propyll] -

amide,

5-Chloro-1H-indole-2-carboxylic acid [(18)-benzyl-
3-((38,48) -dihydroxypyrrolidin-1-yl) - (2R) -hydroxy-3-oxo-
propyll -amide,

" 5-Chloro-lH-indole-2-carboxylic acid[(1S8) -benzyl-3-
((3R,48) ~dihydroxypyrrolidin-1-yl) - (2R) - hydroxy-3-oxo-
propyll] -amide or

5-Chloro-lH-indole-2-carboxylic acid ((1S)-benzyl-
(2R)-hydroxy-3-morpholin-4-y1-3—oxo-propyl)-amide.
13. The compound as recited in claim 11, wherein
R, is 5-chloro; '
Ryq and R;,; are H;
Ry is benzyl; and
Ryq is 4-methylpiperazin-l-yl.
14. The compound as recited in claim 11, wherein
R, is 5-chloro;
Rq1g and Ry, are H;
R, is benzyl; and
Ry, is 3-hydroxyazetidin-1-yl.
158. : The compound as recited in claim 11, wherein
Rq is 5-chloro;

T



(Mirry et al., Girculation 74:1124-1136, 1986). Cardi opr--o-t ectlon |
I ndi cated by a reduction in infarcted nyocardi um cHys

phar macol ogi cal | y usi ng intravenously adm nistered a
agoni sts in intact, gesthediged 1,ab ts 25 studi ed as an
nyocardi al ischem c pr’é’c I £ 13hni ng al . Circul ation
84: 350- 356, 1991). TRy ii® \hWYJSiS@PQ est s V\/net her conpounds can

phanacol ogi cal 'y ind Gy i WA AGId L2 Jy1e. . reduced myocardial infarct
size, when_ par en?%l |y adm n| stered to i nt act,, anesthetized rabbits.

The effect28f the c ound @8 macdtesd dn iGriimdlye WhaRRdRed o

i schem ¢ preconditi oG aiSuhldm;Al adenosi ne 30 agoni st,

N err]-1-(phenyl - 2R-i_sopr adenosgj ne (Pl A) that has been shown to
phar macol ogical ly i nézsd@e ?‘2‘%/&% 3 ifon in intact anesthetized rabbits

studied in situ Ry t,i.aatbeaizyhOandJI ation 84:350-356, 1991). The exact
_rrggt]odol ogy is descr |Rbed itgel&vy.z) -oxazinan-2-yl.
17. The compound as recited in claim 11, wherein

R; is 5-chloro;

Rig and Ry, are H;

Ry is benzyl; and

Ry is 3(S)-hydroxypyrrolidin-1-yl.

18. The compound as recited in claim 11, wherein

R; is 5-chloro;

Ryg0 and Ry4 are H;

Ry is benzyl; and

Ry, is (38,48) -dihydroxypyrrolidin-1-yl.

19. The compound as recited in claim 11, wherein

Ry is 5-chloro;

Ryo and Ry, are H;

Ry is benzyl; and

Ry5 is (3R, 48)-dihydroxypyrrolidin-1-yl.

20. The compound as recited in claim 11, wherein

Ry is 5-chloro;

Ryp and Ry; are H;

Ry is benzyl; and

Ry, is morpholino.

21. A compound as recited in claim 1, wherein

R, is H, halo, methyl or cyano;

Ryp and R;; are each independently H or halo;

A is -C(H)=;

R, and Ry are H;

Ry is phenyl(C,;-Cy)alkyl wherein said phenyl groups
are mono-, di- or tri-substituted independently with H or
halo or mono- or di- substituted independently with H, halo,
(cl-c4)a1kyl, (cl-c4)a1koxy, trifluoromethyl, hydroxy, amino
or c¢yano; or

I



SuihigSheet HagBgen ceAd White male rabbits (3-4 kg) are énesthetized with

sod obarbital (30 ng/kg, i.v.). A tracheotony is perforned via
av I cervi cal incision and the rabbits are ventil ated
wi th 100% oxygen usi pegitiveg_pressuyre veantilator. .Catheters are
placed in the left jgguigrgéé%ﬁ ?or°5rug_X&AFATSBX&#%Xh'aRHrF§a5 5 éﬁe

. left caroted aif!l&cieﬂzbhbhﬁlprbhiazolﬁﬂaSUPéﬁeprSrSTyé(bgaﬂ%taakylthen

- exposed - imighbeeudd.-a Lgtt Lhoragolemyaged g, 53k61(O8aslhld opl aged

around a prom nent_ branch”of the fefticoronary artery. IsSchefia is

i nduced byYh{&Firfg) 2hkYdnaP¥TEPNR-aRE cBaMpilfy-C)alkyl.i axprade2-,
RelﬁaS!nglthe §ﬂans-ﬁttmnidc%halrﬁﬁerﬁéaabgasto ?epebiuss-yMkQ afdig|b

i schem a i vi dence egfgnal c¢yanosi g; erfusi s. evi ¢enced by

reactive ém?a%gﬁgre 8¥az° 'gProfgéoP? C%EXEZEﬂéFBzFESY£2§BPE°éﬁdsﬁégrt

rate has bpeecediihfeRfohetdrbegeledlarenvpeionallyt tenexpeti gEAt is
started. | ) C Li ORI 1S adu by, twce occl udi ng e

- coronary a§§€§§1§3?£§ %$§3#88€8§g% bvigglgggfh Fgggg?ﬂgPBﬁgggﬂarkgéBIogica

precondi t i 8p) aykyd, i kGycCq) Bikoxicecambhosprghydsoxyoapdusdidvaonof opr

exanple 5 aiﬂﬂﬁﬁﬁtiéueﬁﬂg QEEOEEHEeEOtHiEHEEE before further intervention
or by infusing the adenosine agoni st, PIA"(0.25 ng/kg). Follow ng
i schemi ¢ precondi ti oRsnd® BHEFAEYS| ogi cal precondi tioning or no

condi tioni ng (uncondhéiggedaruehycbg qagtcgbhlkbgyaagaaﬁylﬁ and occluded

1,30, mnut s and {48y Loper Bysedo! ok (0 BoyRgLg ! nduce miocardial
sui tabl e v2Ricl e 20 Aacdmgelindcasdratitedoin wilaAkm, 21gsphetreinl v.

the carbon atom a is (S) stereochemistry:

the carbon atom b is (R) stereochemistry;

Ry is phenyl(C;-Cp)alkyl, thiemn-2-yl-(C,-C,)alkyl,
thien-3-yl-(C;-Cy)alkyl, fur-2-yl-(C,-C,)alkyl or fur-3-yl-
(C1-Cy)alkyl wherein said rings are mono- or di- substituted
independently with H or fluoro;

Rip and Ry, are H;

Rg is carboxy; and

R, is H.

23. The compound as recited in claim 22, wherein

Ry is 5-chloro;

Ryo and Ry; are H; and

Ry is benzyl. _

24. A compound as recited in claim 1, wherein

R; is H, halo, methyl or cyano;

Ryq and Ryy are each independently H or halo;

A is -C(H)=;

R, and Ry are H;

Ry is phenyl(Cy-Cy)alkyl wherein said phenyl groups
are mono-, di- or tri-substituted independently with H or
halo or mono- or di- substituted independently with H, halo,
(Cl-C4)a1kyl, (C;-Cy)alkoxy, trifluoramethfl, hydroxy, amino
or cyano; or

R, is thien-2- or -3-yl(C,-Cy)alkyl, pyrid-2-, -3-

L



Stainfng (Uu et al., Grculation 84:350-356, 1991): At the end of the 2
hour reperfusion period, the hearts are quickly renoved, hung on a
Langendortf apparatus, and flushed for 1 mnute with nornmal saline

heated to dy i aguy 0 LI k_gutyre_e_ se snare
i s then tl%ﬁ ti ??glto ?g%ﬁ%?u gi% %bgr?ery gn HE. g;se ¢ g?%%pgf 25

f1 uor escentni@dEt| e3¢ 1=20- pnf-i ern5u¥é&cnr€2)§ﬁbeerfﬂ§a e 5 3rain al
of the  yIvesae )ankfxpeﬁyribx ﬁﬂear313£y§KCi fayﬁyr$csﬁazafnintcle)
The heart e"th en and ver ni ght 20[ e C
On the fo?Tg&nﬂﬁ dgyylfﬁg:% a&%%Lﬁfz guyazo nto n%?;?ﬁcggiﬁha gt;rLed
Y\nth 1%3{“’01 )”Emirltent;axahomnsehl em-der(ISG)'l( ml: )?a"i'lE‘y% whdéztai:ﬁSszgt;.&h
iving tis gs rvin st ai ne
: tISSUg ﬁ%ygﬁe%QAQ ?42% gg%5%¥%§° §£ n?§§%¥egf}¥s§ﬂ%? %ﬁ dT‘nfarcted area

(no staln)Bmhdtih@tQﬂeéndependentlk vhthihadeestehflparemethyl), ale, -

Ca'CU'atedcfPélﬁg ?Qlk 55055 apa¥g 848 paid ﬁéﬁbbr
i mage anal nor e |s emc I nj ferences in he
ar ea T?%kSBéFEEEHShéHPt§°n§ﬁ€ Hat63¥§°%kpressed as the ratio of

. infarct area vs. ;arensaisrfiﬁoro, (Cl-c4)a1ky1, (C4-Cg)alkoxy,
amino(dl-c4)alkoxy, mono-N- or di-N,N-(Cy-C;)alkylamino(C, -
c4)a1koxy, carboxy (C; -C4) alkoxy, (cl-cs)alkoxy carbonyl(cl
C4)a1kcxy, benzyloxycarbonyl(cl-c4),

-+ Rg is carboxy or (Cl-cs)alkcxycarbonyl, and

Ry is H, Fluoro or (C;-Cglalkyl.

25. - A compound as recited in claim 1, wherein
| R; is H, halo, methyl or cyano;

Sheet Has Been Replaced R0 and Ryy are each independently H or halo;

llII\IIl lIlI\\ Al 2, ot 2y ate m

R4 is phenyl(C,-Cy)alkyl wherein said phenyl groups
are mono-, di- or tri-substituted independently with H or
halo orfmono- or di- substituted independently with H, halo,
(C;-C4)alkyl, (C;-C,)alkoxy, trifluoromethyl, hydroxy, amino
or cyano; or R; is thiem-2- or -3-yl(C,-Cy)alkyl, pyrid-2-, -
3- or -4-yl1(C;-Cy)alkyl, thiazol-2-, -4- or -5-yl(Cy-
Cp)alkyl, imidazol -1-, -2-, -4- or -5-yl(C;-C;)alkyl, fur-2-
or -3-yl(Cy-Cjy)alkyl, pyrrol-2- or -3-yl(Cq-Cylalkyl, oxazol-
2-, -4- or -5-yl-(Cy-C,)alkyl, pyrazol-3-, -4- or -5-yl(Cq-
Cy)alkyl, isoxazol-3-, -4- or -5-yl(Cy-Cy)alkyl wherein said
precediné Ry heterocycles are oftionally mono~- or di-
substituted independently with halo, trifluromethyl, (Cq-
c4)alkyl; (C1-C4)alkoxy, amino or hydroxy and said mono- or

di-substituents are bonded to carbon;

 Rg is fluoro, (C;-C4)alkyl, (Cp-Cg)alkoxy,
amino(cl-c4)alkoxy, ‘mono-N- or d;-N,N-(Cl-c4)alkylamino(cl
c4)a1koxy, carboxy (C, -C4)alkoxy, (cl-cs)alkoxy carbonyl (C, -
C4)alkoxy, benzyloxycarbonyl (C,-C,)alkoxy;

|l|||||| lllll\ IlII\ 1ll|| l\ \Ill



-57- (WA AAR). Al data is expressed as Mean SEM and compared
statistically using singl e factor ANOVA or unpai re’dustShbceHhsBeenRTlaced '

Si gni ficance is considered as p<0. 05. o Adn1n|7ﬂ|umu

conmpounds of this inyen _ be via t hod,”
conpound of_thissinC%ﬁt$5n£§$g$§8 at?ﬁlé§gl 2hed®dyer and/or Cardi ac
ti ssues. These nethdm§ iscHudEluord opule -CQBahhybral I nt raduodenal

routes, etg gfrﬁ%éi:&& f&PetEQQPPHE & Q{Lg&@é’eﬂ mﬁ@%h&@%ﬂ&éon are
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notivationgg g compound &f gggﬁﬁai an effectlve dosage for the activities

of this |nvent|on for exang r 3I g cose, trlgl¥cer|des and
chol est er #8+t overj ngtBetPorhed saspecite claim 26, for treating

diabetes in a mammal by administering to a mammal suffering
from diabetes a diabetes treating amount of a compound of
claim 1.

29. ﬁ The method as recited in claim 26, for treating
hyperchélesterolemia in a mammal by administering to a mammal
sﬁfferiﬁg from hypercholesterolemia a hypercholesterclemia
treating amount of a compound of claim 1.

30. § The method as recited in c¢laim 26, for treating
atherosdlerosis in a mammal by administering to .a mammal
sufferiﬁg from atherosclerosis an atherosclerosis treating
amount of a compound of claim 1.

31. % The method as recited in claim 26, for treating
hyperinsulinemia in a mammal by administefing to a mammal
sufferin§ from hyperinsulinemia a hyperinsulinemia treating
amount of a compound of claim 1. .

32. ' { The method as recited in claim 26, for treating
hypertenﬁion in a mammal by administering to a mammal
sufferiné from hypertension a hypertension treating amount of
a compou#d of claim 1.

33. . % The method as recited in claim 26, for treating
hyperlipidemia in a mammal by administering tc a mammal
sufferiné from hyperlipidemia a hyperlipidemia treating
amount of a compound of claim 1. .

34, % The method as recited in claim 26, for preventing a
myocardiél'ischemic injury in a mammal by administering to a
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20 hyperlnsullnen1a reversing activities of the conpounds
Is in the range of 0.005 to 50 ny/kg/day, preferably

ng/ kg/ day and nost preferably 0.1 to 15
Ge Iy,
Chel 1 Ahgesomounds Syl baLpUsils . BEcRO " st ghﬁyrﬁeous

or 25 int rnﬁsaepaany)iveawpsamlnailzeechfamceiaapm pmveeténql amount of

'adnlnlstraalgam?gund ofnaggggpilate for the instant target or where the
patient is_unable to |ngest the dr Topi cal admi nistration may al so

be indicatdd; for exBnpesl °ﬁh5P€ PﬁévﬂﬁFFBﬁtal§Y°¢ar§éP@eFPﬁ§3PF6m

gast roi nt eshiael  dhsar f@ihadr by\vh&&ﬁ!ﬁﬁ.stbeiﬁgdltaahl famna1bast raBR! Fod
to the surface of a,tissue or the,atten

d b
physi ci an. P351°p°rat1Yﬁem¥8565§ﬁggn3F°Pﬁ§ Brgé B BRTASReEP i§gnerally

adn1n|sternyocardhel xechemicoinaupyapraventinglamoanSoﬁlanglyapgeaing at
| east one Pp Egggng QL this invention together with a

pharnaceut cepta e venele or dil uent. Thus,
: A pharmaceutical camposition which comprises a

therapeutically effective amount of a compound of claim 1 and
a pharmaceutically acceptable carrier.
37. : The pharmaceutical composition as recited in claim
36, foﬁ the treatment of glycogen phosphorylase dependent
diseaseé or conditions in mammals which comprises a glycogen
phpsphoiylase dependent disease or condition treating amount
of a cohpound of claim 1 and a pharmaceutically acceptable
carrier. _
38. : A pharmaceutical composition which comprises a
therapeutically effective amount of
| a) a glycogen phosphorylase inhibitor as recited in
claim 1; |
b) an antidiabetic agent selected from insulin and
insulin . analogs; insulinotropin; Sulfonylureas and analogs;
Big‘uanides; a2-Antagonists and Imidazolines; insulin
seéretaéogues; Glitazones; Fatty Acid Oxidation inhibitors;
a-GlucoSidase inhibitors; fS-Agonists; Phosphodiesterase
Inhibitére; Lipid-lowering Agents; Antiobesity Agents;
Vaﬁadaté and vanadium complexes and peroxovanadium complexes;
Aﬁ#lin Aptagonists; Glucagon Aﬁtagoniste; Gluconeogenesis
Inhibitors; Somatostatin Analogs; Antilipotic Agents} and
c¢) optionally a pharmaceutically acceptable
carrier.
39. A substituted N-(indole-2-carbonyl)S-alanamide or a
derivative thereof substantially as hereinbefore described in
- any one of the Examples.
40. A pharmaceutical composition for treatment of
diabetes, hyperglycemia, hypercholesterolemia, hypertension,
hyperinsulinemia, hyperlipidemia, atherosclerosis or
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. 58- the conpounds of this invention can be adm nistered
individually or together in any conventional oral, parenteral or
transdermal dosage form For oral administration a

'pharnaceutl6&@@@;ﬂi§itﬂsnheﬁﬂhtgﬁgggggtféy (gs h(f%ﬁébéglonsT et .
abl ets

..suspen5|ons,s %3 | es, po
2cont ai ni'ng varlous eXC|m ?ﬂ as . sodlun1C|trate cal ci um car bonat e and

-cal ci um " phosphate are enpl oyed al ong with various disintegrants such
‘as starch and preferably potato or tapioca starch and certain conpl ex
silicates, together with bi ndi ng agents such as pol yvi nyl pyrrolidone,
‘'sucrose, gelatin and acaci a. Addi tional ly, lubricating agents such as
-magnesi um stearate, sodiumlauryl sulfate 10 and talc are often very useful
for tabletting purposes. Solid conpositions of a - simlar type are al so
enployed as fillers in soft and hard-filled gelatin capsules; preferred
materials in this connection also include |actose or mlk sugar as well as
hi gh ol ecul ar wei ght pol yet hyl ene gl ycol s. When aqueous suspensi ons and/ or
elixirs are desired for oral admnistration, the conpounds of this
-invention can be 15 conbined wth varirous-sweetening _agents, flavoring
.agents, coloring agents, enuIS|fy|qg ents and/ or suspendi ng agents,

as well as such diluents as water, aSB Roplicedhe gl ycol , gl.ycerin
"and various |ike conbinations thereof pur poses of
‘parenteral adm nistration, solutions in ut oi
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f or in aqueous propyléne gl ycol can be enployed, as well as sterile aqueous
~20 sol utions of the correspondi ng water-soluble salts. Such agueous

sol utions may be suitably buffered, if necessary, and the |iquid
diluent §irst rendered isotonic with  sufficient saline or glucose.
These agueous sol utions are especially -$t8table for i ntravenous,

intr muscul ar, subcutaneous and intraperitoneal injection purposes. In’
thi s§connection, ‘the sterile aqueous nedia enployed are all readily
obt af nabl e by 25 standard t echni ques ABSTRAGTwWn to those skilled in the .

i 1t e, ster 1 o, This il reilee fo.porlhy Pooletarotrboranl<l iatd edthilo of ™

about 0. 1%gh@og¥n phBssHdryRES Afisthods of-&&bﬁfg/\bweqééﬁﬁﬁ(fﬁogjfl&&dmm

parenteral ~solutiions, are p

_ : Al repar ed. Met ho reparing
various ph#liSpases;er eamdwwpw@? sugihcompevnds ead pharnaneulicll somRGions | v e

i ngredi egt ApfbrikigSuchTonipdundde apparent in light of this disclosure,
to those skill'ed "™n this art. For exanples, see Remi ngton's Pharnmaceuti cal
Sci ences, - Mack Publishing Conpany, Easter, Pa., 15th Edition (1975).
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ln spite of the early discovery of insulin and its subsequent widespread use in
the treatment of diabetes, and the later discovery of and use of sulfonylureas (e.g.
10 Chlorpropamide™ (Pfizer), Tolbutamide™ (Upjohn), Acetohexamide™ (E.l. Lilly),
Tolazamide™ (Upjohn}}and biguanides (e.g. Phenformin™ (Ciba Geigy), Metformin™ (G,

D. Searle)) as oral hypoglycemic agents, the treatment of diabetes remains less than
satisfactory. The use of insulin, necessary in about 10 % of diabetic patients in which
synthetic hypoglycemlc agents are not effective (Type | diabetes, insulin dependent

16 diabetes mellitus), requires multlpie daily doses, usually by self injection. Determination
_of the proper dosage of insulin requires frequent estimations of the sugar in urine or
blood. The administration of an excess dose of insulin causes hypoglycemia, with
effects ranging from mild abnormalities in blood glue.ose to coma, or even death.
Treatment of non-insulin dependent diabetes mellitus (T yp_.e Il diabetes, NIDDM) usually

20 consists of a combination of diet, exercise, oral agents, e.g. sulfonylureas, and in more
severe cases, insulin, However, the clinically available hypoglycemics can have other
stde effects which limit their use. In any event, where one of these agents may fail in

an individual case, another may succeed. A continuing need for hypoglycemic agents,

which may have fewer side effects or succeed where others fail, is clearly evident,

.................

25 Atherosclerosis, a disease of the arteries, is recdg‘nized to be the leading cause
of death in the United States and Western Europe. The pathological sequence leading
to atherosclerosis and occlusive heart disease is well known. The earliest stage in this
sequence is the formation of Yatty streaks" in the carotid; coronary and cerebral arteries
and in the aorta. These lesions are yellow in color due to:the presence of lipid deposils

30 found principally within smooth-muscle cells and in mac_rdphages of the intima layer of
the arteries and aorta. Further, it is postulated that most of the cholesterol found within
the fatty streaks, in turn give rise to development of the “fibrous plaque’, which consists
of accumulated intimal smooth muscle cells laden wnth hpld and surrounded by extra-
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Chem cal ionization nmass spectra were obtained on a Hew ett-Packard 5989
I nstrunent (Hew ett-Packard Co., Palo Alto, California) (amnia
ionization, PBMS). 20 Were the intensity of chlorine or brom ne-containing

i ons are described the expected intensity rati o was observed
(approximately 3:1 for [err]Cl/[err] Cl-copfai ni ng lons) and 1:1 for
[err]Br/[err]Br-containing ions) and the intensity of only the | ower nass
ion is given. HPLC was perforned with 214 nM detection on a 250

X 4.6 mm Rai @bz S [ i " i £ .
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p- chl or obenzkwr atédlsiry edrdhadfitdieaste@VD)Iue t6athairdsterosis. In recent years,
Date: leaders of the medical profession have placed renewed emphasis on lowering plasma
10 cholesterol levels, and low density lipoprotein cholesterol in particular, as an essential
step in prevention of CVD. The upper limits of “normal® are now known to be
significantly lower than heretofore appreciated. As a result, large segments of Westem
populations are now realized to be at particular high risk. Such independent risk factors
include glucose intolerance, left ventricutar hypertrophy, hypertension, and being of the
15 male sex. Cardiovascular disease is especially prevalent among diabetic subjects, at
least in part because of the existence of multiple independent risk factors in this
population. Successful treatment of hyperlipidemia in the general population, and in
diabetic subjects in particular, is therefore of exceptional medical importance.
Hypertension (or high blood pressure) is a condition which occurs in the human
20 population as a secondary symptom to various other disorders such as renal artery
stenosis, pheochromocytoma or endocrine disorders. However, hypertension is also
evidenced in many patients in whom the causative agent or disorder is unknown. While
SL;Ch *essential® hypertension is often associated with disorders such as obesity,
diabetes and hypertriglyceridemia, the relatidnship between these disorders has not
25 been elucidated. Additionally, many patients display the symptoms of high blood
pressure in the complete absence of any other signs of disease or disorder.
it is known that hypertension can directly lead to heart failure, renal failure and
stroke (brain hemorrhaging). These conditions are capable of causing short-term death
in a patient. Hypertension can also contribute to the development of atherosclerosis
30 and coronary disease. These conditions gradually weaken a patient and can fed to
long-term death.
The exact cause of essential hypertension is uhknown, though a number of

factors are believed to contribute to the onset of the disease. Among such factors are
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- 60- Col um chr omat ogr aphy was perfornmed with Amcon silica gel (30
*uM 60A pore size) (Amcon D Vision, WR Gace & Co., Beverly, Mass)
in glass col unms under | ow ni.trogen pressure. Unl ess otherw se
specified, reagents were used as obtai ned from comercial sources.

D net hyl f or mam de, 2-propanol, tetrahydrofuran, and 5 di chl or onet hane
used as reaction solvents were the anhydro8s grade supplied by Al drich
Chem cal Conpany (M | waukee, W sconsin). M croanal yses were perforned -

by Schwarzkopl M croanal ytical Laboratory, Wodside, NY. The terns
"concentrat ed%treasdunomtac;lleda&moﬁansf enreguated hormbnefrelsates ¢he resinarigictensin,

RPLT T oy BB Sy e, WL L SR et o it FEBERSH
Usi ng DEC) thlckemng and hypertrophy of the vasculature resulting in constricted blood vessels and
genetic factors.

5 The treatment of essential hypertension has been undertaken bearing the
foregoing factors in mind. Thus a broad range of beta-binckers, vasoconstrictors,
angiotensin converting enzyme inhibitors and the like have been developed and
marketed as antihypertensives. The treatment of hypertension utilizing these
compounds has proven beneficial in the prevention of short-interval deaths such as

10 heart failure, renal failure and brain hemorrhaging. However, the development of
atherosclerosis or heart disease due to hypertension over along period of time remains
a problem. This implies that although high blood pressure is being reduced, the
underlying cause of essential hypertension is not responding to this treatment.
Hypertension has been associated with elevated blood insulin levels, a condition
15 known as hyperinsulinemia. Insulin, a peptide hormone whose primary actions are to
promote glucose utilization, érotein synthesis and the formation and storage of neutral
lipids, also acts to promote vascular cell growth and increase renal sodium retention,
among other things. These latter functions can be éccomplished without affecting
glucose levels and are known causes of hypertension. Peripheral vasculature growth;
20 for example, can cause constriction of peripheral capillaries; while sodium tetention
increases blood volume. Thus, the lowering of insulin levels in hyperinsulinemics can
prevent abnormal vascular growth and renal sodium retention caused by high insu!.in
;evels and thereby alleviate hypertension.
Cardiac hj(perlrophy is a significant risk factor in the development of sudden
25 death, myocatdial infarction, and congestive heart failure. These cardiac events are due,
at least in part, to increased susceptibilily to myocardial injury after ischemia and
reperfusion which can occur in out-patient as well as perioperative settings. There is
an unmet medical need to prevent or minimize adverse myocardial perioperative
outcomes, particularly perioperative myocardial infarction. Both non-cardiac and cardiac
30 surgery are associated with substantial risks for myocardial infarction or death. Some
7 million patients undergoing non-éardiac surgery are considered to be at rsk, with
incidences of perioperative death and serious cardiac complications as high as 20-25%
in some series. In addition, of the 400,000 patients undergoing coronary by-pass
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An 0.1-0.7 Msolution of the primary amne (1.0 equiv, or a primary am ne
hydrochloride and 1.0 to 1.3 equivalents of triethylamne per equiv HCl) in
di chl oronet hane (unl ess ot her solvent specified), is treated sequentially

at 25[err]Cwth 0.95 to 1.2 equivalent of the specified carboxylic
acid, 1.2 to 1.8 equivalent 15 hydroxybenzotriazole hydrate (usually 1.5
equi valent relative to the carboxylic acid), and 0. 95-1. 2 equival ent

(corresponding in nole ratio to the carboxylic acid) 1-(3-
di met hyl am nopr opyl )3 et hyl car bodi i m de hydrochloride (DEC) and the m xture

i ti d t

1 ot b 't Sragy aubty, pRlE e SRR ko Rtk 1Ll fdBeng
3times with dPaéh 'f’QN2HC|Th9N08 surzemlytrwedmg tbepyiin this\peea which deduces damage
MySd err], ang E&B&%”H:E&Iee%ﬂ{ ;ﬂeﬂgﬁﬁg &&5’8’ by ‘Mﬂh%nﬁl Zafnh ltj:tra%féa?

chronatography on silicag ra YoF recrysta
speci fied resistance tmschpm- épls;:d!esoSuemastheBplyl i medcspat(eduotbs ifessimpany zed

by RP- HPL an be of grea % pur t s ot herw se
ot od. | ExcEnlsisd Hpitatzaligns” Gofancd R af1REAne FRARR e PRa s oty of

- wher e appr ophight iskopdtients. React i ons conducted at 25 0 to 25[err]C wer e

t he, vessel jn. an insu ed ice bath

conducted with ini ia,colin
e es Bl | D d Hepalie Shitess Prsdtetatis arninastagy Brastdot NETM sty The ot
1: On | arger liverdd theCdr irdfifatbrSidblaimS ghiceséd )evbheinrfhébu&ewéaﬁmw(r%%)r at ed

at this nt t he residue dissolved in eth acetate. Note
t he product %Btﬂ ﬁége rate qf hapaticiglycosiRiedyehian 'F‘dﬂﬁﬂ“ﬂ palisnis ‘&éiQﬂ"ﬂ%@W vvas

onmtted. 10 elevated relative to normal individuals. Uikewise, in the postprandial (fed) state,
where the liver has a proportionately smaller role in the total plasma gltucosé supply,
hepatic glucose production is abnormally high in NIDDM patients.
Glycogenolysis is an important target for interruption of hepatic glucose
production. The liver produces glucose by glycogenolysis (breakdown of the

15 glucose polymer glycogen) and gluconeogenesis (synthesis of glucose from 2- and
3-carbon precursors). Several lines of evidence indicate that glycogenolysis may
make an important contribution to hepatic glucose output in NIDDM. First, in normal
post absorptive man, up to 75% of hepatic glucose production is estimated to resuit -
from glycogenolysis. Second, patients having liver glycogen storage diseases,

20 including Hers' disease (glycogen phosphorylase deficiency), display episodic
_hypoglycemia. These observations suggest that glycogenblysis may be a significant
process for hepatic glucose production.

Glycogenolysis is catalyzed in liver, muscle, and brain by tissue-specific
isoforms of the enzyme glycogen phosphorylase. This enzyme cleaves the glycogen

25 macromolecule to release glucose-1-phosphate and a new shortened glycogen
macromolecule. Two types of glycogen phosphorylase inhibitors have been
reported to date: gluccse and glucose analogs [Martin, J.L. et al. Biochemistry
1991, 30, 10101} and caffeine and other purine analogs [Kasvinsky, P.J. et al. J.
Biol. Chem. 1978, 253, 3343-3351 and 9102-9106]. These compounds, and

30 glycogen phosphorylase inhibitors in general, have beeﬁ postulated to be of
potential use for the treatment of NIDDM by decreésing hepatic glucose production
and lowering glycemia. (Blundell, T.B. et al. Diabetologia 1992, 35, Suppl. 2, 569-
576 and Martin et al. Biochemistry 1991, 30, 10101].
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-61-

Exanple 1

(3S)-[(5-Chloro- 1 Hindole-2-carbonyl)l am no]-(2R)-hydroxy-4
phenvl butyric acid isopropyl ester

1- (3- di met hyl

am nopropyl ) 3- et hyl carbodi i m de hydrochl ori de (DEC, 1.03 g,

5. 38 5 mol.) was added in one portion to a solution of

(3S) - Am no- 4-

phenyl - ( 2R) - hydr oxy- buty$Fc acid i sopropyl ester (1.35

g, 4.93 mmol), 5-chloro-1Hindol e-2-carboxylic acid (1.06 g, 5.4

mmol ), and 1-

hydr oxybenzotri azol e hydrate (1.15 g, 7.5 mot) in

di chl or omet hane ( 15 The mechansm(s) Tespomsibla foe thexanyocandiab injury obsereed pfterf or 18

oS o nary bl reBh ARy AR ES4, RS 38 WA Rag E Bofded oo

with 2N NaCH,

resi due \r/]vas chetoamAmgdaEl'thf I Il.026'/', HSS-HIYJSZ13948itl|1atc'prelsuhadic\/glw@ﬁén fedtiction...is
acet at e- hexanes (1. foll owe 1:3 et acetate- exanes givin
Pt C1 R XaD Rsshpiated hith fmprBysd postiscnsnye Bt vt finctione sacavenc. &
m nutes (19%) . hybSRNpHddtd héastdt, 1009 :

10

18

20

25

30

Thus, although there are a variety of hyperglycgmia. hypercholesterolemia,
hypertension, hyperlipidemia, atherosclerosis and myo"cardial ischemia therapies
there is a continuing need and a continuing search in this field of art for alternative
therapies. '

Summary of the Invention

This invention is directed to glycogen phosphorylase inhibitor compounds of
Formula | useful for the treatment of diabetes, hyperglycemia, hypercholesterolemia,
hypertension, hyperinsulinemia, hyperlipidemia, atherosclerosis and myocardial
ischemia,

The compounds of this invention have the Formuia |

Rio Ry

Formula |

and the pharméceutically acceptable salls and prodrugs thereof
wherein

lhe dotted line (-} is an optional bond;

A is -C(H)=, -C((C,-C,)alkyl}= or -C(halo)= when the dotted line (---) is a
bond, or A is methylene or -CH((C,-C,)alkyt)- when the.dotted line {---) is not a
bof\d;

R,, R,, or R,, are each independently H, halo, 4-, 6- or 7-nitro, cyano, (C,-
C.)alkyl, (C,-C,)alkoxy, fluoromethyl, difluoromethy! or trifluoromethyi;
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1H), 7.57 (d, 1 H, J
1

s, 2 Hz), 7.38-7.18 (m 7-8H),
a. 2 Hz), 6.57 (d, = 9.

"H NVR (CDCI3) 6 9.7 (
J=¢

.6.73 15 (d, 1H, H J 7 Hz), 5.04 (septet, 1H,
J =6.3 Hz), 4.83 (m IH), 4.19 (dd, 1H, - J = 2Hz), 3.51 (d, 1H, J =
3.6 Hz), 3.05 (m 2H), 1.17 (d, 3H, J= 6.3 Hz), 1.11 (d, 3H, J =6.3
Hz) . Approxi mately 15% of another substance, presuned to be the N,

O bis (5-chloro-1 Hindol e-2-carbonyl deri8ative) d (partial ) 9.80 (s, 1
H) , 5.28 (dd, 1H, indole-CJerr]CH was present. 20

Exanpl e 1A 3(S) 2(R) - 3-am no- 2- hydr oxv- 4- phenvl butyric acid

i sopropyl ester R;isH; A solution of 3(S),2(R-N[(1,1 -

di net hyl et hoxy) car gopyil, |- 3< ari,ne-.2- hydr oxy- 4- phenyl butyronitrite
(Parris et al, Bi och@yrﬁ'%{??ﬂ%g'g!"- 31, 8125-8141 (252 g. 0.912 mol) in
c21r5 y(:2%-7 gr 0|)oanol (6LR, lsgs, rﬁémgtce?yah-zfgoﬁﬂﬂmﬂ'rbky(enn}aiﬂ@u?CP&QELRGM hl ori pleh
ang .sfirre r ours (profected fr nosphere wit
a tube ° coﬁt’%ﬁf‘ﬂi Hﬁe’tﬁhehwﬁ PﬂﬁBY’R\#mMg?‘&‘EﬁW;@?‘Gﬁgfggﬁbﬂb‘é‘g{@hl oride
was added &t ¢gaiRyl, thiedthah -3-0ke/-Cl)@kNet e aé)stygcg-@ iyl Rfledef s %RQOW SH Ciat

250C. The m xture was .concentrated, the residue dissolved in
After standi AtF9% A mongr, digordri-substityieddndepandeatly om sarben Mt bchale.t(@,et her

(3 x 11L) an(t‘?é]@l'ﬁqgm%xzyﬁﬁu%gw' ,Wamg{z‘ tgﬁ,ineq[lﬁrywa;‘g;g,l\l NaCH (ca. 450

m.). The resulting suspe n was extracted W acetate (4 X
1L), the extracts Rudspetd-2i th oratoH{C(-ckalkyl, thiazali2ned{ HOE-YHC)-C.Jdlkybd and

boi | ng . oz a L (1o br TG E R bl el ERC e MBR OBRB S
boi | i ng t 40 a oved-WriE, €, )alkyl} pyrazol-3-, 4- or -5-yi{C,-C,)alkyl, isoxazoi-3-, 4- or -5-yH{C,-
C,)alkyl, isbthiazol-s-, -4- or -5-¥i(C, -C,)alkyl, pyridazin-3- or -4-yi-(C,-C Jalkyl,
pyrimidin-2-, 4-, -§- or -6-yl(C,-C,)alkyl, pyrazin-2- or -3-yi(C,-C,)alkyl or 1,3 5-triazin-
2.yl(C,-C,)alkyl, wherein said preceding R, heterocycles are optionally mono- or di-
substituted independently with halo, trifluoromethyl, (C,-C alkyi, (C,-C.,)atkoxy,
1§ amino or hydroxy and said mono-or di-substituents are bonded to carbon;

Ry is H, hydroxy, fluoro, (C,-C,lalkyl, (C,-C,)alkoxy, (C,-C,)alkanoyl,
amino(C,-C,)alkoxy, mono-N- or di-N,N-(C,-C,Jalkylamino(C,-C,)atkoxy, carboxy(C,-
C.Jalkoxy, (C,-C,lalkoxy-carbonyl(C,-C,)alkoxy, benzyloxycarbonyl(C,-C,)alkoxy, or
carbonyloxy wherein said carbonyloxy is carbon-carbon linked with phenyl, thiazolyi,

20 imidazolyl, 1H-indolyl, furyl, pyrrolyl, oxazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl or 1,3,5-triazinyl and wherein said preceding R,
rings are optionally mono-substituted with halo, (C,-C,Jalkyi, (C,-C,)alkoxy, hydroxy,
amino or trifluoromethyl and said rﬁ,ono-substiluents are bonded to carbon:; |

R, is H, fluoro or (C,-C;)altkyl; or |

25 Ry and R, can be taken together to be oxo;

Rs is carboxy, (C,-Cg)alkoxycarbonyl, C{O)NR,R, or C(O)R,,,
wherein

R is H, (C,-C,)alkyl, hydroxy or (C,-C,)alkoxy; and

R, is H, (C,-C;)alkyl, hydroxy, (C,-Cg)aikoxy, methylene-perfluorinated(C, -

30 C,lalkyi, phenyl, pyridyl, thienyl, furyl, pyrrotyl, pyrro!idinyl; oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, isoxazolyl, isothiazolyl, pyranyl,
piperidiny!, morpholinyl, pyridazinyl, pyrimidinyl, pyrazinyl, piperaziny! or 1,3,5-

triazinyl wherein said preceding R, rings are carbon-nitrogen linked; or
“This is the replacement sheét
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-62‘- The solid which formed on cooling was collected by filtering

the chilled m xture, washed with cold isopropyl ether and dried (107
g). A second crop (12.2 g) was obtained fromthe nother |iquors. A
third crop was obtai ned by chromat ographi ng the concentrated not her

|l iquours on silica gel wth a gradient of 2-propanol in 5

di chl oromet hane (1%to 4% and recrystallizfng the purified product from

i sopr opyl ether (4.4 g, total vyi eId 123.6 g, 57%: np 106 109[err] G
1H NVR (CDC 3) d 7.35-7.2 (m 5H), 11 (septet, 1H, J 6.2 Hz), 4.01
(d, 1H J = 2.2 Hz)R, ig®nof,dtirder tmaybsmuw (Cy- s)a(ﬂxyl.o'vhemn 'szid subsﬂtuenss are3. 3
Hz), 2.71 (8 3 ] (L 25 (d,

6H J = 6. Zm@deﬁgﬁsd%@yﬂg:ym % méro-NL oﬁdi(r@N(CZ Co’wlkylamlno b

Exanpl e 2 R, is mons- Ghdiiesubstitutedi (CHeTHalkylcwhereinygaid seiustitients are

(4 ety - PR, 2y oyl YIS PR iz,

5 imidazolyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, isoxazolyl, isothiazolyt, pyranyl,
pyridinyl, piperidinyl, morpholinyl, pyridazinyl, pyrimidinyl, pyrazinyl, piperazinyl or
1,3,5-triazinyl

wherein the nonaromatic nitrogen-containing R, rings are optionally mono-
‘substituted on nitrogen with (C,-C4)alkyl, benzyl, benzoy! or (C,-C,)alkoxycarbonyi

10 and wherein the R, rings are optionally mono-substituted on carbon with halo, (C,-
C.)alkyl, (C,-C,Jalkoxy, hydroxy, amino, or mono-N- and di-N,N (C,- s)alkylamino
provided that no quaternized nitrogen is inclgded and there are no nitrogen-oxygen,
nitrogen-nitrogen or nitrogen-halo bonds;

R,, is piperazin-1-yl, 4-(C,-C,)alkylpiperazin-1-yl, 4-formylpiperazin-1-yi,

1§ morpholino, thiomorpholino, 1-oxothiomorpholine, 1,1-dioxo-thiomorpholino,
thiazolidin-3-yl, 1-oxo-thiazolidin-3-yi, 1,1-dioxo-thiazolidin-3-yl, 2-(C,-
C,)alkoxycarbonylpyrrolidin-1-yi, oxazolidin-3-yl or 2(R)-hydroxymethylpyrrolidin-1-yl;
or

R, is 3- and/or 4-mono-or di-substituted oxazetidin-2-yl, 2-, 4-, and/or 5-

20 mono- or di-substituted oxazolidin-3-yl, 2-, 4-, and/or 5- mono- or di- substituted
thiazolidin-3-yl, 2-, 4-, and/or 5- mono- or di- substituted 1-oxothiazolidin-3-yl, 2-, 4-,
and/or 5- mono- or di- substituted 1,1 -dioxothiazolidin-s-yl_, 3- and/or 4-, mono- or di-
substituted pyrrolidin-1-yl, 3-, 4- and/or §-, mono-, di- ok iri-subétituted piperidin-1-yl,
3-, 4-, and/or 5- mono-, di-, or tri-substituted piperazin-1-yl, 3-substituted azetidin-1-

25 vyl, 4- andfor 5-, mono- or di-substituted 1,2-oxazinan-2jl-'y:_i, 3-and/or 4-mono- or di-
substituted pyrazolidin-1-yl, 4- and/or 5-, mono- or di-suﬁ.stituted isoxazolidin-2-yl, 4-
and/or §-, mono- and/for di-substituted isothiazolidin-2-yl wherein said R,
substituents are independently H, halo, (C,-C,)-alkyl, hycf;oxy, amino, mono-N- or di-
N,N-(C,-C,)alkylamino, formyl, oxo, hydroxyimino, (C,_-Cs)alkoxy, carboxy,

30 carbamoyl, mono-N-or di-N,N-(C,-C,)alkylcarbamoyl, (C.,:_-:C‘)alkoxyimino, (C,-
C.,)alkoxymethoxy, (C,-C,)alkoxycarbonyi, carboxy(C,-G;)aiky( or hydroxy(C,-
C,)alkyt; |

with the proviso that if R, is H, methyl, ethyl or n-propy! R, is OH;
This is the replacement sheét
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(3S) - Ami no- (2R) - hydroxy-1 -(4-nethyl -pi perazin- 1 -yl)-4-phenyl-butan-1
-one di hydrochl oride (0.25 mol) and 5-chloro-1 Hindol e-2-carboxylic
acid (0.30 mol) 15 were coupl ed according to Procedure A and the product
purified by chromat ography on silica gel eluting with 0.5-8% et hanol

I n di chl oronet hane gi vi ng the title substance in 42% yi el d, together
with 13% of | ess polar materi al char ac'géarl zed by 'H NWR as the
correspondi ng N, .0-bis (5-chl oro-1Hi ndol e- 2- carbonyl derivative. The
nore pol ar desired substance (48 ng) was dissolved in a 20 m xture of

The rosul ing sof i d " 08P el fR pha P AEH NG AT BHEF B SRR 2

ng) : HPLC (-poipyd,) hyrldeky(C, e;aalkvmn(ewmmw,- 5)&lRylrand, Ryl o C(OJNR R,
correspondi ng b(bR &Egeb En tﬁﬂge to the N, O bis Cacyl ated derivative

i sol at ed above )Ry, or alkoxyRRfROP¥20). 6 7.70 (s, | H), 7.5-7.2 (m TH),
7.05 (s, | , 4. 57A(ﬁf6t giouhﬁ of ﬂrefe?re&%onﬁﬁﬂun&')of PorAdialiBondikhs of haxd (M 4H),
3.34 (m 4%H) 5H) , 1 (s, 5H) . PBVS 455/ 457 ( MH+,
100% compoun whereln Exanpl e 2A

(S)- Am no- ( 2R) - hydrrxig slniéha}%t B)H\etﬁymﬁ@@d&bl yl)-4-phenyl -

but an- 1-one di hvydochl ori Benzyl - (2R) - hydr oxy- 3-(4

net hyl - pi perazin-18 :y|apd33‘omga%w¢¢pmen§w%borh alojaci d tert-butyl ester

(0.190 g, 0.5 mml )a wag L.ssol ved in 4 M HCl -di oxane at 250C for 0.5
hours. The ni xture was éo centrated and the residue triturated with ether
and dried: Yield 28 angd RiH®ied; 15/ 85) 2.85 min; PBVS 273 (MH, 100%;

10 - R, Is phenyl(C,-C,)alkyl wherein said phenyl groups are mono-, di- or ti-
substituted indepeﬁdently with H or halo or mono- or di- substituted independently
with H, halo, (C,-C‘jalkyt, {C,-C.)alkoxy, trifluoromethyl, hydroxy, amino or cyano; or

R, is thien-2- or -3-yl(C,-C,Jalkyi, pyrid-2-, -3- or 4-yI(C,-C,)alkyl, thiazol-2-, -
4- or -5-yl(C,-C,)alkyl, imidazol -1-, -2-, -4- or -5-yl(C,-C,)alkyl, fur-2- or -3-yl(C,-

1§ C,lalkyl, pyrrol-2- or 3-yl(C,-C,)alkyl, oxazol-2-, -4- or -5-yi-(C,-C,Jalkyl, pyrazol-3-, -
4- or -5-yl(C,-C,)alkyl, isoxazol-3-, -4- or -5-yl(C,-C,)alkyl wherein said preceding R,
heterocycles are optionally mono- or di-substituted independently with halo,
triflucromethyl, (C,-C,)alkyl, (C,-C,)alkoxy, amino or hydroxy and said mono- or di-
substituents are bonded to carbon; |

20 Rs is hydroxy;

Rs is C(O}NR,R, or C(O)R, ,; and

R, is H. , _

Within the above first group of preferred compounds of Formula 1 is a first
group of especially preferred compounds wherein

25 {he carbon atom a has (S) stereochemistry;

the carbon atom b has (R) sterecchemistry;

R, is phenyl(C,-C )alkyl, thien-2-yl-(C,-C,)alkyl, thien-3-yl-(C,-C )alkyl, fur-2-yi-
(C,-C,)alkyl or fur-3-yl-(C,-C,}alkyl wherein said rings are mono- or di- substituted
independently with H or fluoro;

30 Rs is C(O)NRgR,; _

R; is (C,-C,Jalkyl, hydroxy or (C,-C,)alkoxy; and

R,y is H, (C,-Cy)alkyl, hydroxy, hydroxy(C,-Calkyl, (C, -Ca)aikoxy pyridyl,
morpholinyl, piperazinyi, pyrrolidinyl, plpendlnyl imidazolyl or thiazoiyl or (C,-C,)alkyl

- This is the replacement sheet
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- 63- Exanpl e 2B
[ (1S)-Benzyl - (2R) - hydr oxy- 3- ( 4- net hyl - pi per azi n- 1-yl ) - 3- oxo- proopyl ] -

carbam c acid tert-butyl ester - N-Met hyl pi perazine (75 ng, 0.75
mmol ) and (2R, 3S)-3-tert- 5 butoxycarbonyl am no-2-hydr oxy- 4- phenyl -butyric
acid (0.200 g, 0.68 mmol) were coupl ed according to Procedure A giving
a colorless foam which was used w t hout purification: Yield 225 ng,
88% PBMS 378 (M, 100% ; - Exanpl e
3 5-Chl oro- 1Hindol e-2-carboxylic acid [(1

b hy | ar barroyTORREHGTIted M Qs FArPholipvtginerazing!, pyrroldiny, piperiiny,

imidazolyl or thiazolyl.
Within the abovae first group of especially preferred compounds are the
particularly preferred compounds
5 §-Chloro-1H-indole-2-carboxylic acid [(1 S)-((R)-hydroxy-dimethylcarbamoyi-
methyl)-2-phenyl-ethyl]-amide, _
5,6-Dichloro-1H-indole-2-carboxylic acid {(1S)-[(R)-hydroxy-(methoxy-methyi-
- carbamoyl)-methyi]-2-phenyl-ethyl}-amide, )
5-Chloro-1H-indole-2-carboxylic acid {(1S)-[(R}-hydroxy-(methoxy-methyl-
10 carbamoyl}-methyl]-2-phenyl-ethyl}-amide, _
5-Chloro-1H-indole-2-carboxylic acid ((1S)-{(R)-hydroxy-[(2-hydroxy-ethyl)-
methyl-carbamoyl]-methyl}-2-phenyf-ethyl)-amide,
§-Chloro-1H-indole-2-carboxylic acid {(1S)-[(R)-hydroxy-{methyl-pyridin-2-yl-
carbamoyl)-methyl]-2-phenyl-ethyl}-amide or
15 5-Chioro-1H-indole-2-carboxyiic acid ((1S)-{(R)-hydroxy-[methyl-(2-pyridin-2-yi-
ethyl)-carbamoyl]-methyl}-2-phenyl-ethyl)-amide.
Within the above first group of especially preferred compounds are the
~ compounds wherein
a. R, is S-chloro;
20 R,, and R,, are H;
R, is benzyl;
R, is methyl; and
R, is methyl;
b. R, is S-chloro;
25 R,, is H;
R,, is 8-chloro,
R, is benzyl; .
R, is methyl; and
. Ry is methoxy;
30 c. R, is S-chloro;
R,, and R,, are H;
R, is behzyl;

Ry is met'f_y': and ' This is the replacement skest
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NEt\hyI am ne hydrochloride (0.38 mml) and (3S)-[(5-chloro-1Hi ndol e-2-
‘car bonyl ) am no] - (2R) - hydr oxy- 4- phenyl butyric acid (0.35 nmol) were coupl ed
according to procedure A (except in DM at 0.25[err]C), and the crude

product was purified by chromatography on silica gel in 1-8% ethanol in
di chl oronet hane 15 contai ni ng 0. 5% anmoni um hydroxi de, giving the title
subst ance: Yield 82% HPLC (70/30) 98% at 3.09 m n; PBMS 386/ 388 ( M+,
1009 ; Anal . Calcd for C20H err] CIN303_+0.25 Herr]O C, 61.54; H,
5.29; N, 10.76. Found: C, 61.17; H, 5.4% N 10.83.
Exanple 4 20 - (3S)-[(5-Fluoro-1Hindol e-2-carbonyl )-am no
-(2R) - hydr oxy- 4- o ' phenyl - butyric acid nethyl
ester (3S) - Al @SR hydr oxy- 4- phenyl - butyric acid net hyl
ester (0.8 muol, Wg. A ¥ 6=tidrdrxanpl e 1A) and 5-fl uoro-
H i ndol e- 2-carboxylic acid (0.8 mMmvl) were coupl ed according to
Procedure A (except at BJQQ[QEBn]aG Hand with acid then base 25 extracti on),
and the crude product pgr 'g%ﬁiy,by trituration with ether: Yield, 71%
HPLC( 60/ 40) 4.51 mi nut es‘ZQ %9, np 219.5-210[err]C, PBMS 371
( MH+, 1009 ;5 Anal . CByisometbyl: @ndrr]H err]FN[err] O +0.25 H20: C, 64.08;
H 5.27; N, 7.44. Fﬁgf&dé-(hgdr&g)'eilh%; H, 5.30; N 7.48.
e. R, is S-chloro; .
R,o and R,, are H;
R, is benzyi;
10 R, is methyl; and

R, is pyridin-2-yl; and
. R, is §-chloro; |
R,, and R,, are H;
R, is benzyl;
15 R, is methyl; and
R, is 2-{pyridin-2-yl}ethyl. _
Within the above first group.of preferred compounds of Formula | is a second
group of especially preferred compounds wherein ‘
the carbon atom a is (S) stereochemistry;
20 the carbon atom b is (R) stereochemistry;
R, is phenyl(C,-C,)alkyl, thien-2-yl-(C,-C,)alkyl, thien-3-yl-(C,-C,)alkyl, fur-2-yi-
(C,-C,Jalkyl or fur-3-yl-(C,-C,Jalkyl wherein said rings are mono- or di- substituted

independently with H or fluoro;
R, is C(O}R,,; and
25 R,; is morpholino, 4-(C,-C‘)afkylpiperézin-1-yl. 3-substituted azetidin-1-yl, 3-
and/or 4-, mono- or di-substituled pyrrolidin-1-yi, 4- and/or §- mono- or di-substituted
isoxazolidin-2-yl, 4- and/or -, mono- or di-substituted 1,2-oxazinan-2-yl wherein said
substituents are each independently H, halo, hydroxy, amino, mono-N- or di-N,N-
(C,-C,lalkylamino, oxo, hydroxyimino oc alkoxy.
30 Within the above second group of especially preferfed compounds are the
particularly preferred compounds
5-Chloro-1H-indole-2-carboxylic acid ((1S)-benzyl-(2R)-hydroxy-3-(4-methyi-

piperazin-1-yl)-3-oxo-propyl]-amide hydrochloride, This is the replacement shest
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- 64- Exanpl e 5

(3S)-[ (5-Brono- 1H i ndol e- 2- car bonyl ) - am no] - (2R) - hydr oy-

4- phenyl -butyric acid nmethyl ester

(3S) - Am no- ( 2R) - hydr oxy- 4- phenyl - butyrc acid nethyl ester (WD 93/25574, 5
Exanmple 1A) (0.7 mmol ) and 5-brono-I| Hindol e-2-carboxylic acid (0.7 mmol)
wer e coupl ed according to Procedure A (except at 0.25C). The crude
product cont ai ned 25% of the N, O bis.acylated material (HPLC) and was
used i n subsequent transformati ons w tHout further purification:
Yield, 97% HPLC (70/30) 4.03 m nutes (73%, 11.8 mnutes (25%. A
sanple was triturated with ether -hexanes for 10 characterization and

bi ol ogi cal testing: S{PlaBo(iFRindaip-24captoxylie acid{(13)brnzyl{2R)-hydroxyid: (3 hesirdis) .
775 (d, 14 SLAERT Yy ptigamge, g (95T LerT e st (b A,
5-Chloro-1H-indole-2-carboxylic acid {(1S)-benzyl-(2R)-hydroxy-3-isoxazolidin-
2-yl-3-oxo-propyl)-amide,
5 5-Chloro-1H-indole-2-carboxylic acid ({1S)-benzyl-(2R)-tiydroxy-3-
[1,2]oxazinan-2-yl-3-oxo-propyl)-amide, -
5-Chloro-1H-indole-2-carboxylic acid [(1S)-benzyl-(2R)-hydroxy-3-((3S)-
hydroxy-pyrrolidin-1-yl)-3-oxo-propyl]}-amide,
5-Chloro-1H-indole-2-carboxylic acid [(1S)-benzyl-3-((3S,4S)-dihydroxy-
10 pyrrolidin-1-yl)-(2R)-hydroxy-3-oxo-propyl]-amide,
" 5-Chloro-1H-indole-2-carboxylic acid [(15)-benzyl-3-{(3R.4S)-dihydroxy-
pyrrolidin-1-yl)-(2R}-hydroxy-3-oxo-propyi]-amide or _
5-Chloro-1H-indole-2-carboxylic acid ((1S)-benzyl-(2R)-hydroxy-3-morpholin-4-
yl-3-oxo-propyl)-amide. -
15 Within the above second group of especially preferred compounds are the
compounds wherein
a. R, is S-chioro;
~ Ry, and R, are H;
R, is benzyl; and
20 R,; is 4-methylpiperazin-1-yl;
b. R, is S-chloro;
R,; and R,, are H;
R, is benzyl; and
R, is 3-hydroxyazetidin-1 -yi;
25 c. R, is 5-chloro;
R,, and R,, are H;
R, is benzyl; and
R,, is isoxazolidin-2-yi;
d. R, is 5-chloro;
30 . R,, and R,, are H;
R, is benzyl; and

R,, is (1,2)-oxazinan-2-yi;
This is the replacement sheet
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(d, 1H, J = 1.6Hz), 6.47 (d, 1H, J = 9.6Hz), 4.80 (m 1H), 4.21 (dd, 1H, J
"= 2, 5Hz), 3.72 (s, 3H), 3.33 (d, 1 H J =4 Hz), 3.06 (m 2H. 15 '
Anal. Calcd for CJerr]J]Herr]BrNerr]Jerr]: C, 55.70; H 4.44; N, 6.50.
Found: C, 56.12; H, 4.62; N, 6.16.

Exampl e 6 ‘ 5- Fl uor o- 1H-i ndol e- 2-car boxylic acid

[ (1S)-((R)-dinethyl car banoyl -

hydr oxy- met hyl ) - 2- phenyl - el hyl | -am de 20 _ 2. Di net hyl am ne hydrochl ori de
(0.52 mmol) and (3R)-[(5-fl uoro-1H i ndol e-"22

car bonyl ) -am no] - (2S) - hydr oxy- 4- phenyl -butyric acid (0.43 mmol) were

coupl ed according tg Pr ocﬁﬁgure#g (except at 0.250C). The crude product
was di ssolved in [ o} t98Ah% and the resulti ng solution stirred
wi th approx 200 ng @, ishenglkahdopyri di ne- pol ystyrene resin (Al drich
Chem cal Co., M I|waukee_ W) r 1 25 hour, filtered, and concentrated
giving the product as a%ﬁéﬁg)gyS'%Pm?"&’i"érY&, 62% HPLC (60/40) 4.15
mnutes (97%,; np £13- 2R4fs s-dnibid> 384 ( M+, 1009 ; Anal . Cal cd for
g[Segg] Hl[_lerg Eg[ erNr] ?[16{){31 G052 78 H 5.78 N 10.96. Found: Ex |

. ; . . ; , . 10 11 ’ anpl e
7 30 5- Rl RBendylthadrdol e- 2-carboxylic acid [(1

S)-[ (R) - hydr oxy-
( met hoxy- met hyl - car banof,)is (A 4S)tdibydrpxamygrolidintiyyl) - ani de
(3S) - Am no- ( 2R) - hygdr oxy? s@éﬁ@@" N— met hyI_ - 4- phenyl - butyram de
hydr ochl ori de (0. mol ) " an [ (5-bronp-1
H i ndol e- 2- car bonyl ) - anR@hd R, hpckr ildxy -
10 R, is benzyl; and
R,, is (3R,4S)-dihydroxypyrrolidin-1-yi; and
h. R, is 5-chloro;
R,, and R,, are H;
R, is benzyl; and
18 R,, is morpholine.

A second group of preferred compounds of Formula | consists of those
compounds wherein

R, is H, halo, methyl or cyano;

R, and R,, are each independently H or halo;

20 Ais -C(H)=;

R; and R, are H;

R, Is phenyl(C,-C,)alkyl wherein said phenyl groups are mono-, di- or tri-
substituted independently with H or halo or mono- or di- substituted independently
with H, halo, (C,-C,)alkyl, (C,-C,Jalkoxy, trifluoromethyl, hydroxy, amino or cyano; or

25 R, is thien-2- or -3-yl(C,-C,)alkyl, pyrid-2-, -3- or -4-yl(C,-C,}alkyl, thiazol-2-, -
4- or -5-yl(C,-C,Jakkyl, imidazol -1-, -2-, 4- or -5-yl(C,-C,)alkyl, fur-2- or -3-y(C,-
C.)alkyl, pyrrol-2- or -3-yl{C,-C,)alkyl, oxazol-2-, -4- or -5-yi-(C,-C,)alkyl, pyrazol-3-, -
4- or -5-yl(C,-C,Jalkyl, isoxazol-3-, -4- or -5-yl(C,-C,)alkyl wherein said preceding R,
heterocycles are optionally mono- or di-substituted indebendently with halo,

30 triftuoromethyl, (C,-C,)alkyl, (C,-C,)alkoxy, amino or hydroxy and said mono- or di-
substituents are bonded to carbon;

R, is hydroxy;

Rs is carboxy or (C,-C,)alkoxycarbonyl; and Tris 15 tne replacement sheét
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- 65- 4- phenyl -butyric acid (0.36 nmol) were coupled according to

-Procedure A and the crude product purified by chromatography on silica
gel eluting with 30% and 40% et hyl acet at e- hexanes fol |l owed by
trituration with 1:1 ether-hexanes: Yield, 65% HPLC (60/40) 5.77

m nutes (100% ; PBMS 460/462 ( M+, 909 ; 5 Anal. Calcd for
Clerr]Herr]BrNerr]Qerr]: C 54.79;, H 4.482; N, 9.13. Found: C,
54.88; H 5.22; N 8.83. ' Exanpl e
8 5- Chl or o- 3- et hyl - 1Hi ndol e- 2-carboxylic acid [1
S)-[(R)- .

hydr oxy- ( met hoxy- net hyllnI g‘é‘r’m or( C’) tﬂ]yl] 2- phenyl -et hyl ) -am de 10

(3S) - Ami no- ( 2R) - hyavtmmemndnyow abprelarredeamgounsistaf Farmela | is a group of
?%dgochl ori deeggec?a@‘mkf)err@a%oﬁlp%nh% Qhardigt hyl - 1H- i ndol e- 2- carboxylic acid
the carbon atom a is (S) stereochemistry;
5 the carbon atom b is (R) stereochemistry;

R, is phenyl(C,-C,)alkyl, thien-2-yl-(C,-C,)alkyl, thien-3-yl-(C,-C,)alkyl, fur-2-yi-
(C,-C,)alky! or fur-3-yl-(C,-C,)alkyl wherein said rings are mono- or di- substituted
independently with H or fluoro;

R,, and R,, are H;

10 R, is carboxy; and

R, is H. ' .

Preterred within the immediately preceding group is a compound wherein

R, is s-ch!orb;

R,, and R,, are H; and

15 R, is benzyi.

A third group of preferred compounds of Formuia | consists of those
compounds wherein '

R, is H, halo, methyi or cyano;

R,, and R,, are each independently H or halo;

20 Ais -C(H)=;

R, and R; are H;

R, is phenyl(C,-C,)alkyl wherein said phenyl groups are mona-, di- or tri-
substituted independently with H or halo or mono- or di- substituted independently
with H, halo, (C,-C,)alkyl, (C,-C‘)aikoxy, trifluoromethyl, hydroxy, amino or cyano; or

25 R, is thien-2- or -3-yl{C,-C,}alkyl, pyrid-2-, -3- or -4-yl{C,-C,)alkyl, thiazol-2-, -
4- or -5-yl(C,-C,)alkyl, imidazol -1-, -2-, -4- or -5-yl{C,-C,)alkyi, fur-2- or -3-yl(C,-
C,Jalkyl, pyrrot-2- or -3-yi(C,-C,)alkyl, oxazol-2-, -4- or -5-y}-(C,-C,)alkyl, pyrazol-3-, -
4. or -5-yl(C,-C,)alkyl, isoxazol-3-, -4- or -S-yI(C,-C,)alkyl_@herein said preceding R,
heterocycles are optionally mono- or di-substituted indepéndently with halo,

30 triflucromethyl, (C,-C,)alkyl, (C,-C,}alkoxy, amino or hydroxy and said mono- or di-

substituents are bonded to carbon;

This is the replacement shest
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rmbl) wer e coupl ed according to Procedure A and the crude product purhified

by trituration with ether: Yield, 59% HPLC (60/40) 7.45 m nutes
(100% ; PBMs 430/ 432 (M, 100/40%; 15 [err]HNVR (CDCl[err]) [err]
8.98 (br, 1H), 7.56 (d, 1H, J 2 Hz), 7.4-7.15 (m 7H), 6.35 (d, 1H, J

=9 Hz), 4.95 (m 1H), 4.32 (d, 1H J 5.1 Hz), 3.81 (d, 1H J = 5 Hz), 3.36
(s, 3H), 3.15 (s, 3H) 3.15 (dd, 1H), 3.03-{4d, 1H, J = 13, 16 Hz), 2.51 (s,

3H). Anal. Calcd for CJerr]JHerr]CINerr]Jerr]: C, 61.46; H 5.63; N,
9.77. Found: C, 61.13; H, 5.53; N, 9.74. 20
Exanpl e 8A R is fluoro, (C,-C,)alkyt, {CGIE,)aikoxg.- arainb(C,-Q falkoxyo mond-N-aordxdix y| i ¢

aci d 20 s._add AO

5- chl or o- 3- nemﬂ-@?'ib?’%qu?é@%ﬁ.ﬁey-@5@@9%0'2%5%?@5’83‘?@%?“(7. 049 29.4

][nml )18i R met heq;bbn;(l?]fﬂ}éf!kﬂvdbéﬂi@(l)oxycarbeﬁyl{c,i-a(:lj‘gadlmz»gt urg sth irred ?t_ 25[err]C
or ours. Tetrahydrof uran was adde and the resultin

sol uti on heated at &q éfqaﬂ‘?%""fycﬁ' (gﬂ'%daﬂa’%?’éw%cmﬁ’cent rated. The . rgsi due

was di ssolged in vwajgrH,adrd be(c‘e@yémj,mg solution extracted twice with

et hyl acetate. The aqueous | ayer was acidified and the precjpitate
col i ected by filtrAfquih group ohgr %@W?wcgﬁa@e‘rorw'.ag&%f'ﬁg of those
Exanpl e 88 3Qompounds wherein _ 5- Chl oro-3-nethyl -1 H-indol e-2-carboxylic
acid ethyl ester The p-chl orophenyl hydrazone of et hyl

2- oxobut anoat e wadyds &hdelad ngthyl or eangit at i on of the Japp. Kl i ngenmann

areL Shag: 95 At e g g 0 Y. Soe NS
10 Ais -C(H)=;

R, and R, are H;

R, is phenyl(C,-C,)alkyl wherein said phenyl groups are mono-, di- or tri-
substituted independently with H or hale or mono- or di- substituted independently
with H, halo.'(C,-C.)alkyl, (C,-C,)alkoxy, triflucromethyl, hydroxy, amino or cyano; or

15 R, is thien-2- or -3-yl(C,-C,)alkyl, pyrid-2-, -3- or -4-yl(C,-C,)alkyl, thiazol-2-, -
4- or -5-yl(C,-C,)alkyl, imidazol -1-, -2-, 4- or -6-yl(C,-C,Jalkyl, fur-2- or -3-yl(C,-
Cz)alkyl; pyrrol-2- or -3-yl(C,-C,)alkyl, oxazol-2-, 4- or -5-yi-(C,-C,}alkyl, pyrazoi-3-, -
4- or -5-yl(C,-C,)alkyl, isoxazol-3-, 4- or -5-yl(C,-C,)alkyl wherein said preceding R,
heterocycles are optionally mono- or di-substituted independentfy with halo,

20 trifluoromethyi, (C,-C,)alkyl, (C,-C,)alkoxy, amino or hydroxy and said mono- or di-
substituents are bonded to carbon;

R is fluoro, (C,-C,)alkyt, (C,-C,)alkoxy, amino(C,-C,)alkoxy, mono-N- or di-
N,N-(C,-C Jalkylamino(C,-C,}alkoxy, carboxy(C,-C,Jalkoxy, (C,-C4)alkoxy-
carbonyl(C,-C,}alkoxy, benzyloxycarbonyl(C,-C,)alkoxy;

25 Rs is C(O)NRgR, or C(O)R,, ; and

R, is H, fluoro or (C,-C;lalkyl.

Yet another aspect of this invention is directed to a method fer treating a
glycogen phosphorylase dependent disease or condition in a mammal by
administering to a mammal suffering from a glycogen phosphorylase dependent

30 disease or condition a glycogen phosphorylase dependent disease or condition

treating amount of a Formula | compound.
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- 66- et hyl acet oacetate. This phenyl hydrazone was treated with

'HCOl - et hanol according to t he procedure of Lions and Hughes (J. Proc.
Roy. Soc. N.S. Wales 1939, 71: 445) as applied therein to the
correspondi ng bronmophenyl hydrazone. The title substance was col |l ected
by filtration as an orange solid after suspending the concentrated 5
residue in water. Exanpl e 8C
(38)-Anino-(2R)-hydroxy-N—nethoxy-N—nethylﬁgphenyl-butyranide

hydr ochl ori de 31055-274-2 31055-85-1 1

S) -[ (R) - Hydr oxy- ( met hoxy- net hyl - car banoyl ) - net hyl ] - 2- phenyl - et hyl } -

Yet another aspect of this invention is directed to a method for treating
hyperglycemia in a mammal by administering to a mammal suffering from .
hyperglycemia a hyperglycemia treating amount of a Formula | compound.

Yet another aspect of this invention is directed to a method for treating

§ diabetes in a mammal by administering to a mammal suffering from diabetes a
diabetes treating amount of a Formula | compound.

Yet another aspect of this invention is directed to a method for treating
hypercholesterolemia in a mammal by adminfstering to a mammal suffering from
hypercholesterolemia a hypercholesterolemia treating amount of a Formula |

10 compound. included in the treatment of diabetes is the prevention or attenuation of
long term complications such as neuropathy, nephropathy, retinopathy or cataracts.

Yet andther aspect of this invention is directed to a method for treating
atherosclerosis in a mammal by administering to a mammal suffering from
atherosclerosis an atherosclerosis treating amount of a Formula | compound.

156 Yet another aspect of this invention is directed to a method for tréating
hyperinsulinemia in a mammal by administering to a mammal éuffén'ng from
hyperinsulinemia a hyperinsulinemia treating amount of a Formula | compound.

Yet another aspect of this invention is directed to a method for treating
hypertension in a mammal by administering to a mammal suffering from

20 hypertension a hypertensicn treating amount of a Formula | compound.

] Yet another aspect of this invention is directed to a method for treating
hyperlipidemia in a mammal by administering to a mammal suffering from
hyperlipidemia a hypertipidemia treating amount of a Formula | compound.

Yet another aspect of this invention is directed to a method for preventing a

25 myocardial ischemic injury in @ mammal by administering to a mammal at risk for
perioperative myocardial ischemic injury a perioperative myocardial ischemic injury
preventing amount of a Formula | compound.

Yet another aspect of this invention is directed to a method tor preventing a
myocardial ischemic injury in a mammal by administering to a mammal at risk for

30 perioperative myocardial ischemic injury a perioperative myocardial ischemic injury

preventing amount of a glycogen phosphorylase inhibitor.
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10 carbamc acid tert-butyl ester (791 ng, 2.3 mml) was dissolved in 4M

HCl - di oxanes for 45 mnutes at 25[err]C for 45 mn, the mxture
concentrated, the residue coevaporated with ether, suspended in ether
and filtered giving 583 ng (91% of the title substance.

Exanmpl e 8D 15 {(1
S)-[(R) - Hydr oxy- ( met hoxy- net hvl - car bam)vl'}s'met hyl ] -
2- phenyl - et hvl }-carbam c acid tert' butyl eSt er

(3S)-tert-Butoxycarbaonyl am no- ( drox butyr| c acjd (10.06 g,
34.1 mmol, Schwei ?@Fwa\rqnﬁon ﬁcalso dhreqtbditaph r«!%fa'&ﬂwpos'twns which

N, O- di et hyl EFipAsY A %‘i@r&ﬁeuﬂcaﬂf‘“ﬂbﬁ@‘bﬂbbﬁ%t(ﬁe&ﬂ Sundst ﬁodmlﬂl)

coupl ed according to Procedure A and the 20 crude product (10.7 g) purlfled
by chr omat ogphasmacewtionally ageepjeble samteed with 25- 50% et hyl

?K/ﬁ'ﬂf‘t T Ogoe/(;‘f‘”es Opretdifed E‘&nbbéd.&sﬁHQé&é‘Bﬁ&n?a%eéﬁéa‘?@H?nf:éiig%gﬁ fg?’g-‘.)@: M 339

(39)-[(5. & [ﬁ'aaltrhenbeﬁglyedgmrmsahcmalse dependant diseasBR)r- dopnditiony imt makimals
(39 A no. (45 RoRPTRD RAsRRiss prsehiesa deRendsh giseaea & crEiion agling
5, 6-di chl or mnddrbtlolﬁd@ddtnﬂatﬂﬁdﬂ(ﬁoﬂnula loamidc pRarfhacevtiqallyvaceeptablpcadienccor di ng
LS ot o A SRy o8, Pl DR b e e
52% 198- 202rehe ifsatm et disbetdslwiidh obPﬁ#ﬁsé@Qﬁ(érapeuﬁcamaifectuﬁ‘ahﬁ%uhﬂéf a
C20H err]IglzE\IZgge;%hggpﬁgrgiasgmiégtoﬁz H 4.38; N, 6.58. |
one or more antidiabetic agents such as insulin and insulin analogs (e.g.

LysPro insulin); GLP-1 (7-37) (insulinotropin) and GLP-1 (7-36)-NH,; Sulfonylureas

and Analogs: chlorpropamide, glibenclamide, tolbutamide, tolazamide,

acetohexamide, glypizide®, glimepiride, repaglinide, meglitinide; Biguanides:

18 metformin, phenformin, buformin; o2-Antagonists and Imidazolines: midaglizole,
isaglidole, deriglidole, idazoxan, efaroxan, fluparoxan; Other insulin secretagogues:
linogliride, A-4166; Glitazones: ciglitazone, pioglitazone, englitazone, troglitazone,
darglitazone, BRL49653; Fatty Acid Oxidation Inhibitors: clomoxir, etomoxir; a-
Glucosidase inhibitors: acarbose, miglitol, emiglitate, voglibose, MDL-25,637,

- 20 camiglibose, MDL-73,945; 8-Agonists: BRL 35135, BRL 37344, Ro 16-8714, ICl:
D7114, CL 316,243; Phosphodiesterase Inhibitors: L-386,398; Lipid-loWeriﬁg Agents:
benﬂuorex Antiobesity Agents: fenfluramine; Vanadate and vanadium complexes
(e g. naghvan°) and peroxovanadlum complexes; Amylin Antagonists; Glucagon
Antagonists; Gluconeogenesus Inhibitors; Somatostatin Analogs; Antilipolytic Agents:

2S5 nicotinic acid, acipimox, WAG 994; and
optionally a pharmaceutically acceplable carrier.
Preferred pharmaceutical compositions within the immediately preceding
group are those compositions wherein the glycogen phosphorylase inhibitor is a
compound of Formula .

30 Another aspect of this invention is a method of treating diabetes in a
mammal with the above described combination compositions.

Glycogen phosphorylase dependent diseases or coﬁditions refers to

disorders which are mediated, initiated or maintained, in whole or in part, by the
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Found: C, 56.25; H 4.17; N, 6.58.

-67- - Exanple 9A

5.6.Di chloro-1 Hindol e-2-carboxylic acid ' Zi nc dust (3.52 g,
54 mmol.) was added slowy to a warm sol ution of 3, 4-

di chl or o- 5-ni t rophenyl pyruvic acid (1.5 g, 5.4 nml) In acetic acid (15
m). After a 5 few m nutes a vigorous reaction occurred (exothermc). The

resulting solution was heated to 80[err]C and the reaction appeared
conplete (TLC). The ni xture was filtdfed, the filtered solids washed
with acetic acid and the filtrate concentrated. The resi due was

di ssolved in 2N NaCH, the resulti ng sol ution washed with ether (3x),
di chl or omet ha§9a¥age otiha Gixsogen masremolertle byiglycogrn IRbPSRRRIYIaSe prRzyMas Wi t h

et hyl release glucose-1-phosphate and a new shortened glycogen molecule. These
disorders are ameliorated by reduction of or characterized by an elevation of
glycogen phosphorylase activity. Examples include diabetes, hyperglycemia,
5 hypercholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia,
atherosclerosis and myocardial ischemia.

The term glycogen phosphorylase inhibitor refers to any substance or agent
or any combination of .substances and/or agents which reduces, retards, or
eliminates the enzymatic action of glycogen phosphorylase. The currently known

10 enzymatic action of glycogen phosphorylase is the degradation of glycogen by
catalysis of the reversible reaction of a glycogen macromolecule and inorganic
phosphate to glucose-1-phosphate and a glycogen macromolecule which is one
glucosyl residue shorter than the original glycogen macromolecule (forward direction
of glyddgeno!ysis).

1§ The term “treating® as used herein includes preventative (e.g", prophylactic)
and palliative treatment.

By halo is meant chioro, bromo, iodo, or fluoro.

By alkyl is meant straight chain or branched saturated hydrocarbon.
Exemplary of such alkyl groups (assuming the designated length encompasses the

20 particular example) are methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tertiary butyl,

_pentyl, isopentyl, hexyl and isohexyl.

By alkoxy is meant straight chain or branched saturated alkyl bonded
through an oxy. Exemplary of such alkoxy groups (assuming the designated length
encompasses the particular example) are methoxy, elf\oxiy, Propoxy, isopropoxy,

25 butoxy, isobutoxy, tertiary butcxy, pentoxy, isopentoxy, hexoxy and isohexoxy.

The expression “pharmaceutically-acceptable anionic salt* refers to nontoxic
anionic salls containing anions such as (but not limited §O) chloride, bromide, iodide,
sulfate, bisulfate, phosphate, acetate, maleate, fumarate,'bxalate, lactate, tartrate,
citrate, gluconate, methanesulfonate and 4-toluene-sulfonate. _

30 The expression *pharmaceutically-acceptable cationic salt* refers to nontoxic
cationic salts such as (but not limited to) sodium, potassium, calcium, magnesium,
ammonium or protonated benzathine (N,N'-dibenzylethylenediamine), choline,

ethanolamine, diethanolamine, ethylenediamine, meglamine (N-methyl-glucamine),
This is the replacement sheet
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10 acetate. The extracts were dried and concentrated giving a |ight brown

solid (458 ng, 34%: HPLC (60/40) 5.31 (93%;

Exanpl e 98 3. 4-di chl or o-5-ni trophenyl pyruvic acid

pot assi um sal t Absol ute ethanol (25 nL) was added at 3-15[err]C
to a a stirred m xture of 15 potassiumnetal (2.67g ,68 mol) in ether (100
m.). The resulting solution was treatt at 3[err]Cwith a solution of

di ethyl oxalate (10.0 g, 62 mml) and 2-nethyl -3, 4-
di chl oro- 1-n|trobenzene 10.0 g@ﬂGZ nmmol ) over 5-10 min, and the resulting
sol ution ethﬂewﬂymnﬁﬂp etylauingh pipespzing pctrwpthfeﬂmmynmw&

t f |t lid hed th eth d
G ed (1507 ?V&'?ﬁf”"'ﬁgﬁéﬂaﬁ”?i%‘°9€§$ was 220 5501 wed i n 400 nt hot "
wat er, the sol uti oﬁhee&preebmntpredrugatawd t@vi:OMpetmds'ﬂ'narm drug preamssors; ng
| t HC1 d th th |
caparated: arvAER B adfiridalith Jelfehe s 8t e Wesdrd shipmial el
'E r7 i B lir at eg 15/}/:) piysiologicdl revess (@ iawoliug dn béing bubsgMts mmysld]@dléa)\m-ﬁiﬂ i d
S yang. 11+ nifan¥eded1n 18, Aesired S orTl TR RRDSs YABIRApGe release”

met hyl - car banpy lehrresidndidg ﬁe@i&ﬂb’én@id@ﬂ Hydedlyzidle ester—formmg re§idSds 4thgo
(2R) . hydroxy N-net hoxy- N- net h phenyl - but drochloride (0.3
mol ) and 5- GPARAUDES oh tis E‘yiml%‘r'ﬁﬁf%?? FY-‘Ht e 'ét(ﬁmﬂsdmrﬁw)b%kew coupl ed

according to sBBQﬁ?t@QME?eé A, ?@E&r’bQQy tdr'ﬁ? ﬁwgﬁhs)con-ﬁiﬁs E&rBQ!?y) REHAGIA theRSe 30

di ssol ved i n nmet hanol it di ni ng [err] C for 45 m n,

concent r af@d hydirgends repiacedi tys@nﬁé&alk% (@u@ua&mﬂmmqm Halkanoylewy)ethyl

sol ution washgging from 4 to 9 carbon atoms, 1-methyl-1- (alkanoyloxy)-ethyl having from § to 10
carbon atoms, alkcxycarbony)oxymethyl having from 3 to 8 carbon atoms, 1-
(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon ato;i.{s, 1-methyl-1-
(alkoxycarbonyloxy)ethyt having from 5 to 8 carbon atoms, N-

15 (alkoxycarbonyljaminomethyl having from 3to 9 carbon.atomé, 1-(N-
(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-vl, di-N.N-(C,-C,)élky!amino(C,-C,}alkyl (such
as g-dimethylaminoethyl), carbamoyl-(C,-C,)alkyl, N,N-di(C,-C,}alkylcarbamoyl-(C,-
C,)alkyt and piperidino-, pyrrolidino- or morpholino{C,-C;Jaikyl. _

20 Other exemplary prodrugs release an alcohol of Formuia | wherein the free
hydrogen of the hydroxy substituent (e.g., Rs.is hydroxy) is replaced by (C,-
Co)alkanoyloxymethyl, 1-((C,-C,jalkanoyloxy)ethyl, 1-methyl-1-{(C,-

Ce)alkanoyloxy)ethyl, {C,-Cglalkoxycarbonyloxymethyi, N- (C,
Cs)alkoxycarbonylaminomethyl, succineyl, (C,- ,)alkanoyl a-ammo(C,- ‘)alkanoyl

25 arylactyl and g-aminoacyt, or a-aminbacyl-a-amlnoacy( wberem said g-aminoacyl
moietics are independently any of the naturally occurring L-amino acids found in
proteins, P(O)(OH),, -P(O}{O(C,-C,)alkyl), or glycosyl (the -.__ra_dical resulting from
detachment of the hydroxyl of the hemiacetal of a carbohydrate).

Other exemplary prodrugs include but are not limitéd to derivatives of
30 Formula | wherein R, is a free hydrogen which is replaced';:_b_y\ R-carbonyl, RO-
| . carbonyl, NRR"-carbonyl where R and R’ are each independently ((C,-C,,)alkyl, (C,-
C,)eycloalkyl, benzyl, or R-carbonyl is a natural a-aminoaéyl ‘__or natural g-aminoacyt-
nalural a-aminoacyl, -C{OH)C(O)OY wherein (Y is H, (C,-CyJalkyl or benzy), - |
o ' - This is the replacement hest
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with 2 x 2N HO, 2 x 2N NaOH, dried, concentrated, and the residue
chromat ographed on silica gel eluted with 20-50% et hyl acet at e- hexanes. The

- 68- purified product was triturated with 1:1 ether-hexanes giving
the title substance: 66% yi el d; HPLC (60/40) 3.9 mnutes (100% ;
210-211[err] C, PBMS 407 ( M+, 1009 ; "H NWVR (CDCl[err])[err] 9.83 (br,
1H), 7.97 (s, 1 H, 7.46 (m 2H), 7.36 (m -¥H), 6.88 (d, 1H J =2

Hz), 6.56(d, 1H, J = 10 Hz), 4.95 (m 1H), 4.32 (d, 1H, J = 5.5 Hz), 3.83
5 (d, 1H, J = 5.4 Hz), 3.36 (s, 3H), 3.13 (s, 3H), 3.10 (m 2H).
Anal . Cal cd f o€(QYJYy Whireinr T N5 ¢C-COl adieyl pnd &), 16 HCQ-Cy)alkyl, astiaxy(C,-CJalky,

E;’g%i Cloa 2amind(C2C kb Mo R: or di-N.N-(C,-C,alkylaminoalkyl, -C(Y,)Y, whersin ¥,
is H or methyl and Y, Is mono-N- or di-N,N-(C,-C,)alkylamino, morpholino, piperidin-
1-yl or pyrrolidin-1-yi. ' : '

5 Other exemplary prodrugs include but are not limited to derivatives of formula
| bearing a hydrolyzable moiety at R;. which release 'a:_ compound of formula |
wherein R, is a free hydrogen on hydrolysis. Such hydrotyzable moieties at R,
arefinclude 1-hydroxy(C,-Cgalkyl or 1-hydroxy-1-phenylmethyl.

Other exemplary prodrugs include cyclic structures such as compounds of
10 Formula | wherein R, and R, are a common carbon, thus forming a five-membered
ring. The linking carbon may be mono- or di-substituted independently with H, (C,-
C,lalkyl, (C,-C,)eycloalkyl or phenyl. Alternatively, R, and R; may be taken:together
to form an oxazolidine ring and the number 2 carbon of the oxazolidine ring may be
rﬁono- or di-substituted independently with H, (C,-C,)alkyl, (C,-C,)cycloalkyl or
15 phenyl. Alternatively, a prodrug of a Formula | compdund includes compounds
wherein R, is taken together with R, or R, to form an o_)(azolidin-4-one ring and the
number 2 carbon of said ring may be mono- or di-sub_sﬁtuted independently with H,
(C,-Cglalkyl, (C,-Cgleycloalkyl, phenyl or oxo.
As used herein, the expressions ‘reaction-inert solvent® and ‘inert solvent®
20 refers to a solvent which does not interact with starting 'materials, reagents,
intermediates or products in a manner which adversely affects the yield of the
desired product.
) The chemist of ordinary skill will recognize that certain compounds of this
invention will contain one or more atoms which may be in a particular
25 stereochemical or geometric conﬁgﬁration, giving rise to sterecisomers and
cenfigurational isomers. All such isomers and mixtures thereof are included in this
invention. Hydrates of the compounds of this invention_-'are also included.
The chemist of ordinary skill will recognize tha_t_ic‘;:%értain combinaticns of
heteroatom-containing substituents lisi_ed in this inventfdn define compounds which
30 will be less stable under physiologii:él -conditions {e.g. Itt:_w;ose .containing acetal or

aminal linkages). Accordingly, such icompounds are less preferred.
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5- Cyano- 1H-i ndol e- 2- carboxylic acid 10

5- Cyano- 1H-i ndol e- 2-carboxylic acid ethyl ester (1.71 g, 8.0 nmol) was
added to a solution of ethanol (10 m) and potassi um hydroxide (2 g) and

t he resulting m xture heated at reflux for 1 hour. Water was added to
di ssol ve the precipitate, and 6N HC1 was added to bring the pHto 1.
A precipitate forned. The m xture was2@ool ed in an ice bath,

filtered, and the resulting colorless solid washed 15 with cold water and
dried (1.51 g). A portion (1.4 9) was suspended in hot acetic acid (40
nL) and cool ed gi viTige ermdR] dng’mvbérema:s:sfadm dfow@&hfpiem, O‘R;i fagrydr
acetate and dr,] ed Yie 97Y

% 60Q _
Exanpl e 10B .nng as used%erem re(?etgegc éb / 'Ph &&‘89 sing 6{?{?63(% mpielips
ethyl ester 2Quherein the 4hgds Fkyéhd @EB whélreindiBé rifg™d toMained Withth RO a hot

suspensi on of 3-cyano-5- henylﬁyr uvic acid ethyl este

88 mml) in acetic %Fiﬁ"('ﬁ'ﬁ'“rﬁb? t%!'ﬁ?im"""' Vil diaN. o (655 - %a'%dﬁfe&\‘ro 'S"ﬁ(@m’ ous
initial eyoghes FUk%maleEﬁfaﬁeﬁ %d%eﬂ&@t‘lt{yr\ﬂﬁér{ I'H% dlﬁmﬂ (C,-C, Hhﬁ r.le?qgfe%nto\’\@?

hel d at refl ux Hour s m Xt Iteredl he fi'lYere
sal ts washed Vegerthot acetic acid (150 nl), and the filtrate chilled

L R e IS

acetic acid-water, water, and dr )
concentrat ed, ctairas wiidhidescdbe divg inventian. et hyl acetate, and the

esul Ui g, sol ut o washed uith ghieAb s BRMEBHRRTHI, oo bont e

The maj or 1@twas udredeneralthiesmpnindsral Fofraulad tcan ibe. made by processes which
Exanpl'e 10C include processes ‘known in the chemical arts, particularly in light of the description
| contained herein. Certain processes for the manufacture of Formula | compounds
are provided as further features of the invention and are illustrated by the following

reaction schemes.
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3- Cyano- 5-ni trophenyl pyruvic acid ethyl ester A sol ution of

sodi um et hoxi de in ethanol (from2.2 g, 400 mol sodium metal in 400 n
et hanol) was added at O[err]Cto a mxture of distilled diethyl oxal ate

- 69- (120 g, 821 mmol) and 3-nethyl-4-nitrobenzonitrile (32 g, 197
mol ). The resulting red solution was heated at 40[err]C for 18 hours.
The cooled m xture was diluted with watdgr. (600 nL) and acidified with
conc HO to pH 2.1. The precipitate that fornmed was col |l ected by
filtration of the 13[err]C m xture, dried and purified by 5 chronmatography
on silica eluted with 15, 30 and 50% acet one- hexanes gi vi ng an or ange
solid which was used without purRERCATIOMN SCREAE],] 31% .

R4 R
0 6
5 R;
n__<>k~ﬂ Rs
== . %,
NR,
Procedure A
' Ryo Ry
10 (CI'CS)OH o
' / RgRsNH
0 Procedure A  Ri2H 0 Re  cooH
Q_)*OH | _QLNHR?
— v Rs
N - R R
2 .
Ry
1] Ry v
Ryo Ry, Ryg Ry
. +
20 aqueous
OH-
. R
HsN)‘T% o R rooet
§3 5 v 3 R,
25 I A R, 3
NR,
Rl"'-
v
Ryo Ryq
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Exanpl e 11 5- Met hyl - 1H-i ndol e- 2- car boxyl i c acid
{(15)-[(R)-hydroxy-
(et hoxy- net hyl - car banoyl ) - net hyl ] - 2- phenyl - et hyl }-am de 10
(3S) - Am no- ( 2R) - hydr oxy- N- met hoxy- N- met hyl - 4- phenyl - but yram de
hydrochl oride (0.5 nmol) and 5-net hyl - 1H-i ndol e- 2-car boxylic acid (0.5
nol ) were coupl ed according to Pr oceddfe A (reaction tenperature
0. 25C, extraction with acid first, then base) and the product purified
by chromat ography on silica in 20- 50% et hyl acet at e- hexanes: Yield,
75% HPLC (60/40) 5.06 m nut es ( 1009 ; "H NMR
(CDO [err]) [err] 9. 14 (br, 3?%waagﬁ%ﬁ oy (dd, 1H, J = 2, ca 8
Hz), 6.76 (d,1H,J:2Hz),645(d 1H, J = 9.7 Hz), 4.90 (m 1H),
4.29 (d, 1H, J = 5.5 Hz),CO0Et 3.83 (d, 1H, J = 5.5 Hz), 3.35 (s, 3H), 3.13
(s, 3H), 3.09 (dd, Ma, 13 Hz), 3.00 copet, 1H J -9c01)34 )

a H,

2.42 (s, 3H)_. 20 An for Jerr]H [err]err]: 682

6.37; N 10.518. Found: §, 66.977 H, 6. N, 10738+ -—

Exanpl e 12 N\ 5- Fl uor o- gt e- 2- car boxyl i gNHcid ((1S)-
[ (R) - hydr oxy (et Eo yl - car barm t hyl ]

- 2-phenyl -et hyl ] - al’n (3S) “Af 2R) VIII

- hydr oxy- N- met hoxy- ré;él 4-%henyl - b yedqni dey hyd or| de (0.5
mrol ) and 5-fl uoro- THY | e- 2- car boxylh® &and (0 5 mMmo )o coupl ed

according to Procedure A (washing first with acid then base) and t he
product pughfied by chromatography on silica gel eluted with 20-50% et hyl
acetate in

Me COOE ¢

02 1, (ROCD)Y,, base —

2. Reducing R N
Ky

RIO Ru X

15 : conditions

Ix Rip Ryy

hydrolysis
conditions
COO0H

20 _ —

NH
Rt
1 VIIIA
Rio Ry
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hexanes: Yield, 69% HPLC (60/40) 4.55 mnutes (95%; PBMS 400 (M, 100%';
30 "HNWR (CDCl[err]) [err] 9.34 (br, 1H), 7.4.7.2 (m 7H), 7.00 (dt, 1H,

J =25 9. 1Hz), 6.80 (d, 1H, J = 1.6Hz), 6.48 (d, 1H J = 9.5Hz), 4.93
(m 1H), 4.30 (d, 1H J.= 5.3 Hz), 3.83 (d, 1H, J = 5.3 Hz), 3.35 (s,
3H), 3.14 (s, 3H), 3.08 (dd, 1H, A of AB), 3.02 (dd, 1H, J =5, 11 Hz,
B of AB). -23- - 70-

Anal. Calcd for CJerr]J]Herr]FNerr](err]: C 63.15; H, 5.55; N 10.52.
Found: C, 64.19, Herr] 6.07; N, 10.91.

Exanpl e 13 1 -2-carboxylic acid
{(19)- (R - hydr oxy- ( met hoxy- RERCPI SN s | 2

Re R¢
S 0 R‘Y{\R7 0 R‘%R;
p’)NN Rs reducing Q—XN R
\R —— \R
— 3 s
NR, agent NR,
AN AN
Rl o R1
XV XIv
10 RIO Rl_l R]_o Ru
18
C02Et Reducing CO,E CO,H
A= agents n___< OH-
N— -
<SS RZ N\Ra N\R
R N AN
1 R1 Ri'
Rt VI XVII Xvl
20 10 11 RIO Rll Rlo _Rll
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5 met hyl - car banoyl ) - net hyl | - 2- phenyl - et hyl ) - am de

(3S) - Am no- ( 2R) - hydr oxy- N- net hoxy- N- et hyl 4- phenyl - but yr am de

hydrochl ori de (0.26 nmol) and 1 Hindol e-2-carboxylic acid (0.28 mmol) were
coupl ed according to Procedure A (0-25[err]C reaction tenperature) and the

. product purified by chromatography on silica gel eluted with 20-50%
- ethyl acetate in 10 hexanes: Yield, 87% H24C (60/40) 4.26 mnutes (96%;
- PBVS 382 (MH,.100% ; "H NWR (CDCl [err]) [err] 9.24 (br, 1H), 7.63 (d,
1H J 8.0 Hz), 7.4-7.15 (m 8H), 7.11 (dt, 1H J 8.0, 1.5Hz), 6.85
(d, 1H, J = 1.5 Hz), 6.48 (d, 1Hgghﬂ é 94, (m 1H) 4.30 (d,
1H, J = 5.5 Hz), 3.84 (d, 1H J =5 EB @ghgéﬂ'(f"v 3.14 (s, 3H), 3.09
(dd, 1H, J = 6, 13 Hz, of AB), 3. 03( d, 1H, 10 13 Hz B of AB). 15
Anal . Cal cd for C[err] ‘Pr]N[err]Qerr,c C 66 13 H, 8‘08 N, 11.02.
C, 66.19; H 6.08; rj\l P; a
Exanpl e 14 _ ChCHPo- 1H-| -ccah#boxyli C COOFIlkyl

{(1S) - [ (et Hoxy- et hyF car bameyt— é _—
"met hyl | - 2- phenyl - et hyl P- ani de 20 3 OH R;

(3S)-[(5-Chl oro-1H i ndoX&- 2- car bonyl ) - &% o] - 4- phenyl but yr| ééﬁ d (357 ny,
1.0 mol) and N, O di net hyl hydr oxyl am ne hydrochl ori de, 98% ( ﬁn!;

nmol ) wer e coupl ed according to procedure A (dinethyl formam de
solvent). The ‘foam obtained was triturated with ether, the sticky
solid dissolved in di cfﬁgor onet hane, concentrated and tri turated with -
hexanes: y'hgl d 215 ng,a 4% HPLC (60/40) 6. 38R@5 ninut es (% . PBMS 400/ 402
(MH +, 100 PG NBC00RTkyT  Pr 3l b_cooH
. | ‘ ReRgNH
Ry OH Ry OH y
XXI11 XX1V
1§
P N\ e
a
r\?/kl,)/CONRsR,,C(O)RR ’Lw}kl"a/CONRaR",;C(O)R12
1
Ry OH —— R, OH
XXV XXVI
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Anal. Calcd for CJerrl]Herr]CONerr]Jerr]: C 63.08;, H 5.55; N, 10.51.
Found: C, 62.91; H, 5.79; N, 10.21.

Exanpl e 14A

(3S)-[(5-Chl oro-1Hi ndol e- 2-car bonyl ) - am nol - 4- phenyl -butyric acid 30

2N NaOH (3.0 nmL) was added to a suspension of (3S)-[(5-chloro-1Hindol e-2-
carbonyl ) - am no] - 4- phenyl -butyric acid nethys.ester (1.28 g, 3.45 mmol) in
met hanol (10 nmL) at 25C. After 18 hours the reaction m xture was.
diluted with tetrahydrofuran (10 nL), the solution heated to reflux for

10 m nutes, and -71-
concentrated. The resulting sol i REAETONr SCHENE 6N HO for 15 ni nutes,

t he suspension filtered, and the resulting solid washed with 2N HC
and dried: yield 1.15g, 93% HPLC (60/40) 5.18 m nutes (100% ;

Ry Ry

5 p N/l\
Hh'l/kCDOH —_ ester
3

10 | P”\N/l\CHo

G o
HN" CH0H r\‘N’J\‘CHaOH

R 3
15 XXX XXX 111
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Example 15 5
(3S)-[(5-Chl oro-1Hi ndol e- 2-car bonyl ) -am no] - (2R) - hydr oxy- 4- phenyl butyri c

acid nmethyl ester 1- (3-di net hyl am nopr opyl ) 3- et hyl car bodi i m de
hydrochl oride (DEC, 71 g, 370 mmol ) was added to a m xture of
(3S)-am no- (2R) - hydr oxy- 4- phenyl -butyric acid met hyl ester (WO

; 93/ 25574, Exanple 1A, 77.5 g, 370 mmol ), 5-¢hl oro-1Hindole-2- 10
carboxylic acid (72.45 g, 370 mmol ) and 1-hydfoxybenzotri azole hydrate in
di chl oronet hane (640 nlL) at 25C. The resulting m xture was stirred for 18

hour s, concentrated, the residue dissolved in ethyl acetate, the
resul ting sol ution washed Eﬁ‘% th 2N NaOH, twice with 1 N HC ,
brine, dried, and concentrated &géwg g Ne SCHEME b dance as a yel | ow f oam

(140.7 g, 98% which was used in the subsequent 15 hydrolysis described
herein without purification (HPLC (70/30) 3.61 mnutes (82%, 9. 57

m nutes (13%). A pure sanple was obtained by chromat ography on silicain
et hyl acetatg hexanes rrp 1EQ 183[err]C "H NMR (GQ?I[err]) [err]9 52
(br, 1H), 5 Iﬂ) R 7H), 0 1H, J
Hz), 6.50 (d, 1H J TIQ ﬁ -(-m-—i-H)——-A’Z r’(\SN/i*i). .72 (s, 3H),

20 (br, 1H), 3.05 (m 2 g CNVR (CDCl [err] ,'¥75. 5C [err] 174.
164.4, 137.1, 135.0,131. 1 129.8, 128.8, 128.3, 27.0. 126.2, 125.0,
121.0, 113.2, 102.3, 70.4, #B.3, 43.1, 38.1. TS 38%L3B9 (M—I+
100/30% = Anal. Calcd for C[err]H[err]CI Nerr]®4 + 0.5H20: C, 60.69;
Herr] 5.09; N, 7.08. 25 Found: C, 60.30; H, 4.98; N 6.86.

2
4

-I\)OOII

10
//i: 1. PhCHO, reduce R,
HaN~"NCOOH 2. NaCNBHy/R;CHO HN/'\CDOH
3. Exhaustive l|2
s XL I e, PasC 3. XXX
" /‘f4 - R,
| R R
H,N S HN/J\\r/ 6
2 \7// )
XLIV XLV
25
R4 e R4
Rs Rg
30
NHZ Ré ———— Hl\ll RS
R, Ry R,

[IIA [11
This is the repiscement shest
Date: - 4 FEB 1997



Exanpl e 16 :

3-[ (5-Chl or o- 1H i ndol e- 2- car bonyl ) - am nol - (2RS) - hydr oxy- propi oni ¢ aci d
(RS) - 3- am no- 2- hydr oxypropi oni ¢c acid nmethyl ester hydrochloride (6.6 nmol)
and 5-chl oro-1H-i ndol e- 2-carboxylic acid (6.6 mvl) were coupl ed according
to 30 Procedure A (except that acid, then base extraction was perforned,
and during the first acid wash a preciptdZate appeared so the m xture
was filtered and the filtrate carried on in the usual manner of
Procedure A). The crude product (920 ng) was di ssol ved.i n net hanol and

treated with 1IN NaCH (6.6 nlL) for 2 h gt. 25 er . 1IN

-72- NaCH was added (6.6 nlL) a‘gﬁh?ﬂzqﬁéﬁﬁéhgaé”cbncentrat ed, the
resi due di ssol ved in ethyl acetate, and the resulting solution washed
with 2N HC, brine, dried, and ' ' '

5 Ry Re : Rq
A | e — !
R3 0 R3 0 3

L ~ : LI L1l
10
Ry ' Rq
H\N/k/CONngs ;CORy, H\N/K/coara _
s !
[118 I11A
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concentrated. The resulting colorless solid was stirred in chl orof orm and
filtered giving the title substance: Yield 763 ng, 40% HPLC (60/40)
2.86 mnutes (89%; np 5 214-215[err]C;, PBMS 283/285 (M+H, 100% ; "H
NVR (OMSO-d[err]) [err] 11.78 (s, 1H), 8.62 (t, 1H), 7.70 (d, 1H, J = 2
Hz), 7.42 (d, 1H, J =8.7 H), 7.17 (dd, IH J =2, 8.7 Hz), 7.14 (d,
1H, J = 2 Hz), 4.18 (dd, 1H, J = 5, 8 kB, 3.58 (m 2H). Anal .
Calcd for (Jerr]Herr]CNerr]JQerr] + 0.1Herr]O C, 50.66; H 3.97; N,
9.85. 10 Found: C, 50.80; H 4.06; N, 9.48..

Exanpl e 16A : (RS) - 3- am no- 2- hydr oxypropi oni ¢ acid net hyl
ester hydrochl oride REACTION SCHEBRE swEdrline (2.06 g, 19.6
nmol ), nethanol (20 nlL) and chlorotrimethylsilane (9.5 g, 88 mmol) was
heated at reflux for 5 hours, cooled and 15 concentrated giving the title
substance (3.20 Q). Exam e 17

5-Chloro-1 Hindol e-2-carhoxylic acid [(1 S)-((R) -.nethoxy-net hyl car banoyl -

met hyl ) - 2- phgnyl - et hvl | - aft«de R,

(3S) - Ami no- ( 2R) - metdoxy- NJN\- d methy|-4-pheqy|-2;£i%iEFde hydr ochl ori de 20
a

(0.84 mol) and 5- ChFore=1 N4 ndoal e- 2- car box§™ Nl (0.80 mvl) were

coupl ed -according tb Progedufe .A.(0 25.C rdactioh tenperature, 2:1
di chl or onet hane- di'met hy Hor mani de sol vent )Q:tand 9ad kr)fbduct purified by
chromat ography on silica eluting with 1:1 ethyl acetate-hexanes: Yield,
81% HPLC (60/40) 5.44 nipwies (100% ; TSPMS 4%4/$416 (M, 100/ 309 ;
10
R
P " Re
15 ’\1:4 N—g,
R3 0-(CHa)nester
LXIII
v
20 R4 Rs . RQ
PN : - P~ Rs |
T
3 R, — R3 R
LXIV LXV
25
R
P R
30 N 0CCH,) NHPq,
R; R;
LXVI
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25 'H NMR (CDO [err]) 6 9.38 (br, 1H),

6H), 7.20 (dd, 1H J =2 9 H),
H J =2 H), 450 (m 1 H, 4.00

1 2.86 (s, 3H), 2.65 (s, 3H). Anal

7.60 (d,
7.03 (d, 1 H J
(d, 1H J
(dd, A of AB, 1H, J =5, 13 Hz), 3.00 (dd, B of

1H J =2 Hz), 7.4-7.2 (m
=8 Hz), 6.92 (d, 1
= 2 Hz), 3.40 (s, 3H), 3.22

AB, 1H, J = 10, 13 Hz),

Calcd for (JQerr]JHerr]CINerr](err]:

C, 63.48; H, 5.84; N, 10.15. Found: C, 63.48g.H 30 5.97; N, 9.97.

-73- Exanpl e 17A
(3S) - Am no- ( 2R) - net hoxy- N, N- di net hyl - 4- phenyl - but yr am de hydrochl ori de
(1 S, 2R) (1-Benzyl - 2-di net hyl car banoyl - 2- met hoxy-et hyl )-carbam c acid tert-

butyl ester (283 ng, 0.84 mmol) wR Rﬁﬁ(ﬁlN/eﬂCHEﬂﬁl H® - di oxane (1 nL) for

1.5

10 LXI

15 PT\‘N’/L\TF’Rs
[
0

LXVITL

R4 Re
P R Pr R¢
| R, EtaNSFy ! R,

LXVII

Ry

R
et } F

Et,NSF,

Ry F

LXIX
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5 hours at 25[err]C concentrated and the residue coevaporated with ether

and dri ed. Exanple 17B
(1S. 2R) - (1- Benzyl - 2-di met hyl car banmoyl - 2- net hoxy- et hyl ) - car bam ¢
acid tert-butyl ester Sodi um hydri de-o0il dispersion (53 ng of

50% was added to a solution of 10
(IS, 2R) - (1- benzyl - 2- di net hyl car banoyl - 2- hyd3®xy- et hyl ) - carbam ¢ aci d

tert-butyl ester (322 ng, 1.0 mol) in tetrahydrofuran (4 niL) at
O[err]C. After effervescence ceased (several mnutes), nethyl iodide
(155 ng) was added, and after 15 m_nute not 11 ng NaH di spersion
and 23 ng net hyl |od| de were addedRE;Q":tiufil 5231%"51 fut es aqueous

anmoni um chl ori de solution and ethyl acetate were added, and the 15 organic
| ayer was separated, washed with water, 2N NaCH, dried and concentrated
giving a viscous oil which was used wi thout further purification: Yield
283ng, 84% Exanple 17C

(1S. 2R) - (1- Benzyl - 2- di n®4 hyl car banoyl - 2- hydr oy- et hyl ) - car banRg

acid tert-bltyl ester 2 CN
] (2F87m|ydro!®g ix: butyfl C R
I al nf | eld, NJ, ;02 git 3.4 mol ) jand ?

(3S)-tert-But oxycaFb
(Schwei zerhall, Inc.t S

di met hyl anmi ne hR®dr ochl or| , R31 nfol ) were cdypl e@Hccor di ng
to Procedure A (0.25C, bPRamni de- di chl or onet hane sol vent,
acid, then base extractigon) g| Vi ng crude rgduct \ﬁ?%
chromat ographed on sili eluled with 1-8% et | in d| C N)rlret hane:
Foam Yi el 49995 ny, 91%
1% COCNRyRy;Ryn) 0
g9z ester
Lo T
15 R3 R3
LXIV LXXIII

According to Reaction Scheme | the Farmula | compounds, wherein R,, R,,,
R.. A, R,, R,, R,, Ry, By and R, are as defined above may be prepared by either of
20 two general ‘processes. in the first proéess the desired Formula | compound may be
prepared by coupling the appropriate Formula | indole-2-carboxylic acid or indoline-
2-carboxylic acid with the appropriate Formula [li amine (j.e., aéylating the amine). In
.the second process the desired Formula | compound may be prepared by coupling
the appropriate Formula IV compound (i.e., 2 Formula | compound wherein Ry is
25 carboxy) with the appropriate alcohol or formula R;R;NH or R, ,H amine or alcohol,
wherein Ry, Ry and R,, are as defined above (i.e., acylating the amine or alcohol).
Typically, the Formula il compound is combined with the Formula Il
compound {or Formula [V compound is combined with the appropriate amine (- .g., .
R,,H or RgRgNH}) or alcohol in the presence of a suitable coupling agent. A suitable
30 coupling agent is one which transforms a carboxylic acid into a reactive species
which forms an amide or ester linkage on reaction with an amine or alcohol,

respectively.
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Exanpl e 18 5-Chloro-1 Hindol e-2-carboxylic acid
(3-azetidin-1-yl-(1S)-benzyl -

(2R) - hydr oxy- 3- oxo- propyl ) - am de Azetidine (0.44 mol) and
(3S)-((5-chloro-1Hi ndol e- 2-carbonyl)-am no]-(2R)- 30

hydr oxy- 4- phenyl -butyric acid (0.4 nmol) were coupled according to

Procedure A (1:1 dinethylfornmam de-di ch#p_romet hane sol vent) giving the
title substance: Yield 94% -HPLC (60/40) 4.55 m nutes (>98%; PBMS
412/ 414 (MH, 100%; Anal . Calcd for CJerr]J]Herr]CNerr]Qerr] +0.25

H[ﬁelr rjo G 6263%: e%8§é@f'\£q5%9g,%§@e qeaggntyhich effects this condensation in a
Exanpl e 19 one pot process wherChlixaditogethenwith ¢he carboxydiz ycidcarat-ardine or alcohol.
[(1S)-benzyl - (37hs TRIN0YY b8 condensed with an alcohol it is preferable to employ a large
excess of the alcohol as the reaction solvent, with or without 1.0 to 1.5 equivalent
5 added dimethylaminopyridine. Exemplary coupling reagents are 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride-hydroxybenzotriazole
(DEC/HBT), carbonyldiimidazole, dicyclohexylcarbodiimide/hydroxybenzotriazole
(HBT), 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinocline (EEDQ),
carbonyldiimidazole/HBT, and diethylphosphorylcyanide. The coupling is performed
10 in an inert solvent, preferably an aprotic solvent at a temperature of about -20°C to
about 50°C for about 1 to about 48 hours. Exemplary solvents include acetonitrile,
- dichloromethane, dimethylformamide and chioroform. An example of a suitable
coupling procedure is Procedure A, contained herein (just prior to the EXAMPLES).
The coupling agent may also be that agent which convérts the carboxylic
15 acid to an activated intermediate which is isolated and/or formed in a first step and
allowed to react with the amine or alcohol in a second step. Examples of such
coupling agents and activated intermediates are thionyl chloride or oxalyl chloride to
form the acid chloride, cyanuric fluoride to form an acid fluoride or an alkyl
chloroformate such as isobutyl or isopropenyi chloroformate (with a tertiary amine
- 20 base) to form a mixed anhydride of the carboxytlic acid. if the coupling agent is
oxalyl chloride it is advantageous to employ a small amount of dimethylformamide
as cosolvent with another solvent (such as dichloromethane) to catalyze the
}ormation of the acid chloride. Use of these couph‘ng-a_'gents and appropriate
selection of solvents and temperatures are known to those skilled in the art or can
2S5 be readily determined from the literature. These and other exemplary conditions
useful for coupling carboxylic acids are described in Houben-Weyl, Vol XV, part Il, E.
Wunsch, Ed., G. Theime Verlag, 1974, Stuttgart, and M: Bodansky, Principles of
Peptide Synthesis,.Springer-Verlag Berlin 1984, and The Peptides. Analysis ,
Synthesis and Biology (ed. E. Gross and J. Meienhofek), vols 1-5 (Academic Press
30 NY 1979-1983). |
The Formula IV compounds wherein R,, R,,, R,;', A, R,, R,, R,, R, and R, are
as defined above may be prepared from the corresponding Formula V ester (i.e.,

Formula | compounds wherein Ry is (C,-C;)alkoxycarbonyl or benzyloxycarbonyl) by

This is the replacement sheet
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(et hoxy- net hyl - car banoyl ) - et hyl | - am de 5 _
(3S, 2R) - 3- Ami no- (2R), N- di met hoxy- N- et hyl - 4- phenyl - but yram de (0.31 nmol)
and 5-chl oro-1H i ndol e-2-carboxylic acid (0.31 nmol) were coupl ed accordi ng

to Procedure A and the product purified by chromatography on silica
gel in 20-40% "ethyl acetate-hexanes: Yield 81% HPLC (60/40) 7.39

m nutes (98%; PBMS 430/ 432 (MH+. 1009%32- 10 " H NWR (CDO [err]) [err]
9.44 (s, 1H), 7.58 (d. 1H J =ca. 2 Hz), 7.4-7.22 (m 6H), 7.19 (dd,
1H J 2.0, 88 Hz), 6.89 (d, 1H, J = ca. 2 Hz), 6.80 (d, 1H J = 8 Hz),
4.72 (m 1hydrolgsis Withsaqueelys alkalbat @ Sempefpturg of abowt, -261 to abdiR 10delC, 1H,

J =5.1, 13Hz, ors- . .9 dd. JL.H J = 10.9, 13 Hz,
B of AB). 'g%'.'y ﬁa?bgég%%rétﬁ%g#js’ﬂ[%'&%ﬁér%‘]‘(’f@?r”ﬁ“%. 33C6H err]: G
62.85; H 6.30; N, 9. AlemdtivelifpBothul&lV 6@mPdunds a. ptepadd by. &livation of a Formula
2Ry 5. A no. ( 26} REIR LRGSRt PoUPTORARPT (R JASsrpert above) which gives an
(1S, 2R) - ( 1- Benzgtivlledriritérmediawe (duch-as2arbacta hiodidaPa 1@ Miofdd) bk hikedy mﬁdﬂ
acid tert-butyl ester éll 0.32 mol ) was dissol ved in 4N HCl - di'oxane
(4 m) at 20 2HELE th ma‘fﬂWTTegdderfeéﬁ&W agompoynd Ak Foasyla b whesein RaFedRui t h
ether giving tRAdiR,dré as destHRdUBoveBhd Y is EBFYAxy, in a suitable solvent in the

EXx I 19B
( 13.”3 R)e - (1- BenP{Aseocaet askijabie bpge.- Suitabiesgivents iaglude yateraryngthanal baai c

acid tert-but Wnbﬁﬁtteetﬁe?e%f,_to%eth?r witP 4SS NYA SRR & FOREBh R ndOtetdnHror e | 1
oil) was added to a solution o
- 10 ordioxane. Suitable bases include sodium, potassium or lithium hydroxides,
sodium or potassium bicarbonate, sodium or potassium carbonate, or potassium
carbonate together with tetrabutyl ammonium bror_nide' (1 equivalent) in sufficient
quantity to consume the acid liberated in thé reaction (generally that quantity
sufficient to maintain the pH of the reaction at greater than 8). The base may be
15 added incrementally together with the activated intermediate to effect proper pH
control of the reaction. The reaction is conducted generally between -20°C and
§0°C. Isolation procedures are tailored by one skilled in the art to remove
impurities, but typically consist of removal of water-miscible cosolvents by
~evaporation, extraction of impurities at high pH with an organic solvent, acidification
20 to low pH (1-2) and filtration or extraction of the desired product with a suitable
solvent such as ethyl acetate or dichloromethane.
The Formula V compound mlay be prepared by coupling the appropriate
Formula Hll compound wherein R, is alkoxycarbonyl and the appropriate Formula I

-

compound in an analogous procedure to that described above (e.g., Procedure A).
25 Alternatively, Formula | compounds which contain sulfur atoms in the
sulfoxide or sulfone oxidation state may be prepared _from the corresponding
Founula | compounds having the sulfur atom in the unoxidized form, by treaiment
with a suitable oxidizing agent, such as with m-chloroperoxybenzoic acid in
dichloromethane at a temperature of about 0°C to about 25°C for about 1 to about
30 48 hours using about 1 to about 1.3 équivalent for conversion to the sulfoxide
oxidation state and greater than about 2 equivalents for conversion to the sulfone

oxidation state.
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(1 S, 2R -(1 -Benzyl - 2- met hoxy- net hyl - car banoyl - 2- hydr oxy- et hyl ) - car bam c:
acid tert- butyl ester in tetrahydrofuran (2 nL) at OC. After 5 m nutes
nmet hyl iodide (175 ng) was added and the m xtute was all owed to stand
at 25C for 18 hour. Ethyl acetate and saturated aqueous anmoni um

chl oride solution were added and the organic 30 | ayer was separated, washed
‘W th water, dried, concentrated, and chr o8t ographed on silica eluting
wi th 10-20% et hyl acet ate-hexanes: Yield 113 ng, 52% HPLC (60/40) 6.45

m nutes (>96%) .
Dat e: Alternatively, the Formula | compounds that are mono- or di-alkylated on R,

aminoalkoxy may be prepared from the correspénding Formula | compound wherein
Ry is aminoalkoxy by monoalkylation or dialkylation on the Rs amine to prepare the
desired Formula { compound. Such a mono- or di-alkylation may be conducted by
5 trealment of the R aminoalkoxy compound with 1 equivalent of the appropriate

carbonyl compound (for monoatkylation) or greater than 2 equivalents of the
appropriate carbonyl compound (for dialkylation) and a suitable reducing agent in a
suitable solvent. Suitable reducing conditions include sodium cyanoborohydride or
sodium borohydride in methanol or ethanol, or hydrogen/hydrogenation catalyst

10 (such as palladium on carbon) in a polar solvent such as water, methanol, or
ethanol at about 0°C to 60°C for 1 to 48 hours.

Alternatively, the Formula | compounds, wherein R, is alkanoyloxy (RCOQ-),
are prepared by O-acylation of the appropriate Formula | compound with an
appropriate acid chicride or other activated acid derivative in the presence, if

15 necessary, of a suitable base, (e.g., tertiary amine base such as trialkylamine or
pyridine), preferably in an aprotic solvent such as tetrahydrofuran or
dichloromethane, at a temperature of about 0°C to about 50°C, for about 0.5 to
about 48 hours. |

Alternatively, the Formula | compounds wherein Ry and R, are taken together

20 to be oxo are prepared by oxidizing a corresponding Formula | compound, for
example, wherein R, is hydroxy and R, is H, with a suitable oxidizing agent.
Exemplary oxidizing agents include the Dess-Martin reagent in dichloromethane, a
.Z:arbodiimide and dimethylsulfoxide and acid catalyst (Pfitzner-Moffatt conditions or
madifications thereof, such as employing a water-soluble carbodiimide) or Swem-

25 type reactions (e.g., oxalyl chloride/DMSOftriethylamine). The Formula | compeunds
having other oxidation sensitive functionzality may benefit from appropriate protection
and deprotection of such functionality. '

Some of the preparation methods dcscribed hercin may require protection of
remote functionalily (i.e., primary amine, secondary amine, carboxyl in Formula |

30 precursors). The need for such protection will vary depending on the nature of the
remote functionality and the conditions of the preparation methods. The need for
such protection is 'readily determined by one skilled in the art. . The use of such

protection/deprolection methods is also within the skill in the art. For a general
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- 75- Exanpl e 20
[(2S)-[(5-Chloro- 1 Hindol e-2-carbonyl)-am nol - (1R) - ( net hoxy- net hyI .

car banoyl ) - 3- phenyl - propoxyl acetic acid benzyl ester - (1R, 2S
-[2-Am no- 1 - (nethoxy-nethyl -carbanoyl) - 3- phenyl - pr opoxy] -acetic 5 acid
benzyl ester hydrochloride (162 ng, 0.38 mmvl) was coupled with

5-chloro-1 H I ndol e- 2-carboxylic acid4¢71 ng, 0.36 mmpl) according to
Procedure A (0-25[err]C reaction tenperature) and the crude product
purified by chromatography on silica gel eluting-with 20-75% et hyl

acetate in hedezeaptprvoigrotdeting igtdupsdnasthain Gee,oseedl .Y, Bregne, Proteewei Groups el d,
61% TSPMS 564/ 90/ 581/ 583 00/ 509 .
Exanpl e 20A 10.Qr aru(:l\g_|+ S‘? %WA #oéqns ?\lele_rIE &9

- (et hoxy- net hyl - Ciadrf&amdlé 1r3ﬂ85'&ﬁ>)‘1| Sd?feﬂ‘@%@rtaﬂ'?ﬁéﬂnﬁ?ula | compounds contain
acid benzyl ester hydrochlori

[ 2-t er t - But oBfBA Gy Rrferp0dary @mme&whemﬂac@aﬁuaaﬁlﬁwfy ins ey pf the

pr opoxy] - a%etri-\SleéGlb(Hehﬁémﬂ( R H, WhicHOmaY intBrfate Withb aHt@ﬁdéHé lMﬁd in 4N
HCl - 15 di oxane (2 nL 1%5 héurs at S[err]C, concentrated, e residue

coevapor at ed rapetipn of e@m@m Sammaﬂ ifde Goomyig Ihintermediate DrifyyH oRBRAH ( M+,

R 29) -1 2- t er I BSEEEesfed Accofeingly, he primert B SpSoreiy amine unctionaity
may be protected, where it is present in the R; or R, monetles of the Formula il
intermediate or amine (R,RNH or R, H) by an appropri'ate protecting group during .

10 the coupling reaction of Reaction Scheme |. The product of such coupling reaction
is a Formula | compound containing the protecting group. This protecting group is
removed in a subsequent step to provide the Formula | compound. Suitable |
protecting groups for amine and carboxylic acid protection include those protecting
groups commorily used in peptide synthesis (such as N-t-butoxycarbonyl, N-

15 carbobenzyloxy, and 9-fluorenylmethylenoxycarbonyl for amines and lower alkyl or
benzy! esters for carboxylic acids) which are not chemically reactive under the
coupling conditions described above (and immediately preceding the Examples
herein as Procedure A) and can be removed without chemrcally altering other
functionality in the Formula | compound.

20 The starting indole-2-carboxylic acids and indoline-2-carboxylic acids used in
Reaction Scheme |, when not commercially available orknown in the prior art (such
art is extensively published), are available by conventional synthetic methods. For

.example. according to Reaction Scheme |l the Formula Vil indole ester may be
prepared from the Formula VI compound (wherein Q is selected to achieve the

25 desired A as defined above) via a Fischer Indole synthesis (see The Fislc'hér Indole

Synthesis Robinson, B. (Wiley, New York, 1982)) followed by saponification of the

resulting Formula VIl indole ester to yield the corresponding Formula Vil acid. The
starting aryl hydrazone may be prepared by condensatibn of a readily available
hydrazine with the appropriate carbonyl derivative or via the Japp-Klingeman
30 reaction (see Organic Reactions, Phillips, R. R., 1959, 10, 143).
Alternatively, the Formula VIiIA indole 2-carboxylié acid may be prepared by

condensation of a Formula IX ortho methyl nitro compound with an oxalate ester to
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3- phenyl - propoxyl -aceti c acid benzyl ester 20 Sodi um hydri de

di spersion (120 ng of 50%in oil, 2.8 nmmol) was added to a sol ution of
(1S, 2R) - (1- benzyl - 2- net hoxy- net hyl - car banoyl - 2- hydr oxy- et hyl ) - car bami ¢
acid tert-butyl ester (858 ng, 2.5 mmvl) in tetrahydrofuran (8 nlL) at OC.
After ef fervescence ceased benzyl bronpacetate (0.56 g, 2.5 mml) was
added and the m xture was brought to 25 After 2 hours nore NaH

di spersion was added (12 25 ng), and the mXxture was stirred 1 hour,
diluted with ethyl acetate and saturated ammoni um chl ori de, the organic

| ayer separ at | t | . | ving an
-0l Iy whi CE was Wéﬁir igﬁmﬁ&g'gyap%ggg%ne%gelrlf?@f eg’e??&%l(ff té%P %P@%%& 3}0%% Yo et hyl
acet at e- hexanesgbseguentipairolysis.e fracti ons were conbined giving an oil '

f %5 Mg, 15%: MBS 1‘%3 tthI\eAe_l'Qép gr%es(s]ig Q%Wn as the Reissert indole synthesis (Reissert,
Chemische Berichte 1897, 30, 1030). Conditions for accomplishing this sequence,
§ and references thereto, are described in the _li;grature (Kermack, et él., J. Chem .
Soc. 1921, 119, 1602; Cannon et al., J. Med. 'Chem. 1981, 24, 238; Julian, et al in
Heterocyclic Compounds, vol 3 (Wiley, New York, NY, 1962, R.C. Elderfield, ed.) p
18). An example of the épeciﬁc implementation of this sequence is Examples 10A-
10C herein. | .
10 3-Halo-5-chloro-1H-indole-2-carboxylic acids may also be prepared by
halogenation of S-c‘hloro-1 H-indole-2-carboxylic acids.
Alternatively, (to Reaction Scheme iI) the Formula XIV substituted indolines
may be prepared by reduction of the corresponding Formula XV indoles with a
reducing agent such as magnesium iﬁ methanol at a temperature of about 25°C to
15 about 65°C for about 1 to about 48 hours (Reaction Scheme iil).

- Formula XVl indoline carboxylic acids are prepared by saponification of the
corresponding Formula XVil ester (Reaction Scheme ill). The Formula XV
compound is prepared by reduction of the corresponding Formula Vil indole ester
with a réducing agent such as magnesium in methanol as deséribed for the

20 conversion of the Formula XV compound to the Formula XIV compound above.

The following paragraphs describe how to prepare the various amines which

are used in the above R_eéction Schemes. '
) According to Reaction Scheme IV the Formuta XXl compounds (the Formula
lIl amines of Reaction Scheme | wherein Ry is OH, R, is H and R, Is an ester) or

25 Formula XXVI compounds (R4 is C{O)NR4R4 or C(O)R,,) are prepared starting from a
Formula XX N-protected (denoted by P,) aldehyde. The Formula XX aldehyde or the
sodium bisuliite adduct of a Formula XX aldehyde is treated with potassium or
sodium cyanide in aqueous solution with a cosolvent such as dioxane or ethyl
acetate at a temperature of aboui 0°C to about 50°C to provide a Formula XXI

30 cyanohydrin. The Formula XX! cyanohydrin is treated with an alcohol (e.g., (C,-
Cs)alkanol such as methanol) and a strong acid catalyst such as hydrogen chloride
at a temperature of about 0°C to about 50°C, followed by addition of water, if
necessary. The protecting group (P;) is then removed, if still présent, by an
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Exanpl e 21 [(2S)-[(5-Chloro-1

H- i ndol e- 2- car bonyl ) - am nol - (1R) - ( et hoxy- net hyl -

car banoyl ) - 3- phenyl ) - propoxy] - aceti c aci a: A m xture of
[(2S)-[(5-chloro-1 Hindol e-2-carbonyl)-amno]-(1 R -(nmethoxy-" 5

iret hyl - car banoyl ) - 3- phenyl - propoxy] -acetic acid benzyl ester (120 ng, 0.2

nmol ) and 50% noi st pal | adi um hydr oxi @8- on carbon catal yst in nethanol
(50 nmL) was shaken at 40 p.s.i. hydrogen pressure and 25[err]C for 1
hour. The m xture was allowed to stand for 30 min, then filtered

through a fil tappreprihtedeprotetibn h‘tellr&idEYle{dmg a:aamn& m:%nmdmagFaeéx i@fif a
solid which was chronmat ographed, on silica and 0 eluted with 25-10 /oethyl
acet at e- hexand@e %PVT‘ 3’%‘2"19&‘8?““8 QreHP &y ﬁ—ﬁ’[’@‘(‘%ﬁ%"“y‘ (t-Bog), dhe Farrugla 5 g

6.24 mnutes ()@(MOmglbhm méu;k@raaalfm thetunfh T;sauiae and add.ﬂsﬁ By

esters of the 5-des and titl'e product respect ively. This solid

di ssol ved water ignet amsgmat'féa ﬁnrmh apfX! i\mpwmnaz)bermtes@dmwmreserat
25[err] C, the I t

bet ween et hél wgﬂcz‘ealtﬁa% réft?L pﬁ?ﬂ%ﬁ@ dfﬂ{’ﬁf%f@'?'g%ﬁ%‘ ?‘2‘?”‘3’5@3‘2@%?3‘9 by
washed wi t h whydmolysis 4>de¢ estedwith aqeecusaalicali gla/ierrg)eaature of atiout 01’6 tohbolte

| b o h 5 - v o 71 8 L
(607 90) 3 0" eoeG 2 BEsaRel v BofBing Tbg SipsBhngii FémUieiogy nvaeows
474/ 4|76 (2 g/l—l—;{) acidt iThecFarmka XXV eompdUnd istdduridédfih an ahatogous prededyre B3P ;
Exanpl e

. 395 -1(1. . . . .
H-i ndol e- 2- caF%‘bWP)%{ﬁ’f?f)a]ée%ﬁfﬂa‘%wmw SARSE Hovih anpperopriate RyRNH or
(2R 39) - 3- 1011 HG; L2ain@droXyrmta Foanyh bW eanpsltd, Whixh isnién défrotechitredGfing

in the Formula XXVI compound (i.e., Formuia llf compound wherein Ry is OH, R, is
H and Ry is C(O)R,, or C(O)NR4R,. An example of the conversion of a Formula XXi
cyanohydrin to the corresponding Formula XXII methy! ester with removal of the t-
.~ boc protecting group is provided in PCT publication WQ/3325574, Example 1a.
15 Other examples wherein a cyanohydrin is converted to Formula XX|iI lower alkyl
esters may be found in U.S. patent no. 4,814,342, and EPO publication 0438233.
Certain Formula | compounds are stereoisomeric by virtue of the
stereochemical configuration at the carbons labeled a and b. One skilled in the art
may prepare Formula XXl and XXVI intermediates with the desired stereochemistry
20 according to Reaction Scheme IV. For example, the Formula XX aldehyde is |
available in either enantiomeric form (stereochemistry at a) by literature procedures
outlined below (see Reaction Scheme V). The Formula XXI cyanohydrin may be
prepared from the Formula XX compound by trealment with sodium or potassium
cyanide as described above while maintaining the steredchemistry at carbon a
25 resulting in a mixture of sterecisomers at carbon b.
The skilled chemist may employ crystallization at this stage to separate
isomers or purify one isomer.
For example, the preparation of the Formula XXI compound wherein P, is
Boc, R, is H, R, is benzyl and the stereochemistry of carbons a and b is (S) and (R)
30 respectively, employing this route together with punfrcauon by recrystallization is
described in Biochemistry 1992, 31, 8125-8141.

Alternalively, isomer separation may be effected by chromatography or

recrystallization techniques after conversion of a compound of formula XX! {mixture
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Exanple 1 D) and indol e-2-carboxylic acid (0.71 nmol) were coupl ed
according to Procedure A (washing wth acid, then base) and the

resul ting product purified by chromat ography on silica by eluting with
66- 100% et hyl acetal e-hexanes: Yield 89% 25 HPLC (60/40, Dupont Zorbax C 8
-colum) 99% MS 338 (M+, 100% . 1H 1H NWR (DVBO-d6) 6 11.53 (s, 1H),
7.95 (d, 1H, J =9 Hz), 7.63 (d, 1H, J = 8gbiz), 7.5-7.15 (m 7-8 Hz),
7.12 (d[err] 1H, J =ca. 7 Hz), 7.09 (d, 1H, J =ca. 8 Hz), 5.95 (d, 1H, J
= [err] Hz), 4.55 (m 1H), 3.93 (m 1H), 2.98 (dd, 1H, A of AB, J =.6,

g()axl)é 238 (@fiisome(r 33‘)]81)5':1 %ﬂﬂ@f@r 8'-]'%'-"?'%&%@@?%'}'&5’3@'6%" ) m‘m% N ( 5&; b¥1§/h(fr oxy
5- Chl or 0- 1H- i ReRsedurescandiengequiencas dersribed Berein. Formolaptd lintermedialelsieta t 0 a
00 51075, O (pechidl srdrdidhBitisty Bl dafons & RFE U BaiveraE S PoER &A' 7L e
-Intermediates with retention of this stereochemistry by treatment with an alcohol and
5 astrong acid catalyst, followed by addition of water, if necessary, as described

above.
Alternatively, the desired isomer of the Formula XX! compound may also be

obtained by derivatization of the Formula XXl intermediate and chromatographic
separation of the diastereomeric derivatives (for example with trimethyisilyl chloride
10 (TMS) or t-butyldimethyisily! chloride (TBDMS) to give O-TMS or O-TBDMS
derivatives). For example, Example 24D (contained herein) describes the separation
of Formula XXI diastereomeric derivatives. A silyl derivative of a Formula XX}
intermediate having a single sterecisomeric form at carbons a and b is converted
with retention of stereochemistry to a Formula XXIi intermediate (if the silyl group is
15 not removed in this step it is removed subsequently by an appropriate method,
such as treatment with tetrabutylammonium fluoride in tetrahydrofuran), by the
method described above for the conversion of the Formula XX! compound to the
Formula XXIi compound (see Example 24C contained herein for conversion of a silyl
derivative of Formula XX! compound to a single isomer of Formuta XXIi with loss of
20 the silyl group).

According to Reaction Scheme V the Formula XX aldehydes (starting
materials for Reaction Scheme IV) are prepared from the corresponding Formula
XXX amino acids. The Formula XXX amino acid is protected on nitrogen with a

~ protecting group (P;) (such as Boc). The protected compound is esterified with an

25 alcohol and converted to an ester, prelerably the methyl or ethyl ester of the
Formula XXXI compound. This may be accomplished by treating the Formula XXX
compound with methy! or ethyl iodide in the presence of a suitable base (e.g.,
K,CO,} in a polar solvent such és dimethyiformamide. The Formula XXXI compound
is reduced, for example, with diisobutylaluminum hydridé_ in hexane or toluene, or a

30 mixture thereof, at a temperature of about -78°C 1o about -50°C followed by
quenching with methanol at -78°C as described in J. Med. Chem., 1985, 28, 1779-
1790 to form the Formula XX aldehyde. Alternatively (not depicted in Reaction
Scheme V), analogous N-methoxymethylamides corresponding to the Formula XXX!
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1.61 nmol ) and triethylamne (145 ng, 1.42 mol) in dichloronmethane (2 ni)
at 25C. After 18 hours the m xture was diluted with ethyl acetate,
the resulting sol uti on washed twice with 1IN HCO, twice with saturated
aqueous NaHCO err], once with brine, dried, concentrated, and the
resi due chromat ographed on silica eluted 5 wth 50-100% et hyl

acet at e- hexanes giving a solid (0.31 g) whé&h was recrystallized from
i sopropyl -al cohol: Yield 0.020 g; FABMS 372/374 (M+, 21%, 217 (100%. 'H
NVR (DMSO-d[err] partial) [err] 85 (d, 1H J =9 Hz), 7.48 (d, 1H, J = 2
Hz), 7.4-7.1 ogqsmpound véidreinh@ alcpbiol subistitdent of thir pstedisTéplaced biHN(OMe[Me,( M

1 2.92 (dd H = 11, _13 Hz 2. 68 = 3, 13 Hz). 10
E;Danpl e 23,(0\ are ormed from & Formula XXX c%p%p&ﬂt@-giqépﬂﬂwpﬁgp@gaﬂéﬁ,| |

12 Ilgo(r) i ge 61 suitable coupling lagentoe.qof 1 &mmﬁmﬂhbpmﬂ?z&;?g?gnﬁaﬁ(ﬁdgc ngl gdded
to a sol uti 03{' ?fo?f{’%{'ffp?r‘q,sq)lﬁdg d&%"@ é/é Tq‘\ed'es%%pqlcmpyn I§ reducedniorri| e
(total 340smigxafiple, Witk ithitm dioMiduesaydride mmea@ttdmd sbbaeisuEhQs%é'drquot S
quenched with burg/l am ne and appear ed near hour .

m xture was peVRYIrelHian atatemparatura fporHt ﬂyg gg“ﬁ?ﬁ"éi“’( fQapdhe fgq@ r ] ),
and . COnCO0t AL POl BHYAIE BerR (4P et Bt GNEHEAGRI o1

(10.0 g. 99% . TLC | am ne- qtuenc hed al i quot showed sone
5- chl or oi ndolagino @&idﬁdﬁﬁqf'@uma'dﬁwdes Fehrenizeand @aste, Synthesiy 1883, &F6- A

sanpl e was p%%j‘led by chromat ography on silica gel 20 eluting wth ethyl
acet at e- hexanes’ (50-100% for characterization (16368-130-1).
10 Alternatively Formula XX aldehydes may be prepared by oxidation of Formula

XXXHl protected aminoalcohols, for example, with pyridine-SO;. at a temperature of
about -10°C to about 40°C in a reaction-inert solvent, preferably dimethylsuifoxide .
Formula XXXIIt protected aminocalcohols, if not commercially available, may be
prepared by protection of Formula XXXl aminoalcohols. The Formula XXXl

15 aminoalcohols are prepared by reduction of Formula XXX amino acids. This
reduction is accomplished by treatment of Formula XXX compounds with lithium
aluminum hydride according to the procedure described by Dickman et al., Organic
Syntheses; Wiley: New York, 1990; Collect. Vol. VI, p 5§30, or with sulfuric acid-
sodium borohydride by the procédure of Abiko and Masamune, Tetrahedron Lett.

20 1992 333, 5517-5518, or with sodium borohydride-iodine according to the procedure
of McKennon and Meyers, J. Org. Chem. 1993, 58, 3568-3571, who also reviewed
other suitable procedures for converting Formula XXX amino acids to Formula XX(XIi
amino alcohols.

According to Reaction Scheme V| the Formula XXX compounds utilized in

25 Reaction Scheme V may be prepared as follows. The Formula XLI amino acids may
be prepared by N-alkylation of the Formula XL protected (P,) amino acids by
treatment with an appropricte base and alkylating agent. Specific procedures for this
alkylation are described by Benoiton, Can. J. Cliem 197?, 55, 906-810, and Hansen,
J. Oté. Chem. 1985, 50 945-950. For example, when R, .is-methy!. sodium hydride

30 and methyl iodide in tetrahydrofuran are utilized. Deprotection of the Formula XU
compound yields the desired Formula XXX compound.

Alternatively, a Formula XLIl amino acid may be N-zlkylated by a three-step

sequence involving reductive benzylation (such as with benzaldehyde, Pd/C-
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Exanpl e 23B (2S, 3S) - 3- Am no- 2- hydr oxy- 4- phenyl - but yram de
hydr ochl ori de

[ (1S)-((S)-Carbanoyl - hydr oxy- net hyl ) - 2- phenyl - et hyl ] - carbam ¢ acid
tert-butyl  ester (0.50 g, 1.7 mmol) was dissolved in 4 M HC -di oxane at
25[err]C for 1 hour. The 25 m xture was concentrated and the residue
triturated with ether and dried giving a .39.colorless solid (430 ng): HPLC
(60/40) 2.68 mn. 100% Exanpl e 23C
[ (1S)-((S)-Carbonoyl - hydr oxy- nmet hyl ) - 2- phenyl - et hyl ] - carbam ¢ acid

tertbutyl est gatalyzed hydrogenzﬁﬁrgwgtvhltmwnurm-bbw- defvalive and réductidd i n
tetrahydrofuran) was added to 30 a sol ution of

{(19) - ((S) - (t #minagignwiththaapRIARriale 3y FeRpoURd ensrapmrisuith jermaidebyde and
Nrer 30 AR GahRoroRyede @aREEAIG o AL A ne N BN R o
t he organi c | suhstituted aminmacidethe Nenzyl prtettingagroup i canvenienty rentovedifor
NaHCO err] 5 agdifih BG hyafodeRalish @flh an appropriate catalyst) to yield the Formula XXX
compound. Specific conditions for this three step alkylatioh procedure are described
by Reinhold et al., J. Med. Chem., 1968, 11, 268-260.
The immediately preceding preparation may also be used to introduce an R
moiety into the Formula XLIV intermediate to form the Formula XLV intermediate -
10 (which is a Formula [ll intermediate wherein R, is OH). The immediately preceding
preparation may also be used to introduce an R, moiety into a Formula lila
intermediate (which is a Formula lii intermediate wherein R, is H).
The amino acids used in the schemes herein (e.g., XL, XL}, if not
commerciaﬂy'availabl'e. or reported in the literature, may be prepared by a variety of
15 methods known to those skilled in the art. For example, the Strecker synthesis or
variations thereof may be used. Accordingly, an aldehyde (R,CHO), sodium or
potassium cyanide and ammonium chloride react to form the correspending
aminonitrile. The aminonitrile is hydrolyzed with mineral acid to form the desired
Formula XLII R,C(NH,)COOH amino acid. Alternatively, the Bucherer-Berg method
20 may be used wherein a hydantoin is formed by heating an aldehyde (R,CHO) with
ammonium carbonate and potassium cyanide followed by hydrolysis (for example,
with barium hydroxide in refluxing dioxane) with acid or base to form the desired
Formula XLt R,C(NH,)COOH amino acid.
Other methods for synthesis of g-amino acids are also reported in the
25 literature which would permit one skilled in the art to prepare tﬁe desired Formula
XLH R,C(NH,)COOH intermediate necessary for the synthesis of Formula |

compounds. .
Suitable methods for the synthesis or resolution of Formula XLIt compoLnds

are found in reviews by Duthaler (Tetrahedron 1994, 5@, 1539-1650), or by Williams
30 (R. M. Williams, Synthesis of optically active amino acids. Pergamon: Oxford, U.K.,

1889).
A specific method for the synthesis of a Formula XLIl intermediate in either

enantiomeric form from the corresponding R X (X = ClI, Br, or I) intermediate is the
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- 78- was obt ai ned which was filtered through a filter acid, the.

filtrate dried, and concentrated giving a colorless solid (0.5 g,
2099 . A portion (3.1 g) of the filtered solid (3.3 g) was
recrystallized fromhot ethyl acetate with hot filtration giving a
coirless solid (1.33 g). 5 Exanpl e
23D -40- :
{(1S)-[(S)-(tert-Butyl-dinmethyl-silanyl oxy) - car banoyl - net hyl ] - 2- phenyl -
ethyl}-carbam c acid tert-butyl ester 30% hydr ogen peroxi de

(7.2 m., 64 mmprgceduss oiRigungand Kashramudhy). OFg. Chem.n1993; 88, 355-358)5G1I‘WI on

R T e e e AR g p R s
E rzgatmézi i/vint ﬁt hestpiired F,R intejmetdiate$ are leddilyl bﬁpﬂleﬂtwwawmahddsrfaduh&: fo theur s,

ague 10% so m t hiosul fate sol u
concent r at ed, %ﬂnﬁgg'f‘w@dh?\,{aﬁh é'uexa“&ll?rﬁ °S£C%Q‘B?%u"‘}fh %&E&&M gmay
dried over Nga[paj brépdred by radichl haegeRaticH sthe EBMpoaAY W@Hf or by Wafylation of

chr omat ogr aphed on silica eluted wth 20-33% et hyl acefate hexanes giving
OO 00 A e e el 65 ahofl e S
Exanpl e 24 Another spuciid métRod fbrfelsontRe&id P Fudrhilg Xaf iifleiietiates in

S)-[(S)- hvdroxy (et hoxy-
met hyl - car bamo$ither ﬁﬁ?’H&PmeﬂE-meMabPh?Pqu-aaﬁ% (J. Am. Chem. Soc. 1992, 114,

N, O Di met hyl hy gye@xdoajh fsud) U iREMh ikt (Gt BREdCaNds fetfilad ( 5- Chl oro- 1H

10 enantiospecifically to intermediate R,CH(OH)CCl;, which is converted on treatment
with azide and base to an intermediate R,CH(N,)COOH, which is reduced by
catalytic hydrogenation to the desired Formula XLIl compound. The requisite
trichloromethyl ketone R,COCCI, is obtained by reaction of the aldehyde R,CHO
with trichloromethide anion followed by oxidation (Gallina and Giordano, Synthesis

15 1988, 466-468).

Formula Il intermediate amines (used in Reaction Scheme 1), wherein R; and

R, are H may be prepared according to Reaction Scheme Vil. A Formula L amt;no
acid (suitably protected (P;) is activated by conversion to the acid chloride, fluoride
or mixed anhydride (e.g., with isobutyl chioroformate and triethylamine in an inert -

20 solvent such as tetrahydrofuran or dioxane at about -0°C to about 40°C) and the
activated intermediate treated with diazomethane to give the Formula U
diazoketone. The Formula LI diazoketone is treated with an alcohol (ROH) (e.g.,

(C,-Celalkanol such as methanol), and a suitable catalyst such as heat, silver oxide
or silver benzoate to prepare the Formula Lil ester. The Formula LIl ester is

25 deprotected to form the Formula lIIA compound (via Wolff rearrangement).
Alternatively the Formula Lil ester is hydiolyzed, with for example alkali, and coupled
with the appropriate R, ,H or HNR R, amine to prepare the Formula IlIB compound
as described previously. ' |

According to Reaction Scheme Vill the Formula iii intermediate amines

30 wherein R, is an oxygen linked substituent (e.g., alkoxy) (used in Reaction Scheme
I) may be prepared as follows. The Formula LXI compound is alkylated on oxygen
by treatment with an appropriate alkylating agent (e.g., alkyliodide, alkylbromide,
alkylchloride or alkyltosylate) and sufficient base to form the alkoxide (sodium or
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20 i ndol e- 2-carbonyl )am nol - (2S) - hydr oxy- 4- phenyl butyric acid (0.38 mmol)

wer e coupl ed according to Procedure A and the product purified by
chr omat ogr aphy on silica eluted with 20-50% et hyl acel at e- hexanes:
Yield, 72% HPLC (60/40) 5.05 mn, - 98% PBMS 416/ 418 (M, 100%;

"H NMR (CDC13) [err] 9.30 (br, 1H), 7.60 (d, 1H J = 2 Hz), 7.33 (d, 1H, J
=8 Hz), 7.3- 25 7.15 (m 6-7H), 6.75 (m 2H4. 5.00 (m 1H), 4.65 (d, 1H, J
=4 Hz), 3.71 (s, 3H). 3.06 (s, 3H, 2.87 (m 2H. 1.6 (br). - Anal .
Calcdfor Cerr]JHerr]CINerr]dJerr] + 0.35Herr]O C, 59.74; H 5.42; N,

9. 95. Founcboteﬁsuﬁ@ hydhidelin & sGrabtdlpofar aprotic solvent (e.g., dimethyiformamide or

Exanpl e 24A 30
(3S) - [ (5- Chl or detiahydrahdna) at-atempsaigtuyant ahqut 026 - Hodrkewy 150 R eesyitingty ai c

?g's? (5. 0nl o  FofbRIU cbhpaft. (Fhe%Fdfinuid B0 B5BHuA isteiRbidbded o Yliord the

I ndol e- 2-car boﬁysf;%ﬁwmmpmtg@)emr oxy-4- phenyl butyric acid nmethyl ester
(500 my, 5 1. 29" MRl kol R NRGRlechite AiRAd Wrerefl hCls B8CIPUTS the m xture

was concentr at ed, th
This is the replkawamﬁnymlmy (used in Reaction Scheme ) may be prepared as follows. The

Formula LXI compound is alkylated with a halo-alkanoate ester to form a Formula
LXHl compound which is then deprotected to form the desired amine. The
corresponding acid may be prepared by hydrolysis of the ester using aqueous alkali
10 in an appropriate solvent. Those Formula il amines wherein R, contains an ester
and Rg contains a carboxy may be prepared from the Formula LXlll amine (as
prepared above in this paragraph), wherein R, contains the carboxylic acid
functionality protected as the t-buiyl ester by treatment with anhydrous acid to
provide the corresponding acid at Ry without hydrolyzing the ester at the R, position.
15 The Formula LXVI compounds (Formula il intermediate amines wherein R is
protected aminoalkoxy) may be prepared from the Formula LXI compound. The
Formula LXI compound is alkylated with a halo-alkane-nitrile to form the Formula
LXIV compound. The Formula LXIV compound is reduced to the primary amine by
treatment with hydrogen and an appropriate catalyst (e.g., rhodium-on-carbon) in
20 the pressence of ammonia in preferably a polar, protic solvent such as water,
methanol or ethanol to give the Formula LXV primary amine. The Formula LXV
compound is protected on nitrogen with a protecung group (P;,), which is
orthogonal to the other protecting group (P,), followed by deprotection of the Py
protecting group to yield the desired Formula Il compound. The protected Formula
25 Il compound is coupled With the appropriate fFformula Il compound and the resulting
protected Formula | compound is deprotected.

The Formula LXIIl and LXIV cornpounds wlxergin nis two are preferably
prepared by treatment of the Formula ! XI compound with an excess of acrylate
ester or acrylonitrile, respectively, in the presence of a suitable base, such as

30 potassium or sodium hydroxide, in a suitable solvent, pfeferably a polar protic
solvent.
According to Reaction Scheme IX the Formula IXVIl and Formula LXIX
compounds (Formula lli compounds wherein Rq is F or Ry and R, are both F) may
| This is the replacement ghesi:
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-79- resi due dissolved in ethyl acetate and water, and the resulting

solution acidified to pH 1 with 6N HO . The aqueous | ayer was
separated, extracted three tines with et hyl acetate, the organic

| ayers conbi ned, dried and concentrated giving a solid (417 nmgy, 87%:
HPLC (60/40) 4.23 (>98%. 5 Exam | e
24B ((3S)-(5-Chloro-1 42-

Hi ndol e- 2- car bonyl ) - am nol- ( 2S) - hydr oxv4

phenyl--butyric acid nmethyl ester
(3S) - Ani no- (2De pge;bamwmmhwmibﬂﬂwam oorapmmmﬂhb;ﬁormstaam (:&mﬁomd)is)tre%l?éh 5-

10 Pr ocedur ¢ A8 sufiae fuorialed Bafnt sHss RehUarincauli onda s & reactan: ©

di chl or onet hargert solvesti stieh fa‘gld}\@ﬁfm‘& §lver) M@fgrébtﬁ idichitBoin B ahd, itb SorRi @QUCt
Yield, 94% HPLC (60/ 402 5. 38 m_nut es np 214- 221[err]C PBNVS
387/ 389 (NH+, FRomuba LXVI compgundcThe fofrpyia ﬂrﬁOPl[qu"FG fpmignieatly 62. 10; H,

4.95; N, 7.84.4 gﬂg&edc 62. 16; H 5.07; N, 7.11. 15
Exanpl e 24C eE L)é - Ami no- (2 ) hydr oxy4- phenyl - butyric acid
nmet hyl ester The Formula lcompound is oxidized to the Formula IXVIll compound

utilizing the conditions desc_nbed above for the preparation of the Formuta |
compounds wherein Ry and R, together form oxo. The Formula LXVIil compound is
difuorinated under suitable conditions (e.g., diethylaminosulfur trifluoride in
10 dichloromethane). _
According to Reaction Scheme X the Formula LXXIll compound or Formula
LXIV compound wherein R, is alkyl (i.e., Formula Il compound wherein R, is alkyt)
ére prepared from the Formula LXX compound (also see Reaction Scheme V for
analogous amine preparation). The Formula LXX compound is treated with an
15 organémetallic reagent R,M and the resulting secondary alcohol oxidized as in the
directly preceding paragraph to form the Formula LXXI compound. The Formula
LXX1 compound is converted via the Formula LXXI cyanohydn'n'tb the Formula
XXMl compound using the same conditions that are used to convert the Formula
XXl compound to the Formula XXI! compound in Reaction Scheme V..
20 Alternatively, the Formula LXXil compound is converted to the Formula LXIV
compound as described for the conversion of the cyano intermediate to the amide
in Reaction Scheme V.
) A compound of the formula RgNH, or R4jNH, is monoalkylated with a
carbonyl compound corresponding to R, or Ry, respectively, under appropriate
25 reductive amination conditions, to give a formula R;R;NH amine. To avoid
dizlkylation, it may be preferable to protect the amines (R,;NH, or RyNH,) with a
suilable protecling group P, to give R,(P,)NH or RQ(P,)NH. for example by reaction
with benzaldehyde and a reducing agent. The prolecied amines are monoalkylated
with a carbonyl compound corresponding to R, or R, respectlvely, under suitable
30 reductive amination conditions, to give R, R sN(P;). The protecting group (P;) is
removed (e.g. by exhaustive catalync hydrogenat:on when P, is benzyl) to give a
compound of formula R;R,;NH. Appropriate reductive amination conditions are

available from the literature to one skilled in the art. These conditions include those
This is the replacement sheet
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[1(S)-Benzyl - (2S)-(tert-butyl-dinmethyl -silanyl oxy)-2-cyano-ethyl]-carbam c
aci d. tert-butyl ester (417 ng) was added to a solution of anhydrous HC
(3.29) in met hanol (20 nL) and the resulting solution capped and kept
at 25[err]C for 5 days. 20 The m xture was concentrated to give 308 ng of
colorless solid which was honogeneous by "H NVR (D[err] O . This

mat eri al was conbined with spectrally ef®i val ent material prepared in

t he sane manner from 400 ng of the sane precursor, and together the

m xture was di ssolved in saturated aqueous NaHCO3 whi ch was extracted
ten tinmes with reporadohyoBorch Bhel. b Am.eherex$ea 302 12897 -2808pand thoae deviewed

ggﬁgrter ated 9lny) Eiflersb (GighhiB FABRIAY. Witel REw Tk 3643 (14), 174), Hutchins ot .

[ 1(S) - Penzyl - ( 2Q)g. Prep. tPréaedy Intdere(ty) 2G;idndriyanesef )al. ISynthesis 1975, 135).
N - but oxychr bR aefasionaenslée i EhG Menonnayrion el thasesenprisciby
converted t o5t iMorales ra&p@%tﬁgncmdmmnhaﬁqﬁﬁim hgi3i1£3d) adthvakaddwt aihe
ngﬁgﬁlgr gepar a?iﬂ‘"{:é?%e%glzs’?H ng‘e g#ﬂ%{ﬁ‘?@@&iﬁ?‘”ﬁ alyoe)ﬁ é’tBh%g{]q%etﬁlgﬁé?ﬂ
The title subshRRTEXWARX H8EFRYvely, where X is chloride, bromide, tosylate or mesylate.
Alternatively, an intermediate of formula Ry(P;JNH or Ry(P;)NH may be alkylated with
RyX or RgX, and the protecting group removed to give a compound of formula .
10 R R NH.
Additional methods may bé used to prepare formula R;R,;NH amines wherein
Re-NH or R,-NH are oxygen-nitrogen linked. Thus a readily available compound of
formula (C,-C,)alkoxycarbonyl-NHOH or NH,CONHOH is dialkylated on nitrogen and
oxygen by treatment with base and excess suitable alkylating agent (R-X) to give the
15 corresponding (C,-C,)alkoxycarbonyl-N{R)OR which is then hydrolyzed to give a
compound of formula R,R,NH (wherein Ry=R,=R). Suitable conditions, base, and
alkylating agent include those described by Goel and Krolls. (Org. Prep. Proced. Int.
1987, 19, 75-78} and Major and Fleck (J. Am. Chem. Soc. 1928, 50, 1479).
Alternatively, a formula NH,CONH(OH) amine may be sequentially alkylated, first on
20 oxygen to give NH,CONH(OR'), then on nitrogen to give NH,CON(R"){OR’), by
successive treatment with the alkylating agents R’X and R"X, respectively, in the
presence of a suitable base. Suitable base and alkylating agents include those
described by Kreutzkémp and Messinger (Chem. Ber. 100, 3463-3465 (1967) and
Danen et al (J. Am. Chem. Soc. 1973, 95, 5716-56724). Hydrolysis of these alkylated
25 hydroxyurea derivatives yields the amines R'ONH, and R’"ONHR”, which correspond
to certain formula RgR,NH amines. The chemist skilled in the art can adapt the
procedures described in this paragraph to other alkylating agents R, R* and R”-X to
prepare other amines of formula R;R,NH wherein Rg-N ér Ry-N are axygen-nitrogen
linked. Uno et al (SynLett 1991, 553-560) describe the BF,-catalyzed addition of an
30 organometallic reagent R-Li to an O-alkyl oxime of formula R’CH=N-OR", to give
compounds of formula R‘RCH-NH(OR”). This route may also be used to give
compounds of formula RgA,NH wherein one of Ry-NH or Ry-NH are oxygen-nitrogen
linked.
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- 80- separated fromits slightly less polar 2R isoner (the latter
Exanple 1B in US pat. no. 4,599, 198).

Exanpl e 24E _
N-t - But oxycar bonyl - (3S) - am no- ( 2RS) - hydr oxy- 4- phenyl butyronitrile 5
A 5[err]C solution of sodiumbisulfite (4.38 g) In water (100 nL) was added

to a sol ution of N-t-butoxycarbonyl - L-ghenyl al aninal (J. Med. Chem
1985, vol. 28, 1779- 1790, 10.0 g, “mol ) in di met hoxyet hane (100
m.) at O0.5[err]C. The m xture was stirred for 2 hours at O[err]C and

then at 25[err]C o The m xture concentrat .0 80

vol une, di I[ut i ]ng vm'fﬂgrélgﬁﬂ’ trﬁ%&"ﬁ?@"(‘ﬁ%ﬂ%ﬁjab%’% S PR F?!Eﬁ’ﬂ%'? ﬁﬁ'd%I ution
treated with [RoreRi lUSTepyRRdAsy 42 eftdr Shay 49 preparal )by diniisifing thotdrboxylic acii
25[err]C the orga i c | ayer rated, washed,twice with water, once

Wi th brine, he =eercbriatecaiod Balde.ndfie pravenre of phesg SUFM SRRCIASHYE: o) || zed
from et her/ hexappna@ M'dﬁgnert solvanmicﬁ rds%raeﬁgtfbf%a{n&dést a)temﬁsra%e 8Pawdut] C.
A second crop was obtain h

i zi ng the nother (5.009
Wi th et her/ HePihds Weapdm et dclos 8008 24 hogss, Akea el IRS FrasrTinadyih
![ ?‘gﬁ;f g?'n;f[ |ngn pro (F:l?l?'baé I H§ @glvbﬁ't ihlife El‘é@éﬁé’é‘@f‘& catalyti 'amdudt bCLLid such as
concentrated sulfun_o acrd at a temperature of about 20°C to 120°C, preferably at
reflux, for about 1 .-h'_o_ur to about 24 hours. Another method is the reaction of the
acid with a stoichiometric amount of the alcohol in the presence of a catalytic amout
10 of acid in an inert solvent such as tetrahydrofuran, with concomitant removal of the
 water being produced by physical {e.g. Dean-Stark trap) or chemical {e.g. molecular
sieves) means. o
- Prodrugs of this invention where an alcohol function has been derivatized as
an ether mdy be pt_éijdted by combining the alcohol with-the appropriate alkyi
15 bromide or iodide in _t:h'e presence of a base such as potassium carbonate in an
inert solvent such as dimethylformamide at a temperature of about 0°C to 100°C for
about 1 to about 24 hours. Alkanoylaminomethy! ethers may be obtained by
reaction of the alcoho'l with a bis-(alkanoylamino)methane in the presence of a
catalytic amount of ac:d in an inert solvent such as tetrahydrofuran, according to a
20 method described in us 4,997, 984. Alternatwely, these compounds may be
prepared by the methods described by Hoffman et al. in J. Org. Chem. 1994, 59,
3530. | '
) The dialkylphosphate esters may be prepared by reaction of the alcohol with
a dialkyt chlorophosphate in the presence of a base in an inert solvent such as
25 tetrahydrofuran. The d:hydrogen phosphates may be prepared by reaction of the
alcohol with a diaryl or. d:benzyl chlorophosphate as described above, followed by
hydrolysis or hydrogenahon in the presence of a noble metal catalyst, respectively.
Glycosides aré;pfepa'red by reaction of the alcohol and’a carbohydrate in an
inert solvent such as toluene in the presenc'e of acid. Tyoically the water formed in
30 the reactionis removéd as it is being formed as described above. An alternate
procedure is the reaction of the alcohol with a suitably protected glycosyl halide in

the presence of base followed by deprotection.
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Exanpl e 25 (3S)-

[ (5- Chl or o- 1Hi ndol e- 2- car bonyl ) am no] - ( 2R) - hydr oxy- 4- phenyl butyric acid
Aqueous 2N NaOH (375 nL) was added at 10-22[err]C to a solution of crude 20
(3S)- [(5-chloro-1 Hindol e-2-carbonyl)-am no] - (2R) - hydroxy- 4- phenyl butyric

acid met hyl ester (containing 13% of the
N, O bi s-5-chl oro-1 Hi ndol e- 2- car bonyl i npur i4sy, 140.7 g, 363 mmol) in
met hanol (1900 mL) and the mi xture was allowed to stir at 25[err] C

- After 2 hours the solution was concentrated and the residue dissolved in

hyl 2L Gy N- d
S5 shod 1o co v t rgFukyalt At Ried. NIRYGOKEININ G LEbAAImBRARAAEE "

Wi th bri n_e,cqm%mdg\v_é\erexasbf%m;n gsgawdmm@@MIOWmvmrenwed b$ thé
2l orof orm (1308 S Berafalacliin bl in A Bbiph S MEUTB Uhcor gt o
reflux with necﬁﬁ&ﬂsisajongﬂibns (eng. dagfiurb etfioxidef inl etiearet) dt demperaturesnisetivben 25
Lo\t e w0l B BRSNS RO A S 4 old°
75% . The Fedctioniobtheal-unsulostitiited fredblewith tracnecssdry iallkgrhdlidedh G0l vi ng in
R A Y i T O
THF- hexanes ( 1d@jkylagine)athyl] indold ahd W,N-dldkylarminbaTettyl SwRies (B1gOm), =

CH,N(CH,),) may be prepared by the reaction of the parent N-H compound with the

10 appropriate aldehyde and amine in an alcoholic solvent at 26 to 70°C.

The aforementioned cyclic prodrugs (e.g., the prodrugs of this invention
where R, and R, are a common carbon) may be prepared by reaction of the parent
compound (drug) with an aldehyde or ketone or its dimethyl acetal in an inert
solvent in the presence of a catalytic amount of acid with concomitant water or

15 methanol removal. Alternatively, these compounds may be prepared by reaction of
the amino alcohol or hydroxy amide with a gem-dibromo alkane in the presence of
base (e.g. potassium carbonate) in an inert solvent (e.g. dimethylformamide).

The starting materials and reagents for the above described reaction

_schemes (e.g., amines, substituted indole carboxylic acids, substituted indoline
20 carboxylic acids, amino acids), although-the preparation of most of which are
described above, are also readily available or can be easily synthesized by those
Skilled in the art using conventional methods of organic synthesis. For example,
many of the intermediates used herein to prepare compounds of Formula | are, are
related to, or are derived from amino acids found in nature, in which there is a large
25 scientific irterest and cdmmercial need, and accordingly many such intermec:ates
are commercially available or are reported in the literature or are easily prepa:ed
from other commonly available subsiances by methods which are reported in the
_literature. Such intermediates include, for example, Formula XX, Formuta XXX,
Formula XXXI, and Formula XXXlf compounds.
30 The compounds of Formula | have asymmetric carbon atoms and therefore
are enantiomers or diastereomers. Diasteromeric mixtures can be separated into
their individual diastereomers on the basis of their physical chemical differences by

methods known per se., for example, by chromatography and/or fractional
This is the replacement sheet
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the latter operation were concentrated, and recrystallized according to the

sane procedure giving 11.07 g (8% . Al three lots showed HPLC
(60/40) 4.2 mnutes (>98% . Analysis of 5-chloro-1

H i ndol e- 2- carboxyl i c acid content was acconplished by HPLC (C8
Zorbax 15 cm colum, 600:400:2:1 water-acetonitrile-triethylam ne- 5
acetic acid) show ng this substance presend6-at 0.4% 0.7% and 21%
respectively in the three lots as sequentially described above. For
the main lot: np 209-212[err]C TSPMS 373/ 375 (MH100% ; [err]H
NMVR ( DVMBO- ?gelcrﬂs)aﬂ[zeﬁdd Edahtidm(dos (e. Q.H):t Fdrinufa (jis Vuﬂ:H)lX) SadBe(sd ariféd b1/ = 9 1
Hz), 7.71

7.17 (m 3H), °8“‘@£“‘190Fb"° eI‘HS"2°"1‘¥ °4m8"7”' ?r‘é‘ f‘h‘jL aé‘ﬂ' opsr '(*‘d""‘ﬁ% by “°§°'6 “ﬁE)an
g 27 g- gd5 $ apprpriAB, opiuc&!l&?tﬁwe éamﬁohﬁd ?Hgﬁ:ohol), se| Qﬁtméﬁ% dlﬁst@f'eoﬁ%rs
N 7.51. ), anpq)gwen@g 9. Ogydrp{yzragbtge lrpqhwc}uaizc)icastereomers to the correspohdmg

Exanpl e 26 gl5pyre enantiomers( 3N suchIsdrhat8! iRctliding diastereomers, enantiomers and
H i ndol e- 2- car bonyl) - am nol - (2R) - hydr oxy-
mixtures thereof are considered as part of this invention.

Although many compounds of this invention are not ionizable at
physiological conditions, some of the compounds of this invention are ionizable at
physiological conditions. Thus, for example some of the compounds of this

10 invention are acidic and they form a salt with a pharmaceutically acceptable cation.
All such salts are within the scope of this invention and they can be prepared by
conventional methods. For example, they can be prepared simply by contacting the
acidic and basic entities, usually in a stoichiometric ratio, in either an aqueous, non-
aqueous or partially aqueous medium, as appropriate. The salts are recovered

15 either by filtration, by ;S__recipitation with a non-solvent followed by filtration, by
evaporation of the solvent, or, in the case of aqueous solutions, by lyophilization, as
appropriate.

In addition, some of the compounds of this invention are basic, and they
form a salt with a pharmaceutically acceptable anion. All such salts are within the

20 scope of this invention and they can be prepared by conventional methods. For
example, they can be prepared simply by contacting the acidic and basic entities,
usually in a stoichiometric ratio, in either an aqueous, non-aqueous or partially
a;queous medium, as appropriate. The salts are recovered either by filtration, by
precipitation with a non-solvent followed by filtration, by evaporation of the solvent,

25 or, in the case of aqueous solutions, by lyophilization, as appropriate.
in addition, when the compounds of this invention form hydratés or solvates they
are also within the scope of the inventicn.

The utility of the compounds of the present invenlion as medical agents in
the treatment of metabolic diseases (such as are detailed herein) in mammals (e.g.

30 humans) is demonstrated by the activity of the compounds of this invention in
conventional assays and the in vitro and in vivo assays described below. Such

assays also provide a means whereby the aclivities of the compounds of this

invention can be compared with the activities of other known compounds. The

This is the replacement shest
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4- phenyl -butyric acid A sol ution of

(3S)-[(5-fluoro-1Hi ndol e- 2-car bonyl ) -am no] - (2R) - hydr oxy4-

phenyl -butyric acid nethyl ester (190 ng, 0.5 mmol), 1IN NaOH (1 ni) and

met hanol (5 n) was stirred at 25C for 18 hours. The pH was adjusted to
1-2 with 1IN HO, 20 the sol utlon concentrated, and the solids ground up
under water at 25[err]C and ~filtered. '4I7he resulting solid was washed
with ether and dried giving a colorless gl ass (160 ny, 87%: HPLC
(60/40) 3. 49 mnutes (99%; [err]H NWMR ( artlal DMSO-d[err]) [err] 8.15
(d, 1H, J = 8resulls ofthgse (:wppmlgonszreusw Fs!etemm@g(dnsagauevefs i03Ingrdmals]H) ,
4.60 (m 13 Hz), 2.90 (dd, 1H, J
-8 13 He. Zé'én.ldmﬁ mna(:g faﬁhe trgat%n( gfjsuc”_&tgeaseg Exanpl e 27
(3S)-[(5-Brono- 1I—I—Th1iipdmiea remnarolivelr glyeogerophdspRprtasdraoftil.-Gra) is obtained by

3 phenyl - DUty oGt proceay,  AUS0US 1N NaGH (60 i) was added to 2
i ndol e- 2- c&r bonyl ) Expréssidn dRjermugakationy.- 4- phenyl -butyric acid nethyl ester

xtur e was concerteiar ONKREaisted him et S hamaen Bbran 2N

HC . The aquaaglsPisaxtaivayaew Jers&sz)narsatceﬁ str@mmapam (BtrafageadClonpiget ate, the

conbi ned orgag; C Iaiers washed with I N brine, dried
concent r at ed 2§teMshdadella, CA)- nﬁ‘esﬂai"lj‘st'??‘f"lﬁta‘?WWtW@WdF%%?‘WE&Rf 10g

tryptone, S g yeast extract, 5 g NaCl, and 1 ml 1N NaOH per liter) plus 100 mg/L
10 ampicillin, 100 mg/L pyridoxine and 600 mg/L MnCl, and grown at 37°C to a cell
density of OD,,= 1.0. At this point, the cells are induced with 1 mM isopropyi-1-
thio-B-D-galactoside (IPTG). Three hours after _induct.ion the ceils are harvested by
centrifugation and cell pellets are frozen at -70° C until needed for purification.
Purification of Glycogen Phosphorylase: |
18 The cells in pellets described above are resuspended in 25 mM 8-
glycerophosphate (pH 7.0) with 0.2 mM DTT, 1 mM MgCl,, plus the following

protease inhibitors:

0.7 yg/mbL Pepstatin A
0.5 pyg/mL Leupeptin

20 : 0.2 mM. phenylmethylisulfony! fluoride (PMSF), and
0.5 mM EDTA,

lysed by pretreatment with 200 pg/mL lysozyme and 3 ug/mb DNAase followed by
;onication in 250 mL batches for 5 x 1.5 minutes on ice using a Branson Model 450
ultrasonic cell disrupter (Branson Sonic Power Co., Danbury CT). The lysates are
25 cleared by centrifugation at 35,000 X g for one hour followed by filiration through
0.45 micron filters. HLGP in the soluble fraction of the lysales (estimated to be less
than 1% of the total protein) is purified by monitoring the enzyme activity (as

described in HLGPa Activity Assay section, below) from a series of chromatographic

steps detailed below.
30 Immaobilized Metal Affinity Chromatography (IMAC):
This step is based on the method of Luong et al (Luong et al. Journal of
Chromatography (1992) 584, 77-84.). 500 mL of the filtered soluble fraction of cell

lysates (prepared from approximately 160 g of original cell pellet) are loaded onto a
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- 82- 25C. Yield 85% HPLC (60/40) 4.24 ninutes (100%; np 213- 216G

TSPNVS 417/ 419 ( M+, 989% ; [err]H err] NVMR (partial. DMSO-d[err])
[err] 11.72 (br, 1H), 8.20 (d, 1H, J = 10 Hz), 7.86 (d, IH J = 2 Hz),
7.4-7.1 (m 8H. 4.60 (m 1H), 4.04 (d, 1H, J = 3.5 Hz), 3.00 (dd, 1H, A of
5AB, J =7, 13 Hz),2.88 (dd, 1H, B of AB, J = 8.5, 13 Hz). Anal .

Calca for Jerr]Herr]BrNerr](err] + 0.25480: C 54.11; H 4.18; N, 6.64.
Found: C, 54.15; H, 4.15; N, 6.64. ~

Exanpl e 28 (3S)-[(5.6-Dichloro-1
H-i ndol e- 2- car heoyil) c@ﬁhﬂqif1me)cﬁusirr@séph%se e (Pharmacia u<% Biotechnglogy,
4-phenyl -butyric acid Agueous 1N NaOH( 1 to a

suspensi on of fHSHaney, New Jer SthWbﬁM\aé-bfleMﬁMHMm&m&bﬁbe, aamzmhM 8- )
) |
- (2R) - hydr oxy- ?WE&%EM&S&?’I&?&/ '35 wg&ﬁga}t@%é mM }T{ﬁélg at fDWea@%q{g%?ﬂ g‘;?eéd

met hanol (5 niL 5C. A
the residue pafie columads Mwh&@wﬂbmétbr@hh teCHeraurdil thehd,, Rbebsiteebaseline. The

5 sample is then eluted from the column with the same buffer containing 100 mM
 imidazole to remove the bound HLGP and other bound proteins. Fractions
containing the HLGP activity are pooled (approximately 600 mL), and-
ethylenediaminetetraacetic acid (EDTA), DL-dithiothreitol (DTT), phenylmethylisulfonyi
fluoride (PMSF), leupeptin and pepstatin A are added to obtain 0.3 mM, 0.2 mM, 0.2

10 mM, 0.5 zg/mL and 0.7 pg/mL concentrations respectively. The pooled HLGP is
desalted over a Sephadex G-25 column (Sigma Chemical Co., St. Louis, Missouri)
equilibrated with 25 n.'nM Tris-HCI (pH 7.3), 3 mM DTT buffer (Buffer A) to remove
imidazole and is stored on ice until the second chromatographic step.

5 - AMP-Sepharose Chromatography:

15 The desalted pooled HLGP sample (approximately 600rﬁL) is next mixed with
70 mL of 5-AMP Sepharose (Pharmacia LKB Biotechnology, Piscataway, New
Jersey) which has been equilibrated with Buffer A (see above). The mixture is gently
agitated for one hour at 22°C then packed into a column and washed with Buffer A
until the A280 returns to baseline. HLGP and other proteins are eluted from the

20 column with 25 mM Tris-HCI, 0.2 mM OTT and 10 mM adenosine §-monophosphate
(AMP) at pH 7.3 (Buffer B). HLGP-containing fractions are pooled following
identification by determining enzyme (described below) activity and visualizing the M,
approximately 97 kdal HLGP protein band by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) followed by silver staining (2D-silver Stain Il *Daiichi

25 Kit*, Daiichi Pure Chemicals Co., LTD., Tokyo, Japan) and then pooled. The pooled
HLGP is dialyzed into 25 mM B-glycerophosphate, 0.2 mM DTT, 0.3 mM EDTA,
200mM NaCl, pH 7.0 buffer (Butfer C) and s*ered on ice until use.

Determination of iH{LGP Enzyme Activity: | _
A) Activation of HLGP: Conversion of HLGPb to _HLGPa
30 Prior to the détermination of HLGP enzyme activity, the enzyme is converted

from the inactive form as expressed in E._coli strain XL-1 Blue (designated HLGPb)

(Stragene Cloning Systems, La Jolla, California) to the active form (designated
HLGPa) by phosphorylation of HLGP using phosphoryl_as_e kinase as follows:
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15 the aqueous | ayer separated and washed with ethyl acetate, the conbined

organi c | ayers washed with brine, dried and concentrated giving a
yel l ow solid: Yield 259 ng; HPLC (60/40) 4.96 minutes (1009 ; TSPMS
407/ 409 ( M+, 100/ 40% ; "H NWR (partial. DVSO-d[err]) [err] 11.8 (br,
1H), 8.28 (d, 1H, J =9 Hz), 7.98 (s, 1H), 7.58 (s, 1H), 7.3-7.15 (m
6H), 4.60 (m 1H), 4.07 (d, 1H, J 3-4 Hz)eq.2.98 (dd, 1H 20 A of AB, J =
6, 13 Hz), 2.88 (dd, 1H, J =9, 13 Hz) Anal . Cal cd for

Cerr]Herr]C[err]Nerr]Qerr] + 0.5Herr]O C, 54.82; H 4.12; N, 6.73.

Found: C, 54.86; H 4 @8p rdictifn With Immobilized Phospho lase Kinase
Exanpl e 29 —_——

~(3R)-[(5-Chl oro- 1H9hu$phewlhseaqlfmsa}(8pnm6hahm@2$§mw Sk\Lould5MO) is

4- ph | - but to
sugpgggl onuo?‘mfn\%ﬁ '[zfg °&ﬁ%’|‘3&' 10 (B‘°ﬁ?§?}ﬁj’&&r§ lﬁ%‘bﬁﬁef%}%ﬁaﬂwf" urer's
(ZE) hlydr;)xggﬁstphﬁd*)d 1rbbh§57c ihtfé Ws{ﬂﬂaﬁlﬂay![ktméehz)(rﬂ&ﬁo m?) is?;c&a&dm‘lﬁ) in
met hanol a ours r entrate

(start i ng. nét arased Alfielbeads U oo a0 3l o 1o R STHR Dol Gechat rton
(0.5 30 m). Hfmrmlhdawat 4°memhmeen ms@amtwaahed oaadwﬁthqné s&hdue

partitioned between excess 2N HC and hyI cet at e, ani c | ayer
separated, dr ibuHerpyipr to blackingath 3 M {?‘IEE @QQ’Y%@/&‘GW Es’f'%ﬁlﬂf(ﬁ)e 3. 89

mi nutes (93% forBhedour A€ iSom tempdrlthd B?c?@(xr%? §uf(eM§+ red N and replaced with 50
mM HEPES (pH 7.4), 1 mM B-mercaptoethanol and 0.2% NaN, for storage. Prior to
10 use to convert HLGPD to HLGPa, the Affi-Gel immobilized phosphorylase kinase
beads are equilibrated by washing in the butfer used to perform the kinase reaction,
consisting of 25mM B-glycerophosphate, 0.3 mM DTT, and 0.3mM EDTA at pH7.8

a

{(kinase assay buiffer).
The partially purified, inactive HLGPb obtained from 5-AMP-Sepharose

15 chromatography above is diluted 1:10 with the kinase assay buffer then mixed with-
the aforementioned phosphorylase kinase enzyme immobilized on the Affi-Gel
beads. NaATP is added to § mM and MgCl, to 6 mM. The resulting mixture is
mixed gently at 25°C for 30 to 60 minutes. The sample is remaved from the beads
and the percent activation of HLGPb by conversion to HLGPa is estimated by

20 determining HLGP enzyme activity in the presence and absence of 3.3 mM AMP.
The percentage of totai HLGP enzyme activity due to HLGPa enzyme activity (AMP-
independent) is then calculated as follows:

Z of (otal HLGP as HLGP, = HLGP activity -ANP

HLGP activily +AHP

2s B) HLGPa Activity Assay:
The hypoglycemic activily (also the other disease/condition

treating/preventing activities described herein) of the conﬁpounds of this invention
can be indirectly deterrnined by assessing the effect qf. the compounds of this
invention on the activity of the activated form of glyco_géﬁ;:;::hosphorylase (GPa) by
30 one of two methods; glycogen phésphorylase a aclivity is - measured in the forward
direction by monitoring the production of glucose—I-phos-éhate from glycogen or by
following the reverse reaction, measuring glycogen synthesis from glucose-1-

phosphate by the release of inorganic phosphate. All reacﬁ_ons are run in triplicate in
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HN W(UVBOd[err]) [err] 12.7 (Dr, 1H), 11.65 (s, |H),

- 83- [err]

8.50 (d, 1H, J =8.8 Hz). 7..70 (d, 1H, J =2 Hz), 7.37 (d, 1H J = -
8.7 Hz), 7.4-7.12 (m 7H), 5.7 (br, 1H), 4.50 (m 1H), 4.17 (d, 1H, J
= 4.8 Hz), 2.94 (dd, 1H A of AB, J =10, 14 Hz), 2.78 (dd, 1H, B of

AB, J = 3, 14 Hz). 5 Anal. Calcd for err]JHerr]CINerr]derr] +
0.1Herr]O C, 60.92; H 4.63; N, 7.48. .so-Found; C;, 60.72; H 4.78; N
7.53. Exanpl e 29A

(3R -[ (5-Chl oro-1Hi ndol e- 2- car bonyl ) - am nol - (2R) - hydr oxy-

4- phenyl - but yr b.waflinficfBRtdIWiatés h5d th0change in absorbance due to formation of the
(2R, 3R) - 3- Ami no- 2- hydr oxy- 4- phenyl butyri c acid methyl ester hydrochloride

(239 ng, 1.0 nfegclonppductis raeasuied a ew@vgleaamtﬁmyfe%ba'@wdn(azmcwo ng
|
ol ) we:.s;afg%gg%si (8 s@érng FiflafhCBtcRed Yol & Titeecn WiSHEY e}qgia%kéf'

t hen base) rud was used
purification: ({CNIBiod28icyl C@,?t%ntswﬂe Alabama}.

5 To measure the HLGPa enzyme activity in the forward direction, the
production of glucé_s-e-1 -phosphate from glycogen is monitored by the multienzyme
coupled general method of Pesce et al. [Pesce, M.A., Bodourian, S.H., Harris, R.C.
and Nicholson, J.F. (1977} Clinical Chemistry 23, 1711-1717] modified as follows: 1
to 100 pg phosphorylase a, 10 units phosphoglucomutase and 15 units glucose-6-

10 phosphate dehydrogenase (Boehringer Mannheim Biochemicals, Indianapolis, IN)
are diluted to 1 mL in Buffer A (describeq hereinafter). Buffer A is at pH 7.2 and
contains 50 mM HE_PES, 100 mM KCI, 2.5 mM ethyleneglycoltetraacetic acid
(EGTA), 2.5 mM M_gCl,. 3.5mM KH,.PO. and 0.5 mM dithiothreitol. 20 4t of this
stock is added to 80 ul of Buffer A containing 0.47 mg/mL glycogen, 9.4 mM

15 glucose, 0.63 mM of the oxidized form of nicotinamide adenine dinucleotide
phosphate (NADP*). The compounds to be tested are added as § L of solution in
14% dimethylsulfoxide (DMSOQ) prior to the addition of the enzymes. The basal rate
of HLGPa enzyme activity in the absence of inhibitors is determined by adding § gL
of 14% DMSO and a fully-inhibited rate of HLGPa enzyme activ}ty is obtained by

20 adding 20 pt of 50 mM of the positive control test substance, caffeine. The reaction
is followed at room (emperature by measuring the conversion of oxidized NADP* to
reduced NADPH at 340 nm.

To measure HLGPa enzyme activity in the reverse direction, the conversion
of glucosed-phosp’hafé into glycogen plus inorganic phosphate is measured by the

25 general method described by Engers et al. [Engers, H.D., Shechosky, S. and
Madsen, N.B. (1970) Can. J. Biochem. 48, 746-754] modified as folfows: 1 to 100 ug
HLGPa is diluted to 1" mL in Buffer B (described hereinafter). Buffer B is at pH 7.2
and contains 50 mM:HEPES, 100 mM KCI, 2.5 mM EGTA, 2.5 mM MgCl, and 0.5
mM dithiothreitol. 20 pL of this stock is added to 80 pL of Buffer B with 1.25 mg/mL

30 glycogen, 9.4 mM glucose, and 0.63 mM glucose-1-phosphate. The compounds to
be tested are added as § ylL of solution in 14% DMSO prior to the addition of the
enzyme. The basal rate of HLGPa enzyme aclivity in the absence of added inhibitors

is determined by addiqg 5 pL of 14% DMSO and a fully-inhibited rate of HLGPa
This is the replacement shest
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Exanpl e 29B 15 (2R 3R) - 3- Ami no- 2- hydr oxy- 4- phenyl butyric acid met hyl
ester Hydrochl oride A m xture of .

(2R, 3R) - 3- am no- 2- hydr oxy- 4- phenyl butyric acid (200 ng, 1.0 mol ,
Sigma Chemical Co. (St. Louis, M), chlorotrinethylsilane (500 ng, 4.6
mmol ) and net hanol (2 nmL) was heated at reflux for 5.5 hours and

concentrated to a foam Yield 244ng, 169% 20
Exanpl e 30 5- Chl oro- 1H i ndol e- 2- car boxyl i ¢ acid

[ (2RS) - hydr oxy- 2-
(et hoxv- net hyl nEf(}ﬁPam n{g)aﬂggﬁ‘ﬂd bf‘ﬁﬂ&*ﬁim 6.1L of 50 mM cgﬂ%,mf T\_J;us iture is

N, O Di net hyl hydr rochl ori de or o-
i ndol e- 2-car bomu):am atiropm(temppratyrariosy pubmd)ﬂneonqgmdc @bpwaﬂm@aMr e

and the corude Mo B8 difeqseBaibhale s hemlad BPAG Gak/alndflct of e8Py,
Yield 693A) HPL (Lap@éttal (F.A3 Ahrez, L..j Reitach, Y5 %nd Cgndid) D.A.92 94}, AfaBNBiolidm.328
770 (dy 1S 310039941 maliad g Biohs! 14 b S wra%am%m mﬁbo%%efésél;'?’

8.7 Hz), 7.13 /mllhﬁala&u@%rééﬁ inlHN Hé! 8 addey teFod yLibf the- &2 l; ,mﬁ"&fter%éﬂ

(rn, 2H, 3.34 Anal . Cal cd forhﬁgerr JH err]CIN errlj%e C
51.62: H. 4. 95m|rNte ﬂzugaﬂon at ropghmppe@tuglt bqqrbagcms mgas 620

The compounds of this invention are readily adapted to clinical use as

hypoglycemic agents. The hypoglycemic activity of the compounds of this invention

10 can be determined by the amount of test compound that reduces glucose levels
relative to a vehicle without test compound in male obfob mice. The test also allows
the determination of an approximate minimal effective dose (MED) value for the in
vivo reduction of plasma glucose concentration in such mice for such test
compounds.

15 Since the concentration of glucose in blood is closely related to the

! development of diabetic disorders, these compounds by virtue of their hypoglycemic

action, prevent, arrest and/or regress diabetic disorders.
Five to eight week old male C57BL/6J-ob/ob mice (obtained from Jackson
Laboratory, Bar Harb-or, ME) are housed five per cage under standard animal ,caré
20 practices. After a one week acclimation period, the animals are weighed and 25
microliters of blood are collected from the retro-orbital sinus prior to any treatment.
The blood sample is immediately diluted 1:5 with saline containing 0.025% sodium
heparin, and held on ice for metabolite analysis. Animals are assigned to treatment
groups so that each group has a similar mean for plasma glucose concentration.
25 After group assignment; animals are dosed orally each day for four days with the
vehicle consisting of either: 1) 0.25% w/v methyl cellulose in water without pH
adjustment; or 2} 0.1% Pluronic® P105 Block Copolymer Surfactant (BASF
Corporation, Parsippany, NJ) in 0.1% saline without pH adjustment. On day 5, the
animals are weighed again and then dosed orally with the test compound or the
30 vehicle alone. All drugs are administered in vehicle conﬁisting of either: 1) 0.25% w/iv
methyl cellulose in water without pH adjustment; or 2) 10% DMS0/0.1% Pluronic®
P10S (BASF Corporation, Parsippany, NJ) in 0.1% saline without pH adjustment.
The animals are then bled from the retro-orbital sinus three hours later for
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- 84- Exanpl e 31

(38) [ (5-Chl oro-1Hi ndol e- 2- car bonyl ) am no] I - (2R) - hydr oxy4- ohenvl but vr am de
A | arge excess of anhydrous ammonia was introduced into a solution of (3S)-

[ (5-chl oro- 1Hi ndol e- 2- car bonyl ) - am nol - ( 2R) - hydr oxy4- phenyl butyri c aci d

met hyl 5 ester (100 ng, 0.27 mmol) in n%tzbanol (10 nmL.) and the m xture

was heated in a stainless steel Parr Teactor (<50 p.s.i.) for 48 hours

at 70C. The m xture was cool ed, concentrated, and the resulting solid

g;'z} g;it (eﬁ/l-l\-lrm &%ﬁg ﬁglfon 34' befcjaéjq_ﬁ%m%? 4’ le Th'é'lgbglaﬁ d;?ﬁec[{}c? g%rﬁélfg %geo/% s, P?$
8.04 (d, 1 I—I)qenﬁ'lft?@ar.( fbr tdimidutes At }&.9100 i@ al rSom. tém(:anat@bi)l’he&!-@@ﬂ'(mnt id H,
anal . cal cd et fordipessh br aarpecPline Moot iR 0oy Leporarigd: 1y 5 o,
N, 11.03. Diagraastids Divisicrd).Iving, FIX) 2nd /P Super Sydtem® Autoanalyzer (Abbott
5 Laboratories, Irving, TX), using the A-Gent™ Glucose-UV Test reagent system (Abbott
Laboratories, Irving, TX) (a modification of the method of Richterich and Dauwalder,
Schweizerische Medizinische Wochenschrift, 101, 860 (1971}) (hexokinase method)
using a 100 mg/dL standard. Plasma glucose is then calculated by the equation:
Plasma glucose {(mg/dL)=Sample value x 5 x 1.784 = 8.92 x Sample value
10 where 5 is the dilution factor and 1.784 is the plasma hematocrit adjustment
(assuming the hematocrit is 44%).
The animals dosed with vehicle maintain substantially unchanged
hyperglycemic glucose levels (e.g., gfeater than or equal to 250 mg/dL), animals
treated with test ;:ompounds at suitable doses have signiﬁcahtly depressed glucose
15 levels. Hypoglycemic activity of the test compounds is determined by statistical
analysis (unpaired t-test) of the mean plasma glucose concentration between the
test compound group and vehicle-ireated group on day 5. The above assay carfied
out with a range of doses of test compounds allows the determination of an
approximate minimal effective dose (MED) value for the in vivo reduction of plasma

20 glucose concentration.
The compounds of this invention are readily adapted to chmcal use as

hyperinsulinemia reversing agents, triglyceride lowering agents and
hypocholesterolemic agents. Such activity can be determined by the amount of test
. compound that reduces insulin, triglycerides or cholesterol levels relative to a control
25 vehicle without test compound in ﬁale ob/ob mice.

Since the concentiation of cholesterol in blood is closely related to the
development of cardiovascular, cerebral vascular or peripheral vascular disorders,
the compounds of this invenlion by virtue of their hypocholesterolemic action,
prevent, arrest and/or regress atherosclerosis.

30 Since the concentration of insulin in blood is related to the promotion of
vascular cell growth and increased renal sodium retention, (in addition to the other

actions e.g., promotion of glucose utilization) and these functions are known causes
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Exampl e 32 15 5. 6-Di chl oro- 1H-i ndol e- 2-carboxylic acid
{(15)-[(R)-hydroxy-

(et hoxy- net hyl - car banoyl ) - net hyl ] - 2- phenyl - et hyl -am de

N, O Di et hyl hydr oxyl am ne hydrochl oride (0.24 nmol) and (3S)-[(5, 6-

di chl oro-1 Hindol e- 2-carbonyl)-am no] - (2R) - hydr oxy- 4- phenyl - butyric acid
(0.22 mmol ) were coupled according to Procegfjire A (96 hours reaction tine,
20 washed with acid, then base) and the product purified by chronatography
on silica eluting with 20-40% et hyl acetate-hexanes: Yield 72% HPLC

60/ 40) 7.2 09
'(H NI\/R) ( CDCl?T) pr’i{!engoﬁgﬂﬁfonﬁ’ﬁ%@ag of?ﬂ'ﬁs :méﬂh&}n@q fﬂ%ﬁﬁ&é%&% ﬂ/yﬂ: A ;
(m 6H), 6.78 gafion, prevest, arrestcmdlqrm sshmer(easnonH J = 10Hz), 5.03 (m

594,81 Sl il Sdftedeti bl coliBlibip by . O
C, 56.01; H AJevds of\bloadiﬁmds, the é‘m'mnimd@of tis idtentidn by Wdue df their diglyceride

gazn()lR)e ) ﬁi’ dtso)&we%r@ activity preven? arresp an%/olrdgl'ﬂr'gpﬁﬁ %{ﬁ%éar oxyI ic acid [(1

met hyl ) - 2- phenyl - etfiyé {o eightiweek old male Cs7M6-bbxdba:miidee(ob§adfeddl‘6'ﬁUhd&o(1262
"ol - 5- car buRGPIRSH ot HErey 95 o7 M Sraousec e par coap e slandare 2risna) care o
mol ) were  pr&didBs @ddifed BMﬁdén‘B foldbntusiétred Nbitb@l RitbedoNe week Gctiinatidn2?2
ol 1- period, the animals are weighed and 25 microliters of blood are collected from the
10 retro-orbital sinus prior to any treatment. The blood sample is immediately diluted
1:5 with saline contafning 0.025% sodium heparin, and held on ice for plasma
glucose analysis. Animals are assigned to treatment groups so that each group has
a similar mean for plasma glucose concentration. The compound to be tested is
administered by oral gavage as an about 0.02% to 2.0% solution (weight/volume
15 (w/V)) in either 1) 10% DMS0/0.1% Pluronic® P105 Block Copolymer Surfactant
(BASF Corporation, Parsippany, NJ) in 0.1% saline without pH adjustment or 2)
0.25% w/v methylcellulose in water withodt pH adjustment. Single daily dosing
(s.i.d.) or twice daily dosing (b.i.d.) is maintained for 1 to 15 days. Control mice
receive the 10% DMS0/0.1% Pluronic® P105 in 0.1% saline without pH adjustment
20 or the 0.25% w/v methylcellulose in water without pH adjustment only.
| Three hours after the last dose is admfnistered. the animals are sacrificed by
decapitation and trunk blood is collected into 0.5 mL serum separator tubes
containing 3.6 mg of a 1:1 weight/weight sodium fluoride: potassium oxalate
mixture. The freshly collected samples are centrifuged for two minutes at 10,00 x g
25 at room temperature, and the serum supernatant is transferred and diluted 1:1
volume/volume wiih a 1TIU/mL aprotinin solution in 0.1% saline without pH
adjustment.
The diluted serum samples are then stored at -80°C until analysis. T.\e
thawed, diluted serum samples are analyzed for insulin, triglycerides, and
30 cholesterol levels Serum insulin concentration is determined using Equate® RIA
INSULIN kits (double antibody method; as specified by the manufacturer) purchased
from Binax, South Porﬂand, ME. The inter assay coefficient of variation is < 10%.
Serum triglycerides are determined using the Abbott VP™ and VP Super System®
- - This is the replacement sheet
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hydr oxybenzotri azol e hydrate (612 ng, 4 mmol ), and

1- ( 3-di net hyl am nopropyl ) - 3- et hyi car bodi i m de hydrochl ori de at
25[err] C for 18 hours. The m xture was diluted with chl orof orm (80 i)
and ethyl acetate (10 nL) and washed with 2N NaOH, 2N HC, . dried and
concentrated giving 1.2 g of a colorless foam This material was 5

di ssolved in ethyl acetate and the resulting-solution washed twice with 2N
NaCOH, dried and concentratéd giving 1.02 g of a colorless solid. This
mat eri al was ground up in 10 nL cold ether and filtered, washing with

5 (r)n_ col d et heAutianalygerafAbbott dalomatries, Irvireg, IX),arsirgstheFoGegt™ Yngl&@bn‘ﬂ% TeR,
PRI M NN LR NER. W O T L T
(s, 1 H, 74 anlyn(é’ﬁnefﬂtﬂd abm8éifidation Bfithe)methddiét)Sampson, ét. €2 dnﬁacaﬂd:ﬂ\enﬁstry
?56 ngg 4.65 &1 1983 (‘1975)) Segum totla_P cho?estero! levels la_.?e detenn?ne(d usngg the Abbott
5 VP™ and VP Super System® Autoanalyzer (Abbott Laboratories, frving, TX), and A-
Gent™ Cholesterol Test reagent system (cholesterol esterase-coupled enzyme
method; a modification of the method of Allain, et al. Clinical Chemistry 20, 470
(1974)) using a 100 and 300 mg/dL standards. Serum insulin, triglycerides, and total
cholesterol levels are then calculated by the equations,
10 Serum insulin (wU/mL) = Sample value x 2
Serum triglycerides (mg/dL) = Sample value x 2
Serum total cholesterol (mg/dL) = Sample value x 2
where 2 is the dilution factor,
The .animals dosed with vehicle maintain substantially unchanged, elevated
15 serum insulin (e.g. 225 pU/mL), serum triglycerides (e.g. 225 mg/dl), and serum total
cholesterol (e.g. 160 mg/dL} levels, while animals treated with test compounds of this
invention generally display reduced serum insulin, triglycerides, and total cholesterol
levels. The serum insulin, triglycerides, and total cholesterol lowering activity of the test
compounds are determined by statistical analysis (unpaired t-test) of the mean serum
20 insulin, triglycerides, or total cholesterol concentration between the test compound
group and the vehicle-treated control group.
Activity in providing protection from damage to heart tissue for the compounds
of this invention can be demonstrated in vilro along the lines presented in Butwell et al.,
Am. J. Physiol., 264, H1884-H1889, 1993 and Alfard et al., Am. J. Physio., 1994, 267,
25 H6E6-H74. Experiments are performed using an isovolumic isolated rat heart
preparation, essentially as described in the above-referenced arlicle. Normal male
Sprague-Dawley rats, male Sprague-Dawley rats trealed to possess cardiac hyperirophy
by an aortic banding operation, acutely diabetic male BB/W rats, or non-diabetic 88/W
age matched control rats are pretreated with heparin (1000 u, i.p.), followed by
30 pentobarbital (65 mg/kg,i.p.). After deep anesthesiais achieved as determined by the
absence of a foot reflex, the heart is rapidly excised and placed into iced saline. The
heart is retrogradely perfused through the aorta within 2 minutes. Heart rate and

ventricular pressure are determined using a fatex balloon in the left ventricle with high
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Anal. Calcd for CJerr]Herr]CNerr]Jerr]: C 63.08; H 5.55 N, 10.51.

Found: C, 63.03; H, 5.68; N, 10.25. 15
Exanpl e 34 5-Chl oro-1 Hindol e-2-carboxylic acid

{ (15 -[(R)-hydroxy-

(hydr oxy- net hyl - car banoyl ) - net hyl | - 2- phenyl -ethyl ) -am de

N- Met hyl hydr oxyl am ne hydrochl ori de (167 mes5-2. 0 mmol ) and (3S)-[ (5-

chl oro-1 H i ndol e-2-carbonyl)-am no] - (2R) - hydr oxy- 4- phenyl -butyric acid
(373 ng; 1.0 20 nmol) were coupled according to Procedure A (DWVF sol vent,
base wash om tbﬁai)sure tubmgdcddaﬁcQHUﬁEa mréuiumt trwduf:ececrhbyheﬁmr i@rwérm@édnhm an

|
Sceti o aci d TREMSAS podtensosaistad oo Nat 70 KRTCaRTA St hennico,

Yield 13% HPLE5( @é&@)ﬂﬂ T%@ d&fﬂbﬁbﬁ%&b?ﬁ% is t%@mr:eratur&%nﬁ)ﬂdr \Jnﬁ'[)hér

402/ 404 (M—|+ 1009 err] partia err
9.89 (br, 1H), bghassqdjform peﬁusatg@nﬁiw ewa enarkef{rtq argwnd !f!ﬁpqhgfonzybcngtcsg

Eg é:::) 32_93 ?aﬁ@m hZarﬁ‘eerJra{dFé a?U}“CA'Onge{nmlonzw the perfﬁa@lns(@w&# by%jOS

5- Chl or o- 1H-i rﬂmdnqhgmw axygerdior (QapRyx, T¢mrmonGanpaxiokygoJapan) lmmedtately

o Ao 5B Ny s, < AT

hydrochl ori de and
car bonyl ) - am rasjout IR)mm;xels oxyre fiadloplediyt 30 minutesiod glabalidcheria)andeBleminotes! ed

according to %f?gpee%gﬁn'ﬁst%%sggéevﬁ%g tegtncdon%&%ng.r ?Hé'ﬁ&ar? Héétg io?gebc)éntrol and

10 test compound treated hearts are compared in the period following ischemia. The left
ventricular pressuré of the controf and test compound treated hearts are compared in
the period following ischemia. At the end of the experiment, hearts are also perfused
and stained to determine the ratio of infarct area relative to the area at risk (%!A/AAR)
as described below. .

16 The therapeutic effects of the compounds of this invention in preventing heart
tissue damage otherwise resulting from an ischemic insuit can also be demonstrated
in_vivg along lines presented in Liu et al., Circulation, Vol..84, No. 1, (July 1991), as
described specifically herein. The in vivo assay tests the cardioprotection of the test

compound relative to the control group which receives saline vehicle. As background

20 information, it is noted that brief periods of myocardial ischemia followed by coronary
artery reperfusion protects the heart from subsequent severe myocardial ischemia
(Murry et al., Circulation 74:1124-1136, 1986). Cardioprotection, as indicated by a
reduction in infarcled myocardium, can be induced pharmacologically using

- intravenously administered adenosine receptor agonists in intact, anesthetized rabbits

25 studied as an in_situ model of myocardial ischemic preconditioning (Liu et al.,
Circulation 84:350-3586, 1991).. The in_vivo_assay tests whether compounds can
pharmacologically induce cardioprotection, i.e., reducedi_myocardial infarct size, when
parenterally adminisiered 1o intact, aresihetized rabbits. The effects of the compounds

of this invention can be compared to ischemic preconditioning using the At adenosine

30 agonist, N°-1-(phenyi-2R-isopropyl) adenosine (PIA} that has been shown to
pharmacologically induce cardioprotection in intact anestheﬁzed rabbits studied in sity

(Liu et al., Circulation 84:350-356, 1991). The exact methodology is described below.
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- 10. 10.

chromat ography on silica eluted with 1-10% et hanol

Dat e:

I n di chl oronet hane, foll owed by trituration with ether-hexanes: Yield

72% HPLC (60/40) 3.35 mnutes (>99%; np 215-216. 5C (dec); FABMS

402/ 404 (M. 1009 ; Anal . Calcd for (Jerr]Herr]CINerr]Jerr] +

0.7H err]G C, 57.96; H, 5.20; N 10. 14. é Found: C, 57.90; H, 5.15; N,
Exanpl e 36

Surgery: New Zealand White male rabbits (3-4 kg) are anesthetized with sodium
pentobarbital (30 mg/kg, i.v.). A tracheotomyis performed via a ventral midline cervical
incision and the 'r-ja_b.b'i.ts are ventilated with 100% oxygen using a positive pressure
ventilator. Catheters _:-a':r'e_ placed in the left jugular vein for drug administrafion and in
5 the left carotid artery for blood pressure measurements. The hearts are then exposed
through a left thoraéqiomy and a snare (00 silk) placed around a prominent branch of
the left coronary art‘__‘;e__ry; Ischemia is induced by pulling the sna}e tight and clamping
it in place. Releaéiﬁg the snare allowed the affected area to reperfuse. Myocardial
ischemia is evidenced by regional cyanosis; reperfusion was evidenced by reactive
10 hyperemia. _
Protocol: Once arte'r:i'al pressure and heart rate has been stable for at least 30 minutes
the experiment is started. Ischemic preconditioning is induced by twice occluding the
coronary artery for 5 min followed by a 10 min reperfusion. Pharmacological
preconditioning is indi}{'ce_d by twice infusing test compound over, for example 5 minutes
18 and allowing 10 m'ihu;'es before further intervention or by infusing the adenosine
agonist, PIA (0.25 nﬁg/kg). Following ischemic preconditioning, pharmacological
preconditioning or no cbnditioning (unconditioned, v_e_hic!e. control) the artery is
occluded for 30 migﬁfés and then reperfused for two hours to induce myocardial
infarction. The test compound and PIA are dissolved in saline or other suitable vehicle
20 and delivered at 1 to.'-.s_: mifkg, respectively.
Staining (Liu et al., Cffchlation 84:350-356, 1991): At the end of the 2 hour reperfusion
period, the hearts are quickly removed, hung on a Langendorff apparatus, and fiushed
for 1 minute with nogmai'SaIine heated to body temperature (38°C). The silk suture
used as the snare is then tied tightly to reocclude the artery and a 0.5% suspension of
25 flucrescent partic!e_é_ ::_.'_('?:1-'-'1_0 um) is infused with the pedusal.e to stain all of the
myocardium exr'ept 't'ﬁ'"e'. area at risk {nonfluorescent ventricle). The hearts are then
quickly frozen and stored overmght at -20°c. On the following day, the hearts are cut
into 2 mm slices and st‘..med with 1% triphenyl tetrazolium chloride (TTC). Since TTC
reacts with living tlssqg.___thl_s stain differentiales between living (red stained) tissue, and
30 dead tissue (unstai_ﬁéféfhfarcted tissue). The infarcled afga (no stain) and the area at
risk (no fluorescent particles) are calculated for each slice of left ventricle using a pre-
calibrated image analyzer To normalize the ischemic injury for differences in the area

at risk between hearts . data is expressed as the ratio of infarct area vs. area at risk
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5-Chloro-1 Hindol e-2-carboxylic acid [(1 S)- [R)-hvdroxv-

(met hoxv- net hyl - car banoyl ) - net hyl ] - 2- phenyl - et hyl ) - am de

N, O Di met hyt hydr oxyl am ne hydrochloride (7.4 mmol) and (3S)-[(5-chloro-1H
10 i ndol e- 2-car bonyl ) - am no] - (2R) - hydr oxy- 4- phenyl -butyric acid (6.7 muol)

wer e coupl ed according to Procedure 7(dl met hyl f or mam de sol vent)
 giving crude product whi ch was chron® ographed on silica eluting wth
- 40% t hen 50% et hyt acet at e- hexanes gi vi ng crude product which was

ti d und hegr he h
go: Ir(ragt egnbsr I t I’;,.{)I g/{n awéq%%?%%%gwggweﬂ% SFME@% gg'f‘%@?(y %tagsv@eﬁ%u\é\iﬁges
(99%; np 1894ngbé)lmar]ANOVA-lor\nﬁpa:(ﬁIle{ser$c];mf‘ ¢amice Jis orts2ddrivd as pr90.05. _56 ( d,
8.8 Hp), 6. 76 (d. Admindighio dfthe Zpolind ot Wys mianion £ad €' pnl malhod s
1H), 4. 31 (d thcH‘l déllVérS{_h SorhiBound of Y Ine@rstA ﬂeﬁenWﬂoDhellwdr@nd/é’f c%@dxééi

1H, J = . :
3.13-2. 98 m"s n g W%Q%MFS@%S %é“&@bd%ad%eﬂa' f°U*GSA?F°

anal ysi s was Géhbﬁll?ﬂﬁe%nf&hﬁ&é ot :Hee&@yé{tafwehs@rda:fermlﬁrs?ers& [Mydingie g @t,e-
hexanes (shrinks at 150C, 189-190C): Calc

Clerr] H err] en¢¢ éﬁlhq)ermqple @osesn. 65; H, 5 33 N. 10.10. Found: C,
60.52; H, 5.34; N ¢ Exanpl e
37 N R S R G T L

H i ndol e- 25c¢course, be dependent on the particular disease/condition being treated, the subject

2- car bony{g - Qﬁh&ﬁﬂehfe@l @\Tl\één%\%gy tﬁFEQYcht f\r?ﬁ?;ﬂ%y&l}ng’erm?%gml%m'ﬁ%lan%ﬁ er

(3S) - Am no- ( 2R) roxy- butyram
hydr ochl ori den the mdmm ofdhel Pﬁeaghbmgd?wsm&annd'@herQeqaasﬁokyatlemtm:paltle(nd 2

ol ) ver e agmwokﬁéﬂd@s%ggg QIvaH BefolaRe & YWicidd arkre'BriSidaR A7 ik’ 1 &

by chronat ogra
doses of the drug to achieve the activity (e.g., glucose lowering activity) that the

physician considers apjpropriate for the patient. In considering the degree of activity
15 desired, the physician must balance a variety of factors such as starting level, other
risk (cardiovascular) factors, presence of preexisting disease, and age of the patient
and the patient's motivation.
in general an effective dosage for the activities of this invention, for example
the blsod glucose, triglycerides, and cholesterol lowering éctivities and
20 hyperinsulinemia reversing activities of the compounds of this invention is in the
range of 0.005 to 50 mg/kg/day, preferably 0.01 to 25 mg/kg/day and most
preferably 0.1 to 15§ mg/kg/day.
Generally, the compounds of this invention are admiinistered orally, but
parenteral administration'(e.g., intravenous, intramuscular, subcutaneous or
25 intramedullary) may be utilized, for example, where oral ad}ninistration is
inappropriate for the instant target or where the patient is unzble to ingesl the diug. -
Topical administration may also be indicated, for example, where the patient is
suffering from gastrointestinal dxsorders or whenever the medlcatton is best applied
to the surface of a tissue or organ as determined by the a}(te_nd_mg physician.
30 The compounds of the present invention are generally administered in the
form of a pharmaceutical composition comprising at least:-b:'ne of the compounds of

this invention together with a pharmaceutically acceptable vehicle or diluent. Thus,
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silica eluting with 33-50% et hyl acetate-hexanes giving the title substance
(100 ng) 30 and the nore polar naj or substance

5-chl oro- 1H i ndol e- 2- carboxylic acid {(1S).[(R) -

hydr oxy- ( met hoxy- net hyl - car banoyl ) - net hyl ] 2- phenyl -et hyl)-am de (970 ng),

plus a m xture of the two substances (159 ng, nostly nore polar
product). For the title subst ance: % 593/ 595 (M, 60%, 400(100%
- 87- "HNWR (CDA [err]) [err] 9.62(br 7.69 (d, 1H J =2

Hz), 7.56 (d, 1H, J = 2 Hz), 74- 72(m 10H), 7.04 (d, 1H J = 8.8
Hz), 6.91 (d, 1H J = 1-2Hz)

3. 47 (s, 3H) thgcg@pea@ps thlstv.ergnonlc?q_% hd@snisAer(eg m%y_noﬂljazlg ggbggt&;mn a%-w ,
1H, J= 10, 13b&Jentional oral, parenteral or transdermal dosage form. Exam | e 38

For oral administratioﬁ a pharmaceutical corﬁposii-ion can take the form of

solutiohs, suspensions, tablets, pills, capsules, powders, and the like. Tablets
5 containing various excipients such as sodium citrate, calcium carbonate and calcium

phosphate are employed along with various disintegrants suzh as starch and
preferably potato or tapioca starch and certain complex silicates, together with
binding agents such as polyvinylpyrrolidone, sucrose, gelatin and acacia.
Additionally, lubricating agents such as magnesium stearate, sodium lauryl sulfate

10 and talc are often very useful for tabletling purpsses. Solid compositions of a
similar type are also employed as fillers in soft and hard-filled gelatin capsules;
preferred materials in this connection also include lactose or milk sugar as well as
high molecular weight polyethylene glycols. When aqueous suspensions and/or
elixirs are desired for oral administration, the compounds of this invention can be

15 combined with various sweetening agents, flavoring agents, coloring agents,
emulsifying agents and/or suspending agents, as well as such diluents as water,
ethanol, propylene glycol, glycerin and various like combinations thereof.

For purposes of parenteral administration, solutions in sesame or peanut oil
or in aqueous propylene glycol can be employed, as well as sterile aqueous

20 solutions of the corresponding water-soluble salts. Such aquesus solutions may be
suitably buffered, if necessary, and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These aqueous solutions aré especially suitable for
intravenous, intramuscular, subcutaneous and intraperitoneal injection purposes. In
this connection, the sterile aqueous media employed are all readily obtainable by

25 slandard techniques well-known to those skilled in the art.

For purposes of transdermal (e.g. topical) administration, dilute slerile,
aqueous or partially aqueous solutions (usually in abeout 0.1% to 5% concentrzation),
otherwise similar to the abeve parenteral solutions, are prepared.

Methods of preparing various pharmaceutical compositions with a certain

30 amount of aclive ingredient are known, or will be apparédt in light of this disclosure,
to those skilled in this art. For examples, see Remington's Pharmaceutical Sciences,

Mack Publishing Company, Easter, Pa., 15th Edition (1975).
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5- Chl oro- 1H-indole-2-carboxylic acid ((1S)-benzyl-(2R)-hydroxy-
3-0x0-3-pyrrolidin- 1 -yl-propyl)-am de Pyrrolidine (0.5 mmuol)
and (3S)-[(5-chloro-IHindol e-2-carbonyl)-am nol - (2R) -

hydr oxy- 4- phenyl -butyric acid (0.5 nmol) were coupl ed according to
Procedure A 10 (dinethylformam de sol vent) giving crude product which was

triturated with ether: Yield 65% HPLGS860/40) 6.3 m nutes (98%; PBMS
426/ 428 (M+H, 100% ;; Anal . Calcd for (Jerr]Herr]ClNerr](err] +
0.25Herr]G C, 64.18; H 5.74; N 9.76. Found: C, 64.02; H 5.71; N.
9. 61. Pharmaceutical composmons according06athp ||rﬁre390r151ay contain 0.1%-

5-Chl oro- Hindol e-2-carboxylic acid [(1S)-benzyl-(2R) - %]’
3- (3- hydr oxy- a9%eidithe $°m9179"3‘§5b9'0’hl§r'6}5§ﬂ“]°”am ably 1%-70%. In arly event, the

3-Hydroxyazetigi oénr&H emmmaqsn ¢ béﬁdmmkber@m.n(&%)mﬁ GQ{Slfangréf -atH i ndol e-
2- car bonyl )-am no 2R) - hydr oxy- 4- phenyl -butyric acid wer e

coupl ed | ammw@(s)oaqnpwwm thednyentippdn anjamount effect:ve to treat the

di chl or.onet ha r I a

purifi'ed by rgc h?%%astrggé%hﬁﬂ mgﬁbjgg B’uegl %}reétgf()@gé% ﬁgﬁ%&%h%ﬂ%‘}%sg

di chl or onet harmepeht!ehtddasé‘ﬁ%cdﬂlahﬁn( 60/ 40) 3.38 minutes (96% ; PBMS 428/430

(MH +, 1009% ; Anal . Calcd for C22H] + 0.125H20: C, 61.43; H,
5.21; N, 9.77. Found: C, 61.09; H, @Wd@?@é 68. 25 _ _
(E?ig?l g 40 | NMR spectra were rérofrdddP bR alVariaRdQ-F002(Veaa» CeY,| Pgo AR d

enzyi -

(2R) - hydr oxy- Falifasniat or Benker HM; BQGspaalomelpy/BrukeniCee Billerica, Massachusetts) at
10 about 23°C at 300 MHz for proton and 75.4 mHz for carbon nuclei. Chemical shifts

are expressed in parts per million downfield from frimethylsilane. Resonances
designated as exchangeable did not ap.pear in a separate NMR experiment where
the sample was shaken with several drops of D,0 in the same solvent. FAB-MS
spectra were obtained on a VG70-2505 spectrometer (V4 analytical LTD.,

15 Wythanshaw, Manchester, U.K.) using a liquid matrix consisting of 3:1
dithiothreitol/dithioerythritol. Thermospray MS (TSPMS) were obtained on a Fisons
Trio-1000 spectrometer (Fisons Co., Valencia, California) using ammonia ionization.
Chemical ionization mass spectra were obtained on a Hewlett-Packard 5989
instrurﬁent {Hewlett-Packard Co., Palo Alto, California) (ammonia ionization, PBMS).

20 Where the intensity of chlorine or bromine-containing ions are described the
expected intensity ratio was observed (approximately 3:1 for **Cl/*’Cl-containing
ions) and 1:1 for "°8r/®'Br-containing ions) and the intensity of only the lower mass
ion is given.

HPLC was performed with 214 nM detection on a 250 x' 4.6 mm Rainin

25 Microsorb C-18 column (Rainin Co., Woburn, Massachusetts) eluted isocratically by
a two-pump/mixer system supplying the indicated mixture of acelonitrile and
aqueous pH 2.1 (with H,PO,) 0.1M KH,PO,, respecﬁvelii.. at 1.5 mU/min. Samples
were injected in a 1:1 mixture of acetonitrile and pH 7.0 phosphate buffer (0.025M
in each Na,HPO, and KH,PO,). Percent purities refer to.percent of total integrated

30 area usually over a 10 to 15 minute run. Melling po'intsfare uncorrected and were
determined on a Buchi 5§10 melting point apparatus (Buéhi Laboratorums-Technik
Ag., Flawil, Switzerland) where melting points of 120.5-12_2°C for benzoic acid and
237.5-240.5°C for p-chlorobenzoic acid (Aldrich 99+% grades) were obtained. _
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| soxazol i di ne hydrochloride (Cupps, T.L. et al, J. Og. Chem 1985, 50,
3972- 3979, 0.83 mml) and ' _
(3S)-[(5-chl oro-1Hi ndol e- 2-car bonyl ) - am no] - (2R) - hydr oxy-4- 30

phenyl -butyric acid (0.79 ninol) were coupled according to Procedure A and

t he product purified by chromatography on silica gel eluted with 50%
and 75% et hyl acet at e- hexanes: Yield 75% HPLC (60/40) 4.94 m nutes
(95% ; TSPMS 428/ 430 ( MH+, 1009 ; -60- "H NWVR

(DVMBO-d[err]) [err] 11.70 (s, 1H), 8.17 (d, 1H, J 9.3 Hz), 7.71 (s, 1H, J
=2 Hz), 7.38 (d. 1H, J = 8.7 Hz), 7.27 (m 4H), 7.15 (m 3H), 5.02
(d, 1H), 4.61Cpmnphromatography was pedermad with Anycemrsiligaigel (304, (GOA parp.

Gorr] Herr) PREATEREPNsiSe, Wish Bradlle Co,. Bved Hass h Bhel Totumns under
low nitrogen pressure. Unless otherwise specified, reagents were used as obtained
from commercial sources. Dimethylformamide, 2-propanol, tetrahydrofuran, and

5 dichloromethane used as reaction solvents were the anhydrous grade supplied by
Aldrich Chemical Company (Milwaukee, Wisconsin). Microanalyses were performed
by Schwarzkopf Microanalytical Laboratory, Woodside, NY. The terms
‘concentrated” and coevaporated refer to removal of solvent at water aspirator .
pressure on a rotary evaporator with a bath temperature of Iess. than 45°C.

10 Procedure A (Peptide Coupling U__sing DEC)

An 0.1-0.7 M solution of the primary amine (1.0 equiv, or a primary amine
hydrochloride and 1.0 to 1.3 equivalents of triethylamine per equiv HCI) in
dichloromethane {unless other solvent specified), is treated sequentially at 25°C with
0.95 to 1.2 equivalent of the specified carboxylic acid, 1.2 to 1.8 equivalent

15 hydroxybenzotriazole hydrate (usually 1.5 equivalent relative to the carboxylic acid), and
0.95-1.2 equivalent -(corresponding in mole ratio to the carboxylic acid) 1-(3-
dimethylaminopropyl)3-ethylcarbodiimide hydrochloride (DEC) and the mixture is stirred
for 14 1o 20 hours. (See Note 1 below). The mixture is diluted with ethyl acetate,
washed 2 to 3 times with 1 or 2N NaOH, 2 to 3 times with 1 or 2N HCI (Note 2), the

20 organic layer dried ‘over MgSO,, and concentrated giving crude product which is
purified by chromatography on silica gel, trituration, or recrystallization, as specified
using the specified s_olVenls. Purified products were analyzed by RP-HPLC and found
to be of greater than 85% purity unless otherwise noted. Exceptions in the use of
Procedure A are noted individually where appropriate b_é_lo.w. Reactions conducted at

25 0 to 25°C were con_’dUcted with initial cooling of the vessel in an insulated ice bath
which was allowed to-warm to room temperature over seveial hours.

Note 1: On larger scale couplings (>50 mL solvent) the é;-\'ixture wés concentrated at
this point and the residue dissolved in ethyl acetate. Not.':.e-"z: If the product contained

ionizable amine functionalily the acid wash was omitted.
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5 Found: C, 61.59; H, 5.35; N, 9.44.
Exanpl e 41 5-Chl oro-1 Hindol e-2-carboxvlic acid

[(19)-((R)- _
di et hyl car banoyl - hydr oxy- net hyl ) - 2- phenyl - et hyl ] - am de

Di et hyl amne (0.45 mol ) and (3S)-[(5-chl ofo-1 Hindol e-2-carbonyl)-am noj -
: 10 (2R)-hydroxy-4-phenyl -butyric acid (0.2 vmol) were coupled according to

; Procedure A and the product purified by chromatography on silica
eluted with 10-25% et hyl acet at e- hexanes:, Yield, 35% HPLC (60/40) _
7.06 mnutes (96%; np 218-222C, F&@&E@%%O (M—|+ 1009 ; "H NMR

(CDA f[err]) [err] 9.14368ys5-Brloro-1HARdEIE-2-ddibon IBE?[__]G 81 (d
1.3H), 6.55 15 (d, 1H , .2 H),

4.3
4.29 (d, IH J = 5.3 Hz) Mgw_mrg,_saw_eﬂgmsm 288(q, 2H,

J =7 Hz 1.05 (t,
Exanpl e 212 ( 1 (:ﬂﬁme@hyTanzm&paj_%gd%B %rrﬁ@arbofupﬁae Iaic?’r‘oc%log%az Eﬁ(’)E)?;ﬁl)og gégi?,g
((1 9-{RS 2tmol) was added in one portion to a solutzon of (3S)-Amino-4-phenyl-(2R)-hydroxy-

hydr oxy-[ ( 2- ro t hyl t.h rb hy| - . o
2yphe)r(lzl [fat hgmjyn&x cbilso%rgpyvestety 11 :ﬁf %2‘? % rg)?ge hﬁlﬁfﬁﬂ{h@?g{ﬁizﬁc@rbowm acid
hKFrOChll(III dd ?@ 575mfghd10?;ldn63ﬁ (ﬂrbgybenﬁotjnazole 2ydrafe (115 g, 7.5 mmol()j in
chl or o- i ndo car bo am no [ OX e ric.aci

(0.70 mol ) ﬁu@m"@@e 1S antlceor 41 T BrENTS TR % &23%'? et
sol vent, aci leutbb%h@ﬁﬁ adetafX{HedEdIfY sAbr \hesrwdxdmtwmuzru Nao#, B¥ice with

chr omat ogr ap hgg on silica eluted with 5-8% et hanol - di chl or onet hane
fol lowed By eNitGk diiedaver MaS4.rmad araeantsaled yiTbp desidgevas chromatographed on

112 g silica eluted with 1:4 ethyl acetate-hexanes (1.5 L) followed by 1:3 ethyl acetate-
hexanes giving the title substance: Yield 91%; HPLC (70/30) 5.69 minutes (78%), 21.5
minutes (19%). TSPMS 415/417 (MH+, 100%);
'H NMR (CDCl,) 6 9.7 (s, 1H), 7.57 (d, 1H, J= 2 Hz), 7.38-7.18 (m, 7-8H), 6.73
15 (d, 1H, J = ca. 2 Hz), 6.57 (d, 1H, J = 9.7 Hz), £.04 (septet, 1H, J = 6.3 Hz), 4.83 (m,
1H), 4.19 (dd, 1H, J = 2 Hz), 3.51 (d, 1H, J = 3.6 Hz}, 3.05 (m, 2H), 1.17(d, 3H, J =
6.3 Hz), 1.11 (d, 3H, J = 6.3 Hz). Approximalely 15% of another substance, presumed
to be the N, O-bis (5-chloro-1H-indole-2-carbonyl! derivative) d (partial ) 9.80 (s, 1H),
5.28 (dd, 1H, indole-CO,CH) was present. |
20 Example 1A
3(S).2(R})-3-amino-2-hydroxy-4-phenylbutyric acid isopropyl ester
A solution of 3(S),2(R)-N-{(1,1-dimethylethoxy)carbonyl}-3-amino-2-hydroxy-4-
phenylbutyronitrile {Parris et al., Biochemistry 1992, 31, 8125-8141 (252 g, 0.912
mol) in dry 2-propanol (6L) was treated at 5-17°C with anhydrous hydrogen chloride
25 (374 g) and stirred at 25°C for 20 hours (protected frorn almosphere with a fube
containing Drierite). Another 348 g anhydrous hydrogen chloride was added at less
than 10°C and the mixture stirred for 72 hours at 25°C. The mixiure was
concentrated, the residue dissolved in 0.1 N HCI. After standing 1 hour at 25 °C,
this solution was extracted with ether (3 x 1 L) and the aqueous layer brought to pH
30 12 with 6N NaOH (ca. 450 mL). The resulling suspension was extracted with ethyl
acetate (4 x 1L), the extracts washed with water (500 mL), brine (500 mL), diied and
concentrated giving 177g of a yellow solid. This solid was dissolved in boiling
isopropyl ether {2 L), filtered hot, and concentrated by boiling to a volume of 1.4 L.
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HPLC (60/40) 3.67 minutes (93%; np 192.5-195[err]C, TSPMB 430/ 432

(M, 1009 ; 1H NWVR (CDC13) 6 9.18 (br, 1H), 7.60 (d, 1H, J = 2 Hz),
7.4-7.25 (m 6H), 7.24 (dd, 1H, J = 2, 9Hz), 6.85 (d, 1H J = 2 Hz),
6.63 (d, IH J 9 Hz), 4.8 (m 1H), 4.47 30 (m 1H), 4.06 (m 1H), 3.63
(m 2H), 3.12 (m 2H), 2.95 (s, 3H), 2.85 (é‘%l 2.5 (br, 2H).

61, 46; H 5.63; N, 9.77.

Anal . Cal cd for C[err]H[err]CIN[err]CIerr]
Found: C, 61.45; H 5.95; N, 9.8

- 80-

5l or o- 1 | R 215, whieh dgrmed on.gqaling pRg calestsgt &Y GG 1he chited misure

(2R) - hydr oxy- 3w&stid3with BEUiisbplopyl eler RA@RYILH (20T 4§, A second crop (12.2 g) was

10

15

20

25

30

obtained from the mother liquors. A third crop was obtained by chromatographing
the concentrated mother liquours on silica gel with a gradient of 2-propanol in
dichloromethane (1% to 4%) and recrystalliZing the purified product from isopropyl
ether (4:4 g, total yield 123.6 g, §7%). mp 106-109°C; 1H NMR (CDCI3) d 7.35-7.2
(m, SH), 5.11 (septet, 1H, J = 6.2 Hz), 4.01 (d, 1H, J = 2.2 Hz), 3.30 (ddd, 1H), 2.91
(A of AB, TH, J = 6.3, 13.3 Hz), 2.71 (B of AB, 1H, J = 8.5, 13.3 Hz), 1.8 (br, 2-3H),
1.25 (d, 6H, J = 6.2Hz); TSP-MS 238 (MH +).
: Example 2
§-Chloro-1H-indole-2-carboxylic acid [{1S})-benzyl-(2R)-hydroxy-3-
(4-methyl-piperazin-1-yl}-3-oxo-propyl]-amide hydrochloride

(3S)-Amino-{2R)-hydroxy-1-(4-methyl-piperazin-1-yl)-4-phenyl-butan-1-one
dihydrochloride (0.25 mmol) and S-chioro-1H-indole-2-carboxylic acid (0.30 mmol)
were coupled according to Procedure A and the product purified by
chromatography on silica gel eluting with 0.5-8% ethanol in dichloromethane giving
the title substance in 42% yield, logether with 13% of less polar material
characterized by 'H NMR as the corresponding N, O-bis (5-chloro-1H-indole-2-
carbonyl derivative. The more polar desired substance (48 mg) was dissolved in a
mixture of methanol and 0.25 mL 1N HCI, the resulting solution concentrated, and
the resulting solid triturated with ether giving the title substance (42 mg):
HPLC (70/30) 80%, 2.53 minutes and 13%, 4.04 min, the latter corresponding in
retention time to the N,O-bis-O-acylated derivative isolated above.

"H NMR (D,0).6 7.70 (s, 1H), 7.5-7.2 (m, 7H), 7.05 (s, 1H), 4.57 (m, 1H), 4.47
(m, 1H), 4.04 (m, 1H), 3.58 (m 4H), 3.34 (m, 4-5H), 2.97 (s, 1 SH) 2.91 (s, 1.6H).
PBNS 455/457 (MH+, 100%)

Example 2A _
(SS)-Aming-(2R)-hydroxy-1.(4-methyi-piperazin-1-yl)-4-pheny!-
| butan-1-one dihydrochloride
(1 S)-Benzyl-(?R)-hydroxy-a-(4-methyl-piperazin-T -yl)-3-ox0-propyl}-carbamic
acid tert-butyl ester (0.190 g, 0.5 mmol) was dissolved in 4 M HCl-dioxane at 25°C

for 0.5 hours. The .njxix_t_ure was concentrated and the residue triturated with ether
and dried: Yield 212__mg; HPLC (15/85) 2.85 min; PBMS 273 (MH+, 100%);
This is the replacement sheet
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Pi peri di ne hydrochloride (0.42 mol) and (3S)-[(5-chl oro-1Hi ndol e- 2- 5
car bonyl ) -am no] - (2R) - hydr oxy- 4- phenyl -butyric acid (0.4 mml) were coupl ed
according to Procedure A (1:1 dichl oronet hane-di net hyl f or mam de sol vent)

and the product purified by chromatography on silica eluted with

20- 25% et hyl acet at e- hexanes: Yield 97% HPLC (60/40) 6.92 m nutes
(10Q% ; PBMS 440/ 442 ( NH+, 100% ; 10 Aggl. Calcd for
Cerr]Herr]CINerr]derr]: C 65.52; H 5.96; Nerr]9.55. Found: C,
65.27; H 6.12; N 9. 29. Exanpl e
44 5-Chloro-1 Hindotg ﬁ-.g@raboxyllc acid ((1

S) - benzyl - 2(R) -

hydr oxy- 3- nor phol i n- 4H{{$)-Be: 3}-by 4-getiyvl-pip An)p3oxa-pre :
mol ) and (38) [ (5-chl oro- 1H-|ndole 2-carbonyl ) alrr'i nol-

(2R) - hydr oxy- 4- phenyl - butyri c aci @%—%—%Mpl ed according to
_Procedure A (le%twipfpyrm &8 mel 0P mmanantlieRRsSpduet- purified by
trituration with ether Yield 50%,  HP C 60/ 40) . 5. .37 m nutes (>98% ;
TSPVS 442/ 444 pw;fcaﬂf.aeo;dammo-? hydeoqdeh pRFFRFd @490 9 088 maiol) wetp
759 (3 1R Jcsudelabeordingy Prdeddile & wn€ 7&1&@“2@“%@»% gl 1
1H), 3.62 (m szwﬁcasomY'(eM 22;Hpg. 88%5P M§ (Md+910‘2%d 1H) . Anal
Cal cd for C[err]H[err]CIN[err]Qerr] C .8 a H 5.47; N, 9.51.

Found: C, 62.11; H, 5.39; N, 9.

Exanpl e 45 25 . scrﬁer@hmm_mﬁmmmwm_u

((18)-Dbenzyly (2R) - methylcarbamoyl-methyl)-2-phenyl-ethyl]-amide
Methylamine hydrochloride. {0.38 mmol) and (3S)-[(S-chloro-1H-indole-2-
carbonyljamino]-(2R)-hydroxy-4-phenylbutyric acid (0.35 mmol) were coupled

according to procedure A (except in DMF at 0-26°C), and the crude product was
purified by chromatography on silica gel in 1-8% ethanol in dichloromethane
15 containing 0.5% ammonium hydroxide, giving the title substance:
Yield 82%; HPLC (70/30) 88% at 3.09 min, PBMS 386/388 (MH+, 100%);
Anal. Caled for C,H,,CIN,O; +0.25 H,0: C, 61.54; H, 5.29; N, 10.76.
Found: C, 61.17; H, 5.63; N, 10.83.
Example 4
20 (3S)-[(5-Fluoro-1H-indole-2-carbonyl)-amino]-(2R)-hydroxy-4-
phenyl-butyric acid methyl ester
(3S)-Amino-(2R)-hydroxy-4-phenyl-butyric acid methyl ester (0.8 mmol, WO
8325574 Example 1A) and 5-fluore-1H-indole-2-carboxylic acid (0.8 mmof) were

coupled according to Procedure A (except at 0-25°C, and with acid then base

25 exiraction), and the crude product purified by trituration with ether:
Yield, 71%; HPLC(60/40) 4.51 minutes (98%); mp 219.5-210°C; PBMS 371
{MH +,100%);
Anal. Caled for C,gH,sFN,0, +0.25 H,0: C, 64.08; H, 5.27; N, 7.44.
Found: C, 64.14; H, 5.30; N, 7.48.
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hydr oxy- 3-[ 1, 2]-oxazi nan- 2- yl - 3- oxo- propyl ) - ani de (1, 2] Oxazi nane
hydr ochl oride (0.42 mmol) and (3S)-[(5-chl oro-1Hindol e-2-

car bonyl ) - am no) - (2R) - hydr oxy- 4- phenyl -butyric acid (0.4 muol) were coupl ed
according to Procedure ‘A (1:1 dichl oronet hane-di net hyl f or mam de sol vent)
and the 30 product purified by chromatography on silica eluted with 25%

et hyl acet at e- hexanes: Yield 76% HPL§‘54_60/ 40) 6.07 mnutes (99%; PBMS
442/ 444 (M, 1009 ; ' '
Dn'te

Example 5

(381 [(S-Bromo-m mdole-2-carbonv!l-ammo] {2R)-hydroxy-
4-phenyl-butyric acid methvl ester
(3S)- Ammo (2R)-hydroxy-4 phenyl-butyric actd methy! ester (WO 93/25574,

5 Example 1A) (0. 7 mmol) and §-bromo- 1H-mdole~2-carboxyhc acid (0.7 mmol) were
coupled accordmg to Procedure A (except at 0- 25°C) The crude product contained
25% of the N,O- bas-acylated material (HPLC) and was used in subsequent
transformations wnthout further purification: Yield, 97% HPLC (70/30) 4.03 minutes
(73%}), 11.8 minutes (25%) A sample was triturated with ether -hexanes for

10 characterization anqibzologlcal testing: HPLC (70/30) 4.03 minutes (94%) 11.7
minutes (4%). FABMS 431/433(MH +,36%), 307(100%);
'H NMR (CDCl,) 6931 (br, 1H), 7.75 (d, 1H, J = ca. 2Hz), 7.35-7.20 (m, 7H), 6.73
(d, 1H, J = 1.6Hz),£—6,47 {d, 1H, J = 9.6Hz), 4.80 (m, 1H), 4.21 (dd, 1H, J = 2, 5Hz),
3.72 (s, 3H), 3.33 (d, TH, J = 4 Hz), 3.06 (m, 2H). |

15 Anal. Calcd for C,_o_Hi.,_BrN,O‘: C, 55.70; H, 4.44; N, 6.50.
Found: C, §6.12; H, 4.62; N, 6.16.

Example 6
5-Flgoro-1_'H-if.gole-z-carboxylic acid mS)-{(R)-dimethvlc_a_rg_a_movl-
" hydroxy-methyl)-2-phenyl-ethyil-amide
20 Dimethylamfné:}'hydrochloride (0.52 mmol) and (38)—[(5-ﬂuoro-1 H-indole-2-

carbonyl)-amino}-(2S)-hydroxy-4-phenyl-butyric acid (0.43 mmdl) were coupled
according to Proced_(:}g__g_:}A (except at 0-25°C). The crude product was dissolved in
dichloromethane an‘éf’th'e resulting solution stirred with approx 200 mg
dnmeihylammopyndme polyslyrene resin (Aldrich Chemical Co., Milwaukee, Wi) for 1

25 hour, filtered, and concentrated giving the product as a colorless solid: Yield, 62%;
HPLC (60/40) 4.15 mmutes (97%); mp 213-214°C; TSPMS 384 (MH+,100%);
Anal. Calcd for Cle;z_zFNaos- C,65.78; H, 5.78; N, 10.96.
Found: C, 65.89; H, 6.16; N, 11.00.
.' Example 7 _
30 §-Bromo-1H-indole-2-carboxylic acid {{1S): [(R) hvdroxv—
(methoxv-methv!-carbamovl1 meth\dLZ-phenv! ethyl}-amide
(3S)-Amino- (2R) hydroxy-N methoxy-N- methy!-&phenyl butyramide
hydrochloride (0.36 mn}gl_)_. and 3-[(S-bromo-1H-indole- 2—carponyl) amino]-2-hydroxy-
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- 90- 'HNIVR(CDCI[err]) [err] 9.41 (br, 1H), 7.58 (d, 1H, J = 2

Hz), 7.38-7.18 (m 7H), 6.78 (d, 1H, J = 2 Hz), 6.55 (d, 1H J =9
Hz), 4.89 (m 1H), 4.58 (s; 1H, 4.00 (m 1H), 3.67 (m 3H), 3.10
(m2H), 1.9 (br), 1.7 (m 4H). Anal . Cal cd for
Cerr]JHerr]CNerr]Jerr]: C 62.51; H 5.47; N, 9.51. 5 Found: C,
62.18; H 5.59; N, 9.29. -65- Exanpl e
46 5-Chl oro-1 Hindol e- 2-carboxvlic acid

[ (1S)-benzyl - (2R) - hydr oxv- 3- ((3S) - hydroxy-pyrrolidin-1

-yl) - 3- oxo- pr@ﬁu éryl-Buiyee acad (0.36 mmol) wér&lcodpley dicesbyg fooPiodedgre(DamBtham! )
and (3S)-[(5-chl oro-1Hindol e- 2-

car bonyl ) - aniafége poaduchpurified\hy- %@'ﬁ?l%ﬁﬁ'%?'bs'h?ﬂ ee'(%mm Wit BY%\ e A% upl ed

ding t hi
on o 1 | D el ReRH EnokaBs Bl bt gﬁf’:’g’ﬁé“fé’i P, el tlafier VTR E " O
(60/ 40) 3. 87 HPLC (6G/40)t5cT (6Ads; (1005 RIS 450/46RHMH 4.00%):

g‘a?*()'R)e 75 1nal. Calod for C,,H,,BrN,0, %, $rs! HFH4. BslohggZrcarboxylic acid [(1
but oxycar bamﬂobnbycc csayaa’rmmta B, ple3ayl - et hyl ] - am de

O Tert-butyl hydr oxyl am ne hydrochlorid 2 ol) and (3S)-[(5-chloro-1H
i ndol e-2-carbonyl)-am no] -(2R)- hydrox&—é—ﬁ%&gyl butyric acid (1.0 nrnol)

were coupl ed accorgitRgrd-Rm2iHf-eHUAG0IE2(AHBXYIRY béig{IPali[ge. Sol vent, orrit

aci d washes)

hvdroxv-(meth_oxv-methyl-carbamoyl) methyl]-2-phenyl-ethyl}-amide

10 (33)-Amino-(?R)-hydroxy-N.methoxy-N-methyl-{-phenyl-butyramide
hydrochbride (0.3 rﬁmol) and 5-chloro-3-methyl-1H-indole-2-carboxylic acid (0.3
mmol) were coupl_ei__i__: according to Procedure A and the crude product purified by
trituration with ether:: Yield, 59%, HPLC (60/40) 7.45 minutes (100%); PBMS 430/432
(MH+, 100/40%); |

15 'H NMR (CDCl,) 6898 (br, 1H), 7.66 (d, 1H, J = 2 Hz) 7.4-7.15 (m, 7H), 6.35 (d
1H, J = 9 Hz), 495(m 1H), 4.32 (d, 1H, J = 5.1 Hz), 3.81 (d, 1H, J = 5 Hz), 3.36
(s. 3H), 8.15 (s, 3H), 3:15 (dd, 1H), 3.03 (dd, 1H, J = 13, 16 H2), 2.51 (s, 3H).
Anal. Calcd for C,;H,,CIN,0,: C, 61.46; H, 5.63; N, 9.77.
Found: C, 61.13; H, 5:53; N, 9.74.

20 Example 8A

5:Chloro-3-methyl-1H-indole-2-carboxylic acid
2N NaOH (20 mL) was added to a suspension of 5-chloro-3-methyl-1H-

indole-2-carboxylic aéﬁd ethyl ester (7.0 g, 29.4 mmol) in fnethanol {50 mL) and the

resulting mixture st.rred at 25°C for 18 hours. Tetrahydrofutan (100 mL) was added

25 and the resulting soluuon heated at reflux for 30 minutes and concentrated. The
residue was dissolv t._c__i__m water and the resulting solution extracted twice with eihyl
acetate. The aquéous fayer was acidified and the precipilate collected by filtraticn
and washed with ater (5 24 g). B

_ Example 88
30 5. Ch!oro-3-methyl 1H-indole-2-carboxvlic ac1d elhyl ester

The p'chlorophenylhydrazone of ethyl 2-oxobutanocate was prepared by
adaptation of the Japp Klmgemann reaction as described by Llons and Hughes (J.
Proc. Roy. Soc. N.S. Wales 1939, 71: 445) to p-chloroaniline and ethy! 2-

This _is the repl-acem_ent sheet
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20 and the product purified by chromatography on silica eluted with 30-50%

et hyl - acet ate-hexanes: Yield 77% HPLC (60/40) 4.96 m nutes (98%;

FABVS 444 - (M, 909, 511 (100% ; "H NWR (CDCl [err]) [err] 9.38 (br,

1H), 9.18 (br, 1H), 7.85 (br, 1H), 7.53 (s, 1H), 7.3-7.0 (m 7H), 6.87

(s 1H, 4.40 (d, 1H, J =4 Hz), 4.30 (m 1H), 3.20 (m 2H)., 1.12 (s, 9H. -
-g&xanpl e 48

5 ChI or o- 1H i ndol e- 2- carboxyl ic acid ((1S)-benzyl-(2R)-

hydr oxy- 3- oxo- 3-t-hi azoi di.n< 3-yl - propyl ) - am de : Thi azol i di ne

(0.70 mol) eﬁrmhcéﬂﬁ):e{aﬁé TIH‘H pﬂié)wlﬂ#dkﬁt@ie&na?s ﬁ@étbQWth)Hemmar}el according to

(2R) - hydr ox henyl - butyric acid (O, wer e coupl ed ordln to 30
Procedure A th p%ca‘i"é’ﬁl‘ﬂ ﬂ&ﬁ@”ﬁh%%ﬁf?%rﬁﬁyﬁﬁﬂé M- véales 155 duct

whi ch aBEF?éH We‘i’é]ﬁ%.tﬁw&rf'ésf@ﬁhhm% bthf‘dp%eﬂ?l?@dr‘é‘Eéﬂ‘e (Wtﬁig)sugstgﬁce

m nutes (96% .
Jerr]Herr }A@s N[Oéeﬂ?dlb&rﬁlqmn@s g’go@ggeﬁohg wgr smspegdmy the concentrated

§ residue in water.

L Example 8C
!_3)-Ammo (2R)-hvdroxv~N-methoxv-N-methvl-4-ghenvl-butvrarmde
hvdrochlonde 31055-274-2 31055-85-1
{(1S)-[(R)- Hydroxy -(methoxy-methyl-carbamoyl)-methyl}-2-phenyl-ethyl}-

10 carbamic acid tert-butyl ester (791 mg, 2.3 mmol) was dissolved in 4M HCl-dioxanes
for 45 minutes at 25°C for 45 min, the mixture concentrated, the residue
coevaporated with _et_b_er. suspended in ether and filtered giving 583 mg (91%) of the

title substance.

Example 8D
15 H )J(R)-Hvdroxv -(methoxy-methyl-carbamoyl)-methvi]-

__phenyl -ethyl}-carbamic acid tert-butyl ester
(33)-tert-Butoxycarbonylammo (2R)-hydroxy-4-phenyl-butyric acid (10. 06 g,
34.1 mmol, Schweszerhall Inc.; S. Plainfield, NJ) and N,O-dimethylhydroxylamine

hydrochloride (3.49 g. 35 7 mmol) were coupled according to Procedure A and the
20 ‘crude product (10.7 .g_);_,p_unf' ed by chromatography on silica gel eluted with 25-50%
ethyl aéetate-hexaﬁé;_-.'_':g':iv_ing the title substance as a foam (9.5°g, 83%): MS 339
(MH+, 100%). .
. Example 9 |
(3S)-{(5.6- Quchioro -1H-indole-2-carbonyl)-aminol-(2R)-hydroxy-4-
=% phenyl-butyric acid methyl ester

25

(35)-Amino-(2_B)’:—ﬁjdroxy—@phenyl-butyric acid methyl ester (1.2 mmol) and
5,6-dichloro-1H-indole-2:c
Procedure A (reactlon ..tnme 72 hours) and the product punf’ ied by chromatography
on silica using 20-40% ethyl acetate-hexanes: Yield, 52%; 198-202°C; TSPMS

30 421/423 (MH+, 100%)
Anal. Caled for C,oH, ,Cl N,O +0.25 H;0: C, 56.42; H, 4.38; N, 6.58.
Found: C, 56.25; H, 417, N, 6.58.

carboxylic acid (1.2 mmol) were coupled according to

This is the replacement sheet
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-91- Found: C, 59.29; H 5.22; N 9. 22.

Exanpl e 49 5-BronolH i ndoI e-2-car boxyl ic acid
[ (1S)-(R) -di met hyI car banoyl -
hydr oxy- met hyl ) - 2- phenyl -ethyl ]-am de 5 D net hyl am ne

hydr ochl ori de (0.39 mol) and (3S)-[(5-brom-1Hi ndol e- 2-
car bonyl ) -am no] - (2R) - hydr oxy- 4- phenyl - but y‘twc acid (0.32 mol) were

coupl ed ~according to Procedure A (0.25C) The crude product (159 ny)
was stirred with 200 ng pol ystyrene. DMAP resin (Al drich Chem cal Co.,
M| waukee, W) in di chl or onet hane fmm at 250C, filtered and the

filtrate concentrated: Yield 6 OQD lhq
171- 176C; TSPMS 444/ 446 ( NH+, idhlofd-
Clerr]Herr] N err] QZﬁfcrd@f {3.64 grsd m’irﬁ)l)Mas Hddéd%@ow!?l to 9 -wrm sofuhonF&Li'ﬂﬁi- C,

56 42; H 5.33; N anpl e
d:chioro-s rﬂtomleey'ayrmw asigbi1eS 9. S 1)) incecalic acid (15 mL). “hfior a

E I(3 )1”SI) dI[ E] Ré car %mu}%a \rng rﬁur ]re%ctnoReorﬁ:;/: rred h(exotherm:a) The resulting solution was

3- Ami nopyri d| nbe(téd To a0C )andmb reaction appeared complete (TLC). The mixture was

(39)-[(5- chlor n

(2R) - hydr oxy- 4" I?ﬁ%%ﬁ‘]e g‘lﬁ'ffﬁ%’%ré Qf%fé “76" ﬁ%ﬁ%&%?@%’%ﬁt'@‘& coneenttated, the

Procedure A (diedRiuBdsalistaivedn 2RI NADH) thandshiing BoRMYA twadHEd WitR GiH¥f (3x),
dichloromethane (2x) and acidified to pH 1 with 6N HCI and extracted with ethy!

4. mnlétes (>98%; np

10 acetate. The extracts were dried and concentrated giving a light brown s:olid (458
mg, 34%): HPLC (60/40) 5.31 (S3%);

Example 98
3.4-dichloro-5-nilrophenylpyruvic acid potassium salt

Absolute ethanol (25 mL) was added at 3-159C 10 a a stirred mixture of

15 potassium metal (2.67 g, 68 mmol) in ether (100 mL). The resulting solution was
treated at 3°C with a solution of diethyl oxalate (10.0 g, 62 mmol) and. 2-methyl-3,4-
dichloro-1-nitrobenzene (10.0 g, 62 mmol) over 5-10 min, and the resulting solution
stirred 30 minutes at 3°C and 25°C for 18 hours. The mixture was filtered and the
resulting solid washed with ether and dried (13.7 g). This material (12.7 g) was

20 dissclved in 400 mb hot Water, the solution cooled and extracted with ether. The
resulting aqueous layer was acidified to pH 2 with cone. HCl and thé ether layer
separated, dried and concentrated giving 7.5 g of a solid which was triturated with
hexanes giving the title substance as a yellow' solid (7.01 g, 41%).

Example 10 -
25 5:Cyano-1H-indole-2-carboxylic acid {{1S5)-1{R)-hydroxy-{methoxy-
methyl-carbamoyl)-methyll-2-pheny!-ethyl}-amide

(SS)-Amino-(2R)-hydvoxy-N-melhoxy-N-methyl-4-p‘henyl-bufyramide
hydrochioride (0.3 mmol) and S-cyano-1H-indole-2-carboxylic acid (0.3 mmol) were
coupled according to Procedure A {reaction time 6 days); The crude product was

? 30 dissolved in methanol containing 1.0 equiv 1N NaOH at 25°C for 45 min,
concentrated, the residue dissolved in ethyl acetate, the resulting solution washed
with 2 x 2N HCI, 2 x 2N NaOH, dried, concentrated, and the residue

chromatographed on silica gel eluted with 20-50% ethyl acetate-hexanes. The
This is the replacement sheet
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chromat ography on silica eluted with 0.5-8% et hanol in dichloronethane
contai ning 20 0. 5% amoni um hydroxi de foll owed by trituration with ether:
Yield 45% HPLC (60/40) 3.08 mnutes (>99%; TSPM5 449/ 451 (M+.100% ;
Anal. Calcd for CJerr]H err]CIN4O3 + 0.3H20: C, 63.45; H 4.79; N, 12.33.

Found: C. 63.35; H 5.03; N, 12.37.
Exanpl e 51 25 5-Chl or o- 1H- i ndol e car boxylic acid

{(1S)-[ (R -hydroxy-(2, 2, 2- : _
2 2. 211 1 uoPHERR PIALVEDVRSNIN SR asf bidnss @Nieg theritn.svbeteece:
Coupl ot | e R e e o e QR PEOt G SYRURITI ML opr
product purif'ddNMR (80QN,) i5t9.83fbr,otHWZ1ST (8t k), 7.4 (D7 8H], 7986 (ner4H)(O5.8¥i (| d
P PO 1995608, LLORE BT v O BN 1%, 1. 4 25 R
“Found: C %. & 1H}J 4. £HHz\3.38 (848H), 3.13 (s, 3H), 3.10 {m, 2H).
Anal. Caled for C;;H,,N,O,: C, 65.01; H, 5.46; N, 13.78.
Found: C, 64.92; H, 5.60; N, 13.78,
' Example 10A
§-Cyano-1H-indole-2-carboxylic acid
10 ' 5-Cyano-1'H-’inddle—2-carboxylic acid ethyl ester (1.71 g, 8.0 mmol) was
added to a soluﬁg‘r'__\{d_f- ethano! (10 mL) and potassiur‘ﬁ_ hydroxide (2 g} and the
resulting mixture héat'ed at reflux for 1 hour. Waler was added to dissolve the
precipitate, and 6N HC! was added to bring the pH 1o 1. A precipitate formed. The
mixture was coolédi'in' an ice bath, filtered, and the reshlting colorless solid washed
15 with cold water anddned (1.51 g). A portion (1.4 g} was suspended in hot acetic
acid (40 mL) and cooled giving a solid which was filtered, washed with cold ethyi
acetate and dried: 'Yie_l'd-' 980 mg 70%; HPLC (60/40) 3.09 minutes {97%).
| Example 10B
§i_:-___y_z_:_no-1 H-indole-2-carboxylic acid ethyi ester
20 Zinc dust (57-.3_'8_:§,-887 mmol) was added to a hot suspension of 3-cyano-5-
nitrophenylpyruvic éé:id_'ethyl ester (23.2 g, 88 mmol) in acetic acid (225 ml) and
water (225 mL, Caution!, vigorous initial e¥stherm) at a.rate to maintain reflux, and
the reaction was heldat '-r:eﬂux for 0.5 hours. The mixiure was filtered, the filtered
salts washed with th'-aiééiic acid (150 ml), and the ﬁlt_rét_e chilled overnight giving

25 crystals which were ﬁ!j_é'r._é_d, washed with cold 1:1 aceti__c_:;-::acid~water. water, and dried

(10.11 g, 53%). The ﬁ'trate was concentrated, the reSkae dissolved in ethyl acetate,
and the resulting so!utlcn washed with saturated aqueét':'_.sl_sodium bicarbonate,
brine, dried and conééntréied giving a second batch (505 g).
The major lot was used in subsequent lnansforhé?ibns.
30 -  Example 10C
~ 3:Cyano-5-nitrophenylpyruvic acid elhyl ester

A solution of so um ethoxide in ethanol {from 2—.‘ 2'9. 400 mmol sodium
metal in 400 ml etharol was added at 0°C to a mixture of distilled diethyl oxalate

This is.the replacement sheet
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-92- Exampl e 52
(S)-5-Chloro-1Hindol e-2-carboxylic acid [1 -(nethoxy-nethyl -

car banobanecar bonyl ) - 2- phenyl -et hyl ] -am de

1- ( 3- Di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de (DEC, 790 ny,
5 4.12 mol ), dichloroacetic acid (136 nyg, g’L 06 nmol) and

‘5-chl or o- 1H i ndol e- 2- carboxylic aci ds

((1S) - ((R) - hydroxy- ( net hoxy- et hyl - car banoyl ) - met hyl | - 2- phenyl

et hyl }-am de 7 0. 69 I r I.n, t o] soI tlon
.of anhydﬁ%ﬁgﬂ MIMUK&‘%“’(W HE ia‘:ﬁ'df”l[ec{%gngg? L B fﬂ_g) at
0C. After 18 red solufionlwas deatéd[a2140kRC for he Hcﬁﬁ@t The éaoréwmwasﬂail dilitediwnht h
et hyl acetate, and the resulting 10 sol ution washed ¥\/| th 2N HCI . and

sat urat ed aquERsefs( G%Hmnd?ﬁ@'f@ldg"d' eonente! to pH 2ufa sThe ipsesipitati thah formrasy

~and the resul ofrr, , 35%
HPLC (60/ 40) \J:’desrk%zufe%@?u Fa{éé%'f !mezs?grélrﬁ?%r%ﬁda%?%{rgg@ t 6. 68rTg

m nut es i n5t h:hsomamgapdy msthpaeMQd vath 182539 anth§0%. a@f&tpnmm@‘dm ahVH+,
0 o oo (BRI NSRRI B 50010 20 0 oL )
7.04 (m 1H), 6.77 (s, 1H), 540(m -1Examgted (s, 3H), 3.2 (m 2H),
3.08 (s, 30). 5-Methyl-1H-indole-2-carboxylic acid {(1S)-{{R)-hydroxy-
(methéifv-methvl-cargg_movl)-methvth-pﬁ'en'vl-ethyl}-amide
10 -(38)-Amino-(ZR)-hydroxy-N-methoxy-N-methyH-phenyl-butyramide
hydrochloride (0.5 m_'rhol) and 5-methyl-1H-indole-2-carboxylic acid (0.5 mmol) were

coupled according to. Procedure A (reaction temperature 0-25°C, extraction with
acid first, then base) and the product purified by chromatography on silica in 20-
50% ethyl acetate-hexanes: Yield, 75%; HPLC (60/40) 5.06 minutes (99%); PBMS
15 396 (MH+,100%);
'H NMR (CDCl,) & 9.14 (br, 1H), 7.4-7.2 (m, 6H), 7.07 (dd, 1H,"J = 2, ca 8 Hz), 6.76
(d.1H, J = 2 Hz), 6.45 {d, 1H, J = 9.7 Hz), 4.90 (m, 1H), 4.28 (d, 1H, J = 5.5 Hz),
3.83 (d, 1H, J = 5.5 Hz), 3.35 (s, 3H), 3.13 (s, 3H), 3.09 (dd, 1H, J = 6, 13 Hz), 3.00
(dd, TH, J = 9, 13 Hz), 2.42 (s, 3H).
20 Anal. Calcd for C,H,N,0,: C, 66.82; H, 6.37; N, 10.18.
Found: C, 66.97; H, 6.48; N, 10.33.
_ ' Example 12
5-FIu_o__r<__5-1 H-indole-2-carboxylic acid {(1S)-[(R)-hydroxy-
_ (melhox;@-methvl-carbamoyﬂ-nwethvll-z-g_héhvl-ethvl}-amide
25 (SS)-Amino-(Z'B)-hydroxy-N-methoxy-N-methyl-4-phenyl-bu‘.y_ramide

hydrochloride (0.5 mﬁ'\'ol) and §-fluoro-1H-indole-2-carboxylic acid (O.S mmol) were
coupled according to.:{Procedure A (washing first with acid then base) and the
product purified by crjgomatography on silica gel eluted with 20-50% ethyl acetate in
hexanes: Yield, 69%; HPLC (60/40) 4.55 minutes (95%); PBMS 400 (MH+,100%);

30 'H NMR (CDCl,) & 8.34 (br, 1H), 7.4-7.2 (m, 7H), 7.00 (d_t__'. 1H, J= 2.5, 9.1Hz), 6.80
(d, 1H, J = 1.6Hz), 6.48 (d, 1H, J = 9.5Hz), 4.93 (m, 1H), 4.30 (d, 1H, J = 5.3 H2),
3.83 (d, 1H, J.= 53 Hi). 3.35 (s, 3H), 3.14 (s, 3H), 3.08 {(dd, 1H, A of AB), 3.02 {dd,
1H, J = 5, 11 Hz, B of AB). .

This is the replacement sheet
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Exanpl e 53 5- Chl oro- 1H-i ndol e- 2-car boxylic acid

[ (1S)-benzyl - (2R) - hydr oxy- 20

3- (4- hydroxy- pi peridi n- 1-yl ) - 3- oxo- propyl ] - anmi de

4- Hydr oxypi peri di ne hydrochl oride (0.51 nmml) and

(3S)-[(5-chl oro-1Hi ndol ex

2- car bonyl ) - ami no] - (2R) --hydr oxy- 4- phenyl - b'('ﬂ'yrl c acid (0.48 mmol) were
coupl ed according to-Procedure A (0-25C and the product purified by
trituration with ether, .. followed by trituration in boiling ethyl
acetate, fol IMaéanicd:fnrdhﬁHgﬁNg@hyCoﬁwﬁl Hc8.585Nc1Q:58d wi t h 50- 100% et hyl

acet at e- hexa 1% 40) 3.92 m nutes (9699 ; np

230- 232C; nggl\?é‘ 5‘56¢4€%§ ' é‘@'& (1%041 )' 11 NWR (DVMBO-d[err]) [err] 11. 65
(br, 0.511) 11.60 (br 0. 5H) 8. 24 (m _h_mgleﬁ:?O (d 1H, J = 2 Hz),
7.38 (d, 0.5H, J- o il 37 ) : : 4
0-4.7 (m 2H), . 5 XGyndolg : DXY+ 2 (dd
1H), 3.0 (gd, 1H), 1.95 391etl'(ﬁbar@a51'd)m raetﬁwi:z@eme@m-amw 725 (m

1.5H). _
g - (3S)- Am:_n'_ : _(gﬁ) hydroxy N-methoxy-N-methyl-4-phenyl-butyramide
hydrochloride (0.26 imol) and 1H-indole-2-carboxylic acid (0.28 mmol) were
Procedure A (0-25°C reaction temperature) and the product

coupled accordin

. . phy on silica gel eluted with 20-50% ethyl acetate in

10 hexanes: Yield, 87 PLC (60/40) 4.26 minutes (96%); PBMS 382 (MH+,100%);
'H NMR (CDCl,) 6.9.24'(br, 1H), 7.63 (d, 1H, J = 8.0 Hz), 7.4-7.15 (m, 8H), 7.11 (dt,
1H, J = 8.0, 1.5Hz), 6:85 (d, TH, J = 1.5 Hz), 6.48 (d, TH, J = 9.8 Hz), 4.94 (m, 1H),
4.30 (d; 1H,J = 55 Hz), 3.84 (d, 1H, J = 5.4 Hz), 3.36 (s, 3H), 3.14 (s, 3H), 3.09
(dd, TH, J = 6, 13 Hz, A of AB), 3.03 (dd, TH, J = 10, 13 Hz, B of AB).

15 Anal. Caled for C,,H,,N,O C, 66.13; H, 6.08; iN, 11.02.
C, 66.19; H, 6.08;. 1102

purified by chnd_’r'ﬁ

o Example 14
_ S{Chlo_ro-_f:HJﬁ&é!éQ_-cg_arboxylic acid {(1S)-{(methoxy-methyl-carbamoyl)-
| -_ ~ methyll-2-phenyl-ethyl}-amide

20 ' (35)-{(5-Ch_ldt0j' l_-;'l..-i_hdo!e-2-carbonyl)-amino}-4-phenyl-butyric acid (357 mg,

1.0 mmol) and N,O- m_g‘fhythydro’xylamine hydrochloride, 98% (98 mg, 1.0 mmof)

vere coupled ac.c;;-(_)_'"rd_xng_'--'; .
__g_th._eiher, the sticky solid dissolved in dichloromethane,

concentraled and tmu : _"-_With hexanes: yield 215 mg, 54% HPLC (60/40) 6.38
25 minutes (96%); PBMS-'4 0/402 (MH+, 100%);

Anal. Calcd for C,,t. CIN;O;: C, 63.08; H, 5.55: N,10.51.

Found: C, 62.91; H; 579, N, 10.21. |

 procedure A {dimethylformamide solvent). The foam

obtained was tritur

: Fxample 14A _
(3S)-{ (§Chloro iH-indole 2-carbonyl}-amino]-4 ph-envl butyric acid
30 2N NaOHr(3';'_ .} was added to a suspenswn of (38) [(5-chloro-1H-indole-2-
carbonyl)-amino]-’tl;;i
(10 mL) at 25°C.. Atter
te!rahydrcémr_an {(10'mL ih‘é:_f_‘_s'blu:iOn heated to reflux for 10 minutes, and

yl butync acid methyl ester (1 28 g. 3.45 mmol) in methanol

urs the reaction mixture was diluted with

This is the replacement sheest
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. Hindol e- 2- car bony

93- Exanpl e 54

5-Chl oro- | Hindol e-2-carboxylic acid [(1S)-benzyl-(2R)-hydroxy- 3-

(3R, S) - hydr oxy- pi peridin-1 -yl)-3-o0xo-propyll-am de

3- Hydr oxypi peridine (0.56 mml) and (3S)-[(5-chloro-1Hindol e- 2- carbonyl)

~ 5 am no]-(2R)-hydroxy-4-phenyl -butyric aci é#10.54 nmol) were coupl ed

¢ according to Procedure A and the product purified by chromatography on
_ silica eluted with 20- - 40% et hyl acet at e- hexanes fol |l owed by
Cotrituration w t:bnaenlra&tmernmﬂnﬁg so?K:H Wad stifféd with sNHm%r(ﬁ%M)eéuM

“ mnutes (92%; PBMS 456/ 458 (Mt 0% ; Anal . Cal cd

© [ err] H err] Cl RHspensien f@srezzanwthesreﬁyﬂmn sajidywashed W&MHC&M@Q yields 90;

N 8.92 15g, 93%; HPLC (60/40 518mnutes 100%); Exanple 55
. 5-Chloro 1Hi ndolg % car oxyﬁ |/c &m ' é)enzy)f (2R) -

hydr oxy- 3- (( 2R) - hydr oxynet hyl - pyrrol i d| Mﬂ&.ﬂ@xo propyl | - ami de

~ R2-pyrrol i di nemef {:@_‘i{?,érﬁqr]m

Al 11U

~ mol) were coupl ed according to PraniéMtay!A:sm‘td t he pr oduct purlfled by

- chromat ogr aphy on S|I|ca el - ted W th /.di chl hane
:foll owedgbypcKromatb @PPF%‘H'%T%P@&”\?PS %83/6\( 5?’”89?8&5 71g, 370
%g}vgt ESEeZEQ%mow @wa&?éd tHPaLﬁ?m(t@:@/ AQBSPaindl{2M)hgsrok P4 BhenybuliR 2 C
( ( methyl ester (WO 93/25574 Example 1A, 77.5 g, 370 mmol), 5-chloro-1H-indole-2-

10 carboxylic acid (72 45 g, 370 mmol) and 1-hydroxybenzotriazole hydrate in
dichloromethane: (640 mL) at 26°C. The resulting m:xture was stirred for 18 hours,

concentrated, the resxdue dissolved in ethyl acetate, the resulting solution washed
twice with 2N Na_QH;, twice with 1N HCI, brine, dried, and concentrated giving the
substance as a ){eillpw foam (140.7 g, 98%) which was used in the subsequent
15 hydrdlysis descriﬁéd herein without purification (HPLC (70/30) 3.61 minutes (82%),
9.57 minutes (13%)). A pure sample was oblained by chromatography on silica in
ethyl acetaie-hexgnés, mp 180-183°C;
'H NMR (CDCl,) 6_';'_;_'9_.5_2 (br, 1H), 7.55 (d, 1H, J = 2 Hz), 7.35-7.1§ (m, 7H), 6.70 (d,
1H, J:= 2 Hz), e--‘s'b'*(’d 1H, J = 10 Hz), 4.82 {m, 1H), 4.22 (s, 1H), 3.72 (s, 3H), 3.4
20 (br, 1H), 3.05 (m, 2H).
CNMR (CDCl,, 75 5§ mHz) 6 174.2, 164.4, 137.1, 136.0, 131.1, 129.8, 128.8, 128.3,
127.0, 128.2, 1250 121 0, 113.2, 102.3, 70.4, 43.3, 43.1, 38.1.
TSPMS 387/389 (MH+ 100/30%)
Anal. Calcd for C,OH,,CIN O, + 0.5H,0: C, 60.69; H, 5.09; N, 7.08.
25 Found: C, 60.20; H_. 4.88; N, 6.86.
, _ Example 16
3-[(5-Chlorp_.-'_1_'H%il\dohj-caf'bonyﬂ-mhgg]-(ZRS}Ah_y_cm)_ng_pLogionic acid
(RS)-S-aminé%Z-hydroxypropionic acid methy! ester hydrochloride (6.6 mmol)

and 5-chloro- 1H-in6de- 2-carboxylic acid (6.6 mmol) were coupled according to

30 Procedure A (except that acid, then base extraction was performed, and during the
first acid wash a prec;pxlate appeared so the mixture was fitered and the filtrate
carried:on in the usual ‘manner of Procedure A). The crude product (920 mg) was
dlssolved in melhanolf and treated with 1N NaOH (6.6 mL) for 2 hours at 25°C. 1N

Thi_'s is the replacement sheet
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20 Anal. Calcd for CJerr]Herr]CINerr]derr]: C, 63.22; H 5.75; N, 9.22.
- Found: C, 63.23; H 6.11; N, 8.52.

Exanpl e 56 5- Chl oro- 1H i ndol e- 2- car boxyl i ¢ acid
((19)-((R-[(2-di nmet hyl am no-

ethyl)-met hyl - carbanoyl ] - hydroxy- methyl } .2y phenyl - ethyl)-am de 25

- N-(2-di net hyl am noet hyl ) met hyl am ne (0.77 mmol) and (3S)-[(5-chl oro-1H

i ndol e. 2. carbonyl )-am no] (2R)-hydroxy-4-phenyl-butyric acid (0.70 mmol)

. Were co accordi o_Proc . i_met hyl for i de_sol ven d
The product - NeOthies arad s b IRIAEE B Bt S Bt et Pt S840y 0
- ethanol - di chirpétapieddetare, and theabalting 39 Iulioh %ashbe with@ HEDIbripeedridy, and
“trituration with et her-’hexa__nes,: Yie F 87%i_ HPLC 30, (60/ 4?3 2. 8(? lm ngt es
£ (96% ; TSPVEcanmEnyBted. \Fhe resgbing colorlegs solid was stirred jn chloroform and filtere

; %5;3] ﬁ[ g ”6 _ @'@ﬁ%ﬁzﬁ%f’s@%gﬂ?&iﬁ&ggfdd g, %0%5RPBE;(68/40)%2. 86 miflited {89%6); mp
' 5 214-215°C; PBMS 283/285 (MH+, 100%),

'H NMR (DMSO-d,) 6.11.78 (s, 1H), 8.62 (t, 1H), 7.70 (d, 1H, J = 2 Hz), 7.42 (d, 1H,

J = 8.7 Hz), 7.17 (dd; 1H, J = 2, 8.7 Hz), 7.14 (d, 1H, J = 2 Hz), 4.18 (dd, 1H, J =

5, 8 Hz), 3.8 (m, 2H).

Anal. Caled for C,,H;,CIN,O, + 0.1H,0: C, 50.66; H, 3.97; N, 9.85.
10 Found: C, 50.80; H, 4.06; N, 9.48. ‘

| Example 16A
(RS)-3-amino-2-hydroxypropionic acid methyl ester hydrochloride
A mixture of D,L-‘isoserine (2.06 g, 19.6 mmol),'methanol (20 mL) and
chlorotrimethyisilane (9.5 g, 88 mmol) was heated at reflux for 5 hours, cooled and

15 concentrated giving the title substance (3.20 g).

_ Example 17 .
§-Chloro-1H-indole-2-carboxylic acid [{1S)-({(R)-methoxy-methylcarbamoyi-

methyl)-2-phenyl-ethyl]-amide
(3S)-Amino-(2R)-methoxy-N,N-dimethyl-4-phenyl-butyramide hydrochloride
20 (0.84 mmol) and 5-Chloro-1H-indole-2-carboxylic acid (0.80 mmol) were coupled

according to Procedure A {0-25°C reaction temperature, 2:1 dichloromethane-

dimethylformamide solvent) and the product purified by chromatography on silica
eluting with 1:1 elhyli"aé-étate-hexanes: Yield, 81%; HPLC (60/40) 5.44 minutes
(100%); TSPMS 414/416 (MH+, 100/30%);
25 't NMR (CDCl,) 6 9.38 {br, 1H), 7.60 (d, 1H, J = 2 Hz), 7.4-7.2 (m, BH), 7.20 (dd,
1H,J =2, 9 Hz), 703 (d, 1H, J = 8 Hz), 6.92 (d, 1H, J = 2 Hz), 4.50 (m, 1H), 4.00
(d, 1H, J = 2 Hz), 3.40 (s, 3H), 3.22 (dd, A of AB, 1H, J = 5, 13 I4z), 3.00 (dd, B of
AB, 1H, J = 10, 13 Hz), 2.86 (s, 3H), 2.65 (s, 3H). _
Anal. Caled for CNHZ:‘CINJO,: C, 63.48; H, 5.84; N, 10.15. Found: C, 63.48; H,
30 5.97; N,9.97. |

This is the replacement sheet
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- -94- Exanpl e 57

:+ 5- Chl or o- 1Hi ndol e- 2- car boxyli ¢ acid [(1S)-benzyl-3-((3R 4R)-

+ di hydr oxy- pyrrol idin -1 -yl)-2-"hydroxy-3-oxo-propyl]-anide

. (3R 4R) - 3, 4- di hydr oxypyrrolidine (from2S§,3S-(-)-tartaric acid (unnatural
-5 isomer) by the procedure described in USzgat. no. 4,634,775) (1.0 nmol)
~and (3S)-

~((5- E:hl z)ro-l H- i ndol e- 2- car bonyl )-a&n noj -(22- hyg;oxy'-bﬁghen%ﬂh- Ib]lcjtyri Cc gm d
(1.0 mol ) were coupl ed accordi ng tgxa {&ep re i met hyl f or mam de

.solvent) and the pr.oduct purlfled by ¢ ronatography on S|I|ca eluted
“with ethyl acet at el 0@ 2 iomet hoxy- dimethyl-4phe n tytamide hyd

{54 2Tt Ao g v L

260, 09; H, 5. 21buty esterg883 mg, 0.84 mmol) was dissolved in 4N HCl-dioxane (1 mL) foExgnpl e

2)8 benzyl - 3 5( (%ogrig ES%I S ehtraied 4Rl GhE TEAL DS Oxgevapora edd WM ether and dried.
~di hydroxy-pyrrolidin-1-yl)-(2R) - hydr oxyEBamgl@-mOpyl | - am de

‘O_

P t
é 38 rbg)rg%i\)/?/é Fn%lthogly-rgtahvg)%a%aml%t en

. From 2R, 3R—(+)tartar|ﬁ§3§

~ 4,634,775 1.0 mol )
. Hindol e- 2- car bonyl ) - am no] (2R) hydr&x(yte,-t butvPegtdreny! -butyric acid (1.0
“-mmol ) were coupl ed according to Procedure A E'dl met hyl f or mam de sol vent)
- and the product puri%divn hygriderpibaispeeHiapPp e ofiSP%¢ was added to a solution of

10 (1S,2R)- -(1-benzyl-2-dimethylcarbamoyl-2-hydroxy-ethyl}-carbamic acid-tert-buty! ester

J

(322 mg, 1.0 mmol) in tetrahydrofuran (4 mL) at 0°C. Afler effervescence ceased
(several minutes), methyl iodide (155 mg) was added, and after 15 minutes another
11 mg NaH dis’pe'r_sion and 23 mg methyl iodide were added. After 15 more minutes
aquebus ammonium chloride solution and ethyl acetale were added, and the

15 organic layer was separated, washed with water, 2N NaOH, dried and concentrated
giving a viscous oil which was used without further purification: Yield 283mg, 84%.

Example 17C
(1 S,2R) (1-Benzyl-2-dimethylcarbamoyl-2-hydroxy- ethvl)-carbamlc

acid tert-butyl ester

20 - (3S)-tert-ButoXycarbonylammo-(2R)-hydroxy-4-phenyl-butyric acid
(Schweizerhall, inc., S. Plainfield, NJ, 1.02 g, 3.4 mmol) and dimethylamine
hydrochloride (338 mg, 4.1 mmol) were coupled according to Procedure A (0-25°C,
diméthylfbrmamide-dich!oromethane solvent, acid, then base extraction) giving crude
product which was chromatographed on silica eluted with 1-8% ethanol in

25 dichloromethane: Foam, Yield 995 mg, 91%;

Example 18
5-Chlero-1H-indole-2-carboxylic Iaciq {3-azetidin-1-yl-(1S)-benzyl-
(2R)-hydroxy-3-oxo-propyl)-amide
Azelidine '(0.44 mmol) and (3S)-{(5-chloro-1 H-in’d_:ole-2-carbonyl)-amino]-(ZR)-.
30 hydroxy-4-phenyl-butyric acid (0.4 mmol) were coupled according 1o Procedure A

(1:1 dimethylformamide-dichloromethane solvent) giving the title substance: Yield
94%; HPLC (60/40) 4.55 minutes (>98%); PBMS 412/414 (MH+, 100%);
Anal. Calcd for C;,H,,CIN;O, +0.25 H,0: C, 63.46; H, 5.45; N, 10.09.

This is the replacement shest
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20 eluted with ‘ethyl acetate followed by trituration with ether: Yield

60% HPLC (60/40) 3.02 minutes (98%; TSPMS 458/ 460 (Mt, 100% ; H
NVR (DMSO-d[err]) [err] 11.7 (br, 1H), 8.18 (d, 1H, J 9 Hz), 7.70 (d, 1H,
J = 2 Hz), 7.38 (d, 1H, J =8.6 Hz), 7.26 (m 4H), 7.15 (m 3H), 5.18
(d, 1 H J =4.0 Hz, exchanges), 5.11 (d74<1H), 5.08 (d, 1 H), 4.47 (m
1H), 4.27 (dd, 1 H J =5, 9 Hz, 25 collapses to d in D20,3.95 (m 1H),
3.89 (m 1H), 3.64 (dd, 1H, J =4, 9 Hz), 3.34 (m 3H, 2.92 (m 2H).

~ Anal. Calcd foFoudicbr €] BB6ny HO5IEBENy JOREr r] + 0.5H[err]O C, 59.16; H, 5. 40;
- N, 9.00. Found: C, 59.44; H 5.29; N,
Exanpl e 59 30 5 Chl or o- 1Hmj—g-car boxylic acid

.' [ (1S) - benzyl - 3- (( 3R, 48Chloro-1H-indole-2-carboxylic @t PR}-ndi
ath

 -yl)-(2R) - hydr oxy- 3- oxo- pr opy[ - am de
“ (3R 4S)-Di hydroxypyrrolidine K388 yileamides orer 0. 86 ol )

j:: ?gg) -[ (5- chlsor o- 1H-g r%(lzo[’?)'e3 éméngrgﬂh “-"3%"%%’}“‘?‘515}"%68"%%!? uzy ra'ﬂ'deJP'-sbJP m)c.

“acid and §-chloro-1H-indole-2- carboxylic acid (0.31 mmol) were coupled according to
Procedure A and the product purified by chromatography on silica gel in 2040%
ethyl acetate-hexanes: Yield 81%; HPLC (60/40) 7.39 minutes (98%); PBMS 430/432
(MH+, 100%);

10 'H NMR (CDCl,) 6 9.44 (s, 1H), 7.58 (d, 1H , J = ca. 2 Hz), 7.4-7.22 (m, 6H), 7.19
{dd, 1H, J = 2.0, 8.8 Hz), 6.89 (d, 1H, J = ca. 2 Hz), 680(d 1H, J = 8 Hz), 4.72
(m, 1H), 3.93 (s, 1H), 3.39 (s, 3H), 3.24 (s, 3H) 3.19 (dd, 1H, J= 5.1, 13Hz, A of
AB), 3.06 (s, 3H), 2.95 (dd, 1H, J = 10.9, 13 Hz, B of AB).

Anal. Caled for C,,H,,CIN,;0, +0.33C,H,,: C, 62.85; H,6.30; N, 9.16.
15 Found: C, 62.91; H, 6.29; N, 8.95.
Example 19A
(3S,2R)-3-Amino-(2R),N-dimethoxy-N-methyl-4-phenyl-butyramide
(1S,2R)-(1 -Benzyl-2-methoxy-methyl-carbamoylé’-melhoxy-ethyl)-carbamic
acid tert-butyl ester (113 mg, 0.32 mmol) was dissolved in 4N HCl-dioxane (4 mL) at
20 25°C for 1 hour, concentrated, and the residue triturated with ether giving the title

product (93-mg, 100%).

Example 198
(1S.2R)-(1-Benzyl-2-methoxy-methyl-carbamoyl-2-methoxy-ethyl)-carbamic
acid tert-butyl ester
25 Sodium hydride dispersion (30 mg of 50% in oil) was added to a solution of
(1S,2R)-(1 -Benzyl-2-rnc-'.hoxy-metl1y!-carbamoyl-2-hydroxy-ethyl)-carbamk_: acid tert-
butyl ester in tetrahydrofuran (2 mL) 2t 0°C. After § minutes methyl iodide (175 mg)
was added and the mixiute was allowed 1o stand at ?S°C for 18 hour. Ethy! acetate

and saturated aqueous ammonium chloiide solution were .added and the organic

30 layer was separated, washed with water, dried, concen!rated and chromatographed
on silica eluting with 10-20% ethyl acetate-hexanes: Yle__l_d 113 mg, 52%; HPLC
(60/40) 6.45 minutes (>96%). |

This is the replacement sheet
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. 95- - (0.82 mml ) were coupled according to Procedure A

- (di met hyl f or mani de sol vent) and the product purified by chromatography
-on silica eluted with 1-10% et hanol in di chl oronet hane Yield 39%
"HPLC (60/40) 2.92:minutes (96%; PBMS 458/ 460 (M+, 1009 ; 5

. Anal Calcd for (Jerr]Herr]d N[err]qerr] + 0.75H err]O C, 58.60; H, 5.45;
©N, 8.91. Found: C, 59.22; H, |\T5'8 59.

7 Exanpl e 59A _ Cs-3, 4 D| hydroxypyrrol i di ne hydrochl oride

-~ (Cis, or nmeso isomer)
G s- 3, 4- di hydr oxypyrrol i di ne- 2, 5- Di hydEX2BRla20 o- | - car boxyl i ¢ aci d

tert-butyl 10 esteg2 ) 4(S8nigro- ﬂﬂ&d&l@b%a%yﬂb‘ﬁﬁ%’@ﬂ) grﬁetﬂ% &oxane at
:5[err]C and the resulting suspensi on stirred a err 1 hour.
“The m xture was concent 2088 B-phenyl-propoxyleagetic acid:benzybeste W|th et her
= giving a light pur 9] . .

(PRES} Wﬁn’fno(ﬂgﬁ%hgxyu%ﬁmy carbamoyl)-3:phenyl-propoxyl-acetic.

« Exanpl e 59B r oXy- py boxy
S acid tert-Hutapid leq_nzelreste_rawydrochlondemSZ)mg 0008 ml'nczt)r\mbscoupled with S-chloro-1H-

_' 2, 5-di hydro- PrYJorleo-b-ecérlb'ox?lEcbé)cuy (ﬁcm b.gstrr?r%tol) baléE:ern PloProt8iure A (0-25°C

reactiod temperature) and the crude product purified by chromatography on silica

gel eluting with 20-75% ethyl acetate in hexane giving the title substance as a glassy
solid: Yielc_i. 61%; TSPMS 564/566 (MH+, 90/60%), 581/583 (MH+NH3, 100/50%).

10 Example 20A
(1R,25)-[2-Amino-1-(methoxy-methyl-carbamoyi)-3-phenyl-propoxy]-acetic

acid benzyl ester hydrochloride

(1R,2S)-[2-tert-Butoxycarbonylamino- 1-(methoxy-methyl-carbamoyl)-3-phenyi-
propoxy}-acetic acid benzyl ester (170 mg, 0.35 mmol) was dissolved in 4N HCI-
15 dioxane (2 mL) for 1.5 hours at 25°C, concentrated, the residue coevaporated with
ether and dried giving an oil (163 mg). MS 387 (MH+, 100%).
‘ Example 208
(1R, 2S)-[2-tert-Butoxycarbonylamino-1-{methoxy-methyl-carbamoyi)-
| 3-phenyl-propoxy}-acetic acid benzyl ester

20 Sodium hydride dispersion (120 mg of 50% in oil, 2.8 mmol) was added to a
sojution ‘of (1S,2R)-(1-benzyl-2-methoxy-methyl-carbamoyl-2-hydroxy-ethyl)-carbamic
acid tert:butyl ester (858 mg, 2.5 mmol) in tetrahydrofuran (8 mL) at 0°C. After
effervescence ceased benzy! bromoacetate (0.56 g, 2.5 mmol) was added and the
mixture was brought to 25°C. After 2 hours more NaH dispersion was added (12

25 mg), and the mixture was stirred 1 hour, diluted with ethyl acetate and saturated
animonium chloride, the organic layer separaled, washed with wzater, dried, and
concenlrated giving an oil which was chronﬁatographed on silica gel eluied with 20-
75% ethyl acetate-hexanes. The most pure fractions were combined giving an oil
(175 mg, 15%): MS 487 (MH+), 387 (100%).
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treated sequentially with osmumtetroxide (2.5%in t-butanol, 6 nL) and N
- met hyl nor phol i ne- N-oxi de at 25[err]C. After 48 hours aqueous 10% sodi um

. thiosulfate solution was added and the m xture was stirred for 30
"mnutes, partially concentrated to renove tetrahydrofuran, and the
resul ting aqueous ‘m xture 20 extracted twigg with ether. The ether
~extracts were washed with 10% sodi um thiosul fate, 0.1M HClI dried and

- concentrated giving a dark orange oil which was chr omat ogr aphed on

silica eluted with 1% 2% 4% 8% and 1@)%%?5!@%0' - di chl or onet hane

. giving an anber syrup (4.09 Q). _ _
- Exanpl e 59C 25 [(25)-[(5-Chloro-1Hrindol hiwatbonyl)-amiriod-{ 1R s(andibovy-methytsi d
~tert-butyl ester D bt - bowi yJ_ i ca _bon%t e (83 g .380 mml) was
“added to a solution of 3-pyrr olidine, 25g¢g,
1362 mmol ) in tetrahpdnisfuse afﬂ[(ﬁﬁ)O@s-ﬁhlbrcﬁtHﬁﬂé-k@abonyl)ﬂhﬁn&]-ﬁﬂ)?vﬂemy-

< sti d at 25 for 1 hour and concentrated giving 76.2 of a
;,_;;ei  ow of | %ni[%%{ searhameYisiRisOY!-RsaPo - agetioacid benzyl ester (120'mg, 02 mmol)

and 50% moist palladium hydroxide on carbon catalyst in methanol (50 mL) was
shaken at 40 p.s.i. hydrogen pressure and 25°C for 1 hour. The mixture was
allowed to stand for 30 mfn. then filtered through a filter aid and the filtrate
concentrated givih‘g 121 mg of a solid which was chromatographed on silica and

10  eluted with 25-100% ethyl acetate-hexanes giving 84 mg of a solid, HPLC (60/40)
4.81 (37%) and 6:24 minutes (63%). 'H NMR and MS analysis showed these to be
methyl esters of the 5-des-Cl and title product respectively. This solid was dissolved
in THF and treated:with 1N NaOH (170 uL) for 30 minutes at 25°C, the solution
concentrated, and ihe residue partitioned between ethy! acetate and 1N HCI. The

15 organic layer was separated, washed with water, dried, and concentrated giving a
mixture of the title substance and the des-5-Cl analog: Yield 85 mg, 71%; HPLC
(60/40) 3.49 minhte;s (37%), 4.23 minutes (61%); MS 338 (MH+, 100%}); TSPMS
474/476 (MH+f{or title substance, 40%), 440 (MH +for des-Cl analog, 95%);

Example 22
20 (3S})-[(1H-indole-2-carbonyllaminol-(2R)-hydroxy-4-phenylbutyramide

(2R,38)-3-amino-2-hydroxy-4-phenylbutyramide (0.5 mmol, US 4,599,198
Example 1D) and indole-2-carboxylic acid (0.71 mmol) were coupled according to
Procedure A (washing with acid, then base) and the resulting product purified by
chromatography on silica by eluting with 66-100% ethyl acetate-hexanes: Yield 89%:
25 HPLC (60/40, Dupont Zorbax C-8 column) 99%; MS 338 (MH +, 100%). 1TH 1H NMR
(DMSO-d6) 6 11.53 (s, 1H), 7.95 (d, 1H, J = 9 Hz), 7.63 (d, 1H, J = 8 Hz), 7.5-7.15
(rh, 7-8 Hz), 7.12 {(d, 1H, J = ca. 7 Hz), 7.02 (d, 1H, J = ca. 8 Hz), 5.95 (d, 1H, Jd =
G Hz), 4.55 (m, 1H_)_.'_3-.j93 {m, 1H), 2.98 (dd, 1H, A of AB, J = 6, 13 Hz), 2.87 (dd,
1H, B of AB, J = 8, 13 Hz).
30 Example 23
(8S)-[{5-Chloro-1H-indole-2-carbonyllamino]-(2S)-hydroxy-4-phenylbutyramide
5-Chloro-1H'.-indole-z-c.arbonyl fluoride (0.30 g, 1.29 mmol) was added to a '
solution of (2S,3S)-3-amino-2-hydroxy-4-phenyl-butyramide hydrochloride (0.319 g,
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- 96- Exanpl e 60
5-Chloro- 1 Hindole-2-carboxylic acid ((1 S)-benzyl-(2R)-

hydr oxy- 3- oxo- 3-t hi onor phol i n-4-yl - (propyl ) - am de

Thi onor phol i ne (0.52 nmol) and (3S)-[(5-chloro-1H-indole-2- carbonyl)

5 am no] - (2R) - hydroxy-4-phenyl -butyric acigy(0.49 nmmol) were coupled
according to Procedure A (0.25[err]C) and the product purified by
~ chromat ography on silica eluted - wi th ethyl acetate-hexanes: Yield

TR Ccotr cf B oo P Rp b o2 el 8t

7.4-7.2 (m 7HS5°@&. &ﬁer 18 lh@urs thel midttte \s}as=deth)wnh6eth¢! gcdtatd, the desaltiigHz) |,

ifo ° gmz % H%5 s(qJHtloMaéhLe .'_"_'_:uthqWHéHéN f%wml'ul_%aturgteg iqﬂeogg&vaH%O,, orgce

) g(a{ﬂ()k)e ﬁld with brine, dried, éoncentraédcbh@ﬂfé Feslduechob Patrgfaptie@od sifcaddlindd( (1
| r oxy
" (et hyl - pzr ﬁduthhzsqrn Oe%resby‘r@yptﬁlmwﬁs giviieen pRlid {1 B) whichavas regrystallized

anino) (R nah SoforytalboBE vledDb20 SEEAERS Sho R R U, R 2 T ASRE g
to NMR (DMSO-d, - pamal)685 1d, 1H, J = 9 Hz), 7.48 (d, 1H, J = 2 Hz), 7.4-7.1 (m,
9H), 5.95 (d, 1H; J = 7 Hz), 4.56 (m, 1H), 4.08 (m, 1H), 2.92 (dd, 1H, J = 11,13
Hz), 2.68 (dd, J = 3, 13 Hz).
10 : : , Example 23A
. ' . §:Chloro-1H- mdole-z-carbony! fluoride
A solutnon of 5-chloro 1H-indole-2-carboxylic acid (10.0 g, 51.1 mmol) and

pyridine (33.1 mmg_l_);_._m- acetonitrile was added to a solution of cyanuric fluoride (2.76

g, 20.4 mmol) in;ia\'cf;_f:;t_pnitrile (total 340 mL) at 25°C. The reaction was followed by
15 TLC on aliquots quenched with butylamine and appeared nearly complete at 1 hour.

The mixture was bbﬁr'éd onto ice, exiracted with ether, dried (Na,SO,), and

concentrated gwmg a solid which was used without punf ication (10.0 g, 99%). TLC -

of a butyiamme-quenched aliquot showed some 5-chlofoindole-2-carboxylic acid and

the less polar N-bgtyl__a_m:gle. A sample was purified by chromatography on silica gel
20 -eluting with ethyl j.a't_:z'_é_'t:a't_e'éhexanes (50-100%) for chara‘étgrization (16368-130-1).

| | Example 23B
(25,381 3-Ammo-2 -hydroxy-4-phenyl- butyramnde hydrochloride
[(1S)-((S)- Carbamoyl -hydroxy-methyl)-2-phenyl- ethyl]ocarbamw acid tert-butyl
ester (0.50¢g, 1.7 mmol) was dissolved in 4 M HCI- dioxane at 25°C for 1 hour. The

25 mixture was concentra!ed.:and the residue triturated wilh ether and dried giving a
colorless solid (430f'::_'g) HPLC (60/40) 2.68 min, 100%.
' Example 23C

[(18)-((S)- C_a_gbg_moyl hvdroxv methyl)-2-phenyl-ethyl]- carbumnc acid tert-butyl ester

Te1rabutylammomum fluoride (23 mbL of 1M in te{rahydrofuran) was added to
30 a solution of {(1S)- [(S) -(tert-butyl-dimethyl- salanyloxy)-carban'aoyl methyl}-2-phenyl-
ethyl}-carbamic ac:d tert- butyl esler in tetrahydrofuran. (6 ml) at 0°C. After 30
minutes the mnxgurg a__s_;g:_luted with ethyl acetate and water, the organic Iayer
. water 2 x IN HCI, 2 x 1N NaHCO,, and brine. An emulsion

separated, washed;
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Procedure A (di nethyl formam de sol vent, 1-hydroxy-7-azabenzotriazol e
substituted for 1-hydroxybenzotriazole, 18 hour reaction tine, no
acid wash) and the product - purified by chronmatography on silica
eluted with 0.5-4% et hanol in dichloronethane, 20 foll oned by four
~triturations with ether: Yield 5% HPLC (60440) 5.57 mnutes (95%,

- TSPMS 463/ 465 ( M+, 100%) ; [err]H NVR (DVSO-d[err]) [err] 11.73 (br,
1H),824(m1H) 8.18 (d, 1H, :9Hz)778(dt J =2, 9Hz),

7.72 (d, 1H,

7540 (m é’#ﬁs Bl ‘Zhégﬁ%é bl '(‘d" dh éHﬁ"":f]Mdg "Eﬁﬁ'ga@%lfy_%’dlm 4.35
: (m 1H), 25 &:ofb%e(‘usateal@uvmg atdldriass 2blid (0.5 g, 29\%31! A ;ﬁrllm'd(af by) of the filtered
%EL&] H[C1er ggo@g 845 3% e r N-gry%ia?ﬂé%rl{c]m hot éthgll éc7e?'é.te %ithﬁ'\'o% :l"dlrawbn %?'\iinngé

“ Exanpl e 62 colrless solid (1 338§ Chl or o- 1H-i ndol e- 2-car boxylic acid

. [(I'S)-benzyl -3-(4-fornyl-

. pi perazin-15yl ) - (2R) - hydr oy- 3- oxo- pr opyExample 230 _ i de
- 1-Fornyl pi per azi ne (/o of gy n)B&Oﬁg&%@g Eufaﬁg%kl?&: %,Tnggurﬁm%hgz.épsggbony' )-
am no] - ( 2R) - hydr oxy-"Z-phe -purtyric aci

according to Procedure A (deims er acid then base
';_:-: washes) and the pr 0'.'«QJ!‘iﬂ'uydrogen peroxide (7.2 mL, 64 mmol) was added over a period of 15

minutes to a solution of [1(S)-benzyl-(25)-(tert-butyl-dimethyl-silanyloxy)-2-cyano-
10 ethyl]-carbamic acid tert-butyl ester (Example 24D, 6.0 g, 12.8 mmol) and 1N NaOH
(22 mL) in ethanol (110 mL) at 0°C. The mixture was stimed 1.5 hours, treated with

aqueous 10% sodium thiosulfate solution (175 mL), concentrated, and extracted with
ethyl acetate. The extracts were dried over Na,SO, and concentrated. The residue
was chromatographed on silica eluted with 20-33% ethyl acetate hexanes giving the
15 title substance as a colorless solid (3.17 g, 61%).
Example 24
5-Chloro-1t! indole-2-carboxylic acid {{1S)-{{S)-hydroxy-{(methoxy-
methyl-carbamoyl)-methyl]-2-phenyl-ethyl}-amide
N,O-Dimethylhydroxylamine hydrochioride (0.4 mmol} and (3S)-[(5-Chloro-1H-
20 indole-2-carbonyl)amino]-(2S)-hydroxy-4-phenylbutyric acid (0.58 mmol) were
coupled according to Procedure A and the product purified by chromatography on
silica eluted with 20-50% ethyl acetate-hexanes: Yield, 72%; HPLC (60/40) 5.05 min,
88%; PBMS 416/418 (MH+, 100%);
| 'H NMR (CDCl,) 6 9.30 (br, 1H), 7.60 (d, 1H, J = 2 Hz), 7.33 (d, 1H, J = 8 Hz), 7.3-
25 7.15 (m, 6-7H), 6.75 (m, 2H), 5.00 (m, 1H), 4.65 (d, 1H, J = 4 Hz), 3.71 (s, 3H), 3.06
(s, 3H), 2.87 (m, 2H), 1.6 (br).
Anal. Calcd for C,,H,,CIN,;O, + 0.35H,0: C, 59.74; H, 5.42; N, 8.95.
Found: C, 60.14; H, 56.65; N, 9.55.
Example 24A
30 (3S)-[{5-Chloro-1 H-indo!e-2-carbonyl)amg@;tug_quﬂ:plgnylbutyﬁc acid
Aqueous 1N NaOH (2.6 mL) was added to a solution of (3S)-{(5-Chloro-1H-
indole-2-carbonyl)amino}-(2S)-hydroxy-4-phenylbutyric acid methy! ester {500 mg,

1.29 mmol) in methanol at 25°C. After 18 hours the mixture was concentrated, the
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-97- pufified by chromatography on silica eluted with 0.5-8%

et hanol - di chl or onet hane, followed by trituration with ether-hexanes:
Yield 78% HPLC (60/40) -3.45 m nutes (96% ,; PBMS 469/ 471 (M, 100%) ;
Anal . Calcd for (Jerr]Herr]CNerr](err] + 0.3H0: C, 60.77; H 5.44; N,
11. 81. 5 Found: C 60.65; H 5.70; N 11785

Exanpl e 63 - 5-Chl oro-1H i ndol e- 2-carboxylic acid

[ (1S) - benzyl - (2R) - hydr oxy-

3-(4- hyd

oy oo Tesfide BLARd iyt stetacaR SRl DA ietBbiing solyton geidifisdto |

(3S)- [(5-chl p!dd-w&h BNJICE - Phec aqumms (3 yes wasciepaciyd, lextiacted threp Nieves withut yr i ¢
id (1.4 d d.th duct

ot oy e BielelS SRS HAACE R, S AR Eop e dsiBabg s Ria e

acet at e- hexan@sy Ogeém)mw_c ﬁsomoy-lﬁlz@ (6885%)0) 4.09 minutes (97%; TSPMs |

470/ 472 (M+H, 100 Cal cd for C{err&H[err]ClN[err]Qerr] +
0.25H err]® C, 63.29; H 6.05; N, 8. gExample 2

{{39)- I (5-Chloro 1H-indole-2-carbonyl)-aminol-(2S)-hydroxy-4-
- phenyl-butyric acid methvl ester

(3S)- Ammo (2S) hydroxy-4-phenyi-butyric acid methyl ester (1.4 mmol) and 5-
Chloro-1H- |ndole-2 carboxyllc acid (1.37 mmol) were.coupled according to
10 Procedure A (0- 25°C reaction, 40 hour reaclion time, 1:1 dichloromethane-
dnmethylformamlde solvent) giving the ti''e product: Yield, 94%,; HPLC (60/40) 5.38
minutes (97%); mp..2_1___4 -221°C; PBMS 387/389 (MH+, 100%);
Anal. Caled for Cé-gﬂ,,ClN,O‘: C, 62.10; H, 4.95; N, 7.24. Found: C, 62.16; H,
507, N, 7.11.
15 ' S Example 24C
(3S)- Ammo -(25)-hydroxy-4-phenyl-butyric acid methyl ester
[1(S)- Benzy! (28) (tert butyl-dimethyl-silanyloxy)-2-cyano-ethyi]-carbamic acid

tert-buty! ester (41-Z=_m_g) ‘was added to a solution of anhydrous HCI (3.2g) in

methanol (20 mL).-;ﬂddi{_the resulting solution capped and kept at 25°C for 5 days.
20 The mixiure was chcientrated to give 308 mg of colorless solid which was

homogeneous by'HNMR (D,0). This material was combined with spectrally

equivalent material prepared in the same manner from 400 mg of the same
precursor, and toge'th'er' the mixture was dissolved in saturafed aqueous NaHCO,
which was extracted ten tnmes with chloroform. The comb-ned extracls were dried
25 and concentx ated gwmg the title substance (328 mg, 75%)
: Example 24D
L1_(§_1_enzvl -(2S)-(tert-butyl-dimethyl-silanyloxy)- 2-
__ygno -ethyl]-carbamic acid tert- butvl ester

N-t- butoxycarbonyl (38) amino-(2RS)-hydroxy-4- phenylbutyromtnle was
30 converted to the correspondmg O-tert-butyldimethylsilyl. ethers by the procedure
described in US pat.: no 14,599,198, Example 18, and the lsomers separated by
silica gel ciwromatogqgg_by_(?% -8% ether-hexanes). The title substance was thereby

This is the repiacement ahest

Date: =~ 4 FEB 1007




15 Found: C, 63.39; H, 6.00; N, 8.63.

Exanpl e 64 : 5- Chl oro-1 H i ndol e- 2-carboxylic acid

((15)-{(R) - hydroxy- - '

[ met hyl - (2- pyri di n-2-yl -ethyl)-carbanoyl ] -net hyl -2-phenyl -ethyl)-am de

Met hyl - (2- pyridi n-2-yl -ethyl)-am ne (0.77.ggol) and

(3S)-[(5-chloro-1Hindol e- 20 _

2- car bonyl ) - am no] - ( 2R) - hydr oxy- 4- phenyl - butyric acid (0.70 nmol) were

coupl ed aas&raihdﬂgohqtspsugﬁw 18§ pﬁia(rCﬁFﬂBbHﬁél- {tRé ratatr erarmpleVFBtn usrgsiu he

product purified chromat ography on silica eluted wth 0.5-8
n\fﬁ%hane

et hanol - di ch#H9 Yield 82% HPLC (60/40) 3.33 m nutes (97%
TSPMS 491/ 493 ( M+, 100) ; 'HNNR(%&&%E [err] 9.84 (br, 0.7H), 9.35
; 2571(m 9H) , 6.92(d, _
. anvib .

(br, 0.3H, 8.49 (m 1H, 7.7-7.5 (
0.3H J = 8 Hz), oxycdtpnyld3

TEUTNTALR oo weopon por e e
d err] H err] ehiien o} Qitestdxytafbodil-phflalhin@5J5Med Hohém 5885 N0l 128,33 79-
Found G 65 596(5 1|(_)| 0 S, «?611 rrl}lmol) lln g?nethoxyethane (100 mL) at 0-5°C. The mixture was

stirred for 2 hours _gt 0°C and then at 25°C overnight. The mixture was

concentrated to 80mL volume, diluting with ethyl acetate (250 mL), and the

10 resulting solution -tf_éated with potassium cyanide (2.61 g, 40.1 mmol). After 4 hours

at 25°C the organiﬂ_é_-'layer was separated, washed twice with water, once with brine,

dried and concen_tféited-. The resulting oil was crystallized from ether/hexanes giving

a colorless solid (3153 g): mp 95-98°C. A second crop was obtained by

recrystallizing the qi__other liquor (5.0g) with ether/hexanes (colordess solid, 2.44 g):

15 mp 88-92°C. The l_étter. lower-melting material was used in the subsequent
silylation transfom'{é_tion described herein.
Example 25 )
(3S):{(5-Chloro-1H-indole-2-carbonyl)amino]-(2R)-hydroxy-4-phenylbutyric acid
AqueouslsziNaOH (375 mL) was added at 10-22°C to a solution of crude
20 (3S)-[(5-chloro-1 HAiﬁaole-Z-carbonyl)-amino]-(ZH)-hydroxy-4-phenytbutyn'c acid
methyl ester (COn't_éirjing 13% of the N,O-bis-5-chloro-1H-indole-2-carbonyl impurity,
140.7 g, 363 mmol):in methanol (1900 mL) and the mixture was allowed to stir at
25°C. After 2 houfs%the solution was concentrated and the residue dissolved in
ethyl acetate (2L) and 2N HCI (500 mL). The aqueous layer was separated and
25 washed twice with 2N HCI, and the organic layers were _cdmbined, washed with

brine, dried over Né;"'SO. and concentrated. The residue (137.6 g} was consolidated

in 100 mL hot ethy:!;_fécetate (suspension), chloroform (1300 mL) was added, and the
resulling suspensio’ﬁ* heated at reflux with mechanical stirring for 5 min, filtered hot,
and the filtered sohd washed with near-boiling chloroform-ethyl acetate (3:1, 400

30 mi). The resultmg sohd was dried in vacuo lo constant werght (101 g, 75%). The
filtrate was concenlr;&ed and recrystallized by dtssolvmg in hot-tetrahydrofuran (70
mL), adding hot hég_lanes (200 mL), cooling overnight, and filtering and washing the

resulling solid with__-_:THF-hexanes (1:5), giving 7.03 g (5%). The mother liquors from
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- 98- Exanpl e 65
-((3S)-[(5-Chloro- 1 HI ndole 2- car bonyl ) -am nol - (2R)

hydr oxy- 4- phenyl -but yryl'} - pi.peri di ne- 4- carboxylic acid ethyl ester

Et hyl isonipecotate and (3S)-((5-chloro-1Hindol e-2-carbonyl)-am no]-(2R)-

5 hydroxy- 4-phenyl -butyric acid (0.75 mmol ).gyere coupl ed according to

Procedure A and the product purified by chronmatography on silica

eluted with 20-40%ethyl - acetate-hexanes: Yield 95% HPLC (60/40) 7.96

m mrjr;[alez ggS;/% th%%ﬁergﬁlge/rgﬁlo‘h were. cdnldefitratéd03A4d recrystallized according to the same

1-{(3S)-[ (5- Ct'lbr@cedunel-gmdgﬁéﬂz g @%o il threarioto 3hqvary HALA@ r(§&/90) 4 2 minutes

?S;)hg S?Hr Olt)lllély:]‘le;gf%) ‘8{&’% g 8{ %%%’? Zﬂtﬂ%)%&‘%? caﬁgxglr;é g&% BHieh was @@Eomplished

(39) - I[ ( (52CR)h| ﬁ”ij EHHLCr(dtBla:rblax E} 5 Enﬁﬁlhﬁﬂyg()cz ;00 :2:1 water-acetomtnle-tnethylamme-
ani no ydr oxy- 4 -butyric aci
according t 8 PSUeagid SE@("G@ this bﬁé’&&? iPegsent Fﬁa? 4%9 7%@%%@50’@%%?’?'“@

by 15 chronat qgé ¥ 18 élédqﬁant?duyfd%écméd%b%ﬁre5qf’&%é1 MairPe B! ApS2deX
Yield 74% HPL . m nutes (99%; TSPMS 5261528 ( MH+, 100%

Anal . Cal cd fcierRfsﬂ%BS'?/ra['ér(j '__'_ Np&&)r]qerr] C, 63.93; H 6.13; N 7.99.
'H NMR (DMSO-d,)6126(br 1H), 11.7 (s, 1H), 8.17 (d, 1H, J = 9.1 Hz), 7.71 (d,

1H, J = 2 Hz), 739 (d 1H, J = 8.7 Hz), 7.28 (m, 4H), 7.17 (m, 3H), 5.55 (br, 1H),
10 4.57 (m, 1H), 405 (d 1H, J = 3.6 Hz), 2.97 (dd, 1H, AofAB J = 6.5, 13.5 Hz), 2.87
(dd, 1H, BofAB J = 8.5, 13.5 Hz).
Anal.’ 'Calcd for- C,,H,,CIN,O, C, 61.21; H, 4.60; N, 7.51.
Found: C, 61.09,_._:_,5_,.,___4.63. N, 7.59.
| S Example 26
15 | (3R)- I(S Fluoro 1H-mdole-2-carbonyl)-ammo| -(2R)-hydroxy-
: 4-phenyl-butyric acid _
A solution‘bf'(SS) [(5-fluoro-1H-indole-2-carbonyl)-amino]-(2R})- hydroxy4-
phenyl butync ac:d methyi ester (180 mg, 0.5 mmol), 1N NaOH (1 mL) and methanol
(& mL) was stxrred _25°C for 18 hours. The pH was adjusted to 1-2 with 1N HCI,
20 the solution concentrated and the solids ground up under water at 25°C and
fitered. The re_sult__l_n__g solid was washed with ether and.dried giving a colorless glass
(160 mg 87%): HPLC -(60/40) 3.49 minutes (99%); 'H N_MR (partial, DMSO-d,} & 8.15
(d, 1H, J = 8 Hz): 7:42.{rh, 2H), 7.3 (m, 4H), 7.15 (m, 2H), 7.03 (dt, 1H), 4.60 (m,
1H), 4.03 (d, 1H), 3.___'0"-f(dd 1H, J = 8, 13 Hz), 2.90 (dd 1H, J = 8, 13 Hz.
25 Cxample 27 _
(__S)_L(s Bromo 1H-indole-2-carbonyl)-amino]-{2R)-hydroxy-
O 4-phenyl-butyric acid
: ' ?:':'"NaOH (60 mL) was added to a solition of (3S)-[(5-bromo-1H-
indole-2-carbonyl _mo) (2R) hydroxy-4-phenyl- butync ac&d methyl ester (2.45 g,

30 5.7 mmol) in methandl (60 mL) at 25°C. After 2 hours the mixture was concentrated

and partitioned between ethyl acetate and 2N HCI. The aqueous layer was
separated, extracted wnlh -elhyl acetate, the combined organic layers washed with 1N

HCI, brine, dried, _"":"""'centrated and the resumng solid tmurated with chloroform at

This is the replacement sheet
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Found: C, 64.05; H 6.32; N, 7.79.

Exanpl e 67 20 5-Chl oro-1 Hindol e-2-carboxylic acid {(1

R) - [ (S) - hydroxy- (nmet hoxy- .

met hyl - car banoyl ) - net hyl ] =2- phenyl -ethyl }-am de _

5- Chl or o- 1Hi ndol e- 2- carboxyl ic acid (25 ;g%t)l) and (2S, 3R) - 3-am no- 2-
hydr oxy- N- met hoxy- N- met hyl --4- phenyl - but yr &fi'de hydrochl oride (0.25 mmol)
wer e coupl ed ‘accordi ng to Procedure A (0O- 25[err]C acid then base

wash The crude 25 product ‘was di ssol ved ng. 0. 25
equi 3/al ent 12R°f éﬂ‘?‘g 8§P%a- H?d&@so/“o) 44 Q@P&sr(fe&gﬁ 338%(38 E J%P\M%h a
second 0. 25 qu;4q§A_l +.@9§4‘ on of 1IN NaCH (to hydrol yze the | ess pol ar

N, O bi s-5-chl oro-:1 ndol ecar bonyl derivativ %&t he sol ution
concent r at ed, 'H-NMR érantialsOMSEsd)) ot .72 (et i), {datlll, JtndOrkbaLT .86 gy 1H, J

| ut h N,
S0l uti on veshied o 7 RSEEL o SBUENSu 9 08th 9 SRERDL U tha, T gy
et hyl acetmt ABhexarTeIS'Fm '8.(ddﬂrn-m?ﬁ opAR pheds. Bﬁt:eHz)aI (containing a polar
i mpurity) was, di ssol v |_f¥

washed twi ce AR ‘é&ﬁl 058! T, AN, 1% 185 g g sot ution

Found: C, 54.15; ‘H, 4.

Example 28
(38)- [lS?S'-’Dachloro 1H-indole-2-carbonyl )-ammol (2R)-hydroxy-
_ ' : 4-phenyl-butyric acid

Aqueous 1N__ﬂN_éfO.H (1.18 ml) was added to a suspension of (3S)-[(5,6-
dichloro-1 H-ind.ol:e_'_.'f_:.::_;é;bonYl)-amino]-(2R)'hydroxy-4-phenyl-butyric acid methyl
ester (2:.49 mag. O.Gi'lrn_m“pl) in methanol (5§ mL) at 25°C. After 18 hours the mixture

10

was concentrated, residue partitioned between excess 2N HC! and ethyi acetate,
15 the aquiéous -Iayer__é'é é‘rated and washed with ethyl acelate, the combined organic
layers washed with “.i'iifif__'e,"dried and concentrated giving a yellow solid: Yield 259
mg; HPLC (60/40) _96fn1inutes (100%); TSPMS 407/409 (MH;- 100/40%);
'H NMH (partial, DMSO d,) 6118 (br, 1H), 828 (d, 1H,J =9 Hz) 7.98 (s, 1H),
7.58 (s, 1H) 73-715 (m 6H), 4.60 (m, 1H), 4.07 (d, 1H, J = 34 Hz) 2.98 {dd, 1H
20 AofAB,J =6, 13Hz) 288(dd 1H,J = 9, 13 Hz).
Anal. Calcd for C,,H‘_G_C_l N.O, + 0.5H,0: C,54.82; H, 4.12; N, 6.73.

Found: C, 54.86; H408 N, 6.76.

e Example 29
(_:_3___) 5 h]oroJHmdo&e-Z -carbonyl)-amino}-(2R)-hydroxy-

: 4-phenyl-butyric acid
Aqueous 1N: NaOH (1 69 mL) was added to a suspension of (3R)-[(5-Chloro-

25

1H- indole-2- carbonyl) rnlno] -(2R)-hydroxy-4-phenyl-butyric acid methyl ester (326

mg, 0.8 mmol} in rnéthénol at 25°C. Afler 2.5 hours the mixiure was ccncentrated

(starting material found) ;and redissolved in methanol and aqueous 1N NaOH (0.5
30 mL). After 1 hour the mrxture was concentrated and the residue partitioned between
excess 2N HCl! and ethvl acetate the organic layer separated, dried and
concentrated Yield 288 m 92% HPLC (60/40) 3.89 minules (93%); mp 215-223°C;
TSPMS 373/375 (MH

This is the repiscement sheet
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- 99- concentrated: Yield 57% HPLC (60/40) 5.36 mnutes (98%; np
165-167C, PBMS 416/ 418 (M+ 1009 : [err]H NVR (CDCl [err])
[err] 9.45 (br, 1H) 7.58 (d, 1H. J =2 Hz), 7.4-7.1 (m 7H), 6.77 (d, 1H
J =2 Hz), 6.51 (d, IH J =10 Hz), 4.91 (m 1H), 4.30 (d, 1H J =5 Hz),

3.83 (d, 5 1H J =5 Hz), 3.35 (S, 3H,3.3.13 (s, 311), 3.09 (m 2H).
Anal . Cal cd for C[err]H[err]CI Nerr]derr] + 1.OHerr]O C, 58.13; H 5.58;
N, 9.68; © Found: C, 58.05; H, 5.24; N, 9.54. '

Exanpl e 67A (2. _ o -
am no- 2- hydroxyHl\t’ t Cr)\g(s;,o,qg %‘7 (© "2'? ﬁ%é 1H), 8.50 (d, tH, J = 8.8 Hz), 7.70 (d,

phenyl - but yr amided y 8tz hl.07 (djdH J= 87Hz) 7.4-7.1 {m, 7H), 6.7 (br, 1H), 4.50 (m, 1H),

car bam ¢ aci o $3534AT ¥ ¥ AR Lk ERLTECR AP 208 3% LIRSS R I E o

t he resNBtJ&gssmH&) on stlrred for 1 hour at O[err]C. The m xture
was concentrated and th sidue triturated with ether and dri ed

gi ving 207 iy fnaoCalnd K’fé-‘oih’ cp‘N O +50.1H,0: C, 60.92; Hy 4/ &,
Found:. C, 60.72; H, 4.78; N, 7.83.

Example 29A
(3R):{(S-Chloro-1H-indole-2-carbonyl)-amino]-(2R)-hydroxy-
' 4-phenyl-butyric acid methyl ester
10 '(2R,3R)-3-Amino-2-hydroxy-4-phenylbutyric acid methyl ester hydroch!onde
(239 mg, 1.0 mmol} and 5-chloro-1H-indole-2-carboxylic acid (200 mg, 1.05 mmol)

were coupled according to Procedure A (0-25°C, washed with acid, then base)

giving crude product which was used without further purification: Yield 328mg, 87%.

' Example 298
15 (2R,3R)-3-Amino-2-hydroxy-4-phenylbutyric acid methyl ester Hydrochloride

A mixture of (2R.SR);3-amino-2-hydroxy~4-phenylbutyric acid (200 mg, 1.0
mmol, Sigma Chemical Co. (St. Louis, MO), chloro_trimethylsilané (500 mg, 4.6
mmol) and methanol {2 mL) was heated at reflux for 5.5 hours and concentrated o
a foam: Yield 244mg, 100%.
20 ' Example 30
5-Chioro-1H-indole-2-carboxylic acid [(2RS)-hydroxy-2-
{methoxy-methyl-carbamoyl)-ethyl]-amide
N,O-Dimethylhydroxylamine hydrochloride (1.0 mmol) and 3-[(S<chioro-1H-
indole-2-'carbonyl)_-amiho]-(ZRS)-hydroxy-propionic acid (0.95 mmol) were coupled
25 according to Procedure A (0-25°C, washed with acid, then base) and the crude
product triturated with ether giving a colorless solid: Yield 69%; HPLC (60/40) 3.18
minutes (96%); mp 192-192.5°C; PBMS 326/328 (MH+,100%);
'H NMR (DMSO-d,) 6 11.80 (s, 1H), 8.62 (t, 1H), 7.70 (d, 1H, J = 2 Hz), 7.41 (d,
1H, J = 8.8 Hz), 7.17 (dd, 1H, J = 2, 8.7 Hz), 7.13 (s, 1H), 5.35 (m, 1H), 4.65 (m,
30 1H), 3.69 (s, 3H), 3.47 (. 2H), 3.34 (s, 3H).
Anal. Caled for C,,H,CIN,O,: C, 51.62; H, 4.95; N, 12.90.
Found: C, 51.78; H, 6.07; N, 12.75. |
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{(1S) - Hydr oxy- ((R) - net hoxy- net hyl - car banoyl ) - net hyl ] - 2- phenyl -
ethyl)-carbamc acid - '

(2S, 3R) - 3-(t - But oxycar bonyl am no) - 2- hydr oxy- 4- phenyl butyric acid (300 ng,
1.0 mmol, Signa Chemical Co., St. Louis, MJ) and N, O dinethyl hydroxyl am ne
20 hydrochloride (104 ng, 1.1 nmol) were cogyl ed according to Procedure A
(0.25[err]C reaction temperature): Yield 88% HPLC (60/40) 4.90

m nutes (95%; Exanpl e 68

5- Chl oro- 1Hi ndol e- 2- car boxyl i c acid {(J@gﬁ{@' gdj oxy-f ((R) - met hoxy-

met hyl - car banoyl ) - rrethyll - 2- phenyl ethy -am de .25

N, O Di net hyl hydr d8§]-H ony!eming]-(RBht 4{PRE) ranpitder o-

1H i ndol e- 2- b ‘

wre < Goupl eﬁ“ééé%;sa.eg, ?al‘wé%&% mrﬁ%ewpa”@ 'm%C% %o'w?m%)
washi ng) and tme,cmom.mrmz.camohymednw (eR)-hydrbog4 phbnylbatysic btidanethyt ed
with 20-50% eth acetal e- ¢ xanes, .Yi eI 73% HPL.C (60/ 40 4.86

m nutes (95%) ;e M@Qm 213 mmal), “10!?35‘3“@@ ) RAR theomentyre was h ted § LUCTE

é::')') : g ?g( gd 1s|1_|$’hlje%s §tejel art ' .acto?((égo )1|'dr 4é hbu?s Zt fé?o)c The n‘th@rQl_Y)Zaslo (m.
3.80 (br, ca. cpejed. gomeer(r@tedsamd thepeesp mg@ﬂ)'d "EU@M with sih)e' r: Viod Gan%: Cal oo

for (Jerr] H[erHF}Lg &'fsﬁrrﬁﬂngegr(éé%)'. P@Mé’beé/g}pwg*'qgo% - H -5.36; N, 10.06.
'H NMR (partial, DMSO-d) 6 11.75 (s, 1H), 8.04 (d, 1H), 7.70 (d, 1H, J = 2 Hz),
10 7.5-7.1 (m, SH); 5.90 (br, 1H), 4.52 (br, 1H), 3.93 (br, 1H), 2.95 (dd, 1H), 2.88 (dd,
1H). o
Anal. Caled for CygHysCIN,O; + 0.5H,0: C, 59.92; H, 5.03; N, 11.03,
Found: C.59.66;H,5.10; N, 11.40.
| E_m_pﬁ}_z

15

(methoxv-methvl-carbamovl) methyl]- __Qhenvl-ethvlj -amide

N O-Dimethy!hydroxylamane hydrochloride (0.24 mmol) and (3S)-[(5,6-
dichloro-1H-indole-2- -carbonyl)-amino]-(2R)-hydroxy-4 phenyl butyric acid
(0.22 mmol) were coupled according to Procedure A (86 hours reaction time,

20 washed with acid, then base) and the product purified by chromatography on silica
eluting with 20-40‘3?_ ethyl acetate-hexanes: Yield 72%; HPLC (60/40) 7.2 minutes
(99%); mp 210-211.5°C; PBMS 450/452 (MH +,100%);

'H NMR (CDC,) ¢S=_'_1'__Q;_4.4_1i {br, 1H), 7.73 (s, 1H), 7.68 (s, 1H), 7.4-7.2 (m, 6H), 6.78 (d,
1H, J.= ca. 1 Hz), 6:58'(d, 1H, J = 10 Hz), 5.03 (m, 1H), 4.34 (d, 1H, J = § Ha),

25 3.85(d, 1H, J = 5 Hz), 3.37 (s, 3H), 3.2-3.0 (m, 2H), 3.10 (s, 3H).

Anal. Caled for C,,H,CL,N,O,: C, 56.01; H, 4.70; N, 9.33.
Feund: C, 55.61; H, 4.68; N, 9.22,
o Exarnple 33
5-Chioro-1H-indole-2-carboxylic acid [(1S)-{(R)-hydroxy-
30 * dimethylcarbamoyl-methyl)-2-phenyl-ethyl]-amid
Dimethylamine hydrochloride (262 mg, 3.22 mmol) and (35)-[(5-chloro-1H-
indole-z-carbony!).-a___nﬁi_ﬁgl-(2R)-hydroxy-4-phenyl-butyric.acid (1.0 g, 2.68 mmol) were
coupled in DMF (4mL)usmg triethylamine (530 mg, 3.22 mmol), 1-

This is the replacement sheet
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- 100- Found: C, 60.76; H 5.74; N, 9.78.

Exanpl e 69 : 5-Chloro-1 Hindol e-2-carboxylic acid [(1
S) - benzyl - (2R) - hydr oxv- | 3-0x0-3-(1 -oxo- 1
-thiazolidin-3-yl)-propyl]-am de 5 m Chl or oper oxybenzoic acid (62

ng of 50% O0.18 mml) was added at 25[err] C to a solution of 5-chloro-
1 Hindol e-2-carboxylic acid ((1S)-benzyl - %) hydr oxy- 3- oxo.
3-thiazolidin-3-yl-propyl)-amde (80 ng, 0.18 mmol) in dichloronethane (2
m). After 1 hour the m xture was poured into . a m xture of saturated

aqueous sodi unhydf°xyl}ﬁ"é%‘f'ﬁ€9‘%1f‘)§d'€?2(5ﬂ@)’“%rﬂj’“ﬂ?ﬂy aqddoddimgthyiaminepopvi-fat e
(12 m) and et&rsy:c%%h%fae ?ﬁf&ré@ﬂfar%%%“"d 1BY $8 h9BHs. ?ﬁDﬂEtﬂhﬁ‘éﬂw%Qmﬂéﬁ n@:ﬁt ed

twice with ethy acetate rgani c ers were conbi ned

with sat ur at ecchieroaros(89adi)andbatbylrasetede 610 i andiwashid with 28oNa@H: 2NHGI,
giving a yell O&Yle?éﬂéicéﬁc%_qﬂgled%%ﬁg 1'5%‘9{‘@9 oﬁggs foar, This material was

~ § dissolved in ethyf_-acetate and the resulting solution washed twice with 2N NaOH,
dried and concentrated giving 1.02 g of a colorless solid. This material was ground
up in 10 mL cold .ether and filtered, washing with § mL cold ether giving after drying
a colorless solid: Yield 715 mg, 67%). mp 190-192°C; HPLC (60/40) 4.53 minutes
(100%); FABMS 400/402 (MH+, 80%), 178 (100%), -

10 'H NMR (CDCL,) 6 9.40 (s, 1H), 7.55 (s, 1H), 7.4-7.1 (m, 7H), 6.86 {d, 1H, J = 2 Hz),
6.62 (d, 1H, J = 9:6 Hz), 4.65 (m, 1H), 4.40 (m, 2H), 3.10 (m, 2H), 2.88 (s, 3H), 2.72
(s, 3H). '

Anal. Calcd for C,,H,,CIN,0,: C, 63.08; H, §.55; N, 10.51.
Found: C, 63.03; H, 5.68; N, 10.25.
18 Example 34
S-Chioro-1H-indole-2-carboxylic acid {(1S)-[(R)-hydroxy-
{hydroxy-methyl-carbamoyl)-methyf]-2-phenyl-ethyl} -amide
N_Méthy!hydkoxylamine hydrochloride (167 mg, 2.0 mmol) and (3S)-{(5-
chioro-1 H-indole-2—carbony!)-amino]-(29)-hydroxy-4-phenyl-butyric acid (373 mg, 1.0

20 mmol) were coupled according to Procedure A {(DMF solvent, base wash omitted)
and the crude product purified by chromatography on silica eluting with 0.54%
ethanol in dichloromethane containing 0.5% acetic acid. The purified product was
triturated with ether:-_hexanes: Yield 13%, HPLC (60/40) 4.26 minutes (97%); mp 182-
184.5°C; TSPMS 402/404 (MH +,100%); '

25 ' NMR (DMSO-dé_,.__-bariial) 6 11.67 (br, 1H), 9.89 (br, 1H), 8.08 (d, 1H, J = 10 Hz),
7.71 (d; 1H, J = 1.9°Hz), 7.39 (d, 1H, J = 8.8 Hz), 7.35-7.1 (m, 7H), 4.73 {m, 2H),
4.51 (m, 1H), 3.05 (s, 3H), 2.93 (m, 2H). ' :

Exam_p__e 35
5-Chldro-1 H-indole-2-carboxylic acid [(1S)-{(R)-hydroxy-
30 m'_e_t_hoxvcarbamovl-methvll-2-phenvl-elllivll—amide
N-Methoxylarhine hydréchloride (0.77 rrimol) and :(SS)-[(S-chloro-T H-indole-2-

carbonyl)-amino]-(zﬁ):hydroxy4 -phenyl-butyric acid  (0.70 mmol) were coupled
according to Procedure A (DMF solvent) and the product purified by
' This is the reptacement ghesot
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(97% ; PBMs 460/ 462 (M, 1009 .

Exanple 70 and 71 15 5- Chl oro- 1Hi ndol e- 2-car boxylic acid

[ (1S) -benzyl - (2R) - hydr oxy- - :

3- 0x0- 3- ( 1- oxo- 1-t hi onor phol i n-4-yl ) -propyl ]-am de (Exanple 70)

AND 5- Chl.or o- 1H-i ndol e- 2-carboxylic acid [(1

S)-benzyl -3- (1.1 -di 0XO0- - 1 .gs-

-t hi onor phol i n-4-yl) - (2R) hydr oxy- 3- oxo- propyl ] -am de (Exanple 71) 20

m Chl or oper oxybenzoi c acid (45 ng of 50% O0.13 mmvl) was added at 25[err]C

to a soluti Orb)h‘?%mgfogjé&gf’orﬂhtéélgﬂ'lﬁf %ﬂﬁamWﬁth%lﬁoﬁﬁ dﬂitﬁérbmethﬁne foﬂowe? by

S) - benzyl - (2R 0XO- hi onor pho propyl)-am de
ng, 0.13 nmoltjituration witth etherhexames: (Yleld 728 HPLC (60/4030.35 minutes (F99%)x trap e

was poured i e.0 odi um bi carbonate (12
m.) and 10% %ggﬁgﬁ&%%ﬁ@é 2%@ (% xﬁ@%gnd ethyl acetate. 25 The
aqueous | ayemwscawaat@dﬁgcm @“-FMHND t @i sE98Y M s .20Mi| 1@cet ate. The
organi c | ayers were_ conbi ned.. washed th sat urat ed aqueous sodi um

bi car bonat 8, Foundy Q.37 9Qirtd &bﬁacé‘nﬂ?d?ed giving the title sul foxide

(Exanpl e 70) as a yellow solid whi gha W8k 381 onal ogr aphed on silica gel
eluting with 1% el hanol - d| chl ororret han@'ﬂ—ﬂ | d 44 ng, 72% RPLC (60/40)

6.14 minutes (98% . PBNGChASARGndNEIR-carD ic acid {A13)eé ' zpr oduct (8
D) et 116055 e il et R LSR8l 86 a1 20 LC
N,O- Dtmethy!hydroxylamlne hydrochlonde (7 4 mmol) and (3S)-((5-chloro-1H-
10 mdole-2-carbonyl)-ammo] (2R)-hydroxy-4-phenyl-butyric acid (6.7 mmol) were
coupled accordmg to Procedure A (dimethylformamide solvent) giving crude product
which was chromatographed on sifica eluting with 40% then 50% ethyt acetate-
hexanes giving crude product which was stirred under 1:1 ether-hexanes overnight,
giving a solid whlch was collected by filtration and dried: Yield 70% HPLC (60/40)
15 5.36 minutes (99%); mp 189-190°C; 'H NMR: (CDCl,) & 9.52 (br, 1H), 7.56 (d, 1H,
J = 2.0 Hz), 7'4.7_3:-}'(_:;:1_. 5H), 7.38 (m, 1H), 7.18 (dd, 1H, J = 2.0, 8.8 Hz), 6.76 (d,
1H, J = 1.4 Hz), 6.53 (d, TH, J = 9 Hz), 4.94 (m, 1H), 4.31 (d, 1H, J = 5.2 Hz,
collapses to s with D,O) 3.86 (d, 1H, J = 5.6 Hz, exchanges with D,0), 3.35 (s, 3H),
3.13 (s, 3H), 313298 (m 2H). PBMS 593/595 (MH+, 65%), 200_(100%).
20 An analysis‘yi:_'a@i; _qbtained on material recrystallized from 1:3 ethyl acefate-
hexanes (shrinks at-i:SO'dc mp 189-190°C): Caled for: C,,H,,CIN,O,: - C, 60.65; H,
5.33; N, 10.10. Found C, 60.52; H, 5.34; N, 10.32.
S Example 37
S- Ch!oro 1'H __gole- -carboxylic acid (2S)- l(s-chloro 1H-indole-
1R} (methoxy-methyl-carbamoy)-3-phenyl-propyl ester
. f'oxy N-methoxy-N-methyl-4- phcn‘yl -butyramide

25 ?-carbony&anuno
(3S)-Amino-(2
hydrochloride (4.2 mi
coupled according to Procedure A. The mixture was purified by chromalograahy on
silica eluting with 33- 50% ethyl acetate-hexanes giving the title substance {100 mg)
30 and the more polar major substance S-chloro-1H-indole-2-carboxylic acid {(1S)-{(R)-
rbamoyl)-methyl]-2-phenyl-ethyl}-amide (970 mg), plus a
gs?i_-(1 59 mg, mostly more polar product). For the title
MH +, 60%), 400{100%);

I)-__and 5-chloro-1H-indole-2-carboxylic acid (4.2 mmel) were

hydroxy-(methoxy-meth

mixture of the two sub§

substance: PBMS 593’?{:‘- This is the replacement gheet
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-101- Example 72 .
1-((3S)-[(5-Chl oro-1Hindol e- 2-car bonyl ) - am nol - (2R) - hydr oxy-

4- phenyl - but yryl } - pi peri di ne- 4- carboxylic acid Li t hi um hydrOX| de
solution (0.2 nL of 1 Nin water) was added to a solution of 5
1-{(3S)-[(5-Chl oro- 1H i ndol e- 2- car bonyl ) - anb.Po] (2R) - hydr oxy- 4- phenyl - but yy
|} - pi peri di ne-4-carboxylic acid ethyl “ester (111 ng, 0.22 nmmol) in
tetrahydrofuran (2 m_) at 25C. After 18 hours the m xture was

Coid wae par 1N NASEERLIARAA b SRR st Ste Bl o 1A E 4 e

added to attayp (h, nldhgh 84 (dN®4, QrLBE A2), BYE (d)a8, s&patmzqu 50 édeﬂ-l qnd 20
ng

concentrated givi OO0 of a solid: HPLC (60/ 40) m nut es
(999 - TS S s g g oo 96 T6a. Trel I KRk Sukiciscpie 2199 e 1
12. 25 (br 1H) 1% Ggo (@er 8.17 (d, 0.5H, J 9 Hz) 8.14

0. 5H, = !L 2 Hz), 7.38 (d, 1HJ 8.8Hz),73571
(m Example 38

§-Chloro- IH mdo!e-2-carboxvhcﬁagg((1_s_)_§enzvl (2R) hydroxy-
3-ox0-3-pyrrolidin-1-yl- p___pvl) -amide
Pyrrolidine (0.5 mmol} and (3S)-{(5-chloro-1H- xndole 2-carbonyl}-amino]-(2R)-
hydroxy-4-phenyl-butyric acid (0.5 mmol) were coup(éd according to Procedure A

10 (dimethylformamide solvent) giving crude product which was triturated with ether:
Yield 65%; HPLC (60/40) 6.3 minutes (987%); PBMS 426/428 (MH+, 100%);;
Anal. Calcd for C,,H,,CIN;O, + 0.25H,0: C, 64.18; H, 5.74; N, 9.76.

Found: C, 64.02; H; 5.71; N, 9.61.

Example 39
15 5-Chioro-1H-indole-2-carboxylic acid [(1S)-benzyl-(2R)-hydroxy-

3-(3-hydroxy-azetidin-1-yl)-3-oxo-propyl]-amide
3-Hydroxyazetidine hydrochioride (0.56 mmol) and (3S)-[(S-chicro-1H-indole-
2-carbonyl)-amino}-(2R)-1,ydroxy-4-phenyl-butyric acid (0.5 mmol) were coupled .
according to Procedure A (0-25°C,1:1 dichloromethane-dimethylformamide solvent)
20 and the crude product purified by chromatography on silica using 2-10% ethanol-
dichloromethane: Yield, 69%; HPLC (60/40) 3.38 minutes (96%); PBMS 428/430
(MH+, 100%); |
Anal. Calcd for C,,H,,CIN,O, + 0.125H,0: C, 61.43; H, 5.21; N, 9.77.
Found: C, 61.09; H, 5.57; N, 9.68.
25 Example 40
5-Chloro-1H:indole-2-carboxylic ecid {{1S)-benzyl-

(2RJ-hvdro;g/-a-isoxazoIidin-2-\(l;3-oxo-§§‘opyl)-amid_g
Isoxazolidine hydrochloride (Cupps, T.L. el al, J. Org. Chem. 1965, 50, 3972-
3879, 0.83 mmol) and (3S)-[(5-chloro-1H-indole-2-carbo,_ﬁyl)-amfno]-(2R)-hydroxy-4-
30 phenyl-butyric acid (0.79 mmol) were coupled according.fto Procedure A and the

product purified by chromatography on silica gel eluted with 50% and 75% ethyl
acetate-hexanes: Yield 75%, HPLC (60/40) 4.94 minutes (95%) TSPMS 428/430
(MH+, 100%);
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7H), 4.78 (m 1H, exchanges with DO}, 4.5 (m 2H), 4.1 (m 1H), 3.8 (m
0.5H, 3.7 15 (m 0.5H), 3.15 (m0.5H), 3.0 (m 2-2.5H), 2.75 (m 1H), 1.5
(possible m 1H), 1.8 (m 2-2.5H), 1.5 (m ca. 1.5H). Anal . Cal cd
for Jerr]Herr]CINerr](Jerr] + 0.55H20: C, 60.80; H, 5.53; N, 8.51.
Found: C, 61.15; H 5.68; N, 8.11. .88- _

Exanple 73 20 5-Chl oro-1 H I ndol e-2-carboxylic acid
[(1S)-((R)-hydroxy-

a0 (5ot wae TAHEREMSGANT Y p T s 2R @ i 9. 2V G RIPER T
aci d [ (15)- (( Ryz),anae mgwyleg?baﬁ?yvm?m k) X85 i SHY-S0R (1451491 Imatkije
vas 25" st rr chpdhan I aBRL Mt 87 el e s Ik a Bt et L2 i

was added and AR&l. CaledofiGIH, OM502! (Yerdst B, st1aNN, B®2. 72 hours,

concentrated, and the residue chromat ographed on silica gel eluting
with 2.5% %% Faend:eCnBh8P: i B8%:No¥éthane contai ning 1% acetic acid.
The purified product was triturated w thathelapexanes and dried: Yield
70 ng, 31% HPLC (60/40) 3.11 (96%; 30%l cd for
CerrlHerr]CINerr]derr] $Chi@bfkt-irdole-Zrarboxie.acid [(ASBYRKN, 10. 35.

Found: C 56.63; H 4. 94;dielt\giylc%ﬂ?a‘r?ﬁoyl-hydroxy-met_hvll-2-p.h'enyl-ethvl]-amide

Diethylamine (0.45 mmol) and (38)-[(5-chloro-1H-indole;z-carbonyl)-amino]-

10 (2R)-hydroxy-4-phenyl-butyric acid (0.4 mmol) were coupled according to Procedure
A and the product purified by chromatography on silica eluted with 10-25% ethyl
acetate-hexanes: Yield, 35%; HPLC (60/40) 7.06 minutes (96%); mp 218-222°C; '
PBMS 428/430 (MH+, 100%); '

'H NMR (CDCI,) 6 9.14 (s, 1H), 7.61 (s, 1H), 7.4-7.15 (m, 7H), 6.81 (d, 1.3H), 6.55

15 (d, tH, J = 10 Hz), 4.55 {m, 1H), 4.37 (d, 1H, J = 5.2 Hz), 4.29 (d, 1H, J = 5.3 Hz),
3.43 (m, 1H),.3.2-3.0 {m, 3H), 2.88 {q, 2H, J = 7 Hz), 1.056 {t, 3H, J = 7.1 Hz), 0.98
(t, 3H, J = 7.1 Hz2). ' '

Example 42
5-Chloro-1H-indole-2-carboxylic acid {{1S)-{(R)-
20 hydroxy-{(2-hydroxy-ethyl)-methyi-carbamoyl]-methyi}-
N-(Z-Hydrox_Yethyl)methylamine hydrochloride (0.77 mmol) and (3S)-[(5-
chloro-1 H-ihdoIe-anrbonyl)-amino]-(m)-hydroxy-4-phenyl-butyn’c acid (0.70 mmol)

were coupled according to Procedure A (dimethylformamide solvent, acid, then base
25 extraction) and the broduct purified by chromalcgraphy on silica eluted with 0.5-8%

ethanol-dichloromethane {followed by trituration v.ith ether-hexanes: Yield, 65%;

HPLC (60/40) 3.67 minutes (93%); mp 192.5-165°C; TSPMS 430/432 (MH+,100%);

1H NMR (CDCl,) 6 9.18 (br, 1H), 7.60 (d, 1H, J = 2 Hz), 7.4-7.25 (m, 6H), 7.24 (dd,

1H, J = 2, 9Hz), 6.85 (d, 1H, J = 2 Hz), 6.63 (d, 1H, J = 9 Hz), 4.85 (m, 1H), 4.47
30 (m, tH), 4.06 (m, 1H), 3.63 (m, 2H), 3.12 (fn, 2H}, 2.95(s, 3H), 2.85 (m, 1H), 2.5

(br, _2H).

Anai. Calcd for C,,H,,CIN,O,: C, 61.46; H, 5.63; N, 9.77.

Found: C,61.45;H, 5.95 N, 9.85. |
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-102- Exampl e 74

5- Chl oro- 1Hi ndol e- 2-carboxylic acid (1S)-[((benzyl -pi peridi n-

4-yl) - et hyl - car banoyl ] - (R) - hydr oxy- net hyl } -2-phenyl -et hyl) -ani de
(3S)-[(5-Chl oro-1Hi ndol e- 2-car bonyl ) am no] - (2R) - hydr oxy- 4- phenyl butyri c
acid 5 (310 ng, 0.8 mml ) and (1-benzyl -%peri di n4-yl ) - met hyl - am ne

hydr ochl ori de ( EPO publication 0 457" exanpl e 1A therein, 200 ng,

0.8 mml) were coupl ed according to Procedure A (dinethylformm de

solvent). The crude product was purified by chronatography on silica

gel eluted with 0.5-4% ethanol in Ex onet hane containi ng 0.5%

anmoni um hydr oxi de gi vi ng 8 chHfr 00, 30% HP:_C
Ana

(60/40) 4.15 mnutes (95%
Calcd for CJerr]JHerr] Cl N & 61. 73; H, 6.31;

N, 9.00. Fourﬁjpen ine ﬁya‘?o¢hl$11de6(02492 mw\ol}Bar?J‘(SS) -[(5-chloro-1H-indole-2-

5 carbony!)-amino]-(2R)-hydroxy-4-phenyl-butync acid (0.4 mmol) were coupled
according to Procedure A (1:1 dichloromethane-dimethylformamide solvent) and the
product purified by chromatography on silica eluted with 20-25% ethyl acetate-
hexanes: Yield 97%; HPLC (60/40) 6.92 minutes (100%); PBMS 440/442 (MH+,
100%);

10 Anal. Caled for C, H,,CIN,O,: C, 65.52; H, 5.96; N,9.55.
Found: C, 65.27; H, 6.12; N, 9.29.
Example 44
5-Chloro-1H-indole-2-carboxylic acid ((1S)-benzyl-2(R)-
_ nygroxv'S-morphoﬁn-tt-vl-:;i-oxo-m_o__pyl)-amiﬂe '
15 Morpholine {0.55 mmol) and (3S)-[(5-chloro-1 H-indole-2-carbonyl)-amino]-
(2R)-hydroxy-4-phenyl-butyric acid (0.5 mmol} were coupled according to Procedure

A (dimethylformamide solvent) and the product purified by trituration with ether:
Yield 50%; HPLC (60/40) 5.37 minutes (>98%); TSPMS 442/444 (MH+, 100%);
'H NMR (CDCL,) 6 9.13 (br, 1H), 7.59 (d, 1H, J = 2 Hz), 7.35-7.1 (m, 7H), 6.79 (d,
20 1H,J = 2 Hz), 6.51 (d, 1H, J = 9 Hz), 4.55 (m, 1H), 4.30 (m, 1H), 4.27 (m, 1H), 3.77
(m, 1H), 3.62 (m, 2H), 3.50 (m, 3H}), 3.05 (m, 3H), 2.94 (m, 1H).
Anal. Caled for C,,H,,CIN,O,: C, 62.51; H, 5.47; N, 9.51.
Found: C, 62.11; H, 5.39; N, 9.18.
Example 45
25 5-Chloro-1H-indole-2-carboxylic acid ((1S)-benzyl-{2R)-
- hydroxy-3-[1,2]oxazinan-2-yl-3-ox0-propyl})-amide
[1,2]Oxazinane hydrochioride (0.42 mmol) and (35)-[(5-_chloro-1H-indcle-z-
carbonyl)-amino]-(2R)-hydroxy-4-phenyl-butyric acid (0.4 mmol) were coupled

according to Procedure A (1:1 dichloromethane-dimethylformamide solvent) and the
30 product purified by chromatography on silica eluted with 25% ethyl acetate-hexanes:
Yield 76%; HPLC (60/40) 6.07 minutes (99%); PBMS 442/444 (MH+, 100%);
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Example 75 15 -

4-[{(3S)-[(5-Chl oro-1Hi ndol e-2-carbonyl ) -am nol - (2R) - hydr oxy- 4-

phenyl - but yryl } - net hyl - am no) - pi peri di ne-1 -carboxylic

acid tert-butyl ester

(3S)-[(5-Chl oro-1Hi ndol e- 2- car bonyl ) - am no (2R) hydroxy 4-phenyl -butyric
acid (1.0 g, 2.6 mmol) and 4-net hyl ani no- pi° er| di ne- 1-carboxylic acid
tert-butyl ester 20 (575 ng, 2.6 mml) were coupl ed according to Procedure

Ehi onat ogr aphy oM (GRGIER. 44T w7 Se T i, S5 he). 2098734 o 78028 6.y,
acet at e- hexaneﬁH Ji=eh ¢z 555, 1R-11%0= ORULY, 4.89 (m G0, 40058 {6) 184, moo% $H$%4€r9

569/ 571 ( M+, ’ﬁ | e 75A
25 (m, )h?ﬂﬁrﬁnnéﬂh T £l W& {m, 8H}-boxylic acid tert- butyI est er

Powder ed nol ec r hyil n rochloride (16.96 g,
251 mmol ), anh@ﬁo%ﬂgo fﬁgﬁﬁg‘ccéﬁéc?‘eg?ﬁg%i H. ggg'zﬁ'rrggf) and I95% godl um °

cyanobor ohy&r ikdand3. ©9%82. 18 61, Sifid; N, 8e2% added sequentially to a solution of

4- oxo- pi peridi ne-1 -carboxylic aci t-hutyl ester in nethanol (400
m.) at O[err]C, and the 30 m xture was %MO warmto 25[err] C over

several hours. After 18 bBa@iharodH-idGbrr2 bﬁigoxvhc dcitb{(1 $plodrizgh(2R)-Xt ur e was
filtered thru Celite[err lids wa _thanol and et hyl
acetate, and the fil tr QWdioxg e BBIQRYSMER Y i n et hyl

(R)-3- hydroxypyrrohdme (0. 58 mmol) and (3S)- [(5 chloro 1H-indole-2-

10 carbonyl)-ammo]-(gﬂ)-hydroxy-4-phenyl-bu(ync acid (0.56 mmol) were coupled
according to Procedure A and the product puriﬁed'by. twice chromatographing on
silica eluted with 25-1b0% ethyl acetate-hexanes: Yield 9%; HPLC (60/40) 3.87
minutes (96%); PBMS 442/444 (MH+, 100%). |

_ Example 47

15 §-Chloro-1H-indole-2-carboxylic acid [{15)-{(R)-tert-

_ butoxy carbamovl-hvgroxv-methvl)-2-phedvl-ethﬂha_mid_e_
O-Tert-butylhydroxylamine hydrochloride (2.0 mmol). and (3S)-[(5-chloro-1H-
indole-2-carbonyl)-amino)-(2R)-hydroxy-4-phenyl-butyric acid (1.0 mmol) were

coupled according to Procedure A (dimethylformamide solvent, omit acid washes)

20 and the product purified by chromatography on silica eluted with 30-50% ethyl
acetate-hexanes: Yield 77%; HPLC (60/40) 4.96 minutes (98%); FABMS 444
(MH+,90%), 511 (100%);

"H NMR (CDCl,) & 9.38 (br, 1H), 9.18 (br, 1H), 7.85 (br, 1H), 7.53 (s, 1H), 7.3-7.0 (m,
7H), 6.87 (s, 1H), 4.40 (d, 1H, J = 4 Hz}, 4.30 (m, 1H), 3._20 {m, 2H), 1.12 (s, QH).

25 o Example 48

5-Chloro:- 1H-indole-2-carboxylic acid ((1S):benzyl-(2R)-
l__\_y__d_r_g_w.-a-oxo-s4biazolidin-3-yl;p_;g_pji)=-am_ig!g
Thiazolidine (0.70 mmol) and (38)-[(5-chloro-1H-ihdoie-Z-carbonyl)-amino]-
(ZR)-hydroxy-4-phenyl-butyric acid (0.67 mmol) were coué_led according to

30. Procedure A ( 1:1-dichloromethane-dimethylformamide solvent) giving product which
was used without purification: Yield 93%; HPLC (60/40) 5.78 minutes (96%); PBMS
444/446 (MH+, 100%);

Anal. Caled for CpH,;CINO;S: C, 59.52; H, 5.00; N, 9.47.
R This is the replagement sheet

. pate:~ 4 FER 197



-103- acetate and the resulting solution washed twice with 2N NaOH,

once with brine, dried and concentrated to an oil (12.79 g, 119%.
Exanpl e 76. ; . 5-Chloro-1H i ndol e-2-carboxylic acid ((1
-S) [ (R) - hydr oxy- (n‘eth | - 5

pi peri di n-4-yl - car banmoyl ) - met hyl ] 2- phenyl - gf.hyl } -

am de hydrochl ori de 4-(((39)-[(5-Chloro-1

H-i ndol e- 2- car bonyl ) - am no] - (2R) - hydr oxy- 4- phenyl -

but yryl } - net hy rboxylic acid tert-butyl ester (292
ng, 0.5 éo %)W \T\g'ssgd)?ge% e%%%]g%%l HCl - di oxane at O[err]C and stirred
for 1 hour at room 10 tenperature. The Bxaniply 43was concentrated and the

residue triturated wigld el NGt indote-2-carboxylic acid l(1S)—({R)-dimethvlcarbamovi-
5 . Drmethylamrne hydrochloride (0.39 mmol) and (3S)- [(5 -bromo-1H-indole-2-
carbony‘)-ammo] {2R)-hydroxy-4-phenyl-butyric acid (0.32 mmol) were coupled
acco_rdmg to Procedure A (0-25°C) The crude product (159 mg) was stirred with 200
mg polystyrene;pMAP resin (Aldrich Chemical Co., Milwaukee, WI) in
dichloromethane__ffor 1 hour at 25°C, filtered and the filtrate concentrated: Yield 68%:
10 HPL"C.; (60/40) 5.4 minutes (>98%); mp 171-176°C; TSPMS 444/446 (MH +,85%);
Anal. :Caled for CiH;,N,0,8r: C, 56.77; H, 4.99; N, 8.46.
Found C, 5642 H, 56.33; N, 9.08.

Example 60
8- Ch!oro 1H-indole-2-carboxylic acid {{1S)-[(R}-hydroxy-

15 yridin-3-ylcarbamoyl)-methyl}-2-phenyl-ethyl}-amide
3 Amrnopyndme (0.7 mmol) and (3S)-[({5-chloro-1H-indole-2-carbonyl)-amino]-
(2R)- hydroxy-4 phenyl-butyric acid (0.70 mmol) were coupled according to
Procedure A (dnmethy!formamrde solvent) and the product purrf ied by
chromatography on silica eluted with 0.5-8% ethanol in dichloromethane containing
20 0.5% ammonium hydroxrde followed by trituration with ether: Yield 45%; HPLC
(60/40) 3.08 minutes (>99%): TSPMS 449/451 (MH +,100%);
Anal. Caled for _C,:‘Hz,ClN4O, + 0.3H,0: C, 63.45; H, 4.79; N, 12.33.
Found: C, 63.35; H, 5.03; N, 12.37.

: Example 51
25 ~ 5-Chloro-1H-indole-2-carboxylic acid {(1S)- l( )-hydrexy-(2.2.2 2-

: tnﬂuoro -elhylcarbamoyl)-methyi]-2-phenyl-ethyl} -amide
2,2.2-Trr{lqp_roclhyiamme {0.28 mmol) and (3S)-{(5-chloro-1H-indcle-2-
carbon;j(l)-amino}j;.(éﬁ)-hydroxy-4-phenyl-butyric acid (0.28 mmol) were coupled
according lo Prooéoure A (dimethylformamide solvent) and the product purified by
30 trituration with ether mp 228-229.5°C; Yield 81%,; PBMS 454/456 (100%, MH+);
471/473 (MH+NH3, 80%);
Anal. Calcd for C,‘H,,CIF N,0,: C, 565.58; H, 4.22; N, 9.26.
Found: C §5.29; H ‘4.25; N, 9.04.
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and dried: yield 249 ng, 96% HPLC (60/40) 2.59 mnutes (96% . PBNMS 469/471
(MH+, 1009 ; [err]H NVMR (DVMBO-d[err]) [err] 11.7 (s, 0.3H), 11.6 (s,
0.7H), 8.75 (br, 2H, exchanges with Derr]O. 7.70 (d, 1H, J = 2 Hz),
7.4-7.1 (m 8H), 4.94 (d, 0.3H, J = 7.8 Hz, exchanges 15 with Derr]O,
4.77 (d, 0.7H, J = 7.7 Hz, exchanges with D[err]O) 4.6 (m 1H), 4.47 (dd,
1H J =3, 8Hz), 4.4 (m O0.7H), 3.9 (m 03r—% 3.4-3.2 (m ca. 1.5H), 2.95
(m 2H), 2.15-1.8 (m ca. 2.5H), 175150(m 2H) . Anal . Cal cd
for Jerr]Herr]CINerr](Jerr] + HCL + 0.7H20; C, 57.96; H, 6.11; N. 10.82.
Found: C, 58.22; H, 6.23; N, 10.46. 20 Examples2

Exanpl e 77 (S)-5-Chlors- {lllitidle-21ddrb IR ﬁcna-ﬁ%QM-‘n’Petﬁﬁ-' d
((15)-{(R) - hydroxy-
[ et hyl - (1- net hyl - pi peri di n- 42

SRR e w— eﬂav@arﬁ%!r?% gEl 5 88 o

(64 nmy, 1.1 smalip, mmquabamambm abiddn 86 end, 9566 Aeholpandd5-3hloro-1RNRdJle-2and

aquenti al 1yt SUROETRYNT SP B PYERE TRoRET L SR el ahenyt

(19-[(R- ethbb}@rﬂ&&}i&ﬁhb)’b ﬁglrﬁrﬂbl)%é}é added, in this order, to a solution of
-yl - car banoyl ) et hyl )-am de hydr ochl ori de (100 ng, 0.2

mml) in net haﬂmyd(@swaemwsyéP@de]( mL&fwrtomsnﬂmdm 4ol & Cohfter 18
f d
m xture was '% %@z&héu‘h%&gsk%ﬁxlvurgwsg %@Léﬁ%mm emtgh?r{y%%awfggg

concentr at ed. resrdue was di ssolve acetate an e resu
sol ution 10 solution washed with 2N HCI, and salurated aqueous NaHCO,. The organic layer

was dried, concentrated and the resulting foam recrystallized from ether. Yield, 100
mg, 35%; HPLC (60/40) 10.72 minutes (87%), starting material eluted at 6.68
minutes in this run and was present at less than 0.5%; PBMS 414/416 (MH+, 70%),
384/386 (100%);

15 1H NMR (COCI, containing 10-20% DMSO-d,) 6 9.90 (br, 1H), 7.54 (d, 1H,J = 1.7
Hz), 7.3-7.1 (m, ca. 7H), 7.04 (m, iH), 6.77 (s, 1H), 56.40 (m, 1H), 3.58 (s, 3H), 3.2
(m, 2H), 3.08 (s, 3H).

Example 53
5-Chloro-1H-indole-2-carboxylic acid [(1S)-benzyl-(2R)-hydroxy-
20 g-(4-hyg6xy;giperiqm-1 -yi)-3-oxo-propyll-amide
4-Hydroxypiperidine hydrochloride (0.51 mmol) and (3S)-[(5-chloro-1H-indole-

2-carbonyl}-amino]-(2R)-hydroxy-4-phenyl-butyric acid (0.48 mmol) were coupled

according to Procedure A (0-25°C) and the product purified by trituration with ether,

followed by trituration in boiling ethyl acetate, followed by chromatography on silica
25 cluted with 50-100% ethy! acelate-hexanes: Yield 57%; HPLC (60/40) 3.92 minutes

(56%); mp 230—232°C; TSPMS 456/458 MH+, 100%).

"H {IMR (DMS0O-dg) & 11.65 (br, 0.5H) 11.60 (br, 0.5H), 8.24 (m, 1H), 7.70 (d, 1H, J

= 2 Hz), 7.38 (d, 0.5H, J = 9 Hz), 7.37 (d, 0.5H, J = 9 Hz), 7.3-7.1 (m, 7H), 4.2-4.7

(rm, 2H), 4.5 (m, 2H), 3.8-3.65 (m, 3H}), 3.2 {(m, 1H), 3.1 (dd, 1H), 3.0 (dd, 1H), 1.85
30 (m, 0.5H), 1.7-1.65 (m, 2H), 1.4-1.25 (m, 1.5H).
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. di chl oronet

~washed twice with 2N NaOH, brine, dried and concentrated. The col orl ess
solid resi. du_e was pur| f | ed by chromatography on silica gel eluted with

1- 8% et hanal:

di ssol ved

1.01 N HC.
concentrate
ng, 79% HP
Exanpl e 78

H-i ndol e- 2-
nmet hyl este

hydr ochl ori de

: -104-
.g| Vi ng a. coI orless solid (93 ng, 91% . This nmaterial was

1 net hanol  at Oferr]C, the @gsultlng solution treated with
,m_) and -t he resulting solution imedately

e residue . was triturated with ether and dried: yield 87
50/ 40) 2.86 minutes (95/% TSP 483/ 485 5 (M+H, 1009 ;

f (:39) - [(5- Chl or §I¥§
bonvl)ﬁa@mafblﬂ-mrdarbewhrﬁwi I dctd ¢s enzyl-(2R)-hydroxy-3-

- Am no4- p1en¥ yric acid nethyl ester

' 1(__ A )hydroxyjperdln vl)SOxo-propvl! amide
3—Hydroxyp|pendme (0.56 mmol) and (3S)-[(§-chloro-1H-indole-2-carbonyl)-

no] (2R)- hydroxy-4 -phenyl-butyric acid (0.64 mmol) were coupled according to

. P cedure A and '__the product purified by chromatography on silica eluted with 20-

:-_-_40%'ethyl acetai .'hexanes followed by trituration with 1:1 ether-hexanes: Yield 47%;

- ZZ_HPLC (60/40) 4.44 minutes (92%); PBMS 456/458 (MH+, 100%);

10

15

25

30

Anal. - Caled for C,,H;,CIN,O,: C, 63.22; H, 5.75; N, 9.22.

"Found C, 62. 93 H'sgo N, 8.92.

Example 55
-Chloro {H-indole-2-carboxytlic acid [(18)—benzyl-(2ﬂ}-
hvdroxv-3 1(2R) hydroxymethyl-pyrrolidin-1-yl)-3-oxo-propyltl-amide
%'-R-2-pyrrobd:___ emethanol (1.1 mmol) and (3S)-[(S- -chloro- -1H-indole-2-carbonyl)-

ammo] (2R)- hydroxy-4 phenyl butyric acid (1.1 mmol) were coupled according to

3Procedure A and the product purified by chromatography on silica eluted with 1-8%

ethanol/dlchloromethane followed by chromatography on silica eluted with 50% ethyl
acetate-hexanes Y'efd 9% HPLC (60/40) 5.17 minutes (84%); mp 236-239°C;

TS 'MS.456/458 (MH+ 100%);

.Calcd for C,.H,,CINSO C, 63.22; H, 6.75; N, 9.22.
Found:: C, 63.23; H_.=§-1-_1. N, 8.52.

S R Example 56

s Chloro 1H | dole -2-carboxylic acid ((15)-{({R)-[{2-dimethylamino-

B eihv) meihvi carbamou hydroxy-methyl}-2-phenyl-ethyl)-amide

N (2-d¢melhylammoethyl)methylamme {0.77 mmol) and (3S)-[(5-chioro-1H-

mdole 2- carbonyl) am o]_.-(?ﬂj -hydroxy-4-phenyl-butyric acid (0.70 mmol) were

coupled accordlng o¢ d.Jre A (dimethylformamide solvent) and the product

punfaed by chrom'(dg phy on silica eluted with 1-8% ethanol-dichloromethane
contammg 0 5% NH-.O___ . fol!owed by trituration with ether-hexanes: Yield 87%; HPLC

(60/40) - 2.89 minutes, (96%) TSPMS 457/459 (MH+,100%);
Anal, _Ca!cd for C,.H,,CIN O, + 0.2H,0: C,6259; H, 6.43; N, 12. 16.
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10 mol ) and 5-chl oro-1Hi ndol e- 2- carboxylic acid were coupl ed accordi ng

to procedure A. The product was purified by trituration with ether:
yield 1.46g (79%; " HPLC (60/40) 885 minutes (100%; PBMs 371/373 (M,
100/35%; ~ Anal. Calcd for CJerr]Herr]CINJerr](err]: C, 64.78; H,
5.16; N. 7.55. ~ Found: C, 64.81; H 5.3 N. 7.46. 15

Exanpl e 78A : (3S) - Am no- 4- éﬂenyl -butyric acid nethyl ester
hydrochl oride .©. = (3S)-tert-But oxycar bonyl am no- 4- phenyl - butyric
~acid methyl ester (ref. Het erocycl e §35 (1989) and J. Med. Chem

1975, p. 761, 3.49.¢g, 12.1 Aol ) ved in 4M HCl - di oxane at
Oferr]C and stirred fos.chigpo-BAlASOIRID- rB@:[ﬂé kg [(1 @Qae%Q)élm-ﬂsﬂl,Kﬁ) -was
concentrated and the re's'l('ziuetrlfurate w th ether an rie reld

2.56 g (92%. di ) P XY Bl-amident i on is not
limted to the par . t

vari ous changes' anzé f'gé gtﬁgaﬂ; é(f%ﬁﬁég@ﬁt?ﬁ%ﬁ&béd ggﬁﬂt |Jr;1|§ from
the spirit Sam(tompuym‘e prmmumdetcrm&doepts pa. oef4,683477%) (b mimel) famld (88)-ng
cl ai ns. ((5-chloro- 1H indole- 2 -carbonyl)-amino]-(2R)-hydroxy-4-phenyl-butyric acid (1.0

mmol) were coupled accordmg to Procedure A (dimethylformamide solvent) and the

product purified by chromatography on silica eluted with ethyl acetate followed by
tmuratnon with ether: Yneld 72%; HPLC (60/40) 3.21 minutes (97%); TSPMS 458/460
10 (MH+,100%);
Anal Caled for CZ,H,‘CIN O C, 6033 H, 528, N, 8.18.
Found C, 60.09; H 5.21; N, 9.08.
Example 58
_ §-Chioro-1H-indole-2-carboxylic acid [(1S)-benzyl-3-((35,4S)-
15 : duhydroxy-gyrrohd n-1-yl)-(2R)-hydroxy-3-oxo-propyll-amide
-From 2R 3R-(+)tananc acid, (3S,4S)- -Dihydroxypyrrolidine (U.S. Patent
4,634_,?75 1.0 mmo_l)_._-;_and. (3S)-[(5-chloro-1H-indole-2-carbonyl)-amino]-(2R)-hydroxy-
4-phenyl-butyric acid-(1.0 mmol) were coupled according to Procedure A
(di.m;ethylformamidé-;éol?eht) and the product purified by chromatography on silica
20 eluted with ethyl a‘Ce_t__até followed by trituration with ether: Yield 60%, HPLC (60/40)
3.02 minutes (98%)_'; 'fSPMs 4587460 (MH+, 100%);
'H NMR (DMSO-d, )‘-3"11 7 {br, 1H), 8.18 (d, 1H, J = 9 Hz), 7.70 (d, 1H, J = 2 Hz),
7.38 (d, 1H, J = 8.6 Hz), 7.26 (m, 4H), 7.15 (m, 3H), 5.18 (d, 1H, J = 4.0 Hz,
exchanges), 5.1 (d, 1H) 5.08 (d, 1H), 4.47 (m, 1H), 4.27 (dd, 1H, J = 5, 9 Hz,
25 col!apses todin 02_0____,3.95 (m, 1H), 3.89 (m, 1H}, 3.64 (dd, 1H, J = 4,9 Hz), 3.34
(m, 3H), 2.92 (m, 2H).
Anal. Caled for C,4H,CIN,Og + 0.51,0: C, 69.16; H, 5.40; N, 9.00.
Found: -C, 59.44; H,__-.;S.Z'Q;_.N. 8.95. '
_ | Exa _____p_g 59
30 5- Chnoro 1H: mdole-2-carboxyhc acid [{18)-benzyl-3-((3R.4S)-
dnhydroxv pyrrolidin-1-y)-(2R)-hydroxy-3-oxo- propyl}-amide

(3R.4S)- Duhydroxypyrrohdme hydrochloride {cis, or meso-isomer 0.86 mmol)
and (3S)-{(s- chloro-1_7H§'_i_'do'_'___'ez-carbony!) amino]-(2R)-hydroxy-4- pheny( butyric acid -
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CLAI MS 1. A conpound of

: ;:orl(r)rﬁlcji B Formul a |

~and the pha-r:

{ ut | céﬂﬂlz.y a\-. e_pt able salts and pr odr ugs
-g5-

82 mmol) Were e oupled according to Procedure A (dlmethy!formam:de solvent)

Found C. 59 22, H, s. sz N, 8.59.
| Example 59A
. Cis:3, 4 Dnhydroxvr:vrrohdlne hvdrochlonde (Cis, or meso isomer)
Crs 3 4- dnhydroxypyrrohdme-2 S-Dihydro-pyrrole-1-carboxylic acid tert- -butyl
10.":._ester ( 1.99 g, 9.8m mo!) was dissolved in 4M HCl-dioxane at 5°C and the resulting

*suspensnon stirred 25°'C for 1 hour. Th2 mixiure was concentrated and the

..reSIdue tnturated wi -_;'gther giving a light purple powder (1.30 g, 95%).

Example 598
_ Cis- 3, 4| |hvdroxv-gvrrohdme 1-carboxylic acid tert-butyl ester
18 . .- A solutlon of r_ulde 2,5-dihydro-pyrrole-1-carboxylic acid tert- -butyl ester was

..trea!ed sequentran wuth osmium tetroxide (2.5% in t-butanol, 6 mL) and N-
- _methylmorphohne :N_ k;de at 25°C. After 48 hours aqueous 10% sodium thiosulfate
solutlon was adde;:_'an.d the mixture was stirred for 30 minutes, partially
' n e tetrahydrofuran and the resulting aqueous mixture

20 _extracted twice with’ eth_er “The ether extracts were washed with 10% sodium
-’_‘thlosuﬁate 0.1M HCI dned and concentrated giving a dark orange oil which was
:hca eluted with 1%, 2%, 4%, 8%, and 10% ethanol-

n: gmber syrup (4.09 g).

Example 59C

25 o pyrrole-1-carboxylic acid ted-butyl ester

i*3(133'9, 380 mmol) was added to a solution of 3-pyrroline

- Dit- -butyldicarbona
e; 25 g, 362 mmol) in tetrahydrofuran (500 mL) at 0°C.

(contamlng 35%. pyrro
' The mnxture ‘was su i .at 25°C for 1 hour and concentrated giving 76.2 g of a

' ye"ow oil whnch was used wuhout purification.
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t hereof wherein. the dotted line (---) is an optional bond;

= = he dotted |ine
' > (H) = err])alkyl)= or -C(hal o)= when t
| 1S Fs(le_l')bo '.hy} )ene or - CH((Jerr]-derr]) alkyl)- vv?re]n
: Eh-e-zibtted-l""i'?: “a ‘bond; Rlerr],Rerr] or Re

i nde 0, 4-, 6- or 7-pitro, cyano, _
?E:Fe(ra?fhcl[ 2?? ’ ) l C)C[ err]) al koxy, -965 | uoronet hyl, dif :_kl;(r)r(()get hyl
or trifuloronethyl:; ! .".isR[HerHatlh)S/ H;eth | n-prop)lflg,IS
h%% gw)(”q er el eé&%atﬁexy(q err] - Ics) al kyl |
phenyl (Clerr]. c RN W FE i L-~ err]al kyl
phe?ﬁl‘ ( gl- (():f.) -OX@hdthid slelt -pio DYR-aflide NDONO- di - or
or - 2-

: R _ :I TR Cerr])al kyl,
Eg[e?lrj]bSt ICEl;Jt .0;&: trifl ugér,'g‘r?e hyI hﬁ{)dﬂ céé_iz“#lﬁgm(?r’%%'&,z‘@ﬁfbmm
Rlerr] is py I

(2B):hygroxyad- ghqm-bum’tc@:cm (d. &9%&1) wTeRr' éﬁ.@'ed gccbrdmg to
-5-yl(derr]

6 'er }ehkybse

yl(Clerr]-d e:r' r li\{é‘ dLyl hlf%%? rdc:hrg'g’a&'g P '°é”§}| Rﬁf@f"ﬂy Q'J[r@mfp};eﬁplhylon sMicazshited-
_ethyl acetate hexanes Yield 75%; HPLC (60/40) 7.12 minutes (97%); PBMS

E 58/460 (MH+ _100%)

ial).6 9.15 (br, 1H), 7.60 (d, 1H, J = 2 Hz), 7.4-7.2 (m, 7H), 6.80
10 ( 15!-_1 J—sz) 652(d TH, J = 9 Hz), 4.55 (m, 1H), 4.29 (s, TH), 4.10 (m, 1H),
i48 (m, 1H), 3.30 (m,

_ Qa__gle 61
r0-1H-indole-2-carboxylic acid {(1S)- I(R) -hydroxy-

{ :jf"'ndm 2:yl-carbamoyl)-methyl]-2-phenyl-ethyl} -amide
2 Methy "m.ndbynd}ne (3.4 mmol) and (35)-[(5-chloro-1H-indole-2-carbony)-
_.,_.:ammo} (2R) hydroxy-4 'henyl -butyric acid (3.4 mmol) were coupled according to
edure A (dl ' "‘ethylfbrmamnde solvent, 1-hydroxy-7-

15

azabenzotriazole substituted
zole, 18 hour reaction time, no acid wash) and the product

- pu' ied- by chroma ography on silica eluted with 0.5-4% ethanol in dichloromethane,
( :ollowed by. four lnturatxons with ether: Yield 5%; HPLC (60/40)
TsPms 463/485 (MH +,100%);

5.57 minutes (95%);

6):611.73 (br, 1H), 8.24 (m, 1H).818(d 1H,J = 9 Hz), 7.78 (ot
HJ =2, oMy, 772(d iH, J = 2 Hz), 7.43 (s, 1H), 7.41 (s, 1H), 7.28 (m, 1H),
| 72571 (m, 5H), 7.02'(r _.2H) 5.05 (d. 1H, J= 9 Hz), 4.60 (m, 1H), 4.35 (m, 1H),
25 3.22 (s, 3H), 2.70 (m, 2H).

Anal: Calcdforc;H CIN,O, + 1.3H,0: C, 61.74; H, 5.31; N, 11.52.

' Found C 61. 84_ OO,N, 11.52.

: Example 62
5 Ch!oro IH.-'lndole 2- carboxvhc acid [{ 1S) -benzyl-3-(4

formyl-
Q_pnrazm 1 _y_) -(2R)- _h_y_dr_o -oxo r_gy_]-amvde

1- Formylprperaznne (0 77 mmol) and (3S)- [(5 chloro 1H-indole

- am"" o] (28) hydroxy-4 phenyl -butyric acid (0.70 mmol} were cou

Procedure A (dimeth

30

-2-car bonyl)

pled according to
__yh'or amnde solvent, acid then base washes) and the product

This is the replacement sheet




-4- or -5-yl-((err]-Cerr]-)alkyl, pyrazol 3-, -4- or -5-yl(Cerr]-

4) al kyl |soxazol 3- -4 or -5yI(C[err] C[err])al kyl, isothiazol - CASE:
PC 9160 ADO" - 106 - 3-,-4- or
-5-Y-1(Jerr]- C4)a| kyI pyrldazm 3- or -4-yl-(Cerr]- C4) al kyl
pyrimdin-2-, -4:, -5- or -6- yI(C[err]-C[er;&)al kyl , pyrazi n-2- or
-3-yI(C[err]-C[err])aIkyI or 1,3,5-triazin- yI(C[err] Cerr])alkyl,
wherein said precedi ng Rl err] héterocycles are optional I'y nono- or

bstituted tl th h trif, thyl,
(Glerrl- o r] s By chiamalodaly pfaica,uted i 5% strbistyorgmetaanes
nmono- or di - subgidu ﬁlt@étﬁ:nhﬁ&deﬁei ﬁexanééam'fa% HPLC (60/49) 3.45 MiRites | S
H, hydroxy, fluoro, (B err&:—--(i[ err])al I;Z) Cerr]-

. (96%) AS.469/47 (MH+ 100
- -Anat CalcdforcuH,gCIN O, + 0.3H, O: C, 60.77; H, 5.44; N, 11.81.
5 Found C 6065 H 5.70; N, 11.85.
Example 63
S-Ch'l_{:_’rbi'_TH.-irm!e-Z-carppx\dic acid [(1S)-benzyl-(2R)-hydroxy-
3 (4.“:ﬁlvdroxvmethvl piperidin-1-yf)-3-oxo-propyl]-amide
: 4. (Hydrokymethy!)pspendme (1.5 mmol) (J. Med. Chem 1891, 34, 1073) and
10 (38) [(5-chloro 1H mdole-2-carbonyl)-ammo] (2R)-hydroxy-4-phenyl-butyric acid (1.4
' mmql) were cqup_le_c_f__ .according to Procedure A and the product purified by
chrofnatographi{p,n'-'_'s'iﬁ_ca eluted with 50-100% ethyl acetate-hexanes: Yield 70%;
'HPLC (60/40) 4.09'minutes (97%); TSPMS 470/472 (MH+, 100%);
Aqal.é Caled for _¢;st_nC|N:O4 + 0.25H,0: C, 63.28; H, 6.05; N, 8.86.
15 Found: C,63.39;H, 6.00; N, 8.63.

Example 64
§-Chioro-1H-indole-2-carboxylic acid ((18)-{(R)-hydroxy-

- [meth _l 2 :__ndm -2-yl-ethyl)-carbamoyl]l-methyl}-2-phenyl-ethyl}-amide
_ Methyl (2 pyndm 2-yl-ethyl}-amine (0.77 mmol) and (3S)-[(5-chléro-1H-indole-
20 2-carb__o.nyl) amlnp__]___ __(__23_)-_hydroxy -4-phenyl-butyric acid (0.70 mmol) were coupled

acc'oré:ling to. Proéédﬁ}e A (dimethylformamide solvent) and the product purified by

chromatography on smca eluted with 0.5-8% ethanol-dichloromethane: Yield 82%,;
: j_ _ nutes (97%); TSPMS 491/493 (MH+,100);

'H NMH (COCl,) 6 9 84 (br, 0.7H), 9. 35 (br 0.3H), 8.49 (m, 1H}, 7.7-7.5 (m, 2H), 7.4-
25 7.1 (m, SH), 692(d___.__ H, J = 8 Hz), 6.8 (m, 1.4}, 6.65 (d, 0.3H, J = 9 Hz), 4.62

(m, 1.5H), 45(m 0:6H), 4.34 (s, 0.7H), 4.29 (s, 03H) 382(m 1H), 3.48 (m, 2H),

- 3.05 {m, 3H), 286(5 114),:2.70 (s, 2H).
Anal. Calcd for C,,H,,CIN O, + 0.2H,0: C, 8557, H 558 N 11.33.
Found: cssseH 584 N, 11.36. -
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Cerr])al koxy, (CJerr]-0C6)al kanoyl, amno(Cerr]-Cerr])al koxy nmono-N or
di-N N (Cerr}-Cerr]) akylamno(C[err] C4) al koxy,

car boxy(Cl'err]-=Clerr])yatkoxy, . (Clerr] -Clerr])al koxy-carbonyl

(derr]- C[err]) al koxy, . benzyl oxycarbonyI(C[err] C err])al koxy, or

car bonyl oxy wherein sai d car bonyl oxy is car.gn- carbon |inked with
phenyl, thiazolyl, imdazolyl, |Hindolyl, furyl, pyrrolyl, oxazolyl,
pyrazol yl, i sox_aZoI yl, i sot hi azol yl, pyridazinyl, pyrmdinyl, pyrazinyl

or 1,3,5- - trizinyl and __wherel n said prggﬂ%ﬂ err] rings are optionally
nono- substituted.w th hal-o; C4)a il err]- C[err])al koxy,
hydroxy, am.no or trifl u_o 2 B Chie ; 2eca af)ia ) )}

car bon;

Rlerr] and R[err]
carboxy, (Cerr]-

(err]- co) i Mgpx'va*%%rnx yric ac'& ‘(‘éfrgr%cb )°g|t‘lé[3€raFf ¥ Oxﬁ ‘?rapﬁwe A
~hydroxy, (O erahk-th8brddtRK Buriffeatiysiaber erHPE»h @ﬂi&@‘é(uﬂcﬂvftﬂr?@%@ borgd ky!,

phenyl, pyridyl, thienyl; - furyl,” pyrro rrolidinyl, oxazolyl
Phi aol yl | megaiais Dexaies rholdiopt: HRLGLVHONT 96 sointes (BSHHABMS 55266781 y1

i sot hi azol yl, (,gy,r+aqyéb%)p| perl d| nyl, norpholinyl,

: s . Example 66
10 17.{{'3_S)?f(§{Chloro-1H-indole-2-carbonyl]-ar_nino]-(2R)-hvdroxv—

4:phenyl-butyr
jé-zciarboxylic acid tert-butyl ester and {3S)-[(S-chloro-1H-indole-

1} -pyrrolidine-2(S)-carboxylic acid tert-butyl ester

(S)-pyrroii_'
2~ carbonyl) ammo __}(28) hydroxy-4-phenyl-butyric acid {2.1 mmol) were coupled
'_ accordmg to Procedure A (60 hour reaction time) and the product purified by
15 .chromatography onsilica eluted with 25-50% ethyl acetate-hexanes: Yield 74%;
R HPLC (60/40) 8 27 mmutes (99%); TSPMS 526/528 (MH+, 100%);
Anal. Caled for c,, *{crN O,: C, 63.93; H, 6.13; N, 7.99.
Found C, 6405 H 632 N, 7.78.

o Example 67
20 - - 5. Ch!oro 1H rndole-2-carboxvlrc acid {{1R)-[(S)-hydroxy-{methoxy-

' melhvl carbamovl) methyil-2-phenyl-ethyl}-amide

dd? -2-carboxylic acid (0 25 mmol) and (2S,3R)-3-amino-2-

mé‘tﬁ"yr 4-phenyl-butyramide hydrochloride (0.25 mmol) were

__ Procedure A (0-25°C, &cid then base wash). The crude

25 product was drssolved rn mcihanol containing 0.25 equivalent 1N NaOH for 2 hours
at 25°C and anot .
hydrolyze the less/pol

_ou_r_ with a second 0.25 equivalent portion of 1N NaOH (to
: _-.Q"
gl 'd:i_s;solved in ethyl acelate, tlle-restrlting solution washed

bis-5-chloro-1H-indolecarbonyl derivative), the sciution
concentrated, the: .
with 2N:HC, brin
30 clwromatograbnyi-'b

and concentrait?d. The residue was purified by
a eluted with 36"50% ethyl aceiaté-hexane The

chromatographed material fcontaining a polar impurity) was dissolved in ethyl

; 'acetate and the resuﬂmg' """'olutron washed twice with 2N NaOH, dried, and
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pyri dazi nyl, pyr|n1d|nyl pyrazinyl, piperazinyl or 1,3,5- triazinyl

| wherein- sald pr di : ] rings are carbon-nitrogen |inked; or

- Rerr] is. MDA substltuted (derr]-Cerr])al kyl, wherein said
substituents by "H hydroxy, am no, nono-N or di-

N(Cerr]-Ce or: Rlerr] is nono- or

di -substitute ,  Wher egql

- 107 - - sai - care independently phenyl, pyridyl, furyl,
pyrrol l'yl, pyrro.l- i di nyl, _Q__xazol yl, thiazolyl, imdazolyl, pyrazol yl ,

razol i nyl cernaitéd]ividl.
T T ST e N R
pyr azi nyI_ pf‘g-g);-.-é%M |"' 5- tri a2| nyl

Jd=10 Hz) 4.91 (m 1H) 4.30 (d, 1H,J-5Hz), 3.83 (d,
H) 13 (s, 3H) 3.09 (m, 2H)

S :' ethyl}-carbamic acid

(28 SR)-G -(t-B ,__qua_;_'rbonylamino)-2-hydroxy-4-ph'enylbutyric acid (300 mg,
] 1. 0 mmol S)gma C ;_C_'o., St. Léuis. MOQ)} and N,O-dimethylhydroxylamine
20 h _' o hlonde(104 1'mmol) were coupled according to Procedure A (0-25°C

' reaction temoerature): Yield 88%: HPLC (60/40) 4.90 minutes (95%);
et ) Example 68

SEChloro_‘l_H -carbcxvhc acid {{1R)-fhydroxy- ([ )-methoxy-
e Mﬁwanwmfde
25 N .0- Dzmelhylﬁ ""l'ar“ ine dihydiochloride (0.32 mmol) and (3R)-{(5-Chloro-
TH.finds[q 2carbony ;o] (2-) hycrexy-4-phenyl- butync acid (0.3 mmol) were
‘coupled according t edurf__j (0-25°C, acid then base washmg) and the

product pu-ired by chr 1a_' gr'__"___hhy cn s:hca eluted v.nth 20 50% elhyl aceta!e-

30

58(d 1K, J-17Hz) 7.31 (d, 1H, J-87Hz)
= 10 Hz), 6.74 (s, 1H), 5.00 (m, 1H), 4.63 (m, 1H),

H CIN,O, = 3.1K,0: C, 60.39; H, 5.36: N. 10.06.

Anal : Ca!cd :for Cs,
P T This is the replacement Sheet
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wherein the nonaromatic nitrogen-containing R rings are optionally

nono- substituted on nitrogen with (Cferr]- Cerr])alkyl, benzyl, benzoyl

or (derrj:- _)jal koxycar bonyl and wherein the R err] rings are optionally

nmono- substi tuted on ° carbon with halo,. (Clerr]-C[err])alkyl,

(C1-Cerr])al koxy, hydroxy, am no, or rm.ngoj\l- and di - \

(derr]-derr])al kyl ami no provi ded that no quaternized nitrogen is

i ncl uded and-there are no ni trogen-oxygen nitrogen-nitrogen or

- nitrogen-hal o ; R ] is piperazin-1-yl, 4- (derr]-4)
al kyl pi perazin ‘!%%R Cfofmt‘ rryl5 -{4peb# aéza?éh 1-yl, mor phol i no, thi onor phol i no,

| - oxot hi onorphol i no, 1,1-:. di oxo-t hi omﬁxmglel , thiazolidin-3-yl, 1-oxo-

thiazolidin-3-yl, 1,1_djg yl, .

Cl err])al koxycar bonyl :

2(R - hydr oxymet hy pyrrolldisxoiomtm.oxoorm.azond.n.s-'. rof{iEbiridd S 3- and or
4- npno- di - substituted ~oxazetidi n-2- 5- nmono- or di-
subst it ut ed5 ‘oxazoMm-Ghierepsspxybepzoicacid (ﬁ?cm@rd QO%HBH@"‘@P')(W&S addedt 4t 2564

t hi azol i di n- 34 dyg,sg%1,f>n %55 d?,[lb%qg-inﬁfg &er&lng'acudS(g{ﬁtHetn%lE@R) hydroxy-3-oxo- .

| - oxot hi’ azol i

_ _-3-1hlazohdln-s-yi-propyl) -amide (80 mg, 0.18 mmol) in dichloromethane (2 mL). After
st hour the mixty 'f__was poured into a mixture of saturated aqueous sodium

-.'_ blcarbonate (12 ___L) and 10% aqueous sodium thiosulfate (12 mL) and ethyl acetate.
10 The aqueous tayer was separated and exlracted twice with ethyl acetate. The
_orgamc layers were combmed washed with saturated aqueous sodium bicarbonate,
dried, and concentrated giving a yellow solid (80 mg, 96%): HPLC (60/40) 3.37
.(97%) PBMS 460!462 (MH+, 100%). '
| 5 : Example 70 and 71
.18 - 1 5Ch l_oro -1H-indole-2-carboxylic acid [(1S)-benzyl-{2R)-hydro
) o 3-oxo 3-{1-oxo 1-thiomorpholin-4-yl)-propyll-amide (Example 70}
AND
-1 ChIoro -1H-indole-2-carboxylic acid [(1S)-benzyl-3-(1,1-dioxo-
o 1 thxomorphohn-4 y1)-(2R)-hydroxy-3-oxo-propyl]-amide (Example 71)
20 m-Chloroperoxybenzo:c acid (45 mg of 560%, 0.13 mmol) was added at 25°C

to a s_oluhon of s-e__h!oro-1 H-mdole-z-carboxyilc acid {(1S)-benzyl-(2R)-hydroxy-3-oxo-

'_:ropy!) -amide (60 mg, 0.13 mmol) in dichloromethane (1.5 mL).

After 1 hour the mtxture was poured into a mixture of saturated aqueous sodium
,b;curbonate (12 m!- __and 10% aqueous sodium thiosulfate (12 mL) and ethyl acetcie.

25 ‘The aqueous Iayer was separated and extracted twice with ethyl acetate. The

'orgamc fa"ers were o_mbmed washed with saturated aqueous sodium bicarbonale,
dried, and concent:_ ed giving the title sulfoxide {Example 70) as a yellow solid
“which was chromatographed on silica gel eluling with 1% ethanol-dichloromethane:
Yield 44 mg, 72%; HPLC (60/40) 6.14 minutes (98%). PBMS 474/476 (MH+, 100%).

30 A less polar produe_____8 mg) identified as the title sulfone (Example 71) was also
isolated: HPLC (so 4o) 6.44 minutes (96%). PBMS 490/492 (MH+, 100%).
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substituted 1- dioxothiazolidin 3-yl, 3- and/or 4-, nmono- or di-
substituted-pyrrolidin-1-yl, 3-, 4- and/or 5-, nono-, di- or
tri-substi ed plperldln 1 yI 3-, 4-, and/or 5- nmono-, di-, or
tri-substit 'pi perazin-1-yl, 3-substituted azetidin-1-yl, 4- and/or 5-,
nono- or di-substituted 1; 2- oxazi nan- 2- x 3- and/or 4-nono- or

di -substituted pyrazolldln 1- yl 4- and/ o % nmono- or di-substituted

i soxazol i di n-2-yl;, 4- and/.or- nono- and/or di-substituted

| sot hi azol i di.n- 2- yI wher ei.n sa| d R[err! subst i tuents are independently H,
no-N- or di-

halo, (C[err]-gerr])- aIkyI hydroxy,
N-(Cerr]- C[err])__alk-y e k@7 A :
108 - (derr]- .
di-N, N-(C[err]-

(Clerr]-c4)al kaxygﬁ%J hoxe{; '
car boxy(C[err KY.
BE {(SS) [{5-Chloro: -mdole 2-carbonyl) amnno] (2R})- hydroxy-4 phenyl-butyryt}

pupendme-4-carboxyhc"acnd ethyl ester {111 mg, 0.22 mmol) in tetrahydrofuran (2
'.mL) at _25°C. Aft ‘hours the mixture was concentrated and the,residue titurated
- wrth ether. The re
_6N'HCI was added’
10. '-fconcentrated gwmg 09 mg (100%) of a solid: HPLC (60/40) 3.79 minutes (39%);
' 'TSPMS 484/486 (MH+ 100%);
‘H NMR (DMSO-d _ 12.25 (br, 1H), 11.65 (br, 1H), 8.17 (d, 0.5H,J = 9 Hz), 8.14
(d O SH J=9Hz 0 (d, 1H, J = 2 Hz), 7.38 (d, 1H, J = 8.8 Hz), 7.35-7.1 (m,
-'Z7H) 4. 78 (m 1H 1anges with D;0), 4.5 (m, 2H), 4.1 (m, 1H), 3.8 (m, 0.5H), 3.7
k 15 ;(m 0 SH) 3. 15 {m }, 3.0 (m, 2-2.5H), 2.75 (m, 1H), 1.5 (possible m, 1H), 1.8
' (m, 2:2.5H), 1.5 (m, ca. 1.5H).
Anal. Caled for C3H,iCIN;O, + 0.55H,0: C, 60.80; H, 5.53; N, 8.51.

in'g-sohd was partitioned between water and ethy! acetate and

ttain a pH of 1. The organic layer was separated, dried and

 Found: (C, 61.15; H'_______,s'; N, 8.11.
_ - 2 Example 73
20 5 Chloro 1H indole-2-carboxylic acid [(1S)-{(R)-hydroxy-

hy oxvcarbamovl-methvl) 2-phenyl -ethyll-amld

acid (2 mL) was added to a solution of 5-chioro-1H-indole-2-
_ _-_)_.'éte.rt-butoxycarbamoyl-hydroxy-m.ethyl)-2-phenyl-ethyl]-amide

dichloromethane (2 rml) and the resulting solution was

Tnﬂuoroacetn

carboxylic acid [(-1-S
(256 mg, 0.58 mmol
25 stirred fo} 18 hours:at 259C. More trifluoroacelic acid (2 mL) was added and the

mixture was allowed :tjgfi'\d for 72 hours, concentrated, and the residue

'ciwfc-li\atdgraphed o _;lggégel eluting with 2.5%, 5%, 10% ethanol-dichloromethane
containing 1%_acc’-ti§: cid. The purified product was triturated with ether-hexanes
and dried: Yield 70mg 31%; HPLC (60/40) 3.11 (96%);

30 Anal. Calcd for c..;H Z_TN",O4 + 1.0H,0: C, 56.23; H, 4.97; N, 10.35.

Found: C, 56.63; H. 4.94; N, 9.95.
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Cerr])al kyl; with the proviso that if Rerr] is H nmethyl,
“ethyl or n-priopyl, Rerr] is OH with the proviso that if

" Rerr] and Rierr] are H, 't'hén Rlerr] is not H nethyl, ethyl, n-propyl,
hydroxy(( err]-Cerr])al kyl or
(derr]- C[err])alkoxy(C[err] C[err])alkyl andR6|s CCONRerr]Rerr],
CORerr] or. (Clerr]- C4)a| koxycar bonyil@ A conpound as reC|ted
in claiml, vvhereln - Rerr] |55H 5ha|o 5- et hyl ,
5-trifluoromethyl or .5- cyano err] and R err] are each
mdependently Hor halo; 70 A &L__mgg_am 4 N I R[err] and

Rlerr] are H.: _
phenyl groups are m)no-'- Elc § RoxEy
hal o or mono-":or di4:
(derr]- C[err]) algi@/)[(s&f“'
am no or cyano;
-3-yl (Cer8] (:D[Oemg] oalrkmbl)'

t hi azol - 2-,

& dmlxwrnetmll _ﬁﬁenhﬁétg_y_]-_aEQ_
L D) aag ﬁ%ﬂnm -éi-ji):}?rdo gfﬂ‘ pkenyl L?t)r(r?cxacxd
Wi I!Jeazyl-plp%ndm yitmetryidafiind hidREhbYaL IePo

; "]mpleelwtlﬁerem 200 mg, 0.8 mmol) were coupled

A (dimethylformamide solvent). The crude product was -

ph'y on silica gel eluted with 0.54% ethanol in

punf‘ ied by chromato
d:chioromethane c 'lmhg 0.5% ammonium hydroxide giving a colorless foam:
10 yueld 140 mg, 30%; __H C (60/40) 4. 15 minutes (95%); TSPMS 559/562 (MH +,
100%);
Anal Calcd for: CS,H,SCIN 0, + HCL + 1.5H, 0 C, 61.73; H, 6.31; N, 9.00.

Found C.61.61; H ,

Example 75 .
L __({.(QSMIS Chloro 0-1H-indole-2-carbonyl)-aminol-(2R)-hydroxy-4-

-methyl-amino)-piperidine- 1-carbox lic

_ acid tert-butyl ester
' (3ES) {(5-Ch!or‘o-1-H'-:mdole 2-carbonyl)-amine]-(2R)-hydroxy <4 phenyl butyric
ac:d (1 0.9, 2.6 mmc ) and '4-methylammo -piperidine-1-carboxylic acid tert-butyl ester
20 (575mg, 2.6 mmal) w
solvent) The crude: product was purified by chromatography on silica gel eluted
with: 20 30, 40, 50, ari_ 5% ethyl acetate-hexanes: yield 319 mg. 21%; HPLC
(60/40) 10.31 minutes 4%) 569/571 (MH+, 100%).

'éoupled according to Procedure A (dimethylformamide

: _ Example 75A
25 . N'ethylammo _p iperidine-1-carboxvlic acid tert-butyl ester

Powdered mol' urar seives (3A, 5.2 g), methylamme hydrochloride (16.5G g,

251 mmol), anhydro_ :_______'n.':m acetate (41 21 g, 502 mmol) and 95% sodium
cyanoborohydride (3'-99”9 60 mmol) were added sequentlaﬂy to a solution of 4-o0x0-

piperidine-1 -carboxyhc acnd tert-butyt ester in methanol (400 mL) at 0°C, and the

30 mixture was allowed to warm to 25°C over several hours. After 18 hours at 25°C,
the. reachon mixture w tj_g_d thru Celite®, the solids washed with methano! and

ethy! ace(ate and the | ncentrated. The residue was dissolved in ethyl

This is the replacement sheet
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I m dazol -1-, -2-, -4- or -5-yl(C-C2)al kyl, fur-2- or -3-

yl(Cerr]- C[err])alkyl pyrrol-2- or -3-yl(C-(err])al kyl, oxazol-2-,
-4- or -5-yl-(Cferr]- C[err])al kyl, pyrazol-3-, -4- or -5-yl((err]-
Cerr])alkyl, i soxazol - 3-, -4- or -5- yI(C[err] C2) al kyl wherein said

pr ecedi ng R[err] heterocycl es are optionalgda nono- or di- substi t ut ed

i ndependently with halo, trifluoromethyl, {%[err]- 4) al kyl
(Cerr]-derr])al koxy, am no -or hydroxy and said nono- or di-substituents

are bonded-t ; rr] is
C(O NR{err] R[%?’e? e%?'gé?‘bjﬁfﬂ'“g SO duhoﬁ[vségh]ed t%cg[m{ho?w Naq_li-i opce with !g[n%mrpoun d
as recited i ndnddiand Qonouhaaiedno an oil (12.79 g,t118%yar bon atom a has (S)
stereochem stry; ° ‘the carbon ta! g) b ?as (R) stereochem stry;
Rlerr] is phenyl (Cerr]- C[err])al kyl , yl(Cerr]-Cerr])alkyl,

5- Chloro*1-‘_H -indole-2-carboxylic acid {{1-S)[(R)-hydroxy-(methyl-

amide hydrochloride

4-({(3S)- [(5 Chloro 1H-indole-2-carbonyl}-amino}-(2R)-hydroxy-4-phenyi-
-b_utyryl:} methyl-am;_nq),_p__npendme-l-carboxyhc acid tert-butyl ester (292 mg, 0.5

mmol) was dissolved.in -4M HCl-dioxane at 0°C and stirred for 1 hour at room

dure was concentrated and the residue triturated with ether
; 96%; HPLC (60/49) 2.59 minutes (96%). PBMS 469/471

10 {emperature. .The
and dried: yield 24_ mg.
(MH+, 100%);
'H NMR (DMSO- ds) 6 11.7 (s, 0.3H), 11.6 (s, 0.7H), 8.75 (br 2H, exchanges with
D,0), 7:70 (d, 1H, J = : 2 Hz), 7.4-7.1 (m, 8H), 4.94 (d, 0.3H, J = 7.8 Hz, exchanges

15 with D,0), 477 (d, 0.7H, J = 7.7 Hz, exchanges with D,0), 4.6 (m, TH), 4.47 (dd,
1H, J =3, 8Hz), 4.4 (m, 6_._7H). 3.9 {m, 0.3H), 3.4-3.2 (m, ca. 1.5H), 2.95 (m, 2H),
2.15-1.8 (m, ca. 2.5H), 1.75-1.50 (m, 2H).

Anal. Calcd for C,sH,,CIN 0, + HCL + 0.7H,0: C, 57.96; H, 6.11; N, 10.82.
Found: C 58.22; H 623 N, 10.46.
20 o Example 77
5- Chtoro 1H indole-2-carboxylic acid ((1S)-{(R)-hydroxy-
Imethvl (1 methy! piperidin-4-yl}-carbamoyll-methyi}-2-
phenvl—ethvl) amide hydrochloride
Molecular seives’ (SA powdered, 100 mg), triethylamine (22 mg, 0.2 mmol),

25 glacial acelic acid -(6 mgl 1 mmol), sodum cyanoborohydride (95%,18 mg, 0.3

mmol), and aqueous:fornﬁldehyde (37 weight% in water, 22 mg, 0.3 mmol) were

so!utlon of 5-chloro-1H-indole-2-carboxylic acid {{1S)-[(R)-

added sequentially. t
hydroxy-{methyl- pipend n%4 ~yl-carbamoyl)-methyl]-2-phenyl-ethyl} -amide
hydrochloride (100 mg, O 2 mmol} in methanol {2 mL) at 26°C. After 18 hours the

30 reaction mixture was hltered thru Celite?®, the solids washed with methanol and

concentrated. The resnd se-was dissolved in ethyl acetate and the resulting solution

washed twnce with 2N :NaOH brine, dried and concentrated. The colorless solid

resudue was purified: by c bmatography on silica gel eluted with 1-8% ethanol in

This is the replacement sheot
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- 109 - thien 3=yl- (derr]- C[ err])al kyl, fur-2-yl-(Cerr]-C2)al kyl or

v fur-3-yl- (G[err] -Clerr])alk wherein said rings are nono- or di-
substitut ed ndependently h H or fluoro; R6 is
C(ONRerr errf; - Rlerr] is (CJerr]-Clerr])al kyl, hydroxy or
(Jerr]-C3Ya koxy, and . Rl erros-s H (Cferr]-Cferr])alkyl,
hydr oxy, hyd oxy(derr]- "C[err]) alkyl, (derr]-(err]) alkoxy, pyridyl,

nmor phol i nyl’,: pi perazi nyI pyrrolidinyl, piperidinyl, imdazolyl or

thi azol yl -or. ';(ﬂrﬂérb}nezﬁr@rgﬂnhg alderbrlergermamh ;mwl Whishnﬂ)éfaudyds dissolved
nmor phol i nyI pi perazinyl --pyrrolidinyl a10| peridinyl, im azo&/
thi azolyl . - AigMeteanslakes o e‘@?t‘éﬂ-"ﬁ'ﬁg solution eatad wath; bAT N I ( 21"“‘-) and the

5- Chl or o- 1H— i |
hydr oxy- di met Egg“é’g‘é%%y ?tﬁg &wec%@ﬁ}ﬁég }' F%scdtéee was triturated with ether
5, 6- Di chl or-o-lardidrigdl we@-&?amboi’?%t HRLC B4 )86 irrites (B536)0XSPMS 483/485
( met hoxy- rreghyhcﬁr bﬁﬁ%I ) -met hyl ] - 2- phenyl - et hyl }-am de,

Example 78
[35)-[(5-§h_loro-1 H-indole-2-carbonyl)-amino]-4-phenyl-butyric acid_

methyl ester
(35)-3- Amiﬁb#-phenyl -butyric acid methy! ester hydrochloride (1.15 g, 5

' 1'Ol__r'_mmo!) and 5-chloro 1H-mdo|e-2-carboxyhc acid were coupled according to
- procedure A. The: product was purified by trituration with ether: yield 1.46g (79%);
' HPLC (60/40) 8.85 minutes (100%); PBMS 371/373 (MH+, 100/35%);
-Anal. Calcd for C,OH‘,CIN 0,: C,64.78; H,5.16; N, 7.55.
< Found: C, 64.81; H,5.34; N, 7.46. __
s o Example 78A
S (35):-Amino-4-phenyl-butyric acid methyl ester hydrochloride

o (3S)-tert-But§z§9carbonylamino-4-pheny!-butyric acid meihyl ester (ref.
: -Heterocycles. p.'1§$_5;(1989) and J. Med. Chem. 1875, p. 761, 3.48 g, 12.1 mmol)
- ___-._.-:'Was dissolved in 4M':'HCI dioxane at 0°C and stirred for 0.5 hours at 2 25°C. The
: 20 _mlxture was concentrated and the residue triturated with- ether and dried: Yield
" 'f"z 56 g (92%). |
- It should be understood that the invention is not limited to the particular
o :embod:ments descnbed herein, but that various changes and modifications may be
-inade without depamng from the spirit and scope of this novel concept as defined

25 by the f_ollowung c_lqgms.
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- 5-Chl oro-| Hindol e-2-carboxylic acid {(15-[(R)-
! OXY- nethylcarbannyl) met hyl ] - 2- phenyl -et hyl )- am de,
ndolke = 2-carpoxylic acid ((1S)-{(R- hydroxy-

yl.met hyl - - car banoyl | - methybk- 2- phenyl - et hyl ) - am de,
5- ChI or o- IH—| ndol.e- 2- car boxyl i c aci - (R - hydroxy-
(met hyl - pyrldln 2-yl--car banoyl ) -meth |- ethyl}-am de or

5- Chl or o- 1H4i*Adol ¢- 2- dardsmpdund axf EFormde {1 R) -
" hydr oxy- [nethyl (2 pyr|d|n 2-yl-ethyl)-carbanoyl] -nethyl)-2-
phenyl -ethyl) -am de. 5. :The conpound as regited 'n cI aim 3, wherein

5[err] is.5-¢chloro; . i HRerr] anﬁ R[erf] K6 R err]
is benzyl; ° HRerr] is nethyl and a nethyl 6. The
conpound ‘as recited in claiin'3, wherein N R,
R3
Formula I

and the pharmac: tically acceptable salts and prodrugs
thereof whereln  -

A is

-).is a bond, or A is methylene or -

<. when the dotted line (---) ig not a bond;

‘6-:°r 7_nitr° d ;:: R%é a:e each independently H, halo, 4-,
. no, 1-C4)alkyl, (cl-c4)alkoxy,

| fluoromethyl, d; 1uoromethy1 or trifuloromethyl;

f@r (C1-Cglalkyl;

c )alle (c cn. methyl, ethyl, n-propyl, hydroxy(c, -

S p 1-C3)d koxy(cl-c3)a1kyl, phenyl (C; -C4) alkyl,
“phenylhydroxy(cl-c )-alkyl, phenyl(cl-c4)a1koxy(cl-c4)alkyl
thien-2- or--3-yl( ifc4)alkyl or fur-2- or -3-yl(C,-C, )alkyl
wherein said R4 rings are mono-, di- or tri- substltut:d

__independently on carbon with H, halo, (Cl-c4)alky1, (c, -

| C4)a1koxy, trifl"q qgethyl, hydroxy, amino or cyano; oi
1t or Sy e, s LA, thdazor.
| C 4 v azol -1-; -2-, -4- or -5
.yl(cl-c4)a1ky1 pyrrol 2- or -3-yl(cl-c4)alky1 oxazol-2-,
-4-jor -5-yl- (cl-c4)alky1 Pyrazol-3-, -4- or -5-y1(c1

| C4)§lkyl, 1soxazol -3-, -4- or -Syl(cl-c4)a1ky1 isothiazol-

This is the replacement shest
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r] is 5-chioro; Rerr] is H err] is benzyl;
R[er] T R

. ‘1 is 6- ro;
110 - .= 'Rerr] is 6-chlo s et hoxy. ; ' The |
R[err] i s . ;and P 06 - Rlerr] is 5-chloro;
cited in claim3, whersifo06 - :

conpound as

Reerr] and3®ierft. are-ﬂ-yl(cl-c4)a1ky1 E&?iﬁLkiﬁeﬁﬁo§§ -4-y3- (c1 The
Copruns Gy ST TR st 5 o s A
- PYr: (c;-cy Yyl or riazin-2-y 1
¥_C4)a1ky1 whereln sazd precedzng Ry heterocycles are
or d1 substituted 1ndependently with halo,
'-c4)a1ky1 (cl-c4)a1koxy, amino or
-hydroxy and saidﬁmono- or di-substituents are bonded to
'ca bon,

op_ onally Tong

tr fwuoromethyl

L R5 is: H, hydroxy. fluoro, (C1-C5ralkyl, (Cq-

‘ cs)alkoxy, (Cl-c falkanoyl, amzno(cl-c4)alkoxy, mono-N- or
_ddi-NgN-(Cl-cé)alkylam;no(cl-c4)a1koxy, carboxy(cl-c4)a1koxy,
(C -¢5)a1koxy-carbony1(cl-c4)alkoxy, benzyloxycarbonyl(cl-

Cy. alkoxy, or- carbonyloxy wherein said carbonyloxy is carbonf

carbon llnked with*phenyl, thiazolyl, lmldazolyl 1H-indolyl,

furyl pyrrolyl oxazolyl, Pyrazolyl, isoxazolyl,
;zsothiazolyl pyridazinyl, Pyrmidinyl, pyrazinyl or 1,3,5-
_.tri“inyl and wherein said. preceding Rg rings are optionally
_imono substltuted with halo, (cl-c4)a1ky1, (Cl-c4)alkoxy,
-3hydroxy, amlno 0T trifluoromethyl and said mono- -substituents

_are bonded to carbon,

' fluoro or (cl-cs)alkyl, or

Rg and Rj_can be taken together to be oxo;

Rg 1s carboxy, (cl-ca)alkoxycarbonyl, C(O)NRaRg or

R7 18 H,

ClO)Ry,,
wherein .
Ty Rg is H,fﬁql-c3)alky1, hydroxy or (Cl-c3)a1koxy, and
Rg is H, Cl—ca)alkyl hydroxy, (cl-ca)alkoxy.
methylene-perfluorinated(Cl-ca)alkyl, phenyl, pyridyl,

thienyl furyl, pyrrolyl pyrrolidinyl, oxazolyl, thiazolyl,
im;dazolyl pyrazol?l"'pyrazolinyl, Pyrazolidinyl,

isozazolyl, isothia 'iyi ;pYranyl piperzdinyl, morpholinyl,
pyrldazinyl, pyrim;dini ZYrazznyl, Piperazinyl or 1,3,5-

trlazlnyl whereln sa“d preceding Rg rings are carbon-nitrogen

linked, or '”H_ - '

R9 is mono-, di- r tri- substituted (C1-C5)alkyl,
_J:re independently H, hydroxy,

-Cglalkylamino; or

1;substituted (Cl-cs)alkyl, wherein

Hllllll HIIH IIIH Nlll H llll This I the repiacornant sheet




hIoro Rlerr] and Rerr] are H
5 R[g;;% :: ﬁ”? ] Rlerr] is nethyl; and R err]
| g vy di Xy 977 The compound as recited in claim3, wherein

R[erﬂQ? and R[grr]dare H;
s are Telldhed fonlly Riierd o svmiatt @i,

Rerr]is P ﬁ Yy azod ’ d R[err]
shereln” Pl Pﬁ?ﬁ:f’gnm VAR T S O
are H l)egh Fﬁ 6%%az°lldkn¥8ﬁp&&ﬁﬁ OLydsited in C|a|m
-E[E&LLr;?hi 1y .:pwg;egﬂboﬁyaﬁéﬁpxlhsp@gprsﬂdngdchmﬁt@hblinyl

t he carbonPHFj&abinyiQRb 'ﬁﬁdﬁﬁbﬁvl dziny]l, P%gfra21§§if Lk 433, 5-

& en- 2-yl - err]-
PE?gxl(C[EE(%[gg% 1 it Kyl fur-2 yl - (C[err] C2) al kyl or fur-3-yl-

hexr in the nonaromatic nltrogen—contalnlng Rg
rlngs are optionally mono-substituted on nitrogen with (Cq-
benzoyl or (cl-cs)alkoxycarbonyl and
'Ewherein the R9 rings are optionally mono- substituted on

‘car (C1-C4)alkyl, (Cl-c4)alkoxy, hydroxy,

;nd di-N,N (Cq- Cs)alkylamlno provided that
trogen is included and there are no

2 rl _?,1 -dioxo- thiazolidin- 3-y1, 2-(Cq-

C :koxycarbony 'yrrolidin- -Yl, oxazolidin-3-yl or
2(R) hydroxymethylpyrrolldin -1l-v1;

Qrﬂg

=, 4-, and/or 5- mono- o: di- substituted

+ 4-, and/or 5- mono- or di- substituted

2-, 4-, and/or 5- mono- or di- substituted
yl, 2-, 4-, and/or 5- mono- or di-

'dioxothiazclidln-3-y1, 3- and/or 4-, mono- or

__”ﬁubstituted' yrrolidin-1-yl, 3-, 4- and/or 5-, mono-, di-

_or’ t:iflubstitu_ d :iperxdin- 1-yl, 3-, 4-, and/or 5- mono-,
di-, or t?ifgﬁb? ited piperazin-1-yl, 3- substztuted
azetidin-i-yl;" and/or 5-, mono- or di- substltuted 1,2-

) oxaéinan-ﬁ-yiﬁ and/or 4-mono- or di- substztuted

4- and/or 5-, mono- or di- -substituted

- and/or 5-, mono- and/or di-substituted

l_wherein said Ry, substztuents are

halo, (cl Cg) -alkyl, hydroxy, amino, mono-N-

alkylamino, formyl, oxo, hydroxyimino,

d:pyrazolzdzn l-y'

\\n\m \\m\ R e
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'(C[err] Cerr])al kyl wherein said rings are nono- or di- substituted

; mdependently--.vmth H .or fl uoro; Rlerr] is (ORerr]; and
c Rlerr] i 18 ' A (C Clerr])al kyl piperazin-1-yl, 3- substituted
azeti din-

C=y mono- or_d&p8 - dp8 - subst i tuted
pyrrolldln'(_' 2 J3H10 su ed igoxazol j din-2-yl,
4- and/ or. “subst Iq{aﬁcfba%l i’lz %)%’tézz"l #ar? 5 % eé"llﬁ sai d
subst|tue-n(_.-_ e‘ﬁae-rfr‘m yﬂhommnmydlcquc ) atidoty mEth ;
di NN (@ ST

| kox
mi sel ecte dfl ‘?)é?!i.b:%”%rohy%m%yy(cl

-;oxyl ic acid ((1S)-benzyl-
.fpz:pwa.boylthaﬁ QEORQ Qayh], agkHs1, ethyl or

Acorrpoundc§ ohted-in:
5- Chl or o- 1- B f:nd é-2- car
(2R) - hydroxy 3- (44 rrel"hilh_
hydr och Orndﬁropyl R5 ig

hi proviso that if R5 and R, are H, then Ry

ghyl, n- propyl hydroxy(cl-c3)alky1 or

{Cy- 94)alkoxycarbo yl :

-3-
-4- or -5-y1 (cl-cz)alkyl,
4-_ or -5-y1(c1-cz)a1kyl, fur-2- or -3-

. -4- or -5-yl (Cl
3 -4- or -5-yl (Cl-cz)alkyl wherein said

R4 i_s pheny]_.- 1-C3)alkyl, thien- 2-_y1 (Cl-cz)alkyl,

umm J mn I
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5-Chl or o- 1Hi ndol e- 2-carboxylic acid [((1821- benzyl - (2R)5 - hydr oxy- 3-
ti.di-n-1-yl.)-3-0xo0-propyl]-am de, -

(3 hydroxyaze I: Vol .acid ((1S)-benzyl- (2R) -hydroxy

pyl ) -anrddo9 -

S0 i,

o tiontsl bl aTptensley dABL Sy H2% L2

OXE - 0. )

am d,

- 1H ' (1S) -benzyl _
3C?|4?£}g 4S)I fhydrox ﬁyr(%lxwo(oﬁﬁﬁkﬁl’) (2R) - hydr oxy- 3-oxo- propyl]-am de,

5- Chl-or o- 1H:tAdol e- 2‘@8.#-50 ﬂ%|-€3aaﬂ.dtw18}xygeg&yl oiiz)p(dl(- ’r)nﬁ?emgry' and

- l'i di n : -

Sdgygigfypyr;r Ogig ZR a)r%?)xyi :?E’ éig?'%é)’ E‘Xﬁfﬁ%}' yﬁf"xwgﬁdxy 3 |

- mor phol i n-a's E oxdCpr p}ﬁ)lkaw@lepyrieyl Therphbﬂdnyd,aplpegb'&.&ﬂyﬂ.') ;r 2' m
11, whereip rr__ol:.d:.ny -"g'ﬁ.blarh.aiﬁyihl ?hPdazolyl or eRiGR rc»ll.:.&n R[(grr]

ﬂﬁyi]mono su.g Xituted with pyridyl, morpholinyl,
_;:;.p:.perazinyi-.- :p_ r' iidinyl, piperidinyl, imidazolyl or

s is the replacement steet
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[ in'claim
err] is 4-neth Iplpera2|n | -yl. 14. The conpound as recited in'c
E?&\&Mem .y = Rlerr].is 5-chloro; ~ Rerr] and Rerr] are
B - R )€ and Rerr] is 3-

: hydrdea s The can@d@nd as recited in cliag1}1, wher ei n
" Rlerr]is; 5=chf 8:6-chloro; _ o
d R er SRt Rlerr] is benzyl; and .
g%gii% ?Fs Fgoxazollfﬂn 2 ?gnzyliG. The conpound as recited in claim 11,

wher ei n ethYl' and

recited in claim 3, wherein
H;
and
tf?- claiﬁ 3, wherein
- claim 3, wherein
10, claim 3, wherein
11,

phenyl(cl-cz)alkyl, thien-L-yl (Cl-cz)alkyl,
2)alky1, fur-2-yl- (cl-cz)alkyl or fur-3-yl-

‘said rings are mono- or di- substituted
or fluoro;

_ ;;th1en— -yl (Cl
TQ}(Cl-Cz)alkylfw

ubstituted az

HIIIIII lllIH IIIH HIII ll llll

This is the replacement sheet

- & FEB 1997




R[err] is 5-ch|oro Rlerr] and Rlerr] are H

' - i -2-yl. 17.
' ____"and REeldl are H; R[err] I§rhe
RN it :rB[lG.I’dﬁ.h |1S.y3_(,5)4 hxg‘laqwgrr&l" dl iy 1 %'ﬂ s 5- Chl or o;
1y;é?} :':m EF gb&%aln-g-yl 4R[QPQYOr55benmyhp-abﬁ di-
'?sgg ugpﬁyapaxyp;zinhndenyl Wherelifl s1h@ QQHBQH@Qeﬁ%sregkﬁfdahg

;!beh ﬂdependentl H Rﬁgio'b§H9§nya amgno, mono-N- @fedi} is
H‘Hi‘-ﬂm&nm Oxo20hydr5hyimﬂﬁaoaﬁda3§°;§c| ted in claim

oﬁﬁ%ﬂﬁ&] abSraafPb8" Pa claim 1 selec grélmgnd Rerrl

'Chloro 1H -indole-2- -carboxylic acid [(18)- -benzyl-
j3-hydroxyazet1din 1-yl) -3-oxo-propyl] - -amide,
”Chlororlx indole-2-carboxylic acid ((1s)- -benzyl-
v ?iso azo1idin- 2-yl-3-oxo-propyl) -amide,

' mindole-z -carboxylic acid ((1s)-benzyl-
[1 2]oxazinan -2-yl-3-oxo-propyl) -amide,

loro 1H- -indole-2-carboxylic acid [(18) -benzyl-
=3 ((35):hydroxy-pyrrolidin- 1-y1) -3-oxo-propyl] -

v yrrolzdin- 1-yl) - (2R) -hydroxy-3-oxo-

‘?xyazetidin-l-yl.
8 recited in claim 11, wherein

This is the replacement shest
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.. Rlerr]is benzyl ;. and err] is norpholino. 21. A
R[ ] d y' ited in claim 1, WnerREal n - Rerr] is H halo,
§R[err] and R[err] are each independently H or
: RFeAdR and Rlerr] are H;
-;;Sﬁhahﬁ pgeﬁel n said phenyl groups are nono-,
ndependéptly with Hor halo or nono- or di-
Re1 8 PeRZL aRg. (Clerr]-derr])alkyl,

. iélﬂe&ﬁiﬂb.’ﬂ bydpexy, amino or cyano or
R*ﬁ, st mnyamy g (C-derr])al kyl, pyrid-2-,
X er BATRY| 28 tﬁ?‘é‘z’&?dZin c:ha:ugrll, wherein
chloro,

s (1 2) -oxazinan- -2-yl.

_ompound as recited in claim 11, wherein

recited in claim 11, wherein

H;
behzyl, and
_ m_o__rphol:.no .

© oo,

phenyl(cl-cz)alkyl wherein said phenyl groups
o; ;i substituted 1ndependently with H or
3d_f substituted independently with H, halo,
Cl-c4)alkoxy, trifluoromethyl, hydroxy, amino

This is the replacement sheet
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I m | -1-, -2-, -4- or -5-yl((err]-Cerr])alkyl, fur-2- or -3-
;;/mccj:[aé(rjr] C[err])al kyl; pyrrol-2- or -3-yl((err]-Cerr])alkyl, oxazol-2-,
| - (derr]-qer

g Jalkyl, pyrazol-3-, -4- or -5-yl(Jerr]-

s r(r)]r SRy gr -Eyﬂg]_. Gl err]-C2)al kyI wherei n sai d

ngcedi' ' ST ption }y di - subst it uted
i ' '-_trl._iladlrjororreci:f'ny'] ]({[T(grrcjz) k¥ lor BYRidR-, -3-

. |ndepende_,ﬁ$

(Ol er r] -] &F T famidiSy-Catialdew, ol v Hddﬂ)“"&-ﬂ"‘-‘?-@z‘m s
are bonded imdaaghony., Ryeatioss Tl INRE. qusar e o) oro
or ?Cc’:[x-ér?r;_._ (GarFpArHL. ﬁrrrol 12 egoomid Cys e ensenm]

r)aalkgm a a&@l gtereqch% % 1(Cyren
s??k?%y|igP% Stirggﬁh?g}ePF] ézy&ﬂglrcz)alﬁél wﬁiregn said
}pf€f9¢i¥chQrhFFﬂbbFYclbaraﬁeprﬁghﬁE&hy'gkgbﬁLég[h%: 3[_
sm.‘ﬁ%%“”é chphoBeidpntag oy Bato. ' S eTucronarpuiy ) (apd Rerr)
4) P EITF49 ¥Baxzex§m1andor hfﬁfbk} ‘afidHsaid mono- or

glfA comp_und as recited in clalm 21, wherein
jthe ca.rbon atom a is (8) stereochem:.stry,
:the carbon atom b is (R) stereochemistry,
henyl(cl-cz)alkyl, thien-2-yl-(c;-C,)alkyl,
_ . -¢2)a1kyl, fur-2-yl- (cl-cz)alkyl or fur-3-yl-
c _j_q;-z)alky -_where:.n said rings are mono- or di- substituted

recited in'clai§_22, wherein

H; and

;;R4 isfbenzyl.
A compound .as recited in claim 1, wherein

f Rl is H, halo, methyl or cyano;.. g

f Rlo and Rli are each independently H or halo;

R415thie-2- or -3-y1(c1-c2)al}:¢1}1. pYrid-z-, -3-

This is the replacement shest
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The conpound as recited in claim22, wherein Rl err]

RLerr] and
"alkV} |§hp€% gT%CIer?I Qi)afk¥1(ﬁm ¢l alkuld
P« of-to¥- shibpl (Cyt@g) aldeDengiept sy yitH.H or

"zbstt? §61Lﬁd§§€2g§3§f¥rlf#%&ﬁ%mgfhy?xa¥®hT%Xy,
ﬁhl 2 '|E¥¥¢#Q%r3?:cﬁ4- or -5-yl(c,-

w"z¢@w3£12%4 -ox -5- yl(Cl-Cz)alkyl whereln said

- trlfluoromethyl, (Cl
_ff(Ci-c4)alkoxy, amino or hydroxy and said mono- or
-d1 substituents are bonded to carbon;

Rs is f%uoro, (cl-c4)a1kyl (cl-cs)alkoxy,

-am;no(cl-c4)alkoxy mono-N- or di-N, N-(Cl-c4)alkylam1no(cl

'c4)a1koxy, carboxy(cl-c4)alkoxy, (Cl-cs)alkoxy-carbonyl(c1
C4)a1koxy,ibenzyloxycarbonyl(cl -C4) s

2.

! i'iR4 isjphenyl(cl-cz)alkyl wherein said Phenyl groups
“are mono-, di'lor tr1 -substituted independently with H or
halo or mono- or di- substztuted independently with H, halo,

-4- or -5-yl(C1
1, . -4- or -5- -y1l(C;-Cy)alkyl, fur-2-
;  ¥ Cz_alkyl,;pyrrol 2- or -3-y1(C1-c2)alkyl, oxazol-
2-, -4- or_-5-y1‘(C1~02)alkyl, pyrazol-3-, -4- or -5-y1(cl
f%'; : 20 ?_ i-4- or -5-yl(C1-C2)alky1 wherein said
heterocyeles are optionally mono- or di-
dependently with halo, trifluramethyl, (cl
(Cl _4) lkoxy, amino or hydroxy and said mono- or

"y mono N- or di- N,N—(cl-c4)alkylam1no(c1
_ -g4)alkoxy, (Cl Cg) alkoxy- carbonyl(c1
benzyloxy rbonyl(cl -C4) alkoxy;

Hllllll Illlll lllll IIlll II llll

Céjalkoxyf
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‘o Rerr] is
| - S -err] and Rlerr] are H and .
by Ch|0r0-~-ﬁ'f””5"“' R[d.aL recited in claimi1, wherein
1o, .cyano; = 114 - Rlerr] and R err] are each



-114- or-4-Yl (derr]-(err])alkyl, thiazol-2-, -4- or - T—

kyl,... imidazol ~1-, -2-, -4- or 5-y|(CTh,%” erﬂiaséﬂe&bﬁflaced

I

S-yk(Cerr

| kyl, rol-2--or -3-yl(
et RN
;C[n&r]i)sablmbml BBEok @), oF o8 -5y (€ )

eterac cFéQ are optionally nono-

pe;;gggfilﬁng%’t%iﬁ F8, oFr I(FtUGGbﬁikﬂﬂ- (derr]-

ajgﬁi ;qt_ err- ﬁ?eho]:l) abkoxreaaﬂhgoa%lpgg&gﬁygfggﬂ; | d m)ng; C)or
(qerr] --"-l.=..*ﬁ“’5?c?8$§ 388849 1a armsmpet oy ;cm[emwamxy
aiap rcmuym &ykaxmad(ahefetring fﬂﬁri] car boxy

FﬁééﬁﬁﬁﬁmeEe(g%?éﬁif§§)&iggggengbgo E#?? ?Sg err])alkoxy,

e pPendent disease or c¢§ditionStiéaiingﬂéhdunt
r _G[ceﬁ §E)cadmgdund aﬁ claim 1. A conpound as recited in claim1,

H, hal o, nmethyl or cyano;
R'[ e :"'a-r- R[.er#?#.d%%ﬁ?@ in wlaim @6, for treating A i's

ype:g ycem i rd mﬁﬁh&ﬂfﬁY]adﬁ$hﬂiteﬁﬁ? to a mamﬁﬁ err] is
| phenyl-(..[ dﬂfﬂi‘i{r_ ]ﬁz%npﬂypvg}eé Ydenia qa ihyepneyrg]grc:em.'i.e treating amount

”Ihe method as recited in claim 26, for treating

diabetes _:.n _a mammel by administering to a mammal suffering
rom a.betes "

. 'diabetes treating amount of a compound of

The method as recited in claim 26, for treating
hyp _rc olesterolem:.a. in a mammal by administering to a mammal
sufferl______ ng fro _hypercholeeterolem:.a a hypercholesterolemia

=”compound of claim 1.
.___'I'he method as recited in claim 26, for treating
hyperinsulinemie in a mammal by admin:.etering to a mammal

: o "_g from hyper:.nsul:.nem:.a a hyper:.nsulinem:.a treating
amount 'o *e_ compound of claim 1.

'j‘:_The _me_t:hod as recited in claim 26 - for treating
__yperteneion in"'a. mammal by administering to a mammal
ng“ rom hypertenlion a hypertene:..on treat:.ng amount of

The method as recited in claim 26, for treating
yperlipidem;_ 'h a mammal by adm;nleterzng to a mammal
1sﬁffering from hyperlipidemie a hyperlipidemia treating
'*famoun_ of a oompound of claim 1. e

34, _ The method as recited in claim 26, for preventing a
ial ischemic injury in a mammal by administering to a

HIIlIll IHIH IIIH HIII II Illl
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are mono-, di- or tri-substituted i ndependently with H or Thl#ﬁnb@HasrBeBmme aced

d-i ndependently with H hal o, (C[err] - mmu,” HI,
S'UbSt Liule 3 P “uoronet hyl, hydroxy, am no
or -b5b=

5 YA-C C[errtléEEXt- pY (hd2. - err])alkyl
i : ﬁj%eée aa %lwca%/%}% ¢|injury a
C[ é)rerxji}%ﬁmtimrnmqg: ial ngl'h{:qqazh}jﬁﬂ) ?i‘el&teé[z&e?irﬁf%oamo&t 6f-
- - r-
(_jqéelr.crqmpocg{;zd rt}ﬁ &iialim jg,\r/raéo;l ?C[ err]- (():[err] ¥a! kyl wherein said
ng BLErr]. het er&%o& f(gz.é Sding mcaxditl :ssmfénitwt ed
entini uAY Hoh el evanmal Iy G?ﬂn&lstdzc‘?}g o o Sldutldd ' i £or
q__@Hﬁibﬂéﬁlﬂﬁvdamvgtdydflﬁ E%% gqszﬂjmgaba @@F@pgenquywq)eukyl

gty G}y ischemicam@r@Ckmev]en Eievgr ]ah%iu)ﬁﬁf(%ofx@'&qﬂ&ogeq
_ err])a
: -_Phghpﬁbﬁé[”‘)’?a'.i&*%??}“?’%f %i;r ]Car bonﬂ (Cerr]- C[err])al koxy,

. EG[ gr __ ____aefnepp}xy:apgéxyomposition which comprises a _
therapeutzoally effectxve amount of a compound of claim 1 and
a harmaoeutioally acceptable carrier.

'l'he phamaceutical composition as recited in claim
for the treatment of glycogen pholphorylase dependent

. dzsease !or condltions in mammals which comprises a glycogen
.' -"ph ; ":phorylase dependent disease or condition treating amount

of a-co ound'of claim 1l and a Pharmaceutically acceptable
carrie '

g :antidiabetzc agent selected from insulin and
__nsu ir analogs, insulinotropin, Sulfonylureas and analogs;
3Blguanides,'az-Antagonists and Imidazolines; insulin
“secretagogues, Glitazones, Fatty Acid Oxidation inhibitors;
?a-Gl idase inhibitors, 8-Agonists; Phosphodiesterase
fInhlb;tons, Lipid 1owering Agents; Antiobesity Agents;
fVanadat and vanadium complexes and peroxovanadzum complexes;
fAmyli _tagonists, Glucagon Antagonists, Gluconeogenesis
'Inhibit_rs, Somatostatin Analogs; Antllipotic Agents;

optionally a pharma.ceut:.cally ‘acceptable

and

- (indole-2- carbonyl)B -alanamide or a
derzva iveN hereof _uhstantially as hereinbefore described in

hyperglyoemia, hypercholesterolemia,

: hypertension,
hyper“nsulinemia,

hyperlipldemza, atherosclerosis or

. | | Fhis is the replacement sheet
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" R6 is C(O)NR[err]R[err] or C(ORerr]; and

R[err] |s H;- ‘Fluoro or.-(Clerr]- C[err])al kyl . 26. A use of a
: laim1, for preparation of a - nedicanent for

lo] e_sphoryl ase dep_ehbl'ént di sease or condition in a

- nﬁfbcardi 1 iscHehise c f reparing a
privny gihd tad A d g, L7 P21 N0

h’%/jgfr ycem a |
eparing a nedi canment for treatl ng

di abet €5 i

: A use as recited in claim?26, for
preparing. -

or treating

IO s
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hyperchol esterolem a in a mammal . 30. A use as recited in claim
26, for preparing a nedicament for treating atherosclerosis in a mammal
31. S A use as. recrted in.claim26, for preparing a nedicament for
treating.’ o 32. ' A use as recited in
claim 26, for preparlng a nedlcanent f or treating . hypertension in a
manmal .7 33: : - - A use as recitefrgn-claim?26, for preparing a

medi canent - for treatlng hypefllpldé*“a“rﬁ‘a mammal . 34. A use
as recited i-n claim 26, for ‘preparing a nedi canent for-preventing a

myocar di al i schemic |njury in a mammal at risk for perioperative myocardi al

ot ot cpubbtien S (ovmors s cReHOvE] 8- SLAGPHGR BHERNY Wldrrves

- AL Il
phar macet++¢ L3 h conprises a therapeutlcally effective
amount of a. conpound of cla|n11 and a pharnaceutically acceptable carrier,
37. . The pharmaceutical conposition as recited in claim36, for
the treatment of glycogen phosphoryl ase dependent diseases or canditions in
manmal s whi ch conprlses a glycogen PIARSIRAQT ase dependent di sease or

condition treati t I a conpound of claim1-and a pharmaceutically
accept abl e carnﬂ’\? nven (o] re ates to certain Indole-2—carboxam|des useful as inhibitors of

glycogen phosphorylase, methods of treating glycogen phosphorylase dependent
dlseases or condmo

A 3th such compounds and pharmaceutlca! compositions
5 cqmpnang _s_g._l_ch compour

‘This is the replacement shest
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Cantidi

insul i ngot rop| n;
oI I nes, insulin secret agoites A itazones; Fatty Aci.d Oxidation

“aand Iniid
“i.nhi bi. tiar.

.phospho; ﬂa&sp “

=i é’ﬁf‘]i’i@.ﬁ&ﬁ‘mﬁ'&@fe inhib

ibitors; L pi d- | oweri ng ti obesit
-'vahadi um corrpl exes and peroxglg\'aﬁagﬂm fékRqu!l i n Ant agoni sts;

agq_n Ant agoni sts; G ucone®giRIESFisoroNby mlt@sgajkylSOrmt ostatin Anal ogs;

e *Iwar ceut i cal corrp05| tion which conpri, §@§75a41"”
fé f’T(i/ rﬁj& <of j a) a glycogen™ _
‘as ?éﬁig‘?‘éd" idclaimi; b) an
gg, %}:t edc Ma8¢d i.nsdl in and insulin anal ogs;
o Sul fpdﬁ ur- éaPagaitl..andl ogklS Bi guani des; [err] 2- Ant agoni st s

5349 ip.iu()f{

i

ors; [err]-Agonists; Phosphodi esterase

Agent s; Vanadate and

26. A use of a compound as claimed in claim 1, for preparation of a

medicament for treating a glycogen phosphorylase dependent disease or condmcn ina
mammal.

. injury.

| 27. A use as recited in claim 26, for prepering 2 medicament for treating

__i hyperglycemia in a mammal,

28, A use as recited in claim 26, for preparing a medicament for Treating

: disbetes in a mammal. : :

29. A use as recited in claim 26, for prepﬁring a medicament for treating
bypercholesterolemia in a mammal,

30. A use as recited in claim 26, for prcpanng a medxcament for treating
. atherosclerosis in 2 mammal, )
- 3L A use as recited in claim 26, for preparing 2 medicament for treating
i; hyperinsulinemia in 2 mammal,

i 32. ' A use as recited in claim 26, for preparing a mcdxcament for treating
L hypertension in & mammal.
33. A use as recited in claun 26, for preparmg 2 medicament for treating
 hyperlipidemia in a mammal,
34, A usc as recited in claim 26, for preparing a medxcamcnt for preventing a -
: myocardial ischemic i mjury in a mammal at risk for perioperative myocardial ischemic
35, . A use of a glycogen phosphorylase inhibitor for preventing a myocardial

ischemic injury.

36. A pharma;e_utical composition which comprises a therapeutically effective

.. .famount of a compound of claim 1 and a pharmaceutically acceptable carrier,
3T The pharmaceutical composition as recited in claim 36, for the treatment

- of glycogen phosphorylase dependent diseases or conditions in mammals which
- comprises a glycogen phosphorylase dependent disease or condition treating amount of a

compound of claim 1 and 2 pharmaceuucally acceptable carrier.

This is the rept
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potf"'l c Agents; and : c) optionally a phar maceu’tr cal ke
39. A substituted

j er_el nbefore deser | bed in any one of the Exanples. 40. A
; -pha maceutical conposition for treat ment 11§ - di abet es, hyperglyceni a,
.chol esterol em a, hypertension, hyperinsulinem a, hyperlipidem a,
scl-érosi s or nyocardial i schemi a substantialy as hereinbefore
’;|-caI'I y descri bed. : ' rryocardl al ischem a substantially as

_3 8. A pharmaccuucal composition which comprises a therapeutically effective

. amount of

a) 2 glycogen phosphorylase inhibitor as recited in claim 1;

b).an antidiabetic agent selected from insulin and insulin analogs;
 insulinotropin; Sulfonylureas and analogs; Biguanides; 0:2-Antagonists and Imidazolines;
insulin sccretagogues;"f :'Glitazoncs, Fatty Acid Oxidation inhibitors; a-Glucosidase
inhibitors; B-Agomsts Phosghodxesterase Inhibitors; Lipid-lowering Ageats; Anticbesity

o Agents; Vanadate and vanachum complexes and peroxovansdium complexes; Amylin

Antagonists; Glucagon Antagonists; Gluconeogenesis Inhibitors; Somatostatln Analogs;
Antilipotic Agents; and
: c) optionally a pharmaceutically acceptable carrier.

39, A substituted N-(indole-2-carbonyl)f-alanamide or a derivative thereof
substantially as hereinbefore described in any one of the Examples.
40 A th.euﬁcal composition for treatment of diabetes, hyperglycemia,

. hypercholesterolemia, hypertension, hyperinsulinemia, hyperlipidemia, stherosclerosis or
~myocardial ischemia substantially as hereinbefore specifically described.

This is the replacement sheet
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