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diabetes mellitus), requires multiple daily doses, usually by self-injection. Determination of the
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proper dosage of insulin requires frequent estimations of sugar levels in the urine or blood.
The administration 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
25  dependent diabetes mellitus (Type 2 diabetes) usually consists of a combination of diet,
exercise, oral agents, e.g., sulfonylureas, and, in more severe cases, insulin. However,
clinically available hypoglycemic agents can have other side effects that 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
30  where others falil, is clearly evident.

Atherosclerosis, a disease of the arteries, is recognized to be the leading cause of
death in the United States and Western Europe. The pathological sequence leading to
atherosclerotic development and occlusive heart disease is well known. The earliest stage in
this sequence is the formation of "fatty streaks" in the carotid, coronary, and cerebral arteries,

35  and in the aorta. These lesions are yellow in color due to the presence of lipid deposits found
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25  pheochromocytoma, or endocrine disorders. However, hypertension is also evidenced in many
patients in whom the causative agent, or disorder, is unknown. While such essential
hypertension is often associated with disorders such as obesity, diabetes, and
hypertriglyceridemia, the relationship between these disorders has not been elucidated.
Additionally, many patients present with symptoms of high blood pressure in the complete

30 absence of any other signs of disease, or disorder.

It is known that hypertension can directly lead to heart failure, renal failure, and stroke,
which conditions are all capable of causing short-term death. Hypertension also contributes to
the development of atherosclerosis, and coronary disease, which conditions gradually weaken
a patient and can lead, in long-term, o death.

35 The precise etiology of essential hypertension is unknown, although a number of
factors are believed to contribute to the onset of the disease. Among such factors are stress,
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25  occur in both out-patient and perioperative settings. There is currently an unmet medical need
to prevent or minimize adverse myocardial perioperative outcomes, particularly perioperative
myocardial infarction. Both cardiac and non-cardiac surgery are associated with substantial
risks for myocardial infarction or death, and some 7 million patients undergoing non-cardiac
surgery are considered to be at risk, with incidences of perioperative death and serious cardiac
30 complications as high as 20-25% in some instances. In addition, of the 400,000 patients
undergoing coronary by-pass surgery annually, perioperative myocardial infarction is
estimated to occur in 5% and death in 1-2%. There is currently no commercial drug therapy in
this area which reduces damage to cardiac tissue from perioperative myocardial ischemia or
enhances cardiac resistance to ischemic episodes. Such a therapy is anticipated to be life-
35  saving and reduce hospitalizations, enhance quality of life and reduce overall health care costs

of high risk patients. The mechanism(s) responsible for the myocardial injury observed after
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disclosed in, Inter al/ia, P
phosphorylase inhibitors have been reported to date: glucose and glucose analogs [J. L.
Martin, et al., Biochemistry, 30, 10101, (1991)], and caffeine and other purine analogs [P. J.

25  Kasvinsky, et al., J. Biol. Chem., 253, 3343-3351 and 9102-9106 (1978)]. These compounds,
and glycogen phosphorylase inhibitors in general, have been postulated to be of potential use
for the treatment of Type 2 diabetes by decreasing hepatic glucose production and lowering
glycemia. See, for example, T. B. Blundell, et al., Diabetologia, 35 (Suppl. 2), 569-576 (1992),
and Martin et al., supra.

30 Recently, glycogen phosphorylase inhibitors have been disclosed in, inter alia, PCT
International Application Publication No. WO 97/31901, and in commonly-assigned U.S.
Patent Nos. 6,107,329, 6,277,877, and 6,297,269. The commonly-assigned U.S. Patent Nos.
6,107,329, 6,277,877, and 6,297,269, the disclosures of which are incorporated herein by
reference in their entirety, disclose novel substituted N-(indole-2-carbonyi)-B-alaninamide

35  compounds, including 5-chloro-N-[(18,2R)-3-[3R,4S5]-3,4-dihydroxy-1-pyrrolidinyl}-2-hydroxy-3-

oxo-1-(phenylmethyl)propyl]-1H-indole-2-carboxamide, denoted hereinbelow as the compound
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25 DETAILED DESCRIPTION OF THE INVENTION
The present invention provides novel processes and intermediates useful in the

preparation of certain N-(indole-2-carbonyl)-B-alaninamides. More particularly, the invention

provides novel processes for preparing the compound 5-chloro-N-[(1S,2R)-3-[3R,4S]-3,4-

dihydroxy-1-pyrrolidinyl]-2-hydroxy-3-oxo-1-(phenylmethyl)propyl}-1H-indole-2-carboxamide (1).

30 The invention further provides intermediates useful in the preparation of the aforementioned
compound, and processes for the production of such intermediates.

In one aspect of the invention, there is provided a process for preparing a compound of

structural formula (1)
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i nt er mediwDas/0599m0 one aspect of the invention, there is proTiTH&doa34pr ocess
for preparing a conpound of structgral formula (1) WO 03/059910
PCT/1B03/00034 -6 Ph OO CIl NNOH HN HOHOHd (lI) which process
conprises the steps of: (a) coupling a conpound of structural formula (la)

Ph OO O NOHH 5 HO (la) with Bhpyrroline to provide an am de
derivative of structural for Ph ,OOC NN H NHOH (11b) and

(b) oxidiziag med in Step (a) to provide the
conpound of ~3Q the coupling reaction set forth

in Step (a), . ®H
N OH
OH
\ ()
which process comprises the steps of:
(a) coupling a compound of structural formula (la)
Ph
O O
Cl
\ N Y OH
N : =
5 H OH
(la)
with 3-pyrroline to provide an amide derivative of structural formula (lb)
Ph
O O
Cl
\ N : N
H H /
N OH
(Ib) ; and

(b) oxidizing the amide derivative (Ib) formed in Step (a) to provide the compound of

10  structural formula (1).
In the coupling reaction set forth in Step (a), the compound of structural formula (la)

Ph

O 0
Cl

A\

OH

Ir=
Ir=
Oftin-
T

(Ia)



OO0Od NOH HHOH H(la) W 03/059910 PCT/1B03/00034 -7 prepared
according to the nethods disclosed in the aforenentioned U S. Patent Nos.

6, 107, 329W0838391877, and 6, 297, 269, is coupled w th 3-pymrcaliBeszoods provi de
t he conpound of structural forrmula (Jb) Ph OO C NN NHHOCH 5 (Ib)
Such coupling reaction may be effect€d according to standard synthetic

nmet hodol ogies known to one of ordinary skill in the art. For exanple, such

couplin t ed ,UsSi opt e c

1705 o Bt R R R gL B S AR aPRBR | 3 A GHRRRRE) TR Rt ReE e
pr esencé,1®7 329h§,d?3)875,eam:b€5 29'61269 dés @cbﬂ(ﬂ&'ﬂ) wltrﬂ34pym'gline)tqpﬂoviti@ the compound of

et hyl ox | -1, 2-di hydroqui none (EEDQ , CDI/HOBT, propanephosphonic
anhydri %gu&(arﬁ&%mu% (%3i et hyl phosphoryl cyani de, and the |like, in an aprotic,
reaction-inert solvent, such as dichloronmethdte, acetonitrile,

di et hyl et her, tetrahydrofuran, optiong [ resence of a tertiary
am ne base, such asftriethylamne or pyl et hyl am ne (Hunig's
Base). Such coupling \ errperature range of from
about 0 C to about the NE t enployed. In a
preferred enbodi nent, t pl i Ng react'on sz effe ted anbi ent
tenperature in tetrahydrs i ng EDC and @Hcat al anount of  HOBT,
in the presence of an organl c ba‘sle selected fr triet hyI anmine or Hunig's
Base. The use of Hunig's Base in suc? b§OUp| ing is especially preferred.
The 3- pyrroline starting materi al e obtained from conmercial sources.
20 The oxi da |ng
fo synt et oo aneRbney euaFinal B bledE At R e hefcabgles
conver t Kigyvroloedriers ordinayy ekid ingthg|agt. For example, such coupllng may be effected using an

appropriate coupling reagent such as 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

hydrochloride (EDC), in the presence of 1-hydroxybenzotriazole (HOBT), 2-ethyloxy-1-

10  ethyloxy-carbonyl-1,2-dihydroquinone (EEDQ), CDI/HOBT, propanephosphonic anhydride
(PPA), or diethylphosphorylcyanide, and the like, in an aprotic, reaction-inert solvent, such as
dichloromethane, acetonitrile, diethylether, tetrahydrofuran, optionally in the presence of a
tertiary amine base, such as triethylamine or N,N'-diisopropylethylamine (Hunig's Base). Such
coupling is typically effected at a temperature range of from about 0° C to about the reflux

15  temperature of the solvent employed. In a preferred embodiment, the coupling reaction is
effected at ambient temperature in tetrahydrofuran using EDC, and a catalytic amount of
HORBT, in the presence of an organic base selected from triethylamine or Hunig's Base. The
use of Hunig's Base in such coupling is especially preferred. The 3-pyrroline starting material
may be obtained from commercial sources.

20 The oxidation reaction set forth in Step (b) may be effected according to synthetic
methodologies known to one of ordinary skill in the art for converting olefins into cis-diols.
Such oxidation may be carried out using ruthenium(Ill) chloride, with sodium periodate as a co-
oxidant, AgO (J. Org. Chem., 61, 4801 (1996)), osmium tetroxide, or a catalyst with N-
methylmorpholine N-oxide (NMO) in a reaction-inert, polar organic solvent such as acetonitrile,

25  tetrahydrofuran, alkyl ethers, and the like. In a preferred embodiment, the oxidation of (Ib) to
compound (1) is effected using catalytic osmium tetroxide and N-methylmorpholine N-oxide
(NMO) in tetrahydrofuran (Rosenberg, et al.; J. Med. Chem., 33, 1962 (1990)).

The product of Step (b) is then preferably isolated according to well-known

methodologies known to one of ordinary skill in the art.

30 In another aspect, the invention provides a process for preparing a compound of
structural formula (I) '



Such oxidation may be carried out using rutheniun(ll1) chloride, with

sodi um peri odate as a co- oxidant, AgO (J. Og. Chem, 61, 4801 (1996)),
osm um t ewpagiosk® o or a catal yst with N net hyl nor phol i ne RCaAaBaz000NMO) in a
reaction-inert, polar organic solvent, such as acetonitrile, 25
tetrahydrofuran, alkyl ethers, and the like. In a preferred enbodi nent, the
oxidation of (lIb) to corrpound (I') is effected using catalytic osm um
tetroxi de and N-rret hyl mor phol i ne N oxi de (HP(D) i n tetrahydrofuran
(Rosenberg, et al.; J. Med. Chem, 33, 196 1990)). The product of Step

(b) is then prefer abI y isolated ac Dr di n | -known net hodol ogi es
known to one of & e art anot her aspect, the

i nvention provides a proce ) FeRar | ou ruct ur al
formula (1) WD 03/05 “g¥h O d BH HN HOH

ng a conpound of
(la) wth

rrol e,

de an acetoni de

OH (I) which process y the steps ofZ (a)
structural fornula (la) Ph Ob O I \ NOGHH 5
(3aR, 6aS) -t etrahydro- 2, 2-di net hyl -4H 1, 3-di oxol o-[ 4, 5-¢
p-toluenesulfonate(l\ﬁ) OOH. TsOH (IVi) 10 to pr
derivative of structural formula (Ila)()

which process comprises the steps of:

(a) coupling a compound of structural formula (la)

Ph
O O
Cl
\ N I OH
N i =
5 H OH
(la)
with (3aR,6aS)-tetrahydro-2,2-dimethyl-4H-1,3-dioxolo-[4,5-c]pyrrole, p-toluenesulfonate (Ivi)

O><O

” “TsOH

(Vi)

10 to provide an acetonide derivative of structural formula (lla)
Ph
o 0

Cl

A\ X .

(la) OX

; and

Iz

Ollneee-
T

N
H

(b) cleaving the acetonide derivative (lla) formed in Step (a) to furnish the compound of

structural formula (1).



Ph OOd I \ " NHO HOHdH(Ila) Oand (b) cleaving the acetonide
derivative (lla) formed in Step (a) to furnish the conmpound of  structural
formul a (WP.o3M998B/ 059910 PCT/ 1 B03/ 00034 -9 The coupl i ngprafi/iBanwozind (| a)
with (1Vi) to formthe acetonide deriyative (l1la) can be effected
according to the nethods discl osed hegrel nabove for the preparation of
conpound (lIb). Preferably, the coupli ng I s perfornmed using EDC and HOBT in
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t hen, Wi iﬂ L;pc}'%e%ﬁlon st R the myre pol ar substrate (1)
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or

conmpound (1) be effected accordi n %?\nera known
exanpl eleaspns Péﬁwevﬁd g%lon ard pariy. dodsp %teétC@ e (la) Byoniptsch clegvage, Téeal
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nmet hanesul foni ¢ or p-toluenesultonic acid, esence 0
Al t er nathiev degrotestinm stapd tie )mmwmrswbsﬁaboﬂ)/ﬁnw@iatéw bpr@yﬁialmnbny theeesby

pr oduct ‘L"W@@g?ﬁh’. Zéf?#l goﬁ?mﬁltleé) ha@%é{z ngije%gﬁl | a). The preparation of a

sol ution n'a sui may be effected as
out | i ned her &haaloovesio é acatox;ld‘eulla))mt@rcsrinpoum (Ipoedyolpe deﬁeditédi arcording t80

conpound_ (| described .in_Exanpl e nveni ently
ef f ect eaer(eé%'é'o‘?rl?wﬁgmfg’oﬁﬁ’o%e '8d§y &"eéﬁaﬂfrgﬁ“‘lé 'S%e‘f%%?mﬁ%%ﬁ HeVifbRut i on
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p-tol ueﬁlgbf?p?%tﬂo@c%pgglu%negﬁ QHRRFd é&db@*ﬁ&f%i?ﬁ&?? WAl Conpound (1) so

Alternatively, compound (I) may also be conveniently prepared by the production, and

in situ cleavage, of acetonide (lla). The preparation of a solution of acetonide (lla) in a suitable
solvent may be effected as outlined hereinabove. The in situ conversion of acetonide (lla) into

20 compound (1), described in Example 5 hereinbelow, may also be conveniently effected
according to known methods, for example, by treating the solution of acetonide (lla) with an
aqueous mineral acid, such as hydrochloric or hydrobromic acid, or an organic acid, such as
methanesulfonic, or p-toluenesulfonic acid, also under aqueous conditions. Compound (1) so
produced may then be isolated according to known preparative methods.

25 In another aspect of the invention, there is provided a process for preparing a
compound of structural formula (I)

Ph

0O ‘ 0
Cl

Z
Iz
Ol
T

OH
U]
which process comprises the steps of:

30 (a) coupling a compound of structural formula (la)



produced may then be isolated according to known preparative nethods. 25 In
anot her aspect of the invention, there is provided a process for preparing
a conpouwwo oofosstue uctural fornula (1) Ph OiNC N OH HPRT/IBYBMoLH (1)
whi ch process conprises the steps of 30 (a) coupling a compound of
structural fornula (la) WO 03/059910qPCT/I803/00034 -10 Ph OO d N O™
HHOH (la) with cis-3,4-di hydroxypyrrolidine, p-toluenesulfonate (Vi) HO
OH H TsOH 5 (Vi) to provide an ethanol solvagg of structural formula
(Itia) Ph OO G HNOO NH(iIia)OO—IEtO—I arbd

Cl
\ N : OH
Ho g
N OH
(Ia)
with cis-3,4-dihydroxypyrrolidine, p-toluenesulfonate (Vi)
HO OH
H ' TsOH
5 (Vi)
to provide an ethanol solvate of structural formula (llla)
Ph
O 0
Cl
\ H 5 N OH
N OH
(1lia) "EtOH  OH  :and

(b) desolvating the ethanol solvate (llla) formed in Step (a) to furnish the compound of
structural formula ().

10 The coupling of compound (la) to form ethanol solvate (llla) may be performed
according to those coupling methods previously described hereinabove for the preparation of
compound (Ib) and acetonide (lla). Preferably, the coupling is effected using EDC and HOBT
in the presence of a tertiary amine base, such as triethylamine, or Hunig's Base. The use of
Hunig's Base is especially preferred..

15 The ethanol solvate (llla) may be desolvated to form compound (I) by dissolving (llla)
in an aprotic solvent, such as ethyl acetate or toluene, distilling the solution to remove residual
ethanol, treating the solution with water such that a concentration of water in the range of
between about 1% to about 3% water is achieved, and warming the aqueous solution to reflux
temperature, at which point crystallization of (I) begins. The addition of seed crystals to the

20  aqueous solution prior to reflux is typically preferred. The reflux period may comprise from a
few hours to one or more days, preferably from about eight to about twenty hours. Once



(b) desolvating the ethanol solvate (lIlia) formed in Step (a) to furnish
the conmpound of structural formula (1). 10 The coupling of conpound (I a)
to form ewbanobssol vate (Il1ia) may be perfornmed accordi n@CraBodimes:
coupling methods previously described herei nabove for the preparation of
conpound (1b) and acetonide (lla). Preferably, the coupling is effected
using EDC and HOBT in the presence of a tertiary am ne base, such as

trieth ] . or. H + S, B h und. g i inal:

or ef er § 6qoegatefl s HRietiiy BRfpietd" BrqtRs) irer Iy BribBe 97 BredroBRPEENBN oy
(1) by diessrablyiahgtnidspherjc pressusa) aaptind slorng sl thamnegolexiiolbetvgeent diplit Hdebbdud or
tol uene, disti)]lin he solytion to renove residual . ethanol, treati t he
ol ut1 oAVt GEREE abaSomemErtal e, MR e GRPT 5 1L RO FeEAGIogp

bet weensmhatt Mdhdds, abaids BMilvaibar 1 s achieved, and warnm ng the aqueous
solution to refl ux enperature, at whjch point c%r%stal l'i zation of (1)

J P , .
begiths. The HUdPFt PBANGF 28RRG: KeyRieseyd nyentine PFBVideiiSoBiOce (R i IAPFINGoR t o
refl ux psmpoitiiacatistriictoraefopfiigdyy The reflux period may conprise froma few
hours to one or nore days, preferably from about eight to about twenty
hours. Once WO 03/ 059910 PCT/IB03/00034 -4Ahcrystallization is essentially
conpl ete, excess water is renoved ropi© distillation, preferably
at at nospheric predsure rry ifs thejj cooled to between about 5
to about 30" C, prefd ur wher |_}he i sol ati on of
(1) is perfornmed accor \ri}grret_ods, @yfiltration. 5
In yet another aspect, e~pregent i nventi oB provi\des /a process for
preparing a conpound of “strucHural fornula®H) Ph O C NNOH HN H
OHL OH (lI) which process conprises coupling a compou of structural
formula (la) Ph OOC N O 0

which process comprises coupling a compound of structural formula (1a)

Ph
O O
Cl
\ N T OH
N H =
10 H OH
(la)
with ¢is-3,4-dihydroxypyrrolidine free base (V)
HO OH
N
H
V)

15  to provide the compound of structural formula (I).

The coupling of compound (la) with cis-3,4-dihydroxypyrrolidine free base (V) to form
compound (I) may also be performed according to those coupling methods previously
described hereinabove for the preparation of compound (Ib), acetonide (lla), or ethanol solvate
(llla). The free base of cis-3,4-dihydroxypyrrolidine (V) may be prepared according to the

20 several synthetic methods described in detail hereinbelow including, for example, the process

disclosed in Example 18. The compound of structural formula (I) so prepared is then



H N10 HOH (la) wth cis-3,4-dihydroxypyrrolidine free base (V) HO CH
N H (V) 15 to provide the conpound of structural formula (I). The

coupl i ng wh osospound (1a) with cis-3,4-di hydroxypyrrolidi meTfiBexoobzase (V)
to form conpound (I) may al so be pe_{%or med according to those coupling
met hods previously described herei nabove for the preparation of conpound
(I'b), acetonide (lla), or ethanol solvate (llla). The free base of

Ci s-3, 4l &l ndi :

cever al P o ol B GRe R oo 1 Gl Ry,
exanpl e?kifﬂbthﬁraﬂcess di scl osed in Exanple 18. The conpound of structural
formula (1) ' h 03/-0 I B&3 0 rably
i sol at ed acc?&gﬁlﬁspﬁ%gs%t gﬁ}jﬁaer gﬂﬁiﬁaﬁo 89@3%2”15%‘% areogep%lmn%)\%vﬁ) r?%a‘?{g e of
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synt het | ef ul : LG ( and the acid. addition
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i nt er rediethass weef deésdrihed hin pletgilartmréioelad Donfueneds( 1) .to THesEhex el ar y
synt het i .are ribed in il _hereinbelowin Schenes | to 7.
The. cr s BYBRISHBIE poGBRlc e sl M M HABRA SRmR i)y be

obt ai ned comireons aspegt, tharinvastioasrevddes & PRCES @s¥ful M pRIHENHE BSMBoURHQVE 7
useful in pr rJ. n c? ou d?ﬁ‘&'i\g" or an acid addition salt thereof, which
pr ocessaﬁﬁﬁf Baﬁ@'?ﬁ@ g&éﬁé} i AREEISerUTRIISES JiR iSters19-tinedehaseinbelay ane 1
HO {H HSckdhét. N --~ 949 n - n N H H Boc Boc Boc H (Va) (Vb) (V) 15 As
shown in Schene 1, the 3-pyrroline starting material (Al drich Chem cal Co.,

Scheme 1
HO OH HO OH
N N N N N N
H H Boc Boc Boc H
(Va) (Vb) v)
15 As shown in Scheme 1, the 3-pyrroline starting material (Aldrich Chemical Co.,

Milwaukee, WI) is protected with BOC-anhydride in the presence of an organic or Brénsted
base in an aprotic solvent. The mixture of protected N-BOC-3-pyrroline products (Va) may
then be oxidized to the corresponding diol (Vb) according to known methods, for example
osmium tetroxide oxidation, the use of catalytic osmium tetroxide with a co-oxidant, the use

20  of ruthenium(lll) chloride/sodium periodate (Shing, T. K. M., et al., Angew. Chem. Eur. J., 2,
50 (1996), or Shing, T. K. M., et al., Angew. Chem. Int. Ed. Engl., 33, 2312 (1994)),
potassium permanganate, or similar reagents and conditions that will be well-known to one of
ordinary skill in the art. The BOC protecting group of (Vb) may be subsequently removed by
treatment with a suitable acid, for example, trifluoroacetic acid, methanesulfonic acid, and the

25 like, in the presence of a reaction-inert solvent such as tetrahydrofuran, dichloromethane, or
acetonitrile, to form (V).

Preferably, compound (V) is then isolated, either in the form of the free base, or in the
form of an acid addition salt thereof, wherein such acid addition salt may be prepared
according to known methods. Such acid addition salts may include, for example, the

30  hydrochloride, hydrobromide, sulfate, hydrogen sulfate, phosphate, hydrogen phosphate,
dihydrogen phosphate, acetate, succinate, citrate, methanesulfonate (mesylate), and 4-
methylbenzenesulfonate (p-toluenesulfonate) acid addition salts. Such acid addition salts may



M | waukee, W) is protected with BOC-anhydride in the presence of an
organic or Bronsted base in an aprotic solvent. The m xture of protected
N- BOC- 3- pworoalosaeeo pr oducts (Va) may then be oxidized to trha/mBayeespondi ng
di ol (Vb) according to known nethods,, for exanple osm umtetroxide
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hydr ochgwﬁdﬂ,%au@ydr obrom de, tosylate, acetate, etc.), the hydrogen form
of a dibasic acid (e. dr ogen sulfate succinate, etc.), or the

di hydr ogen 'P\B@H?rﬁﬁt"@ "ﬂ?‘ihﬁ‘iﬁiaé mayike Yseddo prepars errerpund dMb op Raked aghitieat e,
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acid is enplo wever, where such salts as the sulfate, hemisuccinate,
phokphat e, or hydr ogen phosphate are desired, the appropriate and
stoichionetric equival ent of the ag I general |y be enpl oyed. The free
base and the acid are normally corcgtj'lcﬂ‘-%ﬂgt‘lgn a co-solvent from which the
desired acid addition salt then precipitates, or can be otherw se isol ated
by concentration of the nother d4jquor, or by the 10 precipitative effect
resulting fromthe additiongof non-sol vent. Espgciglly preferr a5k d

addi tion sad)ts of conpound ( c@nmprlrse the p-to nesul fonate ( and
hydr ochbaQy | cid _addition sal ©5. An_alternatiyv thod that may be used

to prepare c (ﬁmd (V), or an ggid addition salt Nhereof, conprises the
process out | |Oned her ei nbel ow\ly\slgh\eme 2. 15 SCHEMB2

(Vib) V)

(Vla) & (Vi a')

20 As shown in Scheme 2, the dibromo diketone starting material is reduced in the
presence of a suitable reducing agent, such as sodium borohydride, in a reaction-inert solvent,
such as an ether (tetrahydrofuran or methyl tert-butyl ether), or other suitable solvent(s) to
provide a mixture of the syn- and anti-alcohols (Vla) and (VIa'). Alcohols (Vla) and (Vla®) are
then cyclized with benzylamine in the presence of a suitable base, such as sodium

25  bicarbonate, to yield diol (VIb). The use of an additive, such as potassium iodide, has been
shown to improve the rate of cyclization. See, for example, Larock, Comprehensive Organic
Transformations, VCH, New York, 337-339 (1989).

The benzyl protecting group of (Vib) may be subsequently removed by standard
methods, such as hydrogenation using a catalyst such as palladium on carbon in a reaction-

30 inert solvent, such as an alcohol or ether, to form compound (V), followed by acid addition salt
formation, if desired.



OHBr _J\,-,Br HOHOOHHOOH Br OHBr OOHNN Br Bn H Br OH (Vib) (V)
(vVia) & (Mi a') 20 As shown in Schene 2, the dibrono di ketone starting
materi al wo iseshieeced in the presence of a suitable reduci mgTageniopsdsuch as
sodi um borohydride, in a reaction-i I’_I,F_{_t solvent, such 'as an ether
(tetrahydrofuran or nethyl tert-butyl ether), or other suitable solvent(s)
to provide a mxture of the syn- and anti-alcohols (Via) and (Via').
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I nprove the rate of cyclization. See, for exanple, Larock, Conprehensive
Organic Transformations, VCH, New York, 337-339 (1989). The benzyl
protecting group of (VIb) may be subCHEMER |y renoved by standard nethods,
such as hydrogenation using a catalyst such as pal j@digmon carbqp in,a
reacti on- @30 ¢Hnert sol vent, s 8" an al cohol or e r, to form z@igound

(V), foé Haci-d _addi,ti on salt formation»if desired. WD,03//059910
PCT/ 1 BO3/ 008341 -14 Yet anot @®rnative nethod that may be enphoyed in

t he prepara i of of (V), or an a%id addition salt thereof, corrprisaks t he
process depicted in Schenme 3. SCHEME 3 HOOHHO OHHO OH OOHHOYy OHO
NON Bn Bn H5 (VIIb) (Vib) (Mp in Schene 3, neseafjartaric acidws
cyclized with benzylamne to give diol (VIIb). Such «cyclization is
typically effected i eégtt@i on-inert solvent such as net hgil ene chl ori de,

ar , . .
t et r ahydr of utlapchegie @t'ﬁ?’?o' figaeid & cyclizrdavity benzyla iPAvedigflIR)- sshent
t enper agydigatioPeie. typically effected in a reaction-inert solvent such as methylene chloride,

tetrahydrofuran, or ethyl acetate at temperatures generally above ambient temperature. See,

for example, March, Advanced Organic Chemistry, 4™ Ed., Wiley Interscience, 420 (1992). It
10  will be appreciated by one of ordinary skill in the art that such amide bond formations from

carboxylic acids may be aided by additon of coupling agents such as

dicyclohexylcarbodiimide,  N,N’-carbonyldiimidazole, or ethyl-1,2-dihydro-2-ethoxy-1-

quinolinecarboxylate (EEDQ). Diol (VIlb) is then reduced to diol (VIb) through the use of

known reducing reagents, such as lithium aluminum hydride, diborane, or sodium borohydride,
15 in the presence of boron trifluoride.

The benzyl protecting group of (Vlb) may be subsequently removed by standard
methods, such as hydrogenation using a catalyst such as palladium on carbon in a suitable
solvent, such as an alcohol or ether, to form compound (V), followed by acid addition salt
formation, if desired.

20 Yet another method useful in the preparation of compound (V), or an acid addition salt

thereof, comprises the steps shown in Scheme 4.

SCHEME 4
o oA HO  OH HO  OH
HO = Br. =
T NS S ZNg —_—
OH OAc I N
Bn H
25 (Vilia) (VIb) v)

In Scheme 4, the butane-tetraol starting material is converted to diactetate (Villa)

under standard conditions, such as treatment with hydrobromic acid and acetic acid, or by
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In Scheme 5, (E)-1,4-dichloro-2-butene is di-hydroxylated to furnish diol (IXa)
employing conditions known to one of ordinary skill in the art, for example, hydrogen peroxide
and formic acid, or m-chloroperoxybenzoic acid and water. Diol (IXa) is then cyclized with

20  benzylamine in the presence of a suitable base, such as sodium bicarbonate, to give diol
(VIb). As disclosed hereinabove, the use of an additive, such as potassium iodide, to assist
cyclization may be employed if desired, or appropriate.

The benzyl protecting group of (VIb) may be subsequently removed by standard
methods, such as hydrogenation using a catalyst such as palladium on carbon in a reaction-

25  inert solvent, such as an alcohol or ether, to form compound (V), followed by acid addition salt
formation, if desired.

Yet another method useful in the preparation of (V), or an acid addition salt thereof,
comprises the process depicted in Scheme 6.

30 SCHEME 6



10 Yet another nethod useful in the preparation of (V), or an acid addition
salt thereof, conprises the process shown in Schene 5. SCHEME 5 OH HO OH
HO OH Ciwa0lo3/05998 OH H Bn 15 (I1Xa) (Mb) (V) In SchenePg&I/1B03/00034
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for1exagplhg ARKIHAMAINT dHfforRBOhytdt¥ ! and sodium periodate in a cooled acetonitrile/ethyl

acetate solvent mixture. Diol (IXa) is then cyclized using benzylamine in the presence of a
suitable base, such as sodium bicarbonate, to furnish compound diol (Vib). As disclosed
hereinabove, the use of an additive, such as potassium iodide, to assist in cyclization may be
employed if desired, and/or appropriate. |

15 The benzyl protecting group of (Vlb) may be subsequently removed by standard
methods, such as hydrogenation using a catalyst such as palladium on carbon in a suitable
solvent, such as an alcohol or ether, to form compound (V), followed by acid addition salt
formation, if desired. |

Yet another method of preparing compound (V), or an acid addition salt thereof,
.20 comprises the process shown in Scheme 7.

SCHEME 7
HO_~ ™~ OH HO\/\N/\/OH o\/\N A~O Z—S Z._g
H BOC BOG
BOC
(Xla) (XIb) (Vb) V)

As shown generally in Scheme 7, the aminodiol starting material is protected with

25 BOC-anhydride in the presence of an organic or Bronsted base in an aprotic solvent. The
BOC protected diol (XIa) is then oxidized to dialdehyde (XIb) by methods generally known to

those skilled in the art. For example, diol (Xla) may be oxidized using a strong oxidant such

as potassium permanganate, ruthenium tetroxide, manganese dioxide, or Jones' reagent
(chromic acid and sulfuric acid in water). Alternatively, oxidation of (Xla) to (XIb) may be

30 effected by catalytic dehydrogenation using reagents such as copper chromite, Raney



acetate, may also be utilized. In a preferred enbodi nent, the oxidation
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20 As shown in Scheme 8, ribose is protected by forming the acetonide derivative (Xlla)
thereof. Such acetonide formation can be effected in a variety of ways, for example,
according to those methods described in Greene, T.W., et al., Protective Groups in Organic
Synthesis, 2" Edition, Wiley-Interscience, (1991). As an example, the formation of protected
diol (Xlla) may be performed using acetone in the preéence of iodine. The oxidation of (Xlla) to
25 (Xllb) may be effected using reagents including sodium periodate in methanol. The reduction
of (Xllb) may be performed according to known methods, for example, through the use of
lithium aluminum hydride or sodium borohydride in the presence of acid, such as acetic acid.
Amine (IVc) is prepared by treating (Xllb) with benzylamine in methylene chloride or similar

reaction-inert solvents.



Preferably, conmpound (V) is then isolated, either in the formof the free
base, or in the formof an acid addition salt thereof, wherein such acid
addi ti on walos/opmyo be prepared as 10 descri bed herei naboveCcTARa/(vess aspect
of the instant invention provides synthetic nethods useful for preparing
conpound (IV) hereinbel ow, and the 48 d addition salts t hereof , which
conpound and acid addition salts, are also internedi ates useful in the

preparation und Such | a nt het ) c et h ds_ar icted
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treti ng (XIIb) with benzyl amne in nethylene chloride or simlar
reaction-inert solvents. WO 03/ 059%ICHEMEHI BO3/ 00034 -18 The benzyl
protecting group of (lVc) can be subsequently_renoved according.to
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wherein Piv represents the pivaloyl moiety, i.e., (CH3);C(O)- .
As shown in Scheme 9, meso-erythritrol is protected using standard methodologies to
15  form the di-pivaloyl derivative (Xllla). Such protection isApreferany effected using pivaloyl
chloride in the presence of a strong organic base, such as pyridine. The resulting diol (Xlila)
may be protected by formation of the acetonide (XIlib) by treatment of (Xllla) with tosic acid in
acetone or by treatment with 2,2-dimethoxypropane (DMP). The Piv- groups of (Xlllb) may be
subsequently removed according to standard methods, for example those methods disclosed
20 in Greene, T.W., et al.,, Protective Groups in Organic Synthesis, 2" Edition, Wiley-
Interscience, (1991), to form deprotected derivative (Xllic). As an example, the deprotection of
(Xlllb) may be effected using a strong inorganic base, such as sodium or potassium
hydroxide, in an aqueous solvent, such as an alcohol. Mesylate activation of the diol (Xlllc), in
a suitable non-reactive solvent in the presence of a base such as triethylamine, gives
25 compound (Xllld). Cyclization of (Xllld) with benzylamine in the presence of a base, such as

an organic amine, affords (IVc). The benzyl protecting group of (IVe) can be subsequently



t hereof, conprises the process illustrated in Schene 9. 10 SCHEMEQ 9H OH =
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The oxidation of N-benzylmaleimide to diol (Vilb) may be performed according to

“synthetic methods known to one of ordinary skill in the art. For example, such oxidation may

15  be effected employing a mixture of sodium periodate and a ruthenium salt in a reaction-inert,

aprotic solvent such as acetonitrile, or a halogenated hydrocarbon solvent such as chloroform,

methylene chioride, or carbon tetrachloride. Where appropriate or desired, solvent mixtures

comprising reaction-inert, aprotic solvents, for example, acetonitrile and ethyl acetate, may

also be utilized. In a preferred embodimént, the oxidation reaction is effected utilizing

20  ruthenium(lll) chloride hydrate and sodium periodate in a acetonitrile/ethyl acetate solvent
mixture at below ambient temperature.

The formation of acetonide (IVb) may be effected according to synthetic

methodologies known to one of ordinary skill in the art. For example, such protection may be

performed by condensing diol (VlIb) with acetone, 2,2-dimethoxypropane, or a mixture of both,

25 in the presence of an acid catalyst, such as sulfuric, p-toluenesulfonic, or methanesulfonic



pal I adi um on carbon in a suitable solvent, such as an, al cohol or ether, to
form conmpound (I1V). Preferably, conpound (1V) is then isolated, either in

t he formwD oBlsvsiio ee base, or in the 5 formof an acid adecTiiBes/®@adt

t hereof, wherein such acid salt nmay he prepared as descri bed hereinabove.

I n anot her aspect, the invention prdvides a generally preferred process for
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' re,at bel ow

e ARy L R AN B T AT ) S R
accor di tprietofydihdretskit in the art. For example, such using palladium salts, or complexes, such
as Pd(OH),, or Pd/C in polar, protic solvents, such as methanol or ethanol, in a non-protic
solvent, such as tetrahydrofuran, or in a mixture of such solvents. Alternatively, such
deprotection may be effected under hydrogenation-transfer conditions, i.e., Pd/C with
15 cyclohexene. In a preferred embodiment, the deprotection reaction is effected using

" Pd(OH),/C in methanol.

The deprotected product (IV), is then preferably isolated, in the form of the preferred p-
toluenesulfonate acid addition salt (IVi) thereof, which may be either prepared as described
hereinabove, or obtained commercially.

20
Experimental

The present invention is illustrated by the following Examples. It is to be understood,
however, that the Examples hereinbelow are provided solely for the purpose of illustration, not
limitation.

25 The cis-3,4-dihydroxypyrrolidine, p-toluenesulfonate salt (Vi) was purchased from

Aldrich Chemical Co., Fine Chemicals Division, Milwaukee, WI.

Example 1
5-Chloro-N-[(18,2R)-3-(2,5-dihydro-1H-pyrrol-1-y1)-2-hydroxy-3-oxo-1-(phenylmethyl)propyll-
30 1H-indole-2-carboxamide (lb)
Ph
O O
Cl \ ‘
N Y N
N o 5 \j
H



met hodol ogi es known to one of ordinary skill in the art. For exanple, such
protection may be perforned by condensing diol (VIIb) with acetone,

2, 2- di retwoxgpsopane, or a m xture of both, 25 in the pregemaBoifoonn acid
catal yst, such as sulfuric, p- tolueeﬁsulfonlc or net hanesul fonic WO

03/ 059910 PCT/1B03/00034 -20 acid. “I'n a preferred enbodi nent, the
protection reaction is effected by condensing diol (Vila) in

2, 2-di met hoxypropane with a catalyticag unt of nethanesul fonic acid. The
reducti on of acetonide (1Vb) to (IVc) y be effected according to

synthetic rmsm@cba{miaammﬁ@mple ob (R, P8)-pH[¢B- daasrszs-1$rk|hdd)l-2'-yl)cei'benyl]amincﬂor
exanpl e, such reduction my erfor rred ng.,a boron or al um'_m{m
hydr i deo-ByiFrERENZE BRI aF‘Sr '%%Q%ﬁﬁ@d 2598 t%ﬁl?e'f"ﬁ&\oa? éﬂscg’?e‘??é'ﬂ % (r)
(sodi U”éf@ﬂe?r(e%ﬂ&?édhgéy ehiaxxbal 110789, ByXr7iste; arf& @Qgﬁm%miﬁﬂlrrolu@(m 11

M | waukee, W), in an aprotic, reaction-inert solvent, such as toluene or

di eBhyl @t REN5" mingl) (6Wé?'ér$'&!“'@=ﬂb§61 nibivaukese WHwera SHregd dn of Qo trlg of
acet °“'t€ﬁar§y %raﬁ%\/g'tém”éerb@e b ect 4 bH&lzs F@?dmé'rﬁ Lt WwhelraR8E witd 8.674e

deprot ect| accordi ng to synthetic nethodologies
known (OdB30aguiv) Odi rﬁhyﬁowbgkzdtmazple hydrater (HOBBY a@d( 4 | reixtuga wasuedalrfl to

pal | adi um sal P r tic
Col vont EMESL e ¥ ¢ RIGURBRony Bl Ren A (08 Er oty s ad PaRGR e

t et r ahysliepfi 8 hdifute® Bt 0o 3" Gl Xheimixtare viascthers tbated tith 1#§Btdhnetaylammbpropyll)l-6h

PaE s ity B i meoBiorR (B0 &8 Bo b et Bohel b Getia s | ©
reacti OénobVéd & (varh8s absitn’ &%&Wé@éﬁrédﬁammamb Fgl%ré%ﬂ &fo@??¢¢no@f30duc'f

(1Y), is then preferably isolated, in the form of referred p-
t ol ueneBsl regplianemixiire wad disetesvignyvate( (5@ ) tane redip acqsﬁtecﬁfeorf’algl tq)@w% i ther

prepar %‘nt ap‘ﬁﬁqfer TH@ % er*%‘%é?’é 388 8nd e d??érﬁé BYSH v SBRh Y éﬁﬂ co%@entrated

Experi he ent Invention Is iITlustrated by the foll ow ng
Exanpl e fumnishiassdlid bM@'SﬁHﬁi@ﬂwd@rdDamaWW A tokﬁipfﬁﬁeg @Jr/pb/@@) ﬁ%théum| ow

arq5prgm§%%é‘§ﬁjv€ﬁ¥ obRy. t he purpose of ill ust ration, not I|imtation. 25

The ci oxypyrrolidine, p-toluenesul fonate salt (Vi) was
purchased from Aldrich Chenmi cal Co., Fine Chemicals Dvision, MIwaukee,
W. Ex o 5-Chloro-N-f(1 S, 2R)- 3(25dihydrol

H-pyrr - - 2- hydr oxy- 3- oxo- 1- (phenyl met hyl ) propyl |- 30 1

H i ndol e- 2 céﬂn{m&&[ﬂlﬁ 2R13-[3#S]-3.4-dihydroxy-1-pyrroli dmvl] 2-hydroxy-3-0x0-1-
henylmethyhpropyll-1H-indole-2-carboxamide (1

Ph
0 0
cl
A\ YN OH
N e
N OH
20 OH

)

A 1.59 g (3.75 mmol) sample of (Ib), N-methylmorpholine N-oxide (413 mg, 3.52
mmol), and osmium tetroxide (3.6 g, 0.352 mmol) were combined in 15 ml of tetrahydrofuran
and the resulting mixture was stirred overnight under a blanket of nitrogen. The solvent was

25  evaporated in vacuo and the residue was partitioned between ethyl acetate and saturated
aqueous sodium bicarbonate. The layers were separated, and the organic layer was washed
twice with sodium sulfite solution, and then sodium bicarbonate. The aqueous washes were
backwashed with ethyl acetate, dried over sodium sulfate, stirred with decolorizing charcoal,
and evaporated in vacuo. The residue was adsorbed onto silica gel and flash

30 chromatographed eluting with ethyl acetate:methanol (9:1). The product-containing fractions

were combined, treated with decolorizing charcoal, and evaporated to a foam which was



OO A1l \ HHN NO H/ W 03/059910 PCT/1B03/00034 -21 (Ib) A S5.00 g
(0.0134 mmol) sanple of ((xR (3S)-[3-[[(5-chloro-1

H i ndol - 2weloposdionyl ] am no] - a- hydr oxy- benzenebut anoi ¢ a@ica/1g6xa)00%4pr epar ed
according to the nethods disclosed ifn the aforenentioned U S. Patent Nos.

6, 107, 329, 6,277,877 and 6, 297, 269)™and 3-pyrroline (1.11 5 g, 0.015 nmol)
(Al drich Chem cal Co., Mlvvaukee W) were slurried in 100 m of

et catifeltsgti i BRIBTARG by 868 HETPs HeeRl Pt MO M

and thecm xture was cooled to between 0' and 5 C.

N, N-di i sopropyl ethylamne (2.08 m, 2.1 equ.) was added to the m xture
over 15 mnutes at 00 to 5 C The mxture was then treated with

1- (3- di préMpgleadm nopr opyl)-3 10 et hyl carbodii m de hydr ochloride (EDC) (2.78
g, 1.1 equiv.) at Q: .to,-6' C. erect| & I o) .m & o about
20" T ard=hig ; : ‘
reaction m xturesmass d.@mwa clBvkrol- svan:ﬂbpmm miﬂblea%trmdamldeewel at e (50 m )
to give a two- phase m xture. The |ayers re settled and the organic |ayer
was separated and concentrated to furni a solid by distillation under
partial vacuum A total 92. 74 yi eld) of the pure 15 title
product was i sol at &~ B 5-1Chl or
S, 2R) - 3-[ 3R, 4S1- 3, 4-di

: RIT dN -3 oxo 1-
(phenyl net hyl ) propyl | - e- 2- cay boxam de h NNOHd NH
HOHL 20 OH (1) A1.59g (375 mol) sl e b) rrethylrmrpholine
N-oxide (413 ng, 3.52 mol), and osmumtetroxide (@ 6\g, 0.352 mMmmvl) were

conbined in 15 m of tetrahydrofuran

(na)
A 25 g (0.067 mol) amount of (la) and (IVi) (22.2 g, 0.0704 mol) were stirred in 125 ml
10  of dichloromethane and 125 ml of tetrahydrofuran at 20" to 25" C. N,N-diis‘opropylethylamine
(23.4 ml, 0.134 mole) was added to the mixture over 15 minutes at 20" to 25" C. The reaction
solution was cooled to between 0" and -10° C and treated with 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDC) (14.2 g, 0.0741 mol), and hydroxybenzotriazole hydrate
(HOBT) (10.0 g, 0.074 mol). The reaction mixture was stirred at -8" to -10° C for about 30
15  minutes. The reaction was allowed to warm to ambient temperature over about 45 minutes
and stirred for about 2 hours. The reaction mixture was treated with 50% aqueous sodium |
hydroxide to give a pH of about 10, and the two-phase mixture was allowed to settle. The
organic layer was concentrated to an oil by rotary evaporation using partial vacuum. A total of
31 g (88 % yield) of title compound was isolated.
20

Example 4
5-Chloro-1H-indole-2-carboxylic acid-[(1S-benzyl-3-((3R.4S)-dihydroxy-pyrrolidin-1-y)-(2R)-

hydroxy-3-oxopropyl]-amide (1)
O O
Cl
A\ N OH

OH

25 M



and the resulting m xture was stirred overni ght under a bl anket of
nitrogen. The solvent was 25 evaporated in vacuo and the residue was
partiti orwo idesmeen et hyl acetate and saturated aqueous OAITBOB/00034

bi carbonate. The |ayers were separ at% and the organic | ayer was washed
twice with sodiumsulfite solution d then sodi um bi carbonate. The
aqueous washes were backwashed with ethyl acetate, dried over sodium

esi due was ADETR D serphids (AL ERBed 1P LSRR eI B g

with et land 1ﬂcrelta°twaten”éftﬁeap‘rd)Wa(s Qad,m)sted'lfhe .Pwitkd BbIt hydcothiario iaoiy, BnditHe sohstionwer e

i ch v R0 8o ARREANGE BT EE 3R ped HUTERERBTT SR it ROX

hex anes sbdlurfnmydro&hieSQrEd g nGitbredvas atndjpheticallytdstilebbiremove e téifbydrofuta®’ C.

|l e Chl or o- S . . .
2R 15 2. MDRCBIEYE Helh SoRT o Aciig: ey 9o pe BN An 10, Pl piSr-2ns. 9 et hy 1 -
5H— 1 3 domkiako [ dtganic | lpyars alers- addepr 2oyl of Lhéptames] of e kmrngo\}va:fa @@s(duiga% \F;h)
nt o an I
(22 2 gPW‘%%N%PH"‘%%"é%P@‘?’?Q‘% ‘%’é‘é‘ﬁﬁ‘? %Xd"t@mﬂ W?%h?é‘t‘&' Ee%tﬁ'aﬁ 125
m of taheablidduay dHcdrovainighin eeud B préviddNt Rgifitseftieiripuhy ami ne  (23.4 nl,
0.134 nole) was added to the m xture over 15 minutes at 20 to 25 C. The
reaction solution was cooled to between 0* and -10° C and treated with
1- (® di Eﬁéﬂﬁmb Fm nopropyl) 3- et hyI car bodi i m de hydrochl ori de (EDC) (14.2 g,
0.0741 h 10 _ 0. 074 nol ) .
The reac HA S o1y
The reaction was aI I ovved to \MM%IM rature over about 45
mnutes and stirred for about ours e reaction mxture was treated
w th 50% aqueous sodi um hydroxide to giv pH of about 10, and the
t wo- phase nixture was allowed to sétle. TheOorganlc | ayer was
concentrated to an y sing partial vacuum A total
of 31 g (88 %yield) N . Bxanpl e 4

OH

()
15 A 10 g (0.027 mole) sample of (la), an 8.88 g (0.028 mole) sample of (IVi) and 0.06 g
(0.044 mole) of HOBT were combined in 50 ml of tetrahydrofuran, and the resulting slurry was
cooled to -10"to -5°C. A total of 4.15 g (0.032 mole) of Hunig's Base, and 5.66 g (0.03 mole) of

EDC were added and the resulting solution was stirred at ambient temperature for about 12

hours. The solution was diluted with 50 ml of water, and the pH was adjusted to about 1.7
20 using 1.5 ml of concentrated HCI. The reaction mixture was then heated to refiux for about 10
hours. The pH was adjusted to 6.5 to 7.5 with 50% sodium hydroxide, and the solution was
reduced to a small volume by atmospheric distillation at a pot temperature of about 90° C. A
total of 100 ml of ethyl acetate was added, the organic layer was washed with 50 ml of water,
and the organic layer was diluted with 50 ml of toluene. The mixture was refluxed overnight,
25  stirred for about 10 hours at ambient temperature, and filtered. The residual solid was dried in

vacuo at a temperature of about 45° C to afford 10.4 g (86.6% yield) of the title product.

Example 6
5-Chloro-N-[(1S,2R)-3-[3R,4S]-3,4-dihydroxy-1-pyrrolidinyl]-2-hydroxy-3-oxo-1-
30 (phenyimethyl)propyl]-1H-indole-2-carboxamide, ethanolate (llla)




5-Chloro-1 Hindol e-2-carboxylic acid-f(1

S-benzyl - 3- (( 3R, 4S) - di hydroxy-pyrrolidin-1-yl)-(2R)-

hydr oxy- 3woxopsopyl | -amide (1) Ph 0O C Oj NNOH N H HprOHIBbN/008% (1) WO
03/ 059910 PCT/1B03/00034 -23 A 2.0_g, sanple of acetonide (lla) was
dissolved in a mxture of 10 m tetrahydrofuran and 10 m of water. The pH
was adjusted to 1.8 with 6N hydrochloric acid, and the solution was heated
to reflux. After refluxing overnight, themgH was adjusted to about 7 to 8
wi th 50% sodi um hydroxi de, and th m Xt yt e s atnospherically distilled
to renove the tetrapydrof re separated, the organic

| ayer was washed wt | onbi r}ﬁq organic | ayers
were added 25 m of hep esuNt i ngyWhi tH" cr precipitate
was stirred for about N col | eldt ed gélaf i 1\t rat/i on, and washed with
heptane. The solid was dried gpernight in cuo to\provide 1.7 g of the
title corrpound 10 Exanple 5 5-Chloro-1 Hindol e-2-cWboxylic acid-f(1
S-benzyl - 3- (( 3R, 4S) - di hydr oxy- pyrrol i di n- 1- yI) Eamy- OH

hydr oxy- 3- oxopropyl |l -am de (1) Ph O . NOH NHOHOH (I) 15 A10 g
(0.027 nole) sanple of (la), an 8.88 8?)0 028 nole) sanple of (IVi) and
0.06 g (0. 0A45mok§)(1aﬁ 2H%T) \@amlecrarrmanewas ns&@emedoﬁn tSH Fg@ht}ﬁir @ftmn, and
theresultlnﬂ sluryr to -10" to A total of %éo 032
nol e) @m@argggeTh%ﬁ%pqgtlngGmatL(@ W Wt%g V\(btf‘l ethyl acetate (70 gallons) n

5 cooled to between 0’ to 5 C. The cooled mixture was treated in order with N,N-

diisopropylethylamine (36.6 kg, 284.3 mol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (30 kg, 156.4 mol), and 1-hydroxybenzotriazole hydrate (24 kg, 156.38 mol).
The reaction mixture was then treated with cis-3,4-dihydroxypyrrolidine, p-toluenesulfonate (Vi)
(41.1 kg, 149.3 mol) and the reaction was allowed to stir for about 30 minutes at 0'to 5° C. The
10 reaction was then warmed to ambient temperature and stirred for about 6 hours. The reaction
mixture was treated with water (175 gallons), stirred for about 1 hour, and then allowed to
settle. The aqueous layer was separated off and was washed twice with ethyl acetate (2 x 35
gallons). The ethyl acetate layers were combined and washed three times with aqueous
sodium bicarbonate (2 x 23.8 kg sodium bicarbonate in 70 gallons of water and 1 x 11.9 kg
15  sodium bicarbonate in 35 gallons of water). The ethyl acetate solution was combined with 20
gallons of ethyl acetate and 35 gallons of water, stirred for about 30 minutes and then allowed
to settle. The ethyl acetate layer was separated off, treated with decolorizing charcoal (0.55
kg), and then stirred for about 15 minutes. The mixture was filtered to remove the charcoal
and the solution was concentrated in vacuo to a volume of about 80 gallons. The ethyl acetate
20 was displaced by distillation using ethanol (4 x 55 gallons), whereupon a thick white slurry
formed at a final volume of about 110 gallons. The product was stirred at ambient temperature
for about 18 hours. A total of 83.2 kg of the title compound was isolated by filtration as an

ethanol-wet cake.

25 . Example 7
5-Chloro-1H-indole-2-carboxylic acid-[(1S-benzyl-3-({3R,4S)-dihydroxy-pyrrolidin-1-yD)-(2R)-

hydroxy-3-oxopropyl]-amide (I)




EDC were added and the resulting solution was stirred at anbi ent
tenperature for about 12 hours. The solution was diluted with 50 m of

wat er, amalotobespih was adj usted to about 1.7 20 using 1.5 wicTaBoxwnsentrat ed
HCl . The reaction mxture was then hgated to reflux for about 10 hours.
The pH was adjusted to 6.5 to 7.5 with 50% sodi um hydr oxi de, and the
solution was reduced to a snmall volunme by atnospheric distillation at a
pot tenperature of about 90" C. A total @ 100 nl of ethyl acetate was

added, the organic |ayer was vvasheﬁ)with 0 6 of water, and the organic .
u

layer was diluted wejh 50 m of toljuenel The m xture was refl uxed

overni ght, 25 stirred our & at i€ te rature, and
filtered. The residual dried i nYvacul at erature of about
45° Cto afford 10.4 g % el d) Hdf the titlle pfoduct. Exanple 6 -
5-Chloro-N-[ (1 H H

S, 2R) - 3-f 3R, 4S1- 3, 4-di hydr oxy- 1- pyrrolidinyl|-2-hydre®xy-3-oxo-1- 30
(phenyl net hyl ) propyl | -1 Hi ndol e- 2- car boxam de, et harfdfat e (I''ia) WO
03/ 059910 PCT/1B03/00034 -24 Ph OOpCl NNOH NH=HOHEOH OH
(I''ia) A 53 kg (142.2 nol) sanple of fa) was suspended in 35 gallons of
N, N- di met hyAf &t kardagwle Dhélllakaod t88ngaliohs tofi eéhyivasetatee weesd coinbined tahg | the

i xt or S RAEd PP AR P ot FoRp R WA cloplel i wESREREL e 56, 5

nol )5 1m{p@ureiwest toricantrates by minpsihest [jtittatiob atitii abald 44hgalions bf distiltte p80 kg,

156. 4 npl ), - tr d . Th

oacti oheeh oififed AN ERAERERER BAREP 37 R ASH Gk e Sl Blinetb ] daoling "

p-t ol yeﬂs&wf bbgn‘tadtoéc(() Wa_)ter (?.41]1) Wakgdctie‘dmg;tﬁecsmtry tcaffgntdrnealm_eﬁdéaosol\taﬁcm, ahd owe(cji

t tir or about n es 0 C. e reac n en \war ne

Lo b RS neBrge:(a7 Sl iES elted ey g beri of DetVeRn 2oadh BOuriatnd RIS v e

vvials tr Ss'l,?md waistsjt‘nilrmat@r Lanﬁti&di tgmbé?nﬁé Jforsabhaut &b fda{/s. dalb@u?oliais GWHMS filtevad hdﬂ’r,len

a owe se . e agueqQus a I separ at e 0] an was S

i DL ashea i oty abais Bsslony, SEhel by BR uitss Mred] S e eie: o

ﬁonbi ggdasuts)i_ssd\mé@h@dtwm@m;é iamﬂe\dotulﬂon?wue@mﬁed @t@diluiunt kfnﬁ}gfrélﬂfé??ﬁat{cﬁdlﬁ %123. 8
sSodl um plI carponate | n a (0] (0] r sSodl um

0 o Dt WS, Sl el e n 1S mall Thk spitgs thed hiefl & acum

conbi negligdi 4t 30728 45° C to give the title compound (30.9 kg, 71.6 % yield).

15 Example 8
cis-3,4-Dihydroxy-2,5-pyrrolidinedione (Vllb)
HO OH
@) N (0]
('3H2Ph
(Viib)

A solution of N-benzylmaleimide (50.0 kg), in 125 L of acetonitrile and 859 L of ethyl

20 acetate was combined with an aqueous mixture of 0.499 kg of ruthenium (Ill) chloride hydrate
in 352 L of water, and the resulting reaction mixture was cooled to about 5° C. Sodium
periodate (74.4 kg) was added with stirring to the reaction solution in small portions, while
maintaining the reaction temperature between 3" C and 5° C. Once the addition was complete,

the reaction was quenched with an aqueous solution of sodium thiosulfate (45 kg) in 38 L of

25 water, and the resulting slurry was granulated for about 20 minutes. The inorganic salts were
removed by suction filtration, and the filter cake was washed with ethyl acetate. The combined



gal l ons of ethyl acetate and 35 gallons of water, stirred for about 30

m nutes and then allowed to settle. The ethyl acetate |ayer was separated
of f, treawedsmswho decol ori zi ng charcoal (0.55 kg), and trea/iBod/oonzd f or
about 15 minutes. The mixture was fibgered to renmove the charcoal and the
solution was concentrated in vacuo to a volume of about 80 gallons. The
ethyl acetate 20 was displaced by distillation using ethanol (4 x 55

gal | 0nS)fsltré&é@ﬁv@#ép@é‘sf%dt\ﬁlthc\lﬁatéhéﬁcﬁallb‘vx)éﬂ ey seﬁlerf@acﬁreoas Qra\}vaé’%%d%ntl@bom

110 gallons. The product was stirred at ambient tenp era ure r about 18
hours. ,@t?%?ﬁ‘?ta@far@sth% PraguUeifrichREganiq lﬁ)éeréw&mmblmsandmsas@wtby splutien g i on

|
3§ D0 e e it Sy psesion
8

hydr oxy -mesidisrie siiatillation; afea (twp%umsp W(YSPGT/cpeie@/t@w@@n temg@atune ad d

et ny P achoed B ARRUEEIBT i hods HexbeS BRPLLT 5 atind BogEousdsrBee 26

anbi ent siusrypandagrangation was cortiongd &r @bsut! UhdwnThareoipitated edlids Wese CEIleuédt ure

was con t ri illati unt i | bout 44 1o

iror s 1 Sy o, WA {']%V&"R’H i acBle? BPied oy eitess and Fhogh Q'@ﬁdp inp,

t hi ck whiateo af mtanype‘ratum abp0n4@ cEDtd aput 451w prooidé tHdfiteCompdlsd (4200 kg, )

was add tQ lage Slﬁ Io forman al nost clear- solution, and then hexanes
(54 gal I"drsYeldhs AWy *A9er a period of between 2 and 3 hours. The
resabting slurry was stirred at anbient tenperature for about 2.5 days.
The solids re filtered off, 10 washed with ethyl acetate (8 gallons), and
t hen bl (#ﬁ-ﬁ%geunder a nitrogen stream The solid was dissolved in ethyl

acet ate gBgRBAS)- lmiyumz:aumml-sl(pmér@%eaﬁvwﬁm SioXRIPS cRivHOR-4, &SH%H £ 11
days, whereupon a solid product gradual formed.” The solTd was the

filtered off and vacuum dried at 30'( B)y45 Cto give the t|tIe conpound
(30.9 kg, 71.6 %yield). 15 Exanple
ci s-3, 4-Di hydroxy-2, 5-pyrrolidinedionex(Vlilb) HO CH

0] 0O

O N O
(IZHzPh
15 (IVb)

To a slurry of 58.6 kg of (IVa) in 117.2 L of 2,2-dimethoxypropane was added 1.72 L of
methanesulfonic acid and the reaction mixture was stirred at room temperature for 6 to 9
hours until the reaction was complete. A total of 322 L of diisopropyl ether was added to the
reaction mixture and the resulting slurry was granulated. After cooling to -10° to -15° C, the

20  granulation was continued for an additional 2 hours. The precipitated solids were collected by
filtration, washed with diisopropyl ether, and dried under vacuum for about 12 hours at 40° to
45’ C to provide the title compound (57.8 kg, 84% yield).

Example 10
25 (3aR,6a8)-Tetrahydro-2,2-dimethyl-5-(phenyimethyl)-4H-1,3-dioxolo-[4,5-clpyrrole (IVe)




ONO 1 CH2Ph (M1Ib) A solution of N-benzylnmaleimde (50.0 kg), in 125
L' of acetonitrile and 859 L of ethyl 20 acetate was conbined with an
aqueous mwptoansved 0.499 kg of ruthenium (111) chloride hydrases/ion3s352 L of
water, and the resulting reaction m xure was cooled to about 5 C. Sodium
periodate (74.4 kg) was added with stirring to the reaction solution in
smal | portions, while nmaintaining the reaction tenperature between 3 C
and 5° C. Once the addition was conphetes the reaction was quenched with
an aqueous solution of sodiumthiosul fate (45 kg) in 38 L of 25 water, and
the resulting slurry was granul ated @or @out 20 m nutes. The inorganic
salts were renoved by suction filtr&tiofi, and the filter cake was washed
with ethyl acetate. The conbi ned WO 9910 PCT/1B03/00034 -26 filtrates
were washed with water and allowed tQ seftl e. The aqueous | ayer was
extracted with ethyl acetate and the gfoduct-rich organic |ayers were
conbi ned and washed with a solution of | 8 kg of sodiumchloride in 72 L of
wat er. The organic extracts were conce@tpBhed by atnospheric distillation
at a tenperature of about 75 C, cool eR/ o roomtenperature, and 5 all owed
to granulate for 2 to 4 hours. Hexanesd (“’&60 L) was added to the cool ed (5*

Cto 15 O Ahstalrof S8MIKGORIVbRARPBEIR DS SNMricP W& dombirRBU tﬂrem %&?Wh

precipitated solids were collected by suction filtration, wash e
ethyl ackaraed o betwess 0L ane 88 e yntil an @lresé sompletsssalution hiad beermachieved. The

t errpgr atrdg @ s&%ﬁt WQQ fllt&eﬁ\%ﬁ%%(/e %55@%%&&&83[}@59 ghggmats lhkfi £RERYN

(42.0 kg, 7T %yield) as a te sol
( 3aR, 6aSplutipinptZ o~ kel Df’rBetﬂr\N® (65 (pHe selutien bi'\bls(thd}tﬁo)@etﬂomahmfn@lm hydride in

5-cl pvrr. a slurry of
576 kg Sty A L o\ 9Re, he'Pbusft Saltiloms pesiichie ettt 3 sy ot
met haneswtaISf heh ccoaled do aabdut roenT munaramremT»t the eeaétion dolutibe dvaat sIdSWI? rﬁdded a
tenpera Qu il ti was, Co ete of
5220 ool 8 22 ot 1200 el s of SRSURRREE i Bhel o Al wBle
resabt i rmgréd:llyrm&ntnmmggaramtdmélwnpe‘kfatuw ot:mbveérgm C and 301 ©. Fdibwirg: additien,
the mixture was stirred for about 20 minutes and the layers were allowed to settle. The organic
layer was washed twice with 74 gal. portions of water, dried, and the toluene was removed by
atmospheric distillation, displacing with methanol. The resulting oil (93 % yield) was employed
directly in the next step.

15
Example 11
(Alternate Preparation)
(3aR 6aS)-Tetrahydro-2,2-dimethyl-5-(phenylmethyl)-4H-1,3-dioxolo-[4.5¢]pyrrole (IVc)
O><O
I
CH,Ph
20 (IVe)

A solution of 47.5 kg of (IVb) in 378.5 L of tetrahydrofuran was concentrated to about

3/4 volume by distillation, cooled, and sampled for water content. While maintaining a
temperature of between 10° C and 20° C, a total of 263 kg of borane-tetrahydrofuran complex

(2M in tetrahydrofuran) was added under nitrogen at a rate of about 1.0 kg/minute. The

25 reaction mixture was allowed to stir at room temperature for about 4 hours, after which time



20 granul ation was continued for an additional 2 hours. The precipitated
solids were collected by filtration, washed with diisopropyl ether, and
dri ed undwpo osasauon f or about 12 hours at 40' to 45" C topromaBidwotshe title
compound (57.8 kg, 84%yield). Exanp 10 25
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378.5 ahydrof uran was concentrated to about 3/4 volune by
di still B Ig%ool ed, and sanpled for water content. Wiile maintaining a
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bor ane-t etrahydrof uran conpl ex _. i dr of uran) was added under
nitrogen at a rate of about 1. egwc’ﬁ;{eiﬁé)

X

o) O

H *TsOH

15
(Vi)

A 195 L sample of (IVc) was combined in a hydrogenation vessel with 7.1 kg of 20 %

palladium hydroxide on carbon (50 % water wet), and the mixture was hydrogenated at about

50 psig for about 10 hours at about 20" C. Upon reaction completion, the mixture was filtered

20 to remove the catalyst, and the filter cake was washed well with methanol. The reaction

mixture was concentrated by atmospheric distillation to a volume of about 80 L and 288 L of

methyl ethyl ketone was added. The solution was reduced in volume to about 133 L by

atmospheric distillation, and the solution filtered. The resulting solution was then treated, over

a time period of about 1 hour, with a solution of 34.6 kg of p-toluenesulfonic acid in 102 L of

25  methyl ethyl ketone and the mixture was allowed to granulate for about 5 hours at 10° C to 20°

C. The slurry was cooled to between 0° C and 5° C, and granulated for a further 2 hours. The

precipitated product was collected by filtration, washed with cold methyl ethyl ketone, and dried

in vacuo at 40° C to 45" C to furnish the title compound (44.8 kg, 74% yield) as a white
crystalline solid. '
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Example 13



25 reaction mxture was allowed to stir at roomtenperature for about 4
hours, after which tinme WO 03/059910 PCT/1B03/00034 -28 the reaction was
guenched wg mlsosaedi tion of 238.5 nl of methanol whil e nmaiparaBed/ovg34a
tenmperature of 10° C and 20 C duringgthe addition. Follow ng the nethanol
addition, the mxture was stirred for about | hour at roomtenperature,
then at 35 to 45 C for about 2 hours, and then to reflux tenperature

wher e the tetrahydrofurannggg,%E#@gﬁg_le eS| Qﬁﬁg 5 by concentrating
the reaction mxture to abou 3 stillation at a
tenperature of 55° Cto 65 C. The mMXxtyre was cooled to 30" C and 50'C, 473
L of nethanol was added, and the m X¥ure was concentrated to a fi nal

vol une of about 145 L again by atpgspheric distillation as previously
descri bed. The concentrate was co®t ed td?about room tenperature and about
1 L of water was added. The resuItan s@lution of the title conpound 10
was used directly in the follow ngj; . Exanple 12
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for a further 2 hours. precipitate pro
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phosphomolybdic acid) indicated four spots: R; = 0.89, 0.72 major (product) O 38 and 0.00.
"H NMR (300 MHz; CDCls): 8 6.47 (d, 1H), 6.32 (d, 1H), 4.96 (t, 1H), 4.82 (d, 1H), 4.53
(d, 1H), 4.32 (m, 1H), 3.64 (m, 2H), 1.48 (s, 3H), 1.32 (s, 3H).
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Example 14
3.4-O-Isopropylidene-2-hydroxy-5-methoxyfuran (Xllb)
Q><Q
HO OCH
e) 3
(Xlib)

20 . To a three-necked flask equipped with a reflux condenser, mechanical stirrer, and a

temperature controller, was added (Xlla) (20.0 g, 0.11 mol), and anhydrous methanol (500 mi).
The stirred reaction mixture was then placed under a nitrogen atmosphere. Sodium periodate
(44.8 g, 0.21 mol) was added and the stirred mixture was heated to about 40° C overnight. The

solution was allowed to cool to room temperature, diatomaceous earth (10 g) was added, and



-29 3,4-0O Isopropylidene-D-ribofuranose (XIla) OOOH HOO (XIla) To a
500 mM flask equipped with a magnetic stir bar was charged D-ribose (20.0
g, 0.13 SwooB)pssecet one (200 m) was added and stirring wesTasom@nsed.
lodine (0.01 g, 0.40 mmol) was addedz@nd the solution was stirred at room
tenperature until a clear brown solution was obtained. Sodiumthiosulfate
(0.50 g, 3.16 mml) was added and the slurry stirred until the solution
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To a thre necked f| k equl pped wi ['ux condenser,
%d
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sol uti ompM@s 3gld d hp chp, tenperature, diatomceous earth (10 g)
was addedp{‘fiand( (@9@3/ 910 P /(IrsB 7100034 -30 the slurry was filtered.
The resulting flltrate was concentrated to a thick oil which was dissol ved
in 300 ngkyspfodps hyl ene chloride. The resulting filtrate was washed

successi v)ial yl;)_“'fvm h saturated aqueous sodi um bi carbonate (200 m), 2%

aqueous sodi um t hi osul & lideerN-bemayhpyadlieithesiMeyous sodi um chl ori de
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Methylene chloride (400 ml) was charged to a three-necked flask equipped with a

pressure equalizing addition funnel, mechanical stirrer, and thermometer. Sodium borohydride

(7.20 g, 0.19 mol) was added, stirring was commenced, and the slurry was cooled to about 5°

20  C with an ice bath. Acetic acid (37.1 g, 0.62 mol) was added dropwise over about 45 minutes.
The cooling bath was removed and the reaction mixture was allowed to warm to room
temperature where it was allowed to stir for about two hours. Benzylamine (7.10 g, 0.07 mol)

was added, followed immediately by the addition of a solution of (Xlib) (12.0 g, 0.63 mol) in 30

ml of methylene chloride. The solution was stirred overnight at room temperature. The reaction

25 was quenched with saturated agqueous sodium bicarbonate solution (200 ml), and the resulting
bi-phasic mixture was stirred vigorously for about thirty minutes. The organic layer was
separated and the aqueous layer was exiracted with methylene chioride (200 mi). The

combined organic extracts were washed successively with saturated aqueous sodium



5 sulfate, filtered, and concentrated in vacuo to afford 13.2 (66% yield)
of the title conpound as a yellow oil. This material was used directly
wi t hout fwotodesoopuri fication. Thin | ayer chromat ographi ¢ 20aB&/®0%41: 1
ethyl acetate/hexanes; silica gel; viggualized wth phosphonol ybdic acid)
indicated two spots: Rf = 0.82, 0.66 major (product). 'H NVR (300 MHz;
CDCl 3) [diasterioneric mxture]: 8 5.43 (2s), 5.41 and 5.28 (2d), 10 5.05
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m nut es. TheHcWRl(ﬁ@() M'IthCW@é) Perdv éd (adei Heb5 (@azt), 6r62r(s><2l-d))r&0&/e@$, 24)) owed
to warm o u it was allowed to stir for about two
hours. enzg(/jlea?nN %?gg %i) {gﬁwﬁ?“ﬁo was added, followed i mediately by
the addition of a sol utlon of (XIIb) (12.0 g, 0.63 mol) in 30 mM of

nmet hyl e |ofd de. The solution was stirred overnight at room tenperature.
The rea was quenched with saturated aqueous sodi um bi carbonat e

sol 40i on (200 m), aiEB.dMhydesadN-berczyi-irrolidiae ihydichibtde(BlS Sti 11 ed
vigorously for about thirty m n%s The grganic | ayer was separated and

t he aqueous | ayer was extracted h nme | ene chloride (200 m ). The

conbi ned organic extracts were wasYed spiccessively with saturated aqueous
sodi um WO 03/ 059910 PCT/ | B03/ 00034 bi carbonate (200 m ), and 10%
aqueous sodium chloride (200 m). /The cqnbi ned organic extracts were dried
over magnesium sul fate, filtered, centrated in vacuo. This afforded
14.5 g (98.6 %yield) of the title ound as a yellow oil. Thin layer

chr omat ogr aphi ¢ anal ysis (20% et hyl et at eM¥bxanes; silica gel; visualized
5 wi th phosphonol ybdi ¢ acid) indicatged two spots: Rf = 0. 36 nmmj or ‘
(product), 0.02. 1H NMR (300 MHz; CDGH¥Ph b 7.2 - 7.4 (m 5H), 4.65 (d,

2H), 3.62 (s, 2H), 3.06 (d, 2H), (VIb)
To a round-bottomed flask equipped with a reflux condenser and a magnetic stirring
bar was added (IVd) (5.00 g, 0.02 mol). Ethanol (10 ml) was added and stirring was
15 commenced. Concentrated hydrochloric acid (7 ml, 0.09 mol) was added and the solution was

heated to reflux. After about four hours, the solution was allowed to cool to room temperature
and concentrated in vacuo to afford a thick oil. Ethanol (10 ml) was added and the resulting
solution was stirred at room temperature. Isopropyl acetate (35 ml) was added dropwise
resulting in crystallization of the product. The slurry was stirred overnight, filtered, and the filter
20  cake was washed with isopropyl acetate (20 ml). The filter cake was dried overnight at room
temperature under reduced pressure (about 30 mm Hg) to afford 2.7 g (56% vyield) of the title
compound as an off-white solid, m.p. 122-123" C.
'H NMR (300 MHz; CDCly): & 7.58 (m, 2H), 7.45 (m, 3H), 5.48 (br d, 2H), 4.38 (d, 1H),
4.32 (br s, 2H), 4.25 (br s, 1H), 4.08 (br s, 1H), 3.42 (m, 1H), 3.32 (m, 2H), 3.13 (m, 1H), 3.02
25  (m, 1H).

Example 17
cis-3.4-Dihydroxypyrrolidine (V)




2.17 (dd, 2H), 1.58 (s, 3H), 1.32 (s, 3H). Exanple 16 10

ci s-3, 4-Di hvdr oxy- N- benzyl - pyrrolidine, hydrochloride (VMIb) HO OH N HCl
CH2Ph  (Wb)o3/s9a0 r ound- bott oned fl ask equi pped with a reficaaBenvdsinser and
a magnetic stirring bar was added (l¥d) (5.00 g, 0.02 nol). Ethanol (10
m) was added and stirring was 15 cormenced Concentrated hydrochloric
acid (7 m, 0.09 nol) was added and the solution was heated to refl ux.

After about four hours, the sol uti ggywas apjpwed to cool to room
tenperature and concentrated in vacgo to ptford a thick oil. Ethanol (10
m ) was added and the resulting solionfwas stirred at roomtenperature.

| sopropyl acetate (35 m) was added dropw\se resulting in crystallization
of the product. The slurry was stirrgd oveynight, filtered, and the filter
gt at e

20 cake was washed with isopropyl ac (20 mM). The filter cake was
dried overnight at room tenperature ungéer reduced pressure (about 30 mm
Hg) to afford 2.7 g (56%vyield) of theHitle conmpound as an off-white
solid, mp. 122-123" C. 1HN|\/R(300M—1{\é)CDCI3) 8 7.58 (m 2H), 7.45 (m
3H),548(brd 2H), 4.38 (d, 1H) 2 (br s, 2H), 4.25 (br s, 1 H),
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distilled to renpbve residual traces of watér, resulting in the collection
of A4BoutAn pdditond Ji |1 9f dpepropanol was added and the resulting suspension was stirred at

of

ambient temperature for about 48 hours. The mixture was filtered, the collected solid was
washed with 420 ml of isopropanol, and the product dried in vacuo at ambient temperature to
furnish 826 g of the title free base as a hygroscopic white solid, m.p. 108" - 119" C. An
additional 97 g of product was obtained from the concentrated filtrate.
15 'HNMR (DMSO-dg): & 2.46-2.51 (m, 2H, 2'H, 5'H), 2.81-2.87 (m, 2H, 2"H, 5"H), 3.30
(brs, 1H, 1-NH), 3.74-3.77 (m, 2H, 3-H, 4-H), 4.39 (br s, 2H, both OH).
¥C NMR (DMSO-ds) § 52.62, 71.93.
Anal. Calc'd. for C4HgNO,: C, 46.59; H, 8.80; N, 13.58. Found: C, 46.62, H, 9.36; N,
13.43. '
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Example 18
5-Chloro-N-[(1S,2R)-3-[3R,48]-3.4-dihydroxy-1-pyrrolidinyl]-2-hydroxy-3-oxo-1-
(phenyimethyl)propyl]-1H-indole-2-carboxamide (1)
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10 An additional 1 L of isopropanol was added and the resulting suspension
was stirred at anbient tenperature for about 48 hours. The m xture was
filtered, wole/nswlié ected solid was washed with 420 m of ipsopBa@osl , and
the product dried in vacuo at anbi entgztenperature to furnish 826 g of the
title free base as a hygroscopic white solid, mp. 108 - 119° C An

addi tional 97 g of product was obtai ned fromthe concentrated filtrate. 15
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washed wdtLhof ethanol was added and the mixture was filtered. The collected solid was washed with

3 L of ethanol, and dried in vacuo at a temperature of about 35° C to furnish 2.47 kg of the title
compound.



1 gallon of ethyl acetate. The filtrate was concentrated to a vol unme of
about 2 gallons, diluted with 16 L of ethanol, and then concentrated in
vacuo t o wowaloseyeo of about 8 L. An additional 15 10 L of echaBa/oocess added,
and the resulting suspension was stig4ed overnight. An additional 10 L of
et hanol was added, and the m xture was filtered. The collected solid was
washed with 3 L of ethanol, and dried in vacuo at a tenperature of about
35" Cto furnish 2.47 kg of the title conpound. WO 03/059910
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