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T%érefor Conmpounds . of the:fornula 5 [err] 15
ate sel ective ACE i ipitors.. Also disclosed are 20 nethods of prep
and’ |nterned|atesJ : C%npounds Cont.ai ning A Fused Bi cycl iRA6R%ag And
Processes Theref®r Thi's invention.is directed to. novel.. conpounds 5 .
-containing a fu$eéd bicyclic ring which are usef Ul as. angloten3|n convertlng__
enzyne inhibitors. Some of .these conpounds al so’ possess neutral
endopepti dase inhibitory act|V|ty This invention is also directed to
'pharnaceutlcal conposi ti ons contalnlng such 10 sel ective or dual action
~inhibitors*and the method of using such conpositions. This invention is
‘also directed to the process for preparingssgeesetnovel .conpounds; novel
i nternmedi ates, and processes .for preparing such rnternediates. 15
The novel fused bicyclic inhibitors of this invention include those
corrpounds of the fornul a (I )Soixﬁftrn}ismbntalnlng a Fused Bicyclic Ring

: and Processes. Therefor

HA629a Abst ract Cenpounds Cont ai ni ng a ‘Fused Bicyclic Ri Klgréf
ere| n ??
i on

Compounds of the formula _ _' o

X :

N\‘/(CHz )m

COOR;

) -1 ) N L e
. , wherein X is O or 'S-(O)¢; n is one or two; m is zero
_ or one; Y is CH2, O, or S- (o)ﬁ provided that Y is O
10 or S-(0)t only when m is one; and A is

o o
T RyTS=(CH T, R or — —C— —
2 2 /\ R,00C — (CHz) 4 —CZ

Rj2 Ry Rz R

- are dual ‘inhibitors of NEP and ACE.- . Compounds -
15 wherein A is ' -

: - i
'R200C — CH — Ri—P—
l or |
R_ ORS

, are selective ACE inhibitors. Also dlsclosed are
20 methods of preparation and 1nt:ermed1ates.




~and pharnmaceutically acceptable salts thereof wherein: [err] -2- Jerr]
[err] and [err] are independently selected from hydrogen, alkyl, al kenyl,
cycl oal kyl, substituted al kyl,. substituted al kenyl, aryl, substituted aryl,
heteroaryl, cycloal kyl -al kyl ene-, aryl-al kyl ene-, 10 subsfidygted

aryl -al kyl ene-, and heteroaryl -al kylene- or {err] and [err] taken together
with the carbon to which they are attached conplete a cycloalkyl ring or a

benzof used cycl oal kyl ring; [err] R2 is hydrogen, [err] 15 [err]
and R7 are independently selected from hydrogen, alkyl, substituted al kyl,
[err], substituted [err], [err], [err] HA629a -3- [err] is alkyl, [err],

substituted alkyl, [err], substituted aryl-(CH2)p-, or [err] [err] is
al kyl., substituted al kyl, cycl oal kyl -

: 38 Containing A Fused Bicvelic Ri y
' Processes Therefor

This invention is directed to novel compounds

5 containing a fused bicyclic ring which are useful as
angiotensin converting enzyme inhibitors. Some of
these compounds also possess neutral endopeptidase
inhibitory activity. This invention is also directed

_ to pharmaceutical compositions containing such

10 sélective or dual action inhibitors and‘the method of
using such compositions. This invention is also
directed to the process for preparing such novel
compounds, novel intermediates, and processes for
pfeparing such intermediates.

i5 ~ The novel fused bicyclic inhibitors of this
invention include those compounds of the formula
(I)

- X
(CH;)n f
N CH;)m
~
H 0 COOR;
20 |
and pharmaceutically acceptable salts thereof
wherein:
' 0
n
A is R:=S—(CH: r:}C(-C‘- R
Ri2 Ry



5 [err] substituted [err] or [err]; R8 is hydrogen, |ower alkyl,
cycl oal kyl, or phenyl; [err] is hydrogen, |ower alkyl, |ower alkoxy, or 10
phenyl; [err] is lower alkyl or [err]; [err] is hydrogen, alhxéz
substituted alkyl, [err] [err] substituted aryl- [err] [err] or%ﬂﬂr]
conpletes a 15 symmetrical disulfide wherein Ferr] is [err] mis zero or
one; Yis [err], S (0)t or O provided that Y is 200 [err] or 0 only when m
is one; nis one or two; pis zero or an integer from1l to 6; q is zero or
an integer from1l1l to 3; r is zero or one; and 25 t is zero, one,
or two. The term"alkyl" refers to straight or branched chain radicals
having up to seven carbon atonms. The term "lower alkyl" refers to

strai ght or branched radicals having up toSQfour carbon atoms and 30 is a
preferred subgrouping for the term al kyl . ” -4- The term "substituted
alkyl" refers to such strakgiac-encmngﬁh\edcehai n raBTO@SI‘S‘(lB?"l to Z.carbons

Riz R Ry

o
R4"’IP-"
ORg

~e

5 X is O or S~(0O)¢t:

R1 and R12 are independently selected from
hydrogen, alkyl, alkenyl, cycloalkyl, substituted
alkyl, substituted alkenyl, aryl, substituted aryl,
heteroaryl, cycloalkyl-alkylene-, aryl-alkylene-,

"10 substituted aryl-alkylene~, and heteroaryl-alkylene-
' or R1 and R12 taken together with the carbon to which
they are attached complete a cycloalkyi fing or a
benzofused cycloalkyl ring: ' '

_ R2 is hydrogen, Re™ C™ , or Rr11-8- ;
15 R3, Rs and R7 are independently selected from

hydrogen, alkyl, substituted alkyl, aryl-(CH2)p-.

substituted aryl-{(CH2)p-, heterocaryl-(CH2ip- .

/’i\\
ﬁ" : o) o)
wse CH wwa ) wse C == Rq ., and en— H
] ' ~CHa

20



wherein one or nore, preferably one, two, or three, hydrogens have been
repl aced by a hydroxy, am no, 5 cyano, halo, trifluoronethyl, -NH(Iower

al kyl'), -N(lower ‘al kyl)2, |lower al koxy, |ower alkylthio, or carboxy. The
terms "lower alkoxy" and "lower alkylthio" refey to such | oi®¥6238kyl groups
as defined above 10 . attached to an oxygen or sulfur. The term "cycl oal kyl "
refers to saturated rings of 3 to 7 carbon atons with cycl opropyl,

cycl obutyl, cyclopentyl, and cycl ohexyl being nost preferred. 15

The term "al kenyl" refers to stRaaiglalkpi., bysheohdrle CH2)pradsubskstwfed3d to 7
carbon atons havi ng one anklt-woagppb(lggzbqu%ub&i@heéa@‘;'y'iakd@rjigtj d}rgups are

straight chain radicals - ons havi ng one doubl e bond. 2
The term "substituted al E’%%%Qtﬁg?}gf (e%'?ig??o' such straight or branched radicals

of 3 to 7 carbons having one oR6tt® As¥b SUBSRHILEAAEVA - S HRIARYGET has
been repl aced by a hy8r oXgH2)ari, naryldCd2) o-r | $hhatd owtetch ey 1ol bp- - Ni( | owner
alkyl'), 25 -N(lower al kykyekroaroyercmbkoxy, |ower alkylthio, or carboxy.
The term "al kyl ene” refers to ral br e i i s having up
to seven carbon The term™aryl %Brg% g’?érg%enﬁhg%% gf‘%pﬁ?ﬁ?ﬁlﬁg%d oF
2-naphthyl . The term "suB8¢®tlited aryl" refers to phenyl, 1-naphthyl, and
2-napht hyl having a _ R9 is hydrogen, lower alkyl, lower alkoxy, or
10 . phenyl:;
R10 is lower alkyl or aryl-(CH2)p-:
‘'R11 is hydrogen, alkyl, substituted alkyl,
cycloalkyl- (CH2)p-, aryl-(CH2)p-. substituted aryl-
(CH2)p~, hetercaryl-(CH2)p-, or -S-R11 completes a
15 symmetrical disulfide wherein R1] is

- X
(CH) p T
o
" &N CH2 ) m H
- (CH3) t?C\" C =
©
R12 Rl H COOR3

m is zero or one;
Y is CH2, $~(0)¢ or O provided that Y is
20 S-(0)¢ or O only when m is one;

n is one or two;

p is zero or an integer from 1 to 6;:

g is zero or an integer from 1 to 3;

r is zero or one:; and

25 t is zero, one, or two.

The term "alkyl* refers ro straight or
branched chain radicals having up to seven carbon
atoms. The term *lower alkyl® refers to straight or
branched radicals having up to four carbon atoms and

30 is a preferred Subgrouping for the term alkyl.



-5- substituent selected fromlower alkyl, |ower alkoxy, |ower alkylthio,
hal o, hydroxy, trifluoronethyl, am no, -NH(lower alkyl), or -N(Iower

al kyl)2, and di- and tri-substituted phenyl, 1-naphthyl, or 2-naphthyl 5
wherein said substituents are selected from nethyl, nethddg29aet hylthio,

hal o, hydroxy, and anmino. The term "heteroaryl™ refers to unsaturated rings
of 5 or 6 atons containing one or two O and S atons and/or one to four N
atonms provided that the 10 total nunber of hetero atons in the ring is 4
or less. The heteroaryl ringhéScerint ashedibyteimy1Rfl apesaai lkabiercar bon or
nitrogen atom Prefer . e . 2- - r I dyl, 4-
I m dazol yl, 4-thiazol %/Fx,dal%-%aéfg%géé{]%%dﬁuﬁ%ﬂa% hg‘?ﬁgnaf 1% t°3?f%a§b|8¥£ The
term heteroaryl also VRRISH8e209i%%yRPT% gFﬁffsr e Y PFVERRSE si x '
menber ed ring cont ai nhydro@ens havedbeeratreptaced befd hydreovenine.f used to a
benzene or pyridylsriggand?r RARS \ @diblubrehéthylli, g% @bReZ-alapl) 3-i ndol yl and
4- and 5- 20 qui nol i D¥{1owel NELIGANY, AlowBE CUKbkE, NRLEE QAYA chidlgocan al so be
additionally substituted at an avall abl e carbon atom by a | ower al kyl,

hal o, hydroxy, benzyl €@51°®¥ycl ohexyl methyl. Also, if the mono or bicyclic
ring has an avail abl e N-at offheursrmE htawer cakkoxys canse “2ewers gbkylthirdd by an
N-protecting group sugéfexs thedudh 2oWerdiankyI Qpbapylas befwtedabbytte benzyl, or

30 benzhydryl. The cormRuREScdlan’ SifBdAL #gHE! N

The term *“cycloalkyl* refers to saturated

. rings of 3 to 7 carbon atoms with cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl being most
preferred. _

15 The term “alkenyl® refers to straight or
branched chain radicals of 3 to 7 carbon atoms having
one or two double bonds. Preferred "alkenyl® groups
are straight chain radicals of 3 to 5 carbons having
one double bond. '

20 The term "substituted alkenyl" refers to such
straight or branched radicals of 3 to 7 carbons
having one or two double bonds wherein a hydrogen has
been replaced by a hydroxy, amino, halo,
trifluoromethyl, cyano, -NH{lower alkyl),

25 -N(lgwer alkyl)2, lower alkoxy, lower alkylthio, or
carboxy;

The term “alkylene®" refers to straight or
branched chain radicals having up to seven carbon
atoms, i.e. -CH2-, -(CH2)2-, ~(CH2)3-, -{(CH2)4-,

-~ CH.~~CH~
- "?H“‘ etc.

30 CHs CHy

The term "aryl" refers to phenyl, l-naphthyl,
and 2-naphthyl. The term "substituted aryl" refers
to phenyl, l-naphthyl, and 2-naphthyl having a



-6- [err] and Y is [err], O, or S can be prepared by coupling the
acyl mercapt o contai ni ng. sidechain of the fornula (Il1) [err] with a fused

bi cyclic ring conpound of the formula (111) 10
[err] to give the product of the formula (I1V)
hydrogen, or an acid protecting group such 3as

[err] 15 whée®an R3 is

met hyl, ethyl,

t-butyl, or

benzyl. The above reaction can be perfornmed in an organic sol vent such as
nmet hyl ene chloride and in the presence of a 20 coupling reagent such as

1-ethyl - 3-(3-di net hyls@sgtrieueﬁ %@yéa@ear oSk Illaswéﬁ,amty@yllmexyimybodl i m de,
-7- benzotriazol - 1- y#é# ?E#fl L Jf@T éy%hosqgg@iﬁgg g%#uorophosphate
e 0

or carbonyl diimdazo

formula Il can be cof¥& eﬁ‘&%ﬁ%@%’%été’ﬁ f Hﬂ“@rpg]r]?rl)?o

oxyl.ic acid of
&GuPti ng such

as an acid chl ori de, amd xad-substituted phenyl, l-naphthyl, or 2-naphthyl
5 wherein said substituents are selected from methyl,

methoxy, methylthio, halo, hydroxy, and amino.

The term “"heterocaryl* refers to unsaturated

rings of 5 or 6 atoms containing one or two O and S

atoms and/or one to four N atoms provided that the
10 total number of hetero atoms in the ring is 4 or

less. The heteroaryl ring is attached by way of an

available carbon or nitrogen atom.

Preferred

heteroaryl groups include 2-, 3-, or 4-pyridyl, 4-
imidazolyl, 4-thiazolyl, 2- and 3-thienyl, and 2- and
15 3-furyl. The term heteroaryl also includes bicyclic
rings wherein the five or six membered ring
containing O, S, and N atoms as defined above is

fused to a benzene or pyridyl ring.

Preferred

bicyclic rings are 2- and 3-indolyl and 4- and 5-

20 quinolinyl. The mono or bicyclic heterocaryl ring can-

also be additionally substituted at an available
carbon atom by a lower alkyl, halo, hydroxy, benzyl,
or cyclohexylmethyl. Also, if the mono or bicyclic
ring has an available N-atom such N atom can also be

25 substituted by an N-protecting

group such as

~—CH; =0 —CH_ —@ ' —S0, —@—cn3 ’

2,4-dinitrophenyl, lower alkyl. benzyl, or

30 benzhydryl.

The compounds of formula I wherein



anhydri de, symmetrical anhydride, activated ester, etc. The product of
formula IV can be converted to the mercaptan product of formula | wherein
R2 is 10 hydrogen and R3 is hydrogen by methods known in the art. For
~exanple, when R6 is nethyl and R3 is nethyl or ethyl tresd2sant with

met hanol i ¢ sodi um hydroxi de fol |l owed by agfieous acid yields the products
wherein R2 and R3 are hydrogen. 15 The products of fornula I
wherein R2 is hydrogen can be acylated with an acyl halide of the formula
(V) [err] 20 wherein halo ig F, O or Br or gcylated with an anhydride of
the formula (VI) 25 ] [efir] to give other products of
formula | wherein R2 i [ Br1d—3D— (CH,) ,~CcFhe Pf oduxtis of of a@,nul a | wherein
R2 is [err] and [err] is alkyl, substituyfeq al kyl, cycloal kyl- [err],
substituted [err], or HA629a - 8- hetérbdatyl - (CH2) p- can be prepared by
reacting the producesdof ikocmayl @, | oxMeegh beRBréSartddE IRRpM A tRe

acylmercapto containing sidechain of the formula

(II) .
o) o]
Il ]
Rg~C —S _(CHz)r-/ —=C —OH
5 | Ria Rq
with a fused bicyclic ring compound of the formula
(III)
- X
/H(N CHz)m
. HoN
o COOR;
10
to give the product of the formula
(V)
-~ X
ﬁ ﬁ (CH) 1 f
Rg-C-S8-(CH3) ~-C-C—N N CHy)m
7N 2)
Ri2 Ry H
o COOR3
15

wherein R3 is hydrogen, or an acid protecting group
such as methyl, ethyl, t-butyl, or benzyl. The above
reaction can be performed in an organic solvent such
as methylene chloride and in the presence of a

20 coupling reagent such as l-ethyl-3-(3-dimethylamino-
propyl)carbodiimide, dicylcohexylcarbodiimide,



sul fonyl conpound of the formula (VII) [err] in an
aqueous al cohol solvent to yield the desired products. The conpounds of
formula VIl are known in the literature or can be prepared by known :
met hods, see for exanple, Smth et al., Biochem stry, 1Aaspsd0 766 - 771
(1975). The product of formula | wherein R¥ irs SH can be prepared by
reacting the product of fornmula |I wherein R2 is hydrogen with a conpound of
formula VIl wherein [err] is triphenylnmethyl or trialkylsilyl 15 foll owed

by renmoval of the trigheryidRhNYLy QixytiiAdOnb iy 85 QM spESISmacT di
conditions. The symgtrica nmul.a | can be prepared

disulfide products of..fo
by direct oxidation %?xatf goi)c’rp(l)qaﬁ%li‘atoef’ $5rcr?ﬁﬁ3n¥l%gf’éﬁﬁflﬁ2 i's hydrogen with
i odi ne 20 accor di ng*PYETRABWELEr oehed aFelmersapto fcgrbesalis| acidefetti et al .
U S. Patent 4, 105, 77formiile EC yhntse apheerdedecd ainm acoipaeddsorad formula ||

wherein R12 is hyglr ogen-at8 dRpeindetdch hd B8 LéiLLRidNQe, SRBed OF €xanpl e,

Ondetti et al. 25 .S Patents 4, 105, 776 . and. 4, 339, 600, .Hasl anger et al.
U S. Patent 4,801, 60% Bgf‘%erfeysy‘e"'{'étéﬂl.ca%.as‘i.hya‘ém%deénta ?‘?’?%?Qﬁfteéfc. The
acyl mer capt o si decha®%f-conpounds of fornula Il wherein [err] and [err] are

both other than 30 hydrogeime gmdduct ofz&smmudanrbeaprspaoadetted eacting the
substituted carboxyldine aekchgRbnt et 88 Formula I wherein R3 is

10 hydrogen and R3 is hydrogen by methods known in the
art. For example, when Rg is methyl and R3 is methyl
or ethyl treatment with methanolic sodium hydroxide

followed by aqueous acid yields the products wherein
R2 and R3 are hydrogen.

15 . The products of formula I wherein R2 is
hydrogen can be adylated with an acyl halide of the
formula .

(V)
i
R¢—C=—halo
20

wherein halo is ¥, Cl or Br or acyvlated with an
anhydride of the formula
(VI)
o 0
| I
Rg=—C =0 —=C =R,

25
to give other products of formula I wherein R2 is
0
[
Rg=—C —
30 The products of formula I wherein R2 is -S-R11

and Rj1 is alkyl, substituted alkyl, cycloalkyl-
(CH2)p-, aryl-(CH2)p-, substituted aryl-(CH2)p-. Or



HA629a -9- (VII1) [err] 5 with bis[[(4-nmethoxy)phenyl]nethyldisulfide in
the presence of lithiumdiisopropylamde to give the [err] 10 Treatnent of
t he conpound of fornmula I X with strong acid such as

trifluoronethanesul fonic acid renoves the nmethoxybenzyl Hif28ect i ng group
and is followed by acylation with the acyl®Hhalide of formula V or 15
anhydride of fornmula VI to give the conpound of formula Il wherein [err]
and [err] are both other than hydrogen and r is zero. -Alternatively, the
substituted carboxyheterairgl ofCH20pAdan Welprepated eyl eagdtaagWerd |ithium 20

dii sopropyl am de apgdogilclUbs (R ahYE 1 RReFBCAR! h9§r$&€%h€19ﬁm a {X) 25
tea wwth t

[err] The mercaptan of _formula X can then_ be acCyl a e acyl halide
of fornula. V or thes}i%‘f"ﬂf’é'tli 8‘@“&9}1“8 oL fg? f¥™Hafa VI to give the conpound of
formula Il wherein [(F¥)] and [err] are both other than hydrogen and r is

zero. The acyl meBcapto si dechai n conpgrgsz<#-r11
in an agueous alcohol solvent to yield the desired
products. The compounds of formula VII are known in
the literature or can be prepared by known methods,
see for example, Smith et al., Biochemistry, 14, p

10 766 - 771 (1975). |

The product of formula I wherein R2 is SH can
be prepared by reacting the product of formula.i

.wherein R2 is hydrogen with a compound of formula VII
wherein R}] is triphenylmethyl or trialkylsilyl

15 followed by removal of the triphenylmethyl or

' trialkylsilyl grodp under acidic conditions.

The symmetrical disulfide products of formula
I can be prepared by direct oxidation of the product
of formula I wherein R is hydrogen with iodine

20 according to known procedures, see, for example,
Ondetti et al. U.S. Patent 4,105,776.

The acylmercapto sidechain compounds of
formula II wherein R12 is hydrogen are described in
the literature. See, for example, Ondetti et al.

25 U.S. Patents 4,105,776 and 4,339,600, Haslanger et
al. U.S. Patent 4,801,609, Delaney et al. U.S. Patent
4,722,810, etc. |

The acylmércapto sidechain compounds of
formula II wherein R3] and R12 are both other than

30 hydrogen and r is zero can be prepared by reacting
the substituted carboxylic acid of the formula



5 formula Il wherein [err] and [err] are both other than hydrogen and r is
one can be prepared by reacting the substituted carboxylic acid of the
formula (XI) [err] 10 with para-toluenesul fonyl chloride in pyridine to
give the llactamof the fornula (X 1) 15 Treatnent of th8RF2& am of fornul a
XIl with a cesiumthioacid of the formnula ?XIII)-[err] 20 in the presence
of dinmethylformam de yields the desired acyl nercapto sidechain of formula
Il wherein [err] and R12 are both other than hydrogen and r is one. The
conmpounds of fornul avitexnherein Ais 25 [err] Xis Oor S and Y is [err]
or S can be prepared by coupling the acid of the formula 5 (XIV) [err]
wherein R7 is an acid protecting group with §he fused bicyclic ring

compound of formula Il in the presence 10 . |pf a coupling reagent as
defi ned above to give the HC-C-OH

R\

12 Ry

5 with bis{[ (4-methoxy)phenyl]lmethyldisulfide in the
presence of lithium diisopropylamide to give the
compound of the formula

(IX)
]
HiCO H;C-8-C-C-OH
7\ )
Ri2 Ry

10
Treatment of the compound of formula IX with strong
acid such as trifluoromethanesulfonic acid removes
the methoxybenzyl protecting group and is followed by
acylation with the acyl halide of formula V or

15 anhydride of formula VI to give the compound of
formula II wherein R] and R12 are both other than
hydrogen and r is zero.

Alternatively, the substituted carboxylip acid

of formula VIII can be reacted with lithium

20 diisopropyl amide and sulfur to give the mercaptan of
the formula
{X)

o]
I
C=—OH

HS /C;
R;» Ri
25

The mercaptan of formula X can then be acylated with

the acyl halide of formula V or the anhydride of



product of the fornmula (XV) [err] 15 Alternatively, the acid of formula XIV
can be converted to an activated form such as an acid chloride prior to the
coupling reaction. The acids of formula XV are described by 20 Warshawsky

et al. in European Patent Application 534,396 and 534, 49EA63%% conpounds of

formula | wherein Ais -12- [err]Xlso‘b S, and Yis CH2, O, or S can
be prepared by reacting a keto acid or ester of the fornula 5 (XVI) [err]
with a fused bicyclic ring compound of fornmula Il under reducing

conditions to give thrpoadsdud tofgiveethordvmbournkd of fotvhullpy Or MBekéinhe keto

acids and esters of f rgﬁhaRfﬁvgr@r&tiiSOt&gsgﬁépquwgé,pgnh|lt qrsature See,
for exanple, Ruyle U S. Patent 4,584,294 and Parsons et al. U S. Patent

4,873, 235.: AIternatl\Feﬁﬁ,' the fused bicyclic ring
The acylmercapto sidechain compounds of

5 formula II wherein R] and R]2 are both other than
hydrogen and r is one can be prepared by reacting the
substituted carboxylic acid of the formula
(X1)

I

Ho—CHf—7C<-C—-OH

Ria Ry
10
with para-toluenesulfonyl chloride in pyridine to
give the lactam of the formula
(XI1)
o)
Ry
Ri2
15
Treatment of the lactam of formula XII with a cesium
thicacid of the formula .
{(XIII)
|
Cg~=—S~—C=—R¢g
20 '

in the presence of dimethylformamide yields the

desired acylmercapto sidechain of formula II wherein

Rl and R12 are both other than hydrogen and r is one.
The compounds of formula I wherein A is

25 '



conpound fornmula Il can be reacted with a triflate 20 of the fornula
(XVII1) [err] to give the product of fornmula XVil. 25 The
conpounds of formula | wherein Ais- [err] [err] or S can be prepared by

coupling a phosphonochl oridate of the fornula (
| ower al kyl or benzyl with a fused bicycl Fctkin
give the product of the fornmula [err] Preferab
formula I'll is lower alkyl or benzyl. The [err
15 groups can then be renoved, for exanple, by
correspondi ng products of formula | wherein [er
The phosphonochl oridates of formula Xl X are kno

XIX) [errHaedesein [err] is
g conmpound of forrmula Il to
y, R3 in the conmpound of
] and [err] acid protecting
ydrogenation to give the
;ﬁ and [err] are hydrogen.
inthe literature. See,

for exanple, 20 Karanewsky et alR7;0QfS; (CHak %732, 971 and 4, 432,972 and

Kar anewsky U.S. Patent 4,460,579. The produgfs

. formula | wherein either

X or Yor.both are [err] and t is one or two can be prepared by oxidation

of the conpounds of fornulas 25 1V, XV, XVII,

or XX with a known oxi di zi ng

reagent X is O or S, and Y is CHy, O, or S can be prepared by
coupling the acid of the formula

5 ({XIV)

I

R,00C— (CHa) q -7':\— C=OH

Ri2

Ry

wherein R7 is an acid protecting group with the fused

bicyclic ring compound of formula III in the presehce
10 of a coupling reagent as defined above to give the

product of the formula

(XV)
- X
(CHz)n . 'IY
ﬁ N CHy)m
Rj00C- (CHy) ¢~ Q= C ¥
7/ \ o
COOR3

Riz2 Ry H

15

Alternatively, the acid of formula XIV can be

converted to an activated form
chloride prior to the coupling

such as an acid
reaction.

The acids of formula XIV are described by
20 wWarshawsky et al. ian European Patent Application

534,396 and 534,492.

The compounds of formula I wherein A is



such as neta chl oroperbenzoic acid, peracetic acid, - 14 -

nonoper oxypht hal i ¢ aci d, magnesi um salt hexahydrate, etc. By controlling

t he amount of oxidizing reagent and the tinme of the reaction, the products
are obtained whereint is one or two. 5 The estBaé63®aoducts of
formula | wherein [err] or [err] is [err]-13& -can be prepared by treating
the correspondi ng conpounds of formula | wherein [err] or [err] is hydrogen
and R3 is an acid protecting group with a conpound of the formula (XXI) .
[err] wherein L is a | eaving group swgedocas- €hl-ero, brono, or

tol yl sul fonyl oxy followed by renoval of thejR3 acid protecting group.

-15- can be prepared by treating the correspondi ng’ conpounds of fornula I
wherein R3 is hydrogen and R2 0 is [err] with a conpound of formula XXI.

The fused bicyclic ringfco ounds of fornula 5 Il can bezprepared
according to the fol Ko r%r%rﬁce’s"geg ¥hicER: 56871 DR RE tP*5PFSE LY
i nventi on. reacting a keto acid or ester of the formula

5 (XVD)

O 0
n
_ R70=— C= C— Ry
with a fused bicyclic ring compound of formula III
under reducing conditions to give the product of the

formula
10 (XVII)
-~ X
ﬁ (CH,) ¥
R7O—C-(|'2H-1il —l\,/n\l/ CHy)m
Rl H o )

‘The keto acids and esters of formula XVI are
15 described in the literature. See, for example, Ruyle
U.S. Patent 4,584,294 and Parsons et al. U.S. Patent
4,873,235, '
Alternatively, the fused bicyclic ring
compound formula IIT can be reacted with a triflate
20 of the formula '

(XVIII)
0  OSO.CF,;

R;Qw~C ==CH =R,

to give the product of formula XVII.
25 - The compounds of formula I wherein A is



For exanple, when Y is [err] an N-protected am no acid of the fornula
(XXI'l) 10 [err] can be coupled with the amno acid ester of the fornula 15

(XXI'Il) [err] to give the dipeptide of the fornmula 20
wherein P1 is an am no protecting group such_ as benzyl oxya&e®onyl

(XXIV) [err] 5
or

t - but yl oxycarbonyl or a group which togethet3with the NNatom forms a

protecting group such as phthalimdo,P2 is a hydroxy or
is an easily renovabl e ester
roups when X is S are acyl

group, and [err]
Preferred P2 protecting

or benzoyl, especially_a
are acyl groups, t et rahy
especially 15

:

tri phenyl AB4 hyl

etyl. Preferred P2

;
ropyr anfs *Sh? rﬂfeﬁeda‘&
and 1, 1-di net hyl et hyl di net hyl silyl.

mercapto protecting
10 protecting group.

groups such as acetyl
otecting groups when X is O
FytSgroups -and trityls,

Thi s

coupling reaction is qHxeferablsy caprdeopirephrned bhecoppesenee of a coupling

reagent such as benz
hexaf | uor ophosphat e,

Yol

5

0
il
Ry~P=Cl

| am no) phosphoni um
i

b

ORg

wherein Rs is lower alkyl or benzyl with a fused

bicyclic ring compound of formula III to give the

product of the formula

10 (xxX)

- X

lol ’ (CHz)n
TN
ORg H Fe)

Y
|

N\\I/JCHz)m

COOR;

Preferably, R3 in the compound of formula III is

lower alkyl or benzyl.

1s .

The R3 and R5 acid protecting
groups can then be removed, for example, by

hydrogenation to give the corresponding products of
formula I wherein R3 and Rs are hydrogen.

known in the literature.
Karanewsky et al. U.S. Patents 4,432,971 and

20

" The phosphonochloridates of formula XIX are

See,

for example,

4,432,972 and Karanewsky U.S. Patent 4,460,579.
The products of formula I wherein either X or
Y or both are $-(0)¢ and t is one or twoc can be

prepared by oxidation of the compounds of formulas

25

IV, XV, XVII, or XX with a known oxidizing reagent -

such as meta chloroperbenzoic acid, peracetic acid,



20 carbodiimde, or nethanesul fonyl oxybenzotriazole. The [err] protecting
group can be selectively renoved fromthe internediate of formula XXIV such
as by treatnment with sodi um et hoxi de. i n nethanol when [err] is acetyl or
benzoyl or treatnent with an acid 25 such as p-tol uenesuwd2gai c acid in

met hanol when P2 is acetyl, benzoyl, trityl34 tetrahydropyranyl, or 1,1-

di met hyl et hyl di net hyl silyl. The resulting product is then subjected to an
acid catal yzed cyclization -17- reaction preferably by treating with a

strong acid such as ibhbhaRhYBReid1S kb, RAdAstehUanesblaphfadsi d or a
commerci al ly avail abl e pol ys ¥r§r}$ sul f Elate <f0| ymfr tﬁ)e. i on excréange
resin such as 5 Amber§st PefPyo" r;iilggc& Fi FHP6n°t S52E M ARPDE per f or med
in a non-protic sol véAf SR FiBe efthy|xasstéen otheP®dUErs *6f ormto give
the internedi ate of bheafrEdwherdidXv)id @nX ¢eerwp. The conpounds of fornul a
XXI'V after renovak of the RZePe&t&CbrHdcde0bP R ITOWhé ity REigation 15
wherein X is 0 can b§7cggverted to the correspondi ng conpounds wherein X is
S. This can be done by Vvarious nethods. For exanple, the conpound of
formula XXIV after renoval of the P2 group can beo

. A

i (0] 0]
—CH~—=0=—C=— Ry oOr f—
| ~CHjy
Rg Ryo

10 can be prepared by treating the corresponding
compounds of formula I wherein R5 or R7 is hydrogen
and R3 is an acid brotécting group with a compound of
the formula

{(XXI)
. | )Ok
il) le) [}
L=CH = O = C— R or ———
1 9 L-CHzL—‘(
15 Rg Rio

wherein L is a leaving group such as chloro, bromo,
or tolylsulfonyloxy followed by removal of the R3

acid protecting group.
The ester products of formula I wherein R3 is

i 7 o

e CH == Q o= C=— Ry —
{ ~CH;

20 Rg or R.p



treated with triphenyl phosphi ne, diisopropyl 20 azodi carboxyl ate and

thi oacetic acid. The resulting thioacetate is then treated with sodi um

met hoxi de in nmethanol to give the correspondi ng mercaptan which can then be
cyclized as descri bed above. In another nethod, the comp#&bPaof fornula 25
XXI'V after rempval of the P2 group is treat®¥ by known methods to give the
conmpound of the formula - 18 - [err] (XXVI) wherein L is a | eaving group
such as 5 net hanesul f onyl oxy, - para-tol uenesul f onyl oxyi odo, or brono. For
exanpl e, treatnent ofcdnhbe gRrgpaved wof tfeduingacheXyraddpendimpoval of the P2
protecting group w th.gaebhaiesel fmiiachlileldf @hVes htosaimaung, of
formula XXVl wherein L.is ngthanesul fonyl oxy. 10 The conpound of
formula XXVI is then treatell with cesiumthioacetate to give the

correspopndi ng t hi oacgt dee™C Treat Jept 5 WohBoSR b M dRiRXkL&e in net hanol

gi ves the correspondi ng'rrerfl}a}tegtfan 4\,hi,ch an _then be c Iiaegla as.descri bed
above. 15 Al t er nat T3el-5¢€ Wéct‘%ffﬁ:oﬁﬁﬁg SPRPRHIT 85 58 Rerein X is
0 can be converted diFI&ceay heoprerariedt aeqarding coothe dioddPwingXVv by 't r eat nent

wWith a strong acid sygbcassds whitclhradasetorn paitd ofpeliin ihoéntdasul f oni c

acid, or a comrercialgoy axadiabl¥nez0yPod Yabyienepsstderatl &nikel ¥8B{ type ion

exchange resin of the formula

(XXII)
10
X P,y
i
(CHz)n
P N~ CH — COOH
can be coupled with the amino acid ester of the
formula
15 (XXIITI)

H(".‘ ~F 0-alkyl),

(CHy) >
(CHz)m

H,N= CH— COOR;

to give the dipeptide of the formula
20



such as Anmberlyst [err] in a suitable solvent such as nethyl ene chloride or
chloroform The N-protecting group is then renoved fromthe conpound of
formul a XXV, for exanple, by 25 treatnent wi th hydrazi ne nonohydrate when
[err] together with N atomforns a phthalimdo group or #xs2bgeatnent with

I odotrinmet hyl sil ane or palladi umon carbon &nd amoni um formate or hydrogen

when [err] is - 19 - benzyl oxycarbonyl or by treatnent with hydrochloric
acid in dioxane or other strong acid when [err] is t-butoxycarbonyl to give
the fused bicyclic riggrgonpound of formula IIl. 5 In still

anot her nmethod when Y is CH2, the N-protected am no acid of formula XXII
can be coupled with the hydroxy amno acid ester of the formula [err] 10.to
give the dipeptide of the formula (XXVII1) [erF %%95? )Perr] and [err]
are as defined above. This coupling reaction isj{preferably perforned in the
15 presence of a coupling reagent sugh-gs net hagesul f onyl oxybenzotriazol e
or ethyl-3-(di- nethylam no) propyl chr bodi i m del Hydr oxy conmpound XXVIII is
then oxidi zed to the al dehyde of théCHdsmul a 20cH: XXl X)

!

P;™N— CH"'-I(l: "'?1 == CH = COOR3

O H

5 wherein P] is an amino protecting group such as
benzyloxycarbonyl or t~butyloxycarbonyl or a group
which together with the N-atom forms a protecting
group such as phthalimido,P2 is a hydroxy or mercapto
protecting group, ‘and R3 is an easily removable ester

10 protecting group. Preferred P2 protecting groups
when X is S are acyl groups such as acetyl or
benzoyl, especially acetyl. Prefer:ed P2 protecting
groups when X is O are acyl groups, tetrahydropyrans,
hindered silyl groups and trityls, especially

15 triphenYlmethyl and 1,1-dimethylethyldimethylsilyl.
This coupling reaction is preferably performed in the
presence of a coupling reagent such as benzotriazol-
l-yloxytris- (dimethylamino)phosphonium
hexafluorophosphate, ethyl-3-(3-dimethylamino)propyl

20 carbodiimide, or methanesulfonyloxybenzotriazole.

The P2 protecting group can be selectively
removed from the intermediate of formula XXIV such as
by treatment with sodium methoxide in methanol when
P2 is acetyl or benzoyl or treatment with an acid

25 such as p-toluenesulfonic acid in methanol when P2 is
acetyl, benzoyl, trityl, tetrahydropyranyl, or 1,1-
dimethylethyldimethylsilyl. The resulting product is
then subjected to an acid catalyzed cyclization



[err] - 20 - by treating with oxalyl chloride/dimnmethyl sul foxide foll owed
by a tertiary amne in a non-protic solvent such as nethyl ene chloride. The
al dehyde of forrmula XXI X is then treated as described above to renove the 5
[err] protecting group and then subjected to an acid catmdéegged cyclization
reaction as described above to give the intldrmediate of formula XXV. The
starting material of fornmula XXII|I wherein mis one can be prepared by
selective protection of 10 the NNatomof [err] to give (XXX) [err] 15

wherein [err] is an Meprolgc ;Lmrgsgursg, EPEar@Xg T 8 2Pk ARg Lo N-atom can
forma phthalimdo mo eltéy. N hﬁ I(\)I— gr%.ecte. [errJ_ oi formg%a XXX is then
treated to introduce PHe FB EETTOPPOTECEi AY Yr BUE STOeheHE B9 %at ment wi t h
met hyl iodide in thea2®d fredctRBesrididycavrilaple roAvRENHenti th a strong acid
-in methanol wherein B3licnanetpylymedhivpee sterexchatdec resit duzkcad 0 gi ve the
al dehyde of the fgr MghBerlyst2ds®{ einhls SeyF1e o dehydeeQbnt QEdmHea XXXI i
then treated vmththg . .

erformed in a non-protic solvent such as methylene

chloride or .chloroform to give the intermediate of

the formula

(XxXV)

10

~X '
(CH,) n\[_" “fH’) 2
P1'N—H/N\t/(H2)‘“

0 COOR3

The compounds of formula XXIV after removal of
the P2 protecting group and prior to cyclization
15 wherein X is O can be converted to the corresponding
compounds wherein X is S. This can be done by
various methods. For example, the compound of
formula XXIV after removal of the P2 group can be
treated with triphenylphosphine, diisopropyl
20 azodicarboxylate and thioacetic acid. The resulting
thioacetate is then treated with sodium methoxide in
methanol to give the corresponding mercaptan which
can then be cyclized as described above.
In another method, the compound of formula
25 XXIV after removal of the P2 group is treated by
known methods to give the compound of the formula



orthoformate of the fornmula (XXXI1) [err] 10 in the presence of a strong
acid catalyst and the correspondi ng al cohol, i.e. HO al kyl wherein alkyl is
- the sane as in the orthoformate of formula XXXIl, to give [err] Renoval of
N-protecting group [err] such as by treatnment 20 with hyHa&miane hydrate
when P3 and the N-atom forns a phthalim do ¥bi-ety yields the starting
material of formula XXII|l wherein mis one. -22- The starting materi al

of formula XXIIl wherein mis zero can be prepared by protecting the N-atom
of [err] glutamate toxgyye [err] wherein P3 is an N-protecting group such
as t-butyl oxycarbonyl or where P3 and the N atgm gagLahfy1f,0rm a phthalim do
noi ety. The N-protected glutamc acid of fornulja XXXIV'is then treated to
i ntroduce the R3 acid protecting group, as descHi bed above, to give (XXXV)
[err] Hydrogenolysis when R3 is Iome? al kyl re#ﬁﬁé@ t he benzyl ester group

from compound XXXV to give
P g (CHa) n (CHy)a

!

Py N=-—CH ""‘ﬁ "T’ — CH — COOR3
C H

wherein L is a leaving group such as

5 methanesulfonyloxy, para-toluenesulfonyloxy,iodo, or
bromo. For example, treatment of the compound of
formula XXIV after removal of the P2 protecting group
with methanesulfonyl chloride gives the compound of
formula XXVI wherein L is methanesulfonyloxy.

10 The compound of formula XXVI is then treated
with cesium thicacetate to give the correspopnding
thioacetate. Treatment with sodium methoxide in
methanol gives the corresponding mercaptan which can
then be cyclized as described above.

15 ' Alternatively, the compound of formula XXIV
wherein X is O can be converted directly to the

" intermediate of formula XXV by treatment with a
strong acid such as trifluorocacetic acid, para-
toluenesulfonic acid, or a commercially available '

20 polystyrene sulfonate polymer type ion exchange resin
such as Amberlyst 15® in a suitable solvent such as
methylene chloride or chloroform.

The N-protecting group is then removed from
the compound of formula XXV, for example, by

25 treatment with hydrazine monohydrate when P1 together
with N atom forms a phthalimido group or by treatment
with iodotrimethylsilane or palladium on carbon and
ammonium formate or hydrogen when Pl is



(XXXVI) 20 [err] - 23 - Selective reduction of conpound XXXVI such as by
treatnent with ethanethiol, ethyl-3-(3- dinmethlamno)propyl carbodiim de,
and di met hyl - am nopyridine followed by triethylsilane, palladiumb5 on
carbon, and acetonitrile .gives the al dehyde_of the formiP&28xxXXvi1) [err]
10 The al dehyde of formula XXXVII1 is then tfeated with the orthoformate of
formula XXXI'l as described above and the N-protecting group P3 is renoved
as descri bed above to give the starting material of forrmula XX Il 15
wherein mis zero. Thendpdxpearbany@raby (braatméntswath imgroehkirial of
for[rul QdXXV: | c?n b?a@i&&ﬁ{&ﬁ:&&ger&a%h% Rréfl LEddi_anwﬁﬁn g&%&w# y 4 b
acet am donal onate wi a stirred syspension of s um hydride foll owed by
reaction 20 with a hé%‘atf FHESPAE & oFlY‘FlethFo%ﬁﬁ%aLf‘%él\’/ﬂ 39 err] wherein
halo is Br, |, or C <e®rypdeet ferewipdthd of the formul a

' 5 In still another method when Y is CH2, the

N-protected amino acid of formula XXII can be coupled
with the hydroxy amino acid ester of the formula

(XXVII)
CH;=~OH
{
((l:Hz) 2
4
HoN=—— CH— COOR3
10 to give the dipeptide of the formula
(XXVIII)
sz-OH
l|(“' P, ((lez) 2
(CHZ ) n (CHz ) m
v v

Py~ N--CH—™ l(ll"'" 1'.\1—"' CH— COOR3
0o H
wherein P1 and P2 are as defined above. This
coupling reaction is preferably performed in the
15 presence of a coupling reagent such as
methanesulfonyloxybenzotriazole or ethyl-3-(di-
methylamino)propyl carbodiimide.
Hydroxy compound XXVIII is then oxidized to

the aldehyde of the formula

20 (XXIX)
HC=0
)I{-' P- {CH:) -
(CH:) (CH2)m
| v

P;™N==CH—™ I(I:—I|~I— CH= COOR;
o H



-24- (XXXIX) [err] A solution of the diethyl ester of formula XXXI X is
treated with sodi um hydroxi de and heat and 5 then acidified and heated
again to give the hydroxy am no -acid of the forrmula (XL) [err] 10

The hydroxy amino acid of formula XL is then treated w #4&639er ci ne ki dney
acyl ase or other suitable hydrolyzing enzy3®-to give the resol ved hydroxy
amno acid of the fornula (XLI) [err] The hydroxy am no acid of formula XLI
is then converted to the ester of formula XXVII by conventional neans. For

treat Ie:g"tnhe P Kdrof( amﬁ%m M@Qaﬁalylzéhloﬁ@gﬂdﬂrfetﬁﬂilmmxﬁé canhbe
i n met hano e ; be
IR LR el ) SGRQNLIE Adh-BhYed W81l ochl or i de

salt of the nethyl

formula XXI'|. can be S§chBpgriaiene fFRiaride. T‘W"le?nl@?hiygg r?{fﬁrl‘%?tsirgiy [err]

acid of the fornmul axXxXIxX is then treated as described above to remove the
S5 P2 protecting group and then subjected to an acid
catalyzed cyclization reaction as described above to
give the intermediate of formula XXV.
The starting material of formula XXIII wherein
m is one can be prepared by selective protection of
10 the N-atom of L-g-hydroxynorleucine to give

(XxXX)

/CH2\OH

CHy
|

CH,

(

P3=—N =—CH —COQOH

15 wherein P3 is an N-protecting group. For example, P3

and the N-atom can form a phthalimido moiety. The N-
protected L-g-hydroxynorleucine of formula XXX is

then treated to introduce the R3 acid protecting
group such as by treatment with methyl iodide in the

20 presence of base or by'treatment with a strong acid
in methanol wherein R3 is methyl. This ester is then

oxidized to give the aldehyde of the formula



(XLln) [err] is reacted to introduce the [err] and [err]
protecting 10 groups. For exanple, treatnment of the acid of fornula XLII
wi th N-carbet hoxyphthalimde in the presence of sodium carbonate foll owed
by treatnment with chlorotri phenyl net hane and tri et hyl am B&62§aves t he
starting material of formula XXi| wherein X5 0, 15 P1 together with
N-atom fornms a phthalimdo, and P2 is trityl. Alternatively, treatnent of
the acid of fornmula XLII with N (benzyl oxycarbonyl oxy)succininde in
aqueous sodi um car bonakeryand acetone foll owed by treatnent with
t-butyldinmethylsilyl chloride or an 20 acyl ating agent of fornmula V or VI
gives the starting nmaterial of fornmula XXIl wherein Xis 0, Pl is

benzyl oxycarbonyl, and P2 is t-butyldi nethyl sidsdo or an acyl group such as
acetyl. Wen Xis S and n is one, N N -bis[g&phenyl- 25

met hoxy) car bonyl ] -L-cystine can be treated fith zinc dust and aqueous
sulfuric acid to give the nercaptan of the émynula -26- [err] The
mercaptan of forrmula XLIIIl is then trea"t_rfto i ntroduce the P2 protecting
group. For exanple, 5 treatnent of the captan of frorrmula XLIII with
acetic anhydride gives the starti pg—rut-efgrd—adooRor nul a XXI1 wherein X is
S, nis one, P2 is acetyl, and P1 is benzyl oxycarbonyl .

5 The aldehyde of formula XXXI is then treated with the
orthoformate of the formula
{(3OXIT)

HC —¢-0-alkyl),
10 ) .
in the presence of a strong acid catalyst and the
corresponding alcohol, i.e. HO-alkyl wherein alkyl is
the same as in the orthoformate of formula XXXII, to
give
15 (&XIII)

H
- _c—+0-alkyl),

CH,»
I

CH,

(

P3—N —CH ‘—COOR3

Removal of N-protecting group P3 such as by treatment

20 with hydrazine hydrate when P3 and the N-atom forms a
phthalimido moiety yields the starting material of
formula XXIII wherein m is one.



Wen Xis Sand n is two, L-nethionine can be 10 protected on the N-atom
For exanple, reaction with benzyl chloroformte or

N- (benzyl oxycar bonyl oxy) - succi ni‘mi de gi ves N[ (phenyl nmet hoxy) car bonyl]-L-
‘met hi onine which is then esterified by treatnment with awa&d%ohol, al kyl -OH,
in the presence of an acid 15 catal yst sud? as p-tol uenesul fonic acid.
Treatnent with an oxidi zing agent such as N-chl orosuccini mde in aqueous
sol vent gives the sulfoxide of the fornmula (XLIV) [err] The sul foxide of

fOL mél adXLI Vis thea treatgd E\ﬂ.:i:;liﬁ& ridtledi 21 E0 Eb£1R119URRT BS whE£d ir .
anhydride to give the.commau AL nt wit

al kali netal hydroxi gfg’g %ﬁl ?)%‘/eg}eb p%afrtgéra%yr %ﬁgt\:/%?tzléf’ {:lgér% gé‘ﬁ%&fgesuch as

by treatment with a'rSOFFngHgBate Pof¥anpl e, sodi um borohydri de,

foll onwed by treat nedkX¥dvh an aci d anhydride such as acetic anhydride gives

the starting material of fornmula XXIl wherein Xis S, nis tw, P2 is

acetyl, 10 and [err] is benzyl oxycarbonyl. The f bi cyclic ring
conpounds of fornmula Il wherein Y is S ofO%CH one can be prepared
by coupling the N-protected am no acid oflforrrula Il with the am no acid
ester of the fornmula [err] (Cﬂz

Py=—N =——CH —COOH

wherein P3 is an N-protecting group such as
t-butyloxycarbonyl or where P3 and the N-atom can

10 form a phthalimido moiety. The N-protected glutamic
acid of formula XXXIV is then treated to introduce
the R3 acid protecting group, as described above, to

give
{(XXXV)
(CHZ
15 P3=—N ~—CH—COOR;

Hydrogenolysis when R3 is lower alkyl removes the
benzyl ester group from compound XXXV to give

(XXXVI)
20

Py===N =—CH-—COOR;



to give the dipeptide of the fornula HA629a - 28 - (XLVII) [err] 5
wherein [err] and [err] are as defined previously and R3 is an acid
protecting group. This coupling reaction is preferably perfornmed in the
presence of a coupling reagent such as benzotriazol-1- HA629a

yl oxytri s(di met hyl am no) phosphoni um hexaf t (& o- 10 phosphate or

et hyl - 3- (3-di net hyl am no) propyl carbodiim de. The P2 protecting group can
be selectively renoved fromthe internmediate of fornula XLVII such as by

treatment with sodi U@eﬁ@éémi Q&d&l%téﬁ@gﬁ&ﬁdmlpgubﬁ @hpgcyl group

such as acetyl or and trea cj d.,such as
p-toluenesul fonic ac?’égxment ekgﬁnethﬂ’ﬁ e%ﬂ ? 3 , tetrahydropyranyl,

or a hindered silyl &lﬂﬁ’f}"lﬁh’émr%é’Bﬂl‘?ﬁbﬁ?Hd&@?'l%n ﬁé’ﬂe%j'ect ed to an
acid 20 catal yzed cyehmigeanirddinefolloreddydesiethpbsilabey ealdagiuve t he
internedi ate of the barfadodn, andQcetdMiltkibe gives the iD&erydlechiBgjeat € of
formula XLVIII whereifg X,

(XXXVII)

CH,

(

Py=—N -—CH-——COOR;
10
The aldehyde of formula XXXVII is then treated with
the orthoformate of formula XXXIT as described above
and the N-protecting group P3 is removed as described
above to give the starting material of formula }iXIII
15 wherein m is zero.
The hydroxy amino acid ester starting material
of formula XXVII can be prepared by reacting a
solution of diethyl acetamidomalonate with a stirred
suspension of sodium hydride followed by reaction
20 with a haloalkylacetate of the formula
(XXXVIII)
O
i
halo=(CH;) = (CH;) 7 CH;~O0——C——CH;
wherein halo is Br, I, or Cl to give the compound of
the formula



is Sand nis tw can al so be prepared by treating the conmpound of formula
XLVI1 wherein Xis O and nis two to selectively renove the P2 group and
convert the hydroxy to a nercaptan as descri bed above 10 followed by aci
catal yzed cyclization. The N-protecting group is then réagafed fromthe
conpound of formula XLVII1 for exanple, Dy*% reatment with hydrazine
nonohydrate when [err] together wwth N atom forns a phthalimdo group or
treatment 15 wth iodotrinethylsilane or palladiumon carbon and amoni um

formate or hydrogen mkemx)err]. i s benzyl oxycar bonyl

to give the fused

bi cyclic ring conpounds of forrmula IIl. The stl rting material of formula
XLVI wherein 20 Y is O can be prepared gyc+&asidgdg the N-phthalimno
protected amino acid ester of the formulal - 30- with allyl "

trichloroacetindate in the presence of tff‘f’*’&wor onet hanesul fonic acid to

gi ve the conmpound of the forrmula (L) (CH,)
of the conpound of formula L with oane i nj et hanol

[err] 5 Treatnent
t hen di net hyl sul fi de

foll owed by 10 the ort hof or nat e BE~FOrmMH-C-XXRPECHsn the presence of
p-tol uenesul fonic acid yields the protected conpound of the formula (LI)

A solution of the diethyl ester of formula
XXXIX is treated with sodium hydroxide and heat and
S then acidified and heated again to give the hydroxy

amino acid of the formula

(XL)
H,C-—OH
(CH3) 2
0 (ICHz)m
H3c—-lc|:—- NH— CH— COOH
10 The hydroxy amino acid of formula XL is then

treated with porcine kidney acylase or other suitable
hydrolyzing enzyme to give the resolved hydroxy amino

acid of the formula
(XLI)
H,C =~ OH
(CH;) >
(CH:)m

15 H;N—-—CH— COOH

The hydroxy amino acid of formula XLI is then
converted to the ester of formula XXVII by
conventional means. For example, the hydroxy amino

d

by



Renoval of the N-protecting group such as by treatnent with hydrazine
hydrate yields the starting material of forrmula XLVI wherein Y is O. -31
- The starting material of formula XLVI wherein Y is S can be prepared by
reacting the cysteine ester of the fornula (LII) 5 [errHAaeR%sh the

br ompacetal of the formula 10 (LII1) [er?]?3m the presence of sodium
hydride and potassium 15 iodide to give the amno acid ester of the formla
(LI'V) [err] 20 ' The conpounds of formula | contain three asymetric
centers in the fuseddiicyt|foemply KLONcH beheresitedCinimecMiddl adeh ti onal

centers possible in Hde s | R | t Oopt L G Equr formof the
fused bi (F:)ycl I C produ%lige%iﬁ%%i e%ﬁ%ﬁ%%ueé ?g %ﬁ'eef g%g?d% arﬁdguch forms are
within the scope of staft%l s°ﬁer5¥g‘8n'{’?t 1 98ReraB6 RO BELR PNET- processes can
utilize: -32- The starting materials of formula XXII can be

5 prepared as follows. When X is O, the hydroxy
o-amino acid of the formula

(XLII)
' OH

(CHz) n ’

HoN CH— COOH

is reacted to introduce the P] and P2 protecting

10 groups. For example, treatment of the acid of
formula XLII with N-carbethoxyphthalimide in the -
presence of sodium carbonate followed by treatment
with chlorotriphenylmethane and triethylamine giveé _
the starting material of formula XXII wherein X is O,

15 Pj together with N-atom forms a phthalimido, and P3
is trityl. Alternatively, treatment of the acid of
formula XLII with N-(benzyloxycarbonyloxy)succinimide
in aqueous sodium carbonate and acetone followed by
treatment with t-butyldimethylsilyl chloride or an

20 acylating agent of formula V or VI gives the starting
material of formula XXII wherein X is O, P1 is
benzyloxycarbonyl, and P2 is t-butyldimethylsilyl or
an acyl group such as acetyl.

When X is § and n is one, N,N'-bis[(phenyl-

25 methoxy)carbonyl])-L-cystine can be treated with zinc
dust and aqueous sulfuric acid to give the mercaptan
of the formula



racemat es, enantioners, or diastereoners as starting materials. \Wen
di astereoneri ¢ conpounds are prepared, they can be separated by

conventional chromatographic or fractional

crystallization 5 nethods.

Prefeerably, the hydrogen attached to the bridgehead car J&%2P8 in the
orientation shown below [err] 10 - ?ﬁe'corrpounds of formula
wherein [err] and/or [err] are hydrogen can be isolated in the formof a

pharmaceutically acceptable salt.

Suitable salts for this purpose are

al kali metal salts suyrtzmy sodi um and potassium alkaline earth nmetal salts

such 15 as cal cium and nmagnesi um salts derived
etc. and salts derived fromam hes such as al kyl am nes,
t-anyl anine, etc., subsjitut edi’éﬂ kyl ani nes, e.g.

argi ni ne, |ysine,
e.g. t-butyl am ne,

benzyl am ne, di al kyl ami nes; substitutdd dial k e.g.
trial kyl es, bt tut edi r ral kK§¥%hi nes, and

guat ernary ammonium salts. These salts can be _obtained by react itlr‘%g
d

- N-net hyl gl ucam ne,

| am nes,

formof the compound with FH5a%F SR PEnGoTHEdtRitleds i TIFR HFee
25 which the salt pkecinsredees the P raghecfdsonekiupm ofRy eXerPleyophili zi ng.
Preferred conpounsls efedtiieiti s @hki fdrcapCad @S EomhifaexitIr wit33- [err]

10

15

20

acetic anhydride gives the starting material of
formula XXII wherein X is S, n is one, P2 is acetyl,
and P1 is benzyloxycarbonyl. '

' When X is S and n is two, L-methionine can be
protected on the N-atom. For example, reaction with
benzyl chloroformate or N-(benzyloxycarbonyloxy)-
succinimide gives N-[(phenylmethoxy)carbonyl]-L-
methionine which is then esterified by treatment with
an alcohol, alkyl-OH, in the presence of an acid
catalystfsuch as p-toluenesulfonic acid. Treatment
with an oxidizing agent such as N-chlorosuccinimide
in agqueous solvent gives'the sulfoxide of the formula
(XL1IV)

9]

IS_ CH;

(CH;) >

0
i Y

@— CH;— 0= C——NH— CH-— C00alkyl

The sulfoxide of formula XLIV is then treated
with an acid anhydride such as acetic anhydride to
give the compound of the formula

Hom anm no aci ds such as

the acid
iumin



[err] is hydrogen, [err] R3 is hydrogen or lower alkyl of 1 to 45
carbons; r is zero or one; [err] is lower alkyl of 1 to 4 carbons; [err] is
[err], substituted aryl-CH2-, [err] cycl oal kyl -CH2- wherein the 10
cycloal kyl is of 3 to 7 carbons, or straight or branchedaé2gs n al kyl of 1
to 7 carbons and R12 is hydrogen; or [err]2amd [err] taken together with
the carbon to which they are attached conplete a cycloalkyl ring of 5to 7
carbons; 15 R6 is lower alkyl of 1 to 4 carbons or phenyl; n is
one or two; mis zergg®j one; [err] 20 only when mis one. Mst preferred
are the above conpounds wherei n: hydrogen; [err] 25

R3 is hydrogen; r is zero or one; especially ong_ ,LE;_g§§genzyl,

cycl opropyl methyl, or straight or branched chaijn al'kyl o fo 5 carbons,
especially benzyl; -34- R12 is hydrogen; n ic,pne or two;

i
<O> CH,~ Q== C—=NH=— CH~— COOalkyl .

Treatment with alkali metal hydroxide, followed by
S the removal of formaldehyde such as by treatment with

a reducing agent, for example, sodium borohydride,
followed by treatment with an acid anhydride such as
acetic anhydride gives the starting material of
formula XXII wherein X is S, n is two, P2 is acetyl,

10 and P31 is benzyloxycarbonyl.

The fused bicyclic ring compounds of formula

IIT wherein Y is S or 0 and m is one can be prepared
by coupling the N-protected amino acid of formula
XXII with the amino acid ester of the formula

15 {(XLVI)

H? ~- 0-alkyl):

H,C

b 4

(

- HyN=CH - COOR3

to give the dipeptide of the formula



mis zero or one; Xis Oor S; and 5 Yis [err] or S provided that
Yis O or Sonly when mis one. The single nost preferred conmpound is 10

[1, 3]t hi azepi ne-7-carboxylic acid, i.e. the conpound of the formula [err]
15 The conpounds of forrmula | wherein A is [erEjé628e dual

i nhibitors possessing the ability to i nhi3& -20 angi ot ensin converting
enzyne and neutral endopeptidase. The conpounds of -35 - [err] are
selective inhibitors possessing the ability to inhibit the angiotensin
converting enzyne. Thggrrt he conpounds of formula I including their 5

pharmaceutically acceptable salts are useful in the treatnent of
physi ol ogi cal conditions in which angiotensjn_coonverting enzyme inhibitors
have been shown to be useful. Such conditi off -i_g(glaﬁ%gugﬁ sease states
characterized by abnormalities in blood 10 ressure, intraocular pressure,
and renin including cardiovascul ar di seasegh@articularly hypertension and
congestive heart failure, glaucoma,xafg, renal] diseases such as renal
failure, diabetic nephropathy, and Irenal inp@irnent foll owi ng treatnent
with (CHz2)n r’-
- !
Py~ N— CH~¢—N-= CH~ COOR3
O H

5 wherein P1 and P2 are as defined previously and R3 is
an acid protecting group. This coupling reaction is
preferably performed in the presence of a coupling
reagent such as benzotriazol-1l-
yloxytris(dimethylamino)phosphonium hexafluoro-

10 phosphate or ethyl-3-(3-dimethylamino)propyl
carbodiimide.

" The P2 protecting group can be selectively
removed from the intermediate of formula XLVII such
as by treatment with sodium methoxide in methanol

15 when P2 is an acyl group such as acetyl or benzoyl
and treatment with an acid such as p-toluenesulfonic
acid in methanol when P2 is a trityl,
tetrahydropyranyl, or a hindered silyl group. The
resulting product is then subjected to an acid

20 catalyzed cyclization reaction as described above to
give the intermediate of the formula



15 «cycl osporine or other immunosuppressants. other conditions
angi ot ensi n converting enzyne inhibitors have been reported to be useful
i ncl ude hepatic cirrhosis, inhibiting the progression of atherosc
preventing or treating hypertensive 20 or diabetic rethxag9at hy,
myocardi al dysfunction during or follow hg%-nmyocardial infarction, and
preventing restinosis after angioplasty. The dual inhibitors are
useful in the treatnment of physi.ol ogical conditions in which 25
endopepti dase i nhi bi(xovsrhave been shown to be useful. Such cond
i ncl ude cardi ovascul ar di seases particularly hypertension,

hyper al dost eronem a, renal diseases, glagcons,
acute or chronic pain. Thus, 30 theq 0

s well as the rel
orsdormula | are u

reduci ng bl ood pressure and the dual {nhibitjors offfornmula | are

additional Iy useful for this py pe ue toytheir
natriuresis properties. The dual inhi bi er§ a
treatment of congestive heart failure. THe co
5 pharmaceutically acceptable salts thergof ca

-36- diuresi
articularly usef
unds af formula |
adm ni stered f

n which

| erosi s,
i mpr ovi ng

al so
neut r al
tions al so

i ef of
seful in

s and

ul in the
i ncl udi ng

or these

effects in ambunts simlar to those enpl oyed previvusly for angiotensin
converting enzyne inhibitors. For exanple, the conpounds of forrmula I can

be admi nistered 50 a mamMehbathddefbdiate of formula XLVIIT wherein X

10

15

20

is s and n is two can also be prepared by treating
the compound of formula XLVII wherein X is O and n is
two to selectively remove the P2 group and convert
the hydroxy to a mercaptan as described above
followed by acid catalyzed cyclization.

The N-protécting group is then removed from
the compound of formula XLVIII for example, by
treatmgnt with hydrazine monohydrate when P1 together
with N atom forms a phthalimido group or by treatment
with iodotrimethylsilane or palladiﬁm on carbon and
ammonium formate or hydrogen when Pj is
benzyloxycarbonyl to give the fused bicyclic ring
compounds of formula III.

The starting material of formula XLVI wherein
Y is O can be prepared by reacting the N-phthalimino
protected amino acid ester of the formula

(XLIX)
o (03

N— CH = COOR;



10 such as man at fromabout 0.1 ng. to about 100 ng. per-kg. of body

wei ght per day, preferably fromabout 0.5 ng. to about 25 ngy. per kg. of
body wei ght per day. The conpounds of forrmula | are preferably adm nistered
orally but parenteral routes such as 15 subcutaneous, i®&28auscul ar, and

i ntravenous can al so be enployed as can T cal routes of administration.
The daily dose can be adm nistered singly or can be divided into tw to
four doses adm nistered throughout the day. .20 The inhi bitors of
formula | can be adriiBhSdifedetithtordidetiniaarel ih dhenpreddiNce99r - 126. Such- -
combi nati on woul d CQn}&ei\szfom@tﬁayMﬁ&ﬁcoé {PEBUA AL Snpegbast 1 to
about 100 ng. per % wel ght and % human ANF 99 - 126 at from
about 25 0.001 to a Bﬁt . per kg. of body weight. The inhibitors of
formula | can be addﬁhlstered in conbination with other classes of
pharmaceutical | ysactive conpounds. For exanple, a diuretic, a calcium
channel bl ocker, a potassium 30 channel activarecn=acgpolesterol reduci ng
agent, a[err], etc. The inhibitors of ornula or a pharmaceutically
acceptabl e salt thereof and other phar lceut IIy accept abl e ingredients
can be -37- fornul ated for =\descy i bed pharnmacetical uses.
Sui t abl e conpositions for oral nii&k-coORa

Treatment of the compound of formula L-with
ozone in methanol then dimethylsulfide followed by
10 the orthoformate of formula XXXII in the presence of
p-toluenesulfonic acid yields the protected compound
of the formula

{LI)
H
/C‘—fo-alkyl) 2
HzCI'.'
0 ro
N-~CH — COOR;
15 ©

Removal of the N-protecting groub such as by
treatment with hydrazine hydrate yields the starting
material of formula XLVI wherein Y is O.



i nclude tablets, capsules, and elixirs, and suitable conpositions for
parenteral adm nistration include 5 sterile solutions and suspensi ons.
Sui t abl e conpositions for treating glaucoma al so include topical
conpositions such as solutions, ointnents, and solid i ng#®62% as descri bed
in US. Patent 4,442,089. About 10 to 500 ¥y.- of active ingredient 10 is
conpounded with physiologically acceptable vehicle, carrier, excipient,

bi nder, preservative, stabilizer, flavoring, etc., in a unit dose form as

called for by accepted phafﬂéi%%&dﬁ@ nd¥edGhi CF fsb@ufapb:mmnﬁremrml es are

illustrative of the v t ' in d
centigrade. Thin Iay’ér§ r%{r?rla'zogéb gﬁgpf‘f’%cyé;&lﬁ ?@o\réﬁtga%éliq‘ﬁ glgfl ca gel
unl ess ot herwi se st &% EXAMPLE 1 [err] a)
(S)-2-Phthal i mdo-4- ﬁyﬂﬂoxybutan0|c aci d. trlethylanine salt A solution of
L- honoserine (3. g., 25.2 mol .) and sodi um carbonate (2.670 g., 25.2
~mol.) in 10 water (60 m.) was treated wi kgl N carbet hoxy- phthalim de
(5.570 g., 25.4 mmol .). After stirring aafroon1tenperature for 2 hours, the
solution was acidified with 6 N hydrochldric acid and extracted into ethyl
acetate. The ethyl acetate extract wagN-*SCH-wastery wWith brine, dried (sodium
sul fate), and

with the bromoacetal of the formula

.10 {LIII)

Br—CH,— CH——{0O-alkyl),

in the presence of sodium hydride and potassium
15 iodide to give the amino acid ester of the formula
{LIV)

HC'! -+ 0-alkyl):

HC

- .

HoN=— CH =~ COOR;

20 The compounds of formula I contain three
asymmetric centers in the fused bicyclic portion of
the structure with additional centers possible in the
side chain. While the optically pure form of the
fused bicyclic products described above is preferred,

25 all such forms are within the scope of this
invention.' The above described processes can utilize



filtered into a solution of triethylamne (4.0 m.) in nethylene chloride
(40 m .). The cloudy solution was concentrated and triturated with ethyl
acetate and ethyl ether to afford 5.11 g. of the title 20 conpound as a
white solid; mp. [err]. TLC (5% acetic acid in ethyl Hs&a%te) Rf = 0. 36;
[err] = [err] (c = 0.8, chloroform). Anat.3derr] for [err] C 61.70; H 7.48;
N 7.99 25 Found: C 61.45; H 7.47; N 7.84. b) -
(s)-2-Phthalimdo-4-(triphenyl met hoxy)butanoic acid, triethylamne salt A

_hon'oﬁleneo]tcjs sol( ggl %&aeémsﬂygt, péﬁ%ié%bméfé}”?godia%@léfe&&s(%%%Qgrg%r;g f5 |4| mTDlj )
in chl orof orm ( . r rjet. n err ol | owe
by solid chlorotri pﬁng%?%(%shaﬁ@le 1§%Q§§?ﬂ\g%c%@&u%; %e{ er stirring at
room t enperat ure f oPToPErouFReY CAB RS |SEPREAFSHalY RANVPRT P8 bet ween et hyl

acetate and HAG 2 ¢arom®d®grapghikt brhiatrcsdbhal iccyatcaldigd®idnnl . ). The organic

:calyer wgs_ washedsw: Er@;li\@cisﬁ][ BRckhable, chBerydoges Jrxadhedncsuthat e) amﬂ -
iltered into a so t ylz . .. ne chl ori de
(30 mM.). The 5 sol % ?‘%%h%/gg J(;':Ao]ﬁ)t(‘:)te'l&sr aﬂ%g}iﬂ?o&éﬁg%glql,o}lr glg?w[sﬂg%%%vg in a small
anount of nethylene chloride and ethyl acetate and triturated with ethyl

ether until the solution became turbi the mi xture was seeded and | et
st and /dx\'/\

(CHz)n Y
|
)\U/II\‘/ICHg)m
I

COORz |

10 The compounds of formula I wherein R3, R5
and/or R7 are hydrogen can be isolated in the form of
a pharmaceutically acceptable salt. Suitable salts
for this purpose are alkali metal salts such as
sodium and potassium, alkaline earth metal salts such

15 .as calcium and magnesium, salts derived from amino
acids such as arginine, lysine, etc. and salts
derived from amines such as alkylamines, e.g.
t-butylamine, t-amylamine, etc., substituted
alkylamines, e.g. benzylamine, dialkylamines,

20 substituted dialkylamines, e.g. N-methylglucamine,
trialkylamines, substituted trialkylamines, and
quaternary ammonium salts. These salts can be
obtained by reacting the acid form of the compound
with a base supplying the desired ion in a medium in

25 which the salt precipitates or in aqueous medium and
then lyophilizing.

Preferred compounds of this invention are
those wherein:



at roomtenperature. The resulting precipitate was 10 collected by
filtration, washed with ethyl acetate and ethyl ether, and dried in vacuo
to afford 2.538 g. of the title conpound as a white solid; mp. = 165 -
[err]. (deconp.). TLC (10% nmethanol in chloroform Rf = @ae28a [err] = [err]
(c = 1.2, chloroforn). 15 c) (S)-2-Phthati33 do-6-hydroxyhexanoic acid A
solution of (+)-L-e-hydroxynorleucine [prepared according to the procedure
of Bodanszky et al., J. Med Chem, 1978, 21, 1030 - 1035] (1.030 g., 20

7.0 mmol . ) and 'sodi um car bonate (745 ny., 7.0omml.) in water (12 m.) was

treated with N-carbet hoxy- phthalimde (1.495tg., 7.0 mmol.) and the
m xture was stirred at roompggnﬁerérdﬂééﬂ?ﬁ(?cﬁougs. The sol ution was
filtered, cooled to [err] C., and acidifLRd %5 with 6N hydrochloric acid
to afford a white precipitate. The solid Ws tollected by filtration and
dried in vacuo at [err] C. for one hour to give 1.297 g. of the title
conmpound; mp. 162 - [err]; [err] =[err] (c g 1.3, nethanol). 30 d) (9
- 2- Pht hal i m do- 6, 6-di net hoxyhexanoic acid. ndthyl ester A slurry of the
product frompart (c) (3.7%3 gs,hyageéemlﬁs')'%ﬁﬂ cesiginggarponate (2.178
g., 6.7 -40- mmol.) in %rrgé Q-led}crgéérﬂa@rdfmfe%aﬂyl) opas ttor giat ed with
5 carbons;
r is zero or one; .
R11 is lower alkyl of 1 to 4 carbons:
Rl is aryl-CH2-, substituted aryl-CH2-,
heterocaryl-CH2~-, cycloalkyl-~CH2- wherein the
10 cycloalkyl is of 3 to 7 carbons, or straight or
branched chain alkyl of 1 to 7 carbons and R12 is -
hydrogen; or R] and R12 taken together with the
carbon to which they are attached complete a
cycloalkyl ring of 5 to 7 carbons:
15 Rg 1s lower alkyl of 1 to 4 carbons or phenyl;
n is one or two;
m is zero or one;
X is O or S; and
Y is CH2, O, or S provided that ¥ is O or S
20 only when m is one. :
Most preferred are the above compounds

wherein:
o]
. i
R2 is hydrogen or He—Cc— | especially
hydrogen;
25 R3 is hydrogen:

r is zero or one; especially one;

R3 is benzyl, cyclopropylmethyl, or straight
or branched chain alkyl of 3 to S carbons, especially
benzyl;



methyl iodide (3.0 M., 6.84 g., 48.2 mmol.). After stirring at room
tenperature for 2 hours, the mxture was diluted with ethyl acetate and
washed 5 successively with water containing a small anmount of sodium
bisulfite, water, 50% saturated sodi um bi carbonate, an@”b2¥:e, then dried
(sodiumsul fate), filtered and stripped-t®*dive the internediate ester as a
colortess oil (3.825 g.). The oil was 10 honogeneous by TLC

(1:1-acetone: hexanes) Rf = 0.37. A [err] solution of oxalyl chloride (1.37
m., 2.00 g., 15.7 mmol. )Rij'lldryydmbaﬂj ene chloride (58 m.) was treated
dropw se with a solution of, dr Loylsul foxide (2.24 m., 2.47 g., 31.6
nmmol.) in 15 nethyl ene chl orlée ’. . After 10 mnutes, a solution of
t he above al cohol -ester (B.3825°F° °r13ni mrol .) in methylene chloride (10
m.) was added. After an &didi Oieond; ad&dm nutes, triethylamne (8.0 m.) was
added and the msxt ure wasy Sisd thgd aat o €3 rp]roﬁﬂdea‘ @ha® yriiBUbe&; st hen war nmed

to [err]. ~ The m xt Y\Qﬁ% with ethyl acetate/ethyl ether and was
subsequent |y washed Lﬁv\/?’t g] #‘ (%chl oric acid, water, and brine, then

dried (sodiumsulfate), fTh él‘%%ll%ﬁﬂs%tl?’ieﬁ gted GOBPEG & crude desired 25
al dehyde. The oil W&s [#®MJenotlafd)- q‘L"@"’Q’dP‘l‘l [AeorerrePhexknes) Rf =
0.48. A solution ofgxdche- wwp%ﬂahmmd]nsn&&ambyﬁﬁmm 19bjand rret hyl ene

chioride (L7 My VS ERALLR0;MLIA LELAEN K o) th@l‘@g r% Scdrolnd! )

foll owed by p- uenesu oni ¢ cac d monoh rate The m xture
was stirred at roorfRf ERPeFOFYIR for 1.5 hours t hen part|t| oned bet ween
et hyl acetate and 50%

L4

S

il

HS—— gH—c——-l;r

T Hz H o) COCH

15 The compounds of formula I wherein A is
0 Q-
i I
—_—— —C— C—
Rz Ry or Ri2 R

are dual inhibitors possessing the ability to inhibit
20 angiotensin converting enzyme and neutral
endopeptidase. The _compounds of



saturated sodi um bi carbonate. The organic | ayer was washed with water and
brine, then dried (sodium -41 - sulfate), flitered and stripped. The
residue was flash chronatographed (Merck silica gel, 1:1-ethyl

~acetate: hexanes) and the pure product fractions were cri$Raalized from

et hyl acetate/hexanes to give the 5 analyBPcal |y pure title product (3.452
g., first crop and 215 ny., second crop) as white needles; mp. 69 - [err].
TLC (1:1 - ethyl acetate: hexanes) Rf = 0.35; [err] = [err] (c = 1.5,
chloroform. Anal. calc'd for [err]: 10 C 60.89; Hg.31; N 4.18
Found C 60.80; H 6.32; N 4.16. e) [err]rjoethexgs—1- oxobuytyl¥ ami nol

- 6. 6-di net hoxy- 15 £ormudAoT WhesPEn ﬁfréﬁhyl ester| A sl Lﬂrry 8t it he product
frompart (d) (2.540 g., 7.57 nmmol.) in methandhh (18 m.) w®Rstreated with

hydrazi ne mononydr aje, (3T8el &1 LonS4000D. pobeB0s P ny.- Mergiagure becans

‘honogeneous wi thin rstirr grature for

3 days, the resulti h’bmﬁ"ﬁrg%)e \ﬁ&gl‘f‘ﬁnlséf‘e%onvffﬁ%%ﬂzy%? ur [lﬁnéd'n}%n et hyl ene
chloride, filtered eempoynds mfedormpalian It nelubddng thedrcr ude i nternedi ate
am ne as a col or$esghmdacem\a/cnylac@psabw isabtofarehesml Lnitdehyl ani ne

mal ; g: O([:ig:’:f’] from papd. e (& %ﬁgsﬂsl’ochgp JTEB! £ donlsNi ABIHA¥hene chl ori de (50
angiotensin converting enzyme inhibitors have been

shown to be useful. Such conditions include disease
states characterized by abnormalities in blood

10 pressure, intraocular pressure, and renin including
cardiovascular diseases particularly hypertension and
congestive heart failure, glaucoma, and renal
diseases such as renal failure, diabetic nephropathy,
and renal impairment following treatment with

15 cyclosporine or other immunosuppressants. Other
conditions in which angiotensin converting enzyme
inhibitors have been reported to be useful include
hepatic cirrhosis, inhibiting the progression of
atherosclerosis, preventing or treating hypertensive

20 or diabetic retinopathy, improving myocardial

. dysfunction during or following a myocardial

infarction, and preventing restinosis after
angioplasty. The dual inhibitors are also useful in.
the treatment of physiological conditions in which

25 neutral endopeptidase inhibitors have been shown to
be useful. Such conditions also include
cardiovascular diseases particularly hypertension,
hyperaldoéteronemia. renal diseases, glaucoma, as
well as the relief of acute or chronic pain. Thus,

30 the compounds of formula I are useful in reducing
blood préssure and the dual inhibitors of formula I
are additionally useful for this purpose due to their



was treated with benzotriazol -1-yl oxytris- (dinmethylam no)phosphonium
hexaf | uor ophosphate (3.519 g., 7.95 nmmmol.). The m xture was stirred for 35
30 mnutes, then treated with a solution of the above am ne in nethyl ene
chl ori de (15 m.). After 10 mnutes at [err] C and 2 hawég%at room-
tenperature, the solution was partitioned3Between ethyl ether and water.
The organic |1ayer was washed wth 50% HA629a saturated sodi um

bi carbonate and brine, then dried (sodiumsulfate), filtered and stri pped.

Thetrtesi ﬂue was)flta@ihz@hwrmidoaawhﬁdsiwr@beﬁhésca el qubl 4- etc\%l f

acet at e: hexanes) to OfRY ite foam
TLC (6:4 - ethyl acHfPs: ?31“55%%28 ‘%ﬁcgy%‘e‘izl‘g%ﬁ‘l FH e l‘I'Q]g' '?'Een? 0.6,
chloroform). [err] Qb copgeifiye] ’é?ﬁ%lfaﬁl‘ﬁ'edl met hoxyhexanoi ¢ aci d, nethyl
ester A solution of the pTrioeuompbumdn pérfoxfela(5.i420dging 8. 0 mol . ) in

met hanol (60 m -9 VefarhhealdaMy mdaebeéme_ngsmsf @RbfedXCicdnmegIohydrat e (520
mg. ). After Stlgaupggf@ére 9L | AURE" 4edces O ahollPUi L ENEoM Xt LT e uas

e e an

partitioned bet ween ace ute sodi um bj car onate The phases
were separated and thRS ﬁ‘ﬁ%‘é’@@ I%‘Sﬁé’ﬁ%‘\%%}’ &9F r BRALOGeRRER FORYEIH188hy |

acetate. The pool edermygtamrd'xiémit:@m-tsterqatamashed:hzocomwnderﬁwe dried
(sodiumsul fate), ffdim@180r 3¢ be administered to a mammalian host

10 such as man at from about 0.1 mg. to about 100 mg.
per-kg. of body weight per day, preferably from about
0.5 mg. to about 25 mg. per kg. of body weight per
day. The compounds of formula I are preferably
administered orally but parenteral routes such as

15 subcutaneous, intramuscular, and intravenous can also
be employed as can topical routes of administration.
The daily dose: can be administered-singly or can be
divided into two to four doses administered '
throughout the day.

20 The inhibitors of formula I can be
administered in combination with human ANF 99 - 126.
Such combination would contain the inhibitor of .
formula I at from about 1 to about 100 mg. per kg. of
body weight and the human ANF 99 - 126 at from about

25 0.001 to about 0.1 mg. per kg. of body weight.

The inhibitors of formula I can be
administered in combination with other classes of
pharmaceutically active compounds. For example, a
diuretic, a calcium channel blocker, a potassium

30 channel activator, a cholesterol reducing agent, a
B-blocker, etc.

The inhibitors of formula I or a
pharmaceutically acceptable salt therecf and other
pharmaceutically acceptable ingredients can be



stripped. The residue was flash chromat ographed (Merck silica gel,

8: 2-ethyl acetate: hexanes foll owed by 5% net hanol in ethyl acetate) to -
afford 2.860 g. of the title product as a colorless oil. TLC (7:3 - 25

et hyl acetate: hexanes) Rf = 0.26; [err] = [err] (c = 1l.#n628&l oroforn).
[err] A solution of the product from part3ffy (2.10 g., 4.95 mmol.) in
nmet hyl ene chloride (100 m.) was treated with Jerr] 15 ion exchange resin
(240 ny., pre-washed successively with 6 N HA629a -43- hydrochloric
acid, water, tetrahggiRiidtad. cdrhere %bbé!'cﬂ%%r@bé&fhﬂﬁﬁaceﬁi&ﬂ stirring at

room t enper ature for dgs(S gnga%lFtQ&p%g g{%‘%nfﬁps ﬁ'éq’?{ ntla‘f' tr. gpedsand

flash chromat ogr aphe
fol | owed by 100% et RgFlusdectahiefsy oca@sb‘ eg, 29dg el’d‘l"-rﬁi tar"é1 BPb‘Eﬁ%te as a white
foam h) (S)-2- (Acedargddslitu)ltasrfzermmeopm @dmmlditi_'@tlon includeSodi um

nitrite (10.3 9.5 28CriTel sd1ukdsnfddRA0stshehssohd!l | 8Rib1E- phenyl al ani ne

(30,0.0:; 181 Ml Lo god . 00LASSLUALOMIG G dms Salo! Dbl Ur acid (2 5

N, 365 m . ) over one hour ar ni ng e tenperature of
the reaction m xt ur opigal ;gonnosi fiong, o sYGh @F, golprdons i iagmenys.an
addi tional hour at &midrlscdid insentd @is described it Po®mPatent

4,442,089. About 10 to 500 mg. of active ingredient
10 is compounded with physiologically acceptable

vehicle, carrier, excipient, binder, preservative,

stabilizer, flavoring, etc., in a unit dose form as

called for by accepted pharmaceutical practice.

The following examples are illustrative of the

15 invention. Temperatures are given in degrees

centigrade. Thin'layer chromatography (TLC) was

performed in silica gel unless otherwise stated.



tenperature. The reaction solution was extracted with ether, the ether was
back extracted with water, and the ether |ayer was dried over sodium
sulfate. 20 Ether was renoved in vacuo, and distillation of the oily

resi due afforded 25.7 g. of [err] benzenepropanoi c aci dHAg29%. [err]. (0.55
mm of Hg); [err] = [err] (c = 2.4, chlorotdrm. A mixture of thioacetic
acid (7 m., 97.9 25 mol.) and potassmm hydrOX|de (5.48 g., 97.9 mmol.)
in acetonitrile (180.5 m.) was stirred under argon at roomtenperature for
1 3/4 hours. The mixture was cool ed mmggg:_lpath and a sol ution of

(R) - 2-brono- 3-benzenapr Apa A6.L eeh

acetonitrile (20 m )

e react I on was

stirred under argon ' ~and t he
acetonitrile was remapeRinge-Jaeanbox aclig resi due was redi ssol ved in
ethyl acetate ang washed W|th 10% -44- potassium bisul fate and water.

Renoval of the et hyla.l_ﬁﬁ?e;ﬂaﬁha\.ﬁﬁ“@nﬂf-x 5 0ed, 1%&1%_3.8{4._““(19 product.
The crude product was purrired via 1ts d _.,yCIQ- exylam ne salt using
| sopropyl ether as Myst allization. An analytical sanple of
(S)-2- (acetylthio)benzendpseopatiginc of di-dromdéexicleokd )y lgamidfe 2sal t was
prepared by recryst nbl ZRtan@NsddiRm €4+HonatselAn6R0 ¢0,p25[Emimbl.] &'] = [err]
. (c =1.39, Cth&BfOleer (60 ml.) was treated with N~carbethoxy-

phthalimide (5.570 g., 25.4 mmol.). After stirring

at room temperature for 2 hours, the solution was

acidified with 6 N hydrochloric acid and extracted

into ethyl acetate. The ethyl acetate extract was
15 washed with brine, dried (sodium sulfate), and .

filtered into a solution of triethylamine (4.0 ml.)

in methylene chloride (40 ml.). The cloudy solution

was concentrated and triturated with ethyl acetate

and ethyl ether to afford 5.11 g. of the title
20 compound as a white solid; m.p. 142 - 144°C. TLC (5%

acetic acid in ethyl acetate) Rf = 0.36;

[@lp = ~6.2° (c = 0.8, chloroform).

Anal. calc'd. for CigHzgN20s.

C 61.70; H 7.48; N 7.99

25 Found: C 61.45; H 7.47; N 7.84.

A homogeneous solution of the product from
30 part (a) (1.890 g., 5.4 mmol.) in chloroform (20 ml.)
was treated with triethylamine (80 ul.) followed by
solid chlorotriphenylmethane (1.590 g., 5.70 mmol.}.
. After stirring at room temperature for 2.5 hours, the
solution was partitioned between ethyl acetate and



[err] C,68.11; H 8.70; N, 3.45; S,7.91 Found: C 67.93; H 8.71;
N,3.37; S,7.94. The free acid was regenerated by partitioning the

di cycl ohexyl am ne salt between 5% potasssium 15 bisulfate and et hyl
acetate to yield (S)-2- (acetylthio)benzenepropanoi c acisg2%err] = [err].
(c =1.91, chloroformj. Anal. calc d. for 3%rr] [err]

(acetyl thio)-1-oxo-3-phenyl propyllamno]- [err] 25 carboxyli c acid, net hyl
ester The product frompart (g) (620 ng., 1.66 nmol.) in methanol (10rr1 )

was treated with hydy, azﬁn@mamf&deaa&a( g%sd @1t} .. 188 HBganid. ¥a,&¥0! ) and
t he sol ution was st |w5g‘? r‘gq__rﬁ hﬁg%era%?ubgn{eortﬁﬁ% go e qg ? The m xture

was filtered and th PETHl e was
stri pped, triturat ec?u\J\/Fi‘PF’né’E‘ﬂﬂléﬁér%I’-&F?0%,S°11PH‘%P( ef '%aRj‘&tHYJaTld stri pped
to give the crude ammige a6 .8 ml.dudy rmethyleidwhldfeny3) .ml.) .- 48he A col d
[err] sol 3tit0_n ?E f%biaci&ﬁe&yladabeacr&aazw%r @P%nQEQJ.@&JilQeé“ﬁ{)ﬁnP 1.83
chl orl)dgn(lorlme )y %%¥$eaé{lt%e [Q%r F?L%tﬁ;i%g a 01\%1%% rﬁﬂwﬁhg)laag% 9 gnelnﬁ 8
m . netrnﬂ ene and trlturated w1th ethyl ether until e solutlon

became turbid. The mixture was seeded and let stand

at room temperature. The resulting precipitate was

10 collécted by filtration, washed with ethyl acetate

and ethyl ether, and dried in wvacyo to afford 2.538

g. of the title compound as a white solid; m.p. = 165

- 170°C. (decomp.). TLC (10% methanol in chloroform)

Rf = 0.23; [alp = +7.0° (¢ = 1.2, chloroform).

15

A solution of (+)-L-g-hydroxynorleucine

[prepared according to the procedure of Bodanszky et
al., J. Med Chem., 1978, 21, 1030 - 1035] (1.030 g..

20 7.0 mmol.) and sodium carbonate (745 mg., 7.0 mmol.)
in water (12 ml.) was treated with N-carbethoxy-
phthalimide (1.495 g., 7.0 mmol.) and the mixture was
stirred at room temperature for 2 hours. The
solution was filtered, cooled to 0° C., and acidified

25 with 6N hydrochloric acid to afford a white
precipitate. The solid was collected by filtration
and dried in yacuo at 80° C. for one hour to give
1.297 g. of the title compound; m.p. 162 ~ 163°C.;
{alp = -35.7° (¢ = 1.3, methanol).

30

methyl ester
A slurry of the product from part (c) (3.752
g.. 13.5 mmol.) and cesium carbonate (2.178 g., 6.7



chloride) followed by benzotriazol-1-yloxytris- (dinmethylam no)phosphoni um
hexaf | uor ophosphate (808 ng, 1.83 mmol.). The clear, nearly colorless
solution was stirred at [err] for 40 m nutes and then 10 at room
tenperature for 2 hours. The mixture was gartitioned Hadaten et hyl
acetate/ethyl ether and water. The orgaﬁié |"ayer was washed successively
w th 50% sat urated sodi um bi carbonate and brine, then dried (sodium
sulfate), filtered and stripped. The 15 residue was flash chromatographed
(Merck silica gel, fmfbll0%metdipktladEbahanide X amles)wdsotgéaedo@2eiy. , of

pure title product Aduphidiae! A0 nlLC 484 %:t 'awz%x%&aée agxapes) R =

0. 27. A { t 0 1.32
mrol ) i n et hanol | 1R0EA Aeoor deplt SAEGAG 2 B on i BRFFH. s

treated with 1N sodfafmdAdereskieh (eF ace&é‘;%%eﬂ‘%ﬂ@é vi a argon bubbl i ng).
After stirring for siscessinedy, withe watémitdoanaiingwarswadlt ancunenot enper at ur e

and stirring under QR MER1¢Hd, %H@Qrf%%aéhﬁﬁgtéd @Rabugt- 5 30 hours.
The m xture was aC|d|f|?d W|th5 ot as w th water

and extracted with BRYPORCEY a?n fe- et eP arclee asse° éh’t“ra#ta&%é washed with
~water and bri ne, th%‘l%tGF?%cF“@s%ﬁlt?ﬁﬁéLﬂq :Stlié? thej ipiearagdidice @sheentrated to
approxi mately 3 nl .asllaecolorlé6s-oilesd BAS wak. sitheroiddwas et hyl acetate and

alittle 10 homogeneous by TLC (1:1-acetone:hexanes) Rf = 0.37.
_ A -78°C solution of oxalyl chloride (1.37 ml.,
2.00 g., 15.7 mmol.) in dry methylene chloride (58
ml.) was treated dropwise with a solution of dry
dimethylsulfoxide (2.24 ml., 2.47 g., 31.6 mmol.) in
15 methylene chloride (2 ml.). After 10 minutes, a
solution of the above alcohol-ester (3.825 g., 13.1
mmol.) in methylene chloride (10 ml.) was added.
After an additional 15 minutes, triethylamine (8.0
ml.) was added and the mixture was stirred at -78°C
20 for 5 minutes, then warmed to 0°C. The nmixture was
diluted with ethyl acetate/ethyl ether and was
subsequently washed with 1 N hydrochloric acid,
water, and brine, then dried (sodium sulfate),
filtered and stripped to give the crude desired
25 aldehyde. The o0il was homogeneous by TLC ( 1l:1-
acetone:hexanes) Rf = 0.48. :
A solution of the above aldehyde in methanoi
(17 ml.) and methylene chloride (17 ml.) was treated
with trimethyl orthoformate (1.7 ml.) followed by p-
30 toluenesulfonic acid monohydrate (180 mg.). The
mixture was stirred at room temperature for 1.5
hours, then partitioned between ethyl acetate and 50%
saturated sodium bicarbonate. The organic layer was
washed with water and brine, then dried (sodium



hexane and the resulting solid was collected by filtration and dried in
vacuo to give 413 ng. of the title product; mp. [err] (deconp.). TLC (2% 5
acetic acid in ethyl acetate) Rf = 0.39; [err] = [err] (c = 0. 36,

met hanol ). HPLC. YMC S3 ODS colum (6.0 x 150 mm; elBa&dawi th 40% A: 90%
wat er - 10% net hanol - 0. 2% phosphoric acid arid 60% B: 10% wat er - 90%

nmet hanol - 0. 2% 10 phosphoric acid; flowrate 1.5 mM/mn detecting
at 220 run; tR=6.73 mn (95.7%. Anal. calc'd for [err] 0.12 ethyl

~acetate: C, 58.05; HulBa?);, Kliter88;amd sfrHeBountheCredBiedwadt 6-34; N

; . 81. - i nol - A4- - 2H. 6H- id
P 8 i SR M i o e

ar box .
N-f ( Phenvl et hoxy) cﬁ‘FSBﬁﬁ’?‘-ef@’ﬁ%t USR] By PFOICS Eraqyipns were :
carbonyl ] -L-cysti ne cfuseddiged fyomeethyd| agetiatepetmmesl td I5vaithe was treat ed
with 2 N sulfuri6 aendlythcall(Purrk. gidiel peyRdebys Akt § ONWi S8t tdr@gt ment with

zinc dust (2.442 g. 7 ol . ] xt | at_[err] for 1.5
hours, filtered whi L‘:g?ézt%#ggo r_gflcfgfr% %%ﬁc%%?%@ggﬁi$%eﬁf§t gé\’/?ap. The
resi dual sol ution was_extrdcted w tH 8t hSTSBERETRAGSE RE 300 Fher eal
extract was washed WHR va?drdardd dri-fe, RI@igrmled (sodi um sul fate),
filtered and stri ppedal.Thaleedi doe ¢ouppNOgasS di ssol ved in carbon

10 C 60.89; H 6.31; N 4.18
Found C 60.80; H 6.32; N 4.16.

15 hexanoic acid., methv] ester
A slurry of the product from part (d4)
(2.540 g., 7.57 mmol.) in methanol (18 ml.) was
treated with hydrazine monohydrate (378 ul., 390 mg,
7.80 mmol.). The mixture became homogeneous within

20 10 minutes. After stirring at room temperature for 3
days, the resulting slurry was filtered, stripped,
slurried in methylene chloride, filtered and stripped
again to afford the crude intermediate amine as a

. colorless 0il. Meanwhile a solution of the

25 triethylamine salt product f£rom part (b) (4.622 g.,

' 7.80 mmol.) in methylene chloride (50 ml.) at 0°C.
was treated with benzotriazol-l-yloxytris-
(dimethylamino)phosphonium hexafluorophosphate (3.519
g.. 7.95 mmol.). The mixture was stirred for 35

30 minutes, then treated with a solution of the above
amine in methylene chloride (15 ml.). After 10
minutes at 0° C and 2 hours at room temperature, the
solution was partitioned between ethyl ether and
water. The organic layer was washed with 50%



tetrac

hl oride, cooled to [err],

-The solid was coll ected by -47- filtration and washed with co
tetrachloride to give 2.648 g. of product. The nother |iquor was
-flash chromat ographed (Merck silica gel, ethyl acetateHi@%owed

acetic acid in ethyl 5 acetate) to give‘dﬁhltlonal product after
.crystallization (246 ng.). The total yield of product was 2.894 g. TLC (5%
_acetic acid in ethyl acetate) Rf = 0.58. 10 b) [err] A honbgeneous

sol ution of the preductadedoso@atd biegrboRatd) afid, bdihe® €HEN driéd water (30

and seeded to slowy afford a precipitate.

| d carbon
stri pped,
by 4%

n ., de-oxygenated (\ébanﬁt{ gq@f;%t;bl fﬂ.}grg&fkhﬁ Q{-_Pﬁ;pggt asgioum i rbonat e
2.140 21. 4 mmol . r eat et].c anh I de , 8.66
é, 84. 8grrm)l . Af B8P ijtl)\gas?ﬁ ﬁgf%‘?tﬁ‘?rﬁp % r&tiira, 9 %/]hesrﬁtx'gure was

acidified wit h 10%si9dl Reetare exanepland ebver éei%blgv\n of purfytitdeher. The

et hyl
(sodi u

after which tine tifi
et her/ hexane and the SO|Id was 25 coIIected by f||trat|on
of pure tifl q 1 (X A - : /

et hyl
2.19 g.

et her ext Bactcompsuntaabedl whit e efoamt h M@t €6: andebryine,

m sul fate),

10

15

20

25

30

then dried 20

fdcet 8f therfifes)t REPPOIIRP @i =alpai2P. (cTRegresi due was
azeotroped three tlg& v%th toluene and twice with ethyl ether/hexane,
BY9=%PYstal lized. The residue was triturated with

methyl ester .
A solution of the product from part (e) (5.420
g., 8.0 mmol.) in methanol (60 ml.) was treated with

p-toluenesulfonic acid monohydrate (520 mg.). After

stirring at room temperature for 1.5 hours, the
mixture was partiﬁioned'between ethyl acetate and
dilute sodium bicarbonate. The phases were separated
and the agqueous layer was extracted again with ethyl
acetate. The pooled organic extracts were washed
with brine, dried (sodium sulfate), filtered and
stripped. The residue Qas flash chromatographed
(Merck silica gel, 8:2-ethyl acetate:hexanes followed
by 5% methanol in ethyl acetate) to afford 2.860 g.
of the title product as a colorless oil. TLC (7:3 -
ethyl acetate:hexanes) Rf = 0.26; [@]lp = +18.7°

{c = 1.3, chloroform).

- 7 - -d- -5-

T H~DVYi - i ne-7-

A solution of the product from part (f)
(2.10 g., 4.95 mmol.) in methylene chloride (100 ml.)
was treated with Ambérlyst® 15 ion exchange resin
(240 mg., pre-washed successively with 6 N

to give

acetate)



Rf = 0.56. [err] Aslurry of (S)-2-phthalim do-6, 6-di nethoxy- hexanoic
acid, nethyl ester [prepared as described in Exanple 1(d), 1.158 g., 3.45
nmol . ) in met hanol -48- (12 m.) was treated with hydrazi ne nonohydrate
(176 [err], 182 ny., 3.63 mml.). The m xture becane h@méggameous wi thin 10
m nut es. After stlrrlng at roon1tenperatuﬁ§ for 67 hours, the resulting
slurry 5 was filtered, stripped, slurried in nethyl ene chloride, filtered
and stripped again to afford the crude internediate amne as a col orl ess
oi | . Meanwhil e a pangdmichsbrird ycid, Wacep, QdUﬁéhyfdlirefﬁhﬁa{ttﬁéﬁ (1.185 g.,

3.98 mml .) in nmet hﬂféﬁ&‘ieﬁ@'&flbgfde()m %& rmft%r")ﬁ‘ﬁe [ R ﬁd Wi th

triethylamne (555 [err om)geneous

sol uti on was cool edL?"g’e%éF‘r‘ € fg?e?a‘ts Howis h the Sodybien seenEikieradsol ution in
met hyl ene chl ori de $#ipppd aride flaste ghoehakiophaphed (Merck silica gel,

benzotri azol - 1- y$ oxgid-ieshyll neebyt xhekaes r511ahasaiﬂordd%nbchy1

hexaf | uor ophosphat e;deba€8? & gide A8 407P! OF ¢ El”ﬁ{%‘wm al" eﬁ&%red at

[err] for 2.5 hoursf t hen at roomtenperature e sol vent
was removed and the"?%&si due was partitioned between ethyl acetate and
water. The organic layer 20 was washed W th 50% saturat ed sodi um

bi car bonat e and brile p oo adigered and stri pped.

The residue was;d | ash Chr§8&’£ﬁ%ﬂ¥1@@ (10.3 g., 280 mmol.) was added
to a sclution of D-phenylalanine (30.0 g., 181 mmol.)
and potassium bromide (73.5 g.) in sulfuric acid
(2.5 N, 365 ml.) over a period of one hour while
maintaining the temperature of the reaction mixture

15 at 0°C. The mixture was stirred for an additional
hour at 0° C and then for one hour at room
temperature. The reaction solution was extracted

with ether, the ether was back extracted with water,
and the ether layer was dried over sodium sulfate.

20 Ether was removed in yacuo, and distillation of the
oily residue afforded 25.7 g. of (R) -2-bromo-3-
benzenepropanocic acid; b.p. 141°C. (0.55 mm. of Hg);
[a]lp = +14.5° (c = 2.4, chloroform).

A mixture of thioacetic acid (7 ml., 97.9

25 mmol.) and potassium hydroxide (5.48 g., 97.9 mmol.)
in acetonitrile (180.5 ml.) was stirred under argon
at room temperature for 1 3/4 hours. The mixture was
cooled in an ice-bath, and a solution of (R)-2-bromo-
3-benzenepropancic acid (20.4 g., 89 mmol.) in

30 acetonitrile (20 ml.) was added over a ten minute
period. The reaction was stirred under argon at room
temperature for 5 hours, filtered, and the
acetonitrile was removed in vacuo. The oily residue
was redissolved in ethyl acetaté and washed with 10%



(Merck silica gel, 65:35-ethyl acetate:hexanes) to give 1.15 g., of the
pure title product as a white 25 foam TLC (75:25 .- ethyl acetate: hexanes)
[err] Analysis Calc'd. for [err]: [err] 30 d) [err] A de-oxygenated
(argon bubbling) solution of the product frompart (c)BAG2940 g., 2.15
mol.) in HA629a -49- methanol (12 nt.4%4at [err] was treated with sodium
nmet hoxi de (25% by wei ght in nethanol, 490 [err], 463 ng., 2.14 mol.).

After 20 m nutes, the m xture was quenched with saturated ammoni um
chloride, diluted potabsiwabesulmitd ad wacéed wenmdvaAt bylcrecetaye. The ethyl

acetate extract m%c%ﬁ@@%“%?d‘@?%réﬁdlpfd e of rbgﬂdgrx?rsﬁgééom um

sulfate), filtered_and S'tt{e'rB . The resi due was redi sso I n net hyl ene

e
chloride (200 n.) “AFdEY UGt PR%AYESRHRE YEArEFS16iYGYAT [err] 15 ion
- exchange resin (820emjlaninessalinsiséng sisoprenyily ethemiashs@lvdnhyfowchl ori c
acid, water, tetrakygsodlirizatiédienaneidayleneaicBhmpiedsr. (Hi-ker 3 hours, the
solution was filter Is . t [ silica
gel, 65:35- 15 et kﬁqe%?et{ﬂaltg Ee)fg %ez%gg%;s p%?‘gl&%gg?ﬁ%ﬁg&g%l%gn%t | e product
as a col orl ess oj | Sty o] PEeBAT & g’( C‘X%'g"l]:}t"é‘?“f'fé’{‘a E‘é‘? athvl 0.58. e)

[ err] - Hexahvdr o- 3- &TPRR3EY- JxB: 244647°C.; [alp = -39.6°C. (c = 1.39,

chloroform).
10 2anal. calc'd. for C11H1203S + Cji2Ha3N:
C,68.11; H,8.70; N,3.45; s,7.91
Found: Cc,67.93; H,8.71; N,3.37; 5,7.94.
The free acid was regenerated by partitioning
the dicyclohexylamine salt between 5% potasssium
15 bisulfate and ethyl acetate to vield (s)-2- _
(acetylth;o)benzeﬁepropanoic acid; [alp = -70.1°C.
{(c = 1.91, chloroform).
Anal. calc'd. for Cj;31H3203S:
c,58.91; H,5.39; S,14.30
20 Found: C,58.73; H,5.41; S,14.53.

25 carboxylic acid., methv] ester
The product from part (g) (620 mg., 1.66

mmol.) in methanol (10ml.) was treated with hydrazine
monohydrate (85 pl., 88 mg., 1.75 mmol.) and the
solution was stirred at room temperature for 44

30 hours. The mixture was filtered and the solid was
washed with methanol. The filtrate was stripped,
triturated with methylene'chloride. filtered again
and stripped to give the crude amine as a cloudy oil
{(about 400 mg.).



20 [err] methyl ester A solution of the product frompart (d) (752 ng.,
1.99 mol.) in dry nethylene chloride (15 m.) was treated at room
tenperature with iodo- 25 trinethylsilane (620 [err], 872 ny., 4.36
mol .). After stirring for 3 hours, the m xture was quemﬁﬁéd W|th wat er,
treated with a small anount 10% hydrochl or¥é°c-acid, and extracted with et hyl
ether. The | ayers were separated and the ethereal |ayer was 30
back-extracted with water. The pool ed aqueous |ayers were nmade basic (pH
13) with 10% sodi um hydr on deldn@°@xiscact fsh el ¢€) W-ihcewilrubene chlori de.
The pool ed net hyl enseﬁmr%wﬁaﬁwﬁds o2 @‘ngd“ % 3( 3061 Lsmaﬁ!g'fat €),

2 m

filtered and stripp oCLu | e product as a
col-orless oil. TLC ?gb%/&r}r(gt anol sgqlnlet h1 %r.‘é\'&‘} = 0.38. [err] A

cold [err] soluti ont‘Fhl‘(%)‘eZCmPEéé%quhmb))b@ﬁiemeﬂmhcthel d (294 ny.,
1.31 10 mmol.) andabovekhyhenfasea (dAQfesn in 83dl Npethyllea® Mol . ) in
net hyl ene chl ori de éﬁld&db)%l%@@t@db%é&rﬁ Eoﬁ-rngﬁ&Eyt gm part (e) (287

., 1,17 I ori.de. Benzotriazol -
ggyl OXYLri rSTT(’rgl rrzat ﬁ;l‘%ﬂe(r% ﬁ)l 5 hgh °ﬁé%%%8$ 10rpRROSPIALEL 08 (575 ny.

1.30 Mol .) was theﬁgaddéa mrlflf’l’lhé cl®gr clearar hgaxky gplesiessol ution was
stirred at [err] solution was stirred at 0°C for 40 minutes and then

10 at room temperature for 2 hours. The mixture was
partitioned between ethyl acetate/ethyl ether and
water. The organic layer was washed successively
with 50% saturated sodium bicarbonate and brine, then
dried (sodium sulfate), filtered and stripped. The

15 residue was flash chromatographed (Merck silica gel,
60-70% ethyl acetate in hexanes) to give 602 mg., of
pure title product as a white foam; TLC (6:4-ethyl
acetate:hexanes) Rf = 0.27.

20 3 4s- *), 70,1 - -4-[(2-m -1-
bli1.3] ine-7- 1 13 ig
A 0°C. solution of the product from part (i)

(590 mg., 1.32 mmol.) in methanol (10 ml.,

25 de-oxygenated via argon bubbling) was treated with
IN sodium hydroxide (7 ml., de-oxygenated via argon
bubbling). After stirring for 15 minutes, the
solution was warmed to room temperature and stirring
under argon was continued for an additional 4.5

30 hours. The mixture was acidified with 5% potassium
bisulfate, diluted with water and extracted with
ethyl acetate. The ethyl acetate extract was washed
with water and brine, then dried (sodium sulfate),
filtered and concentrated to approximately 3 ml. The



for 1 hour and then at roomtenperature for 1 hour. The solvent was renoved
by rotary evaporation and the residue was partitioned between ethyl acetate
and 5% 20 potassium bisulfate. The organic |ayer was washed successively
with water, 50% saturated sodi um bi carbonate and bri neHagRea dried (sodium
sul fate), flltered and stripped. The residfe was flash chromat ographed
(Merck silica gel, 1:1-ethyl 25 acetate: hexanes) to give 412 ngy. of the
pure title product as a white foam TLC (1:1-ethyl acetate: hexanes) Rf =

0. 25 Ee][r] [e{r](rés(idueowa@ smmﬁreafmrg)thyﬂeaaeltﬁee[&far]a meﬂehon of thet g
roduc rom par n ., de-oxygenate
IF—)|A629a - 51 -pw a v?xg%éb {)Qheg esQ;lgI'% S5 ld ki % %’eﬁ soggyum hydr oxi de (5
n ., deoxygenat ed 1 b‘?‘f’ BABLTE )mA@FB? "s‘i gf‘?’? 3% B8 HethBur, the

sol uti on was war rredtlttéernmﬂ%rrpwmt ape. ¥ad thcpmpmg umder (& gon was 5
continued for arb adabetionstidl iRSethelr scetatbe R xtarm®;was acidified with 5%

pot assi um bi sul f at efo )@ Lut e g {h .W@t gg %qhgﬁglr)act ed with ethyl acetate.
The ethyl acetate extract was vvater and brine, then dried

(sodium sul fate), fiHT-Cér edn§nﬁgva s §?Jr‘i“15’pé8 *rfha0 i g §LI%Rss W Fash
chromat ogr aphed twi ce (MerédR 3i|30%awgeds-10%, matrdanel €28 Phosphhyic
,acid and 60% B: 10% water-90% methanol-0.2%
10 phosphoric acid: flow rate 1.5 ml/min
detecting at 220 nm; tr = 6.73 min (95.7%).
Anal. calc'd. for CzoHagN204S « 0.12 ethyl acetate:

C, 58.05; H, 6.24; N, 6.95; S, 7.96
Found C, 58.23; H, 6.34; N, 6.83; s, 7.81.

15

20

A solution of N,N'-bis[ (phenylmethoxy)-
carbonyl]-L-cystine (4.658 g., 9.16 mmol.) in
"methanol (35 ml.) was treated with 2 N sulfuric acid
25 (23 ml.) followed by portionwise treatment with zinc
' dust (2.442 g., 37.3 mmol.). The mixture was heated
at 70°C. for 1.5 hours, filtered while still warm,
. and concentrated on the rotovap. The residual
solution was extracted with ethyl ether and the
30 ethereal extract was washed with water and brine,
then dried (sodium sulfate), filtered and stripped.
The residue (0il) was dissolved in carbon
tetrachloride, cooled to 0°C., and seeded to slowly
afford a precipitate. The solid was collected by



acetate). Product fractions were checked by HPLC. The desired fractions
were pool ed, stripped, and azeotroped twice wth ethyl acetate. The residue
was 15 taken up in a small amount of ethyl acetate and triturated with
hexanes. The sol vent was stripped and the residue was s#Af29Red i n hexanes,
stripped and dried in vacuo to give 98.3 r?ﬁ."of the title product as a hard
white foam TLC(2% acetic acid in ethyl 20 acetate) Rf = 0.46; [err] (c =
0.4, chlorofornm. HPLC YMC S3 ODS colum (6.0 x 150 mm); eluted with 40%
A: 90%wat er - 10% net fahmdat@oR %nghesgedr vt tlaciodd acekbo %t &k rat@Yomiaiecr - 90%

et h?gol -g- :2),? phosphgrdiocaoeaﬁiata &5 of :p&l;sgﬁé%.e 4-1[15 d&ﬁg} rhiq?ﬁi‘ﬁﬁé ntg ?t 25:0
nm = 8. m n. ) . Anal. calc'd. r r 2. acetate: C,
54.79; H, 5.77, N b ,p‘%; %sge?h‘i?gﬁﬁagré"%gﬂ. %rl:ﬁ,.s’élﬁﬁ‘; IR 59: S
15.16. 30 EXAMPLE 3efflr pcetatesfollgwed) by (4% acetic acid in ethyl

oxobut yl I am no] - 8. 6acktasehosy lmixernmiditional prefint aéséer 5 A cold
[err] solution of teiphanylAQSRNINS hd. 143 1He, tctadbyi@ly o i N

t et rahydr of ur an (ZOPPAGL,)ctV\@gs tr g8} e’gd. V\/jmw &I%I so4r,0pY i@zi'ndggl—'xﬁar boxyl at e

(860 acetate) Rf = 0.58.

10 = ~N- =L~
A homogeneous solution of the product from

part (a) (2.70 g., 10.6 mmol.) in water (30 ml.,
de-oxygenated via argon bubbling) containing
potassium bicarbonate (2.140 g., 21.4 mmol.) was

15 treated with acetic anhydride (8.0 ml., 8.66 g, 84.8
mmol.). After 10 minutes at room temperature, the
mixture was acidified with 10% hydrochloric acid and
extracted with ethyl ether. The ethyl ether extract
was washed twice with water and brine, then dried

20 (sodium sulfate), filtered and stripped to give an
oil. The residue was aéeotroped three times with
toluene and twice with ethyl ether/hexane, after
which time the oil crystallized. The residue was
triturated with ethyl ether/hexane and the solid was

25 collected by filtration to give 2.19 g., of pure
title product. TLC (5% acetic acid in ethyl acetate)
Rf = 0.56.

30 - ]] I3 ]—E 5_:- l l . -i
A slurry of (S)-prhthalimido-s.G-dimechoxy-

hexanoic acid, methyl ester [prepared as described in
Example 1(d), 1.158 g., 3.45 mmol.) in methanol



[err], 883 ng., 4.37 mol.). Wthin 5 nmnutes a white slurry devel oped.
After 30 mnutes, a solution of 10 [err] am no]-6, 6-di net hoxyhexanoi c
acid, nethyl ester [prepared as described in Exanple 1(f), 928 ng., 2.19
mml.] in tetrahydrofuran (8 m.) was added fol | owed byH#A¢28a t hi oacetic
acid (312 [err], 332 my., 4.36 15 mmol.) 48 The nmixture was stirred at
[err] for 1.25 hours, then partitioned between 50% saturated sodium

bi carbonate and ethyl acetate. The ethyl acetate extract was washed with
brine, dried (sodiufzuwlfatwds tkedtet edemngdeheimpadnorbiaeat &Si1dge was 20

redi ssol ved in ethyhlacebatmy.and. §3 e@bed) W The aniS¥abl wadanet of hexane to

i Ttrhte was 11 bon IPRARRPRH RARRLF CRPuRecser | Fegh) Scomins @ nyl

filtrate was flash Chr gr ap
acet at e: hexanes) t oFfiW EeBRRraFyTe ofort §2 hawse PreodesultiBg sturxycol orl ess

oil. TLC (75:25 - wrshfliloemddat stiippadesglurt-isd Grddethy@ehl A de- oxygenared
o’ Pa et anor (e et skl hmARHL(E) oL Wy | 00,
| g;/mwel)gh? |mr31 rrg?ﬁanéﬁ]u%elfﬁeserﬁ\eg,ga?ﬁ gnine 2832 RAGTIPSS Aller 5 minutes, the
m xture was quenchdPHivbhle A BrEt] Shwom o eie orpdect dromtmadtwi th water,
and extracted with Ghyl.d8%tgat €3.98Theokri)hih mexdiyaese chloride (14
10 ml.) was treated with triethylamine (555 ml., 403
mg., 3.98 mmol.). The now homogeneous solution was
cooled to 0°C, treated with the above amine as a
golution in methylene chloride (7 mL), then treated
with benzotriazol-1-yloxytris(dimethylamino)-
15 phosphonium hexafluorophosphate (1.762 g., 3.98
mmol.). The mixture was stirred at 0°C. for 2.5
hours, then at room temperature for 45 minutes. The
solvent was removed and the residue was partitioned
between ethyl acetate and water. The organic layer
20 was washed with 50% saturated sodium bicarbonate and
' brine, then dried (sodium sulfate), filtered and
stripped. The residue was flash chromatographed
(Merck silica gel, 65:35-ethyl acetate:hexanes) to
give 1.15 g., of the pure title product as a white
25 foam. TLC (75:25 - ethyl acetate:hexanes) Rf = 0.42.
Analysis Calc'd. for Cz3H33N20sS:
C, 54.53; H, 6.66; N, 5.78; S, 6.62;
Found C, 54.79; H, 6.72; N, 5.77; S, 6.95.

A de-oxygenated (argon bubbling) solution of
the product from part (¢) (1.040 g., 2.15 mmol.) in



extract was washed with water and brine, then dried 5 (sodium sulfate),
filtered and stripped. The residue was redi ssolved in nethylene chloride
(180 m.) and stirred at roomtenperature with [err] 15 ion exchange resin
(285 ng., pre-washed successively with 6 N hydrochl ori cdi*@Pd, wat er,
tetrahydrofuran, then 10 nethyl ene chlori‘dej. After 46 hours, the
solution was filitered, stripped and flash chromat ographed (Merck silica
gel, 1l:1-ethyl acetate:hexanes) to give 314 ng. of the title product as a
white foam Triturahéthanel tizemfiopracnviotdl eibytreitearwiyhoduéienthe 15 title
product as a white fédHotide M2B% By Weight [8 hbtHddel( 78921, eddwy!
acet at e: hexanes) Rf_= 0.5 'b‘{meﬁlri =lerrl,(¢.= 0.6, chlaroform [err] 20
(acet yl t hi 0) - 1- oxo- ¥ phényt F8hyl 1 afithoT -2 minuces, the mixture was
0X0- 7H- pyri do[ 2. 1- bFyerchpe IWikheprtirared capmonsiyn ichlacide, dblupead ester The
product from par§ (ddth 280eriyandlextZact@d withnethylhasedate8 nthe) wWas treated
with 25 hydrazine smpahydi@le £4%dceMids whshda Wen vhd3 gl .) and the
solution was stirr driate rottl)mtengf\r,&atﬁre fo; 67) ogrf. '(I;ge xture was
filtered and the sofidSwas SKhShat iSPRIHRHAARES - TRETYFSE 3% was stri pped,
triturated with net$Ai®REchTHL| TRE1pR | was agdigpsilvedoin agthwkenepped to give
the crude am ne as chlpelilew 200 m} abant A0rrey.3t réos dehppestyresol ution of
~ (5)-2-(acetyl t hi®) -wRNARDENLALBN D5 C ACelchahéR PBein 878 #HTO! preand
triethylamne (111 \Laesrhreli' suc%esggvélyowgtoh ml drlbrc]:hloric acid,

water, tetrahydrofuran, then methylene chloride).

After 3 hours, the solution was filtered, stfipped

and flash chromatographed (Merck silica gel, 65:35-
15 ethyl acetate:hexanes) to give 757 mg. of the title

product as a colorless oil. TLC (75:25 - ethyl

acetate:hexanes) Rf = 0.58. '

=(3 -~Hexah -3~-amino-4- = -
20 i - jazine-6-
methyl ester
A solution of the product from part (d) (752
mg., 1.99 mmol.) in dry methylene chloride (15 ml.)
was treated at room temperature with iodo-
25 trimethylsilane (620 pl., 872 mg., 4.36 mmol.).
,After stirring for 3 hours, the mixture was quenched
with water, treated with a small amount 10%
hydrochloric acid., and extracted with ethyl ether.
The layers were separated and the ethereal layer was
30 back-extracted with water. The pooled aqueous layers
were made basic (pH 13) with 10% sodium hydroxide and
extracted twice with methylene chloride. The pooled
methylene chloride extracts were dried (sodium
sulfate), filtered and stripped to give 290 mg. of



HA629a -54- nethylene chloride (3 m.) was treated with the above am ne (as
a solution in 7 m. methylene chloride) followed by

benzotri azol - 1-yl oxytri s(di net hyl - ami no) phosphoni um hexaf | uor ophosphat e
(353 ny., 0.80 5 mml.). The solution was stirred at [&&6R%or 1 hour and
t hen at roomterrperature for 2 hours. THe®8oTvent was stri pped and the
resi due was partitioned between ethyl acetate and 5% potassi um bisul fate.
The organic | ayer was washed successively with water, 10 50% satur at ed
sodi um bi car bonat e @ndiebeitie prbéurtdasesl dolodiesn suif atm): (fod tered and
stripped. The resi di@naas) firdmBerReBtOW 280k Mg Clg.Si | i ca gel,

1:1-ethyl acetate:hexanes) to give 272 ng. of the pure title product as a
white foam 15 [err , solu |on of he product 20 from
part (c) (227 ny., ©- . um =hated via argon
bubbl i ng) was trfeatk -1 Fo XK g ‘ drlan KX gEoxygenat ed vi a
argon bubbl i ng). Afﬁwmmwws acidified with

10% hydrochl oric ac E 25 gi luted wth water and extracted with ethyl
acetate. The ethyl ract was washed with water and brine, then

dried (sodiumsul fate), ffle€ed0hfd} cemiceaerRfedS)The resulting solid was
slurried in ethyl ateteayktiuirdbentdrepirepardnicl atid a29omg.The.31
10 mmol.) and triethylamine (180 uL, 131 mg., 1.29

mmol.) in methylene chloride (8 ml.) was treated with
the product from part (e) (287 mg., 1.17 mmol.) as a

solution in 6 ml. methylene chloride. Benzotriazol-

1-yloxytris (dimethylamino)phosphonium hexafluoro-

15 phosphate (575 mg., 1.30 mmol.) was then added. The
clear, nearly coldrless solution was stirred at 0°C
for 1 hour and.then at room temperature for 1 hour.
The solvent was removed by rotary evaporation and the
residue was partitioned between ethyl acetate and 5%

20 potassium bisulfate. The organic layer was washed
successively with water, 50% saturated sodium
bicarbonate and brine, then dried (sodium sulfate),
filtered and stripped. The residue was flash
chromatographed (Merck silica gel, l:l-ethyl

25 acetate:hexanes) to give 412 mg. of the pure title
product as a white foam. TLC (151-ethyl
acetate:hexanes) Rf = 0.27; [alp = -107.0°C. (c =

0.6, chloroform).

30 - - 11- -3-1(2-mer -

A 0°C solution of the product from part (f)
(406 mg, 0.90 mmol) in methanol (5 ml., de-oxygenated



30 filtrate was flash chromat ographed (Merck silica gel, 1% acetic acid in
ethyl acetate) and the desired fractions were pooled, stripped, and
triturated with ethyl acetate/ethyl ether to give additional solid. - 55-
The solids were pooled to give a total of 150 mg. of tH&6é2Pal e product;

mp. 216 - [err] (deconmp.). TLC (2%acet|é acid in ethyl acetate) Rf =
0.56; [err] =1Jerr] (c = 0.28, dinethylformamde). 5 HPLC YMC S3 ODS
colum (6.0 x 150 nm; eluted with 40% A: 90% wat er - 10% et hanol - 0. 2%
phosphoric aci d andvfd%rgon Iffibliier wa6 %raatbanalth01 Wogeldgemphori c aci d;

fl te 1.5 m/ mat, n v Ay 10AI.
caIO\(,:V (rja ?or [err]m85(‘?}513’{2?!'{§J : ?t%gxp%é atth Iqag@géﬂ%ﬁ)? gg/() e

15.24; Found C, 55 €n83h°“§ 'i‘aegsfl EWEE i g ,
73.70 mol .") in aqué%@oelwwasu%%enéns@errmatnéef7ar@9ngwas 73.70 mol .)
and di oxane (1205 m conuimsed ditedaiciibbodedix ¥ p2d hwural dacheleiaMrg. , 25

75.27 mmol ., 1.02 egad aclé‘iéferd §i&1{ rs'%nﬁo@éss&&ﬁrﬁfs%ﬂ?ﬂ@t difudddr 4.5 hours,
The reaction mxturen%gfag hl oLi g acigd (30 m.) and

extracted into ethy ycoﬁ%?tr?(? et yﬂ acetate

‘extracts were washe®thl HCSW%GBGX‘:Wn\éaE( Z*@Gh‘?ﬁl withgwaregr apd (200 m ),
dri ed over brine, then dried (sodium sulfate), filtered and

10 stripped. The residue was flash chromatographed
twice (Merck silica gel, 2% acetic acid in ethyl
acetate). Product fractions were checked by HPLC.
The desired fractions were pooled, stripped, and
azeotroped twice with ethyl acetate. The residue was

15 taken up in a small amount of ethyl acetate and
triturated with hexanes. The solvent was stripped
and the residue was slurried in hexanes, stripped and
dried in vacuo to give 98.3 mg. of. the title product
as a hard white foam. TLC(2% acetic acid in ethyl

20 acetate) Rf = 0.46; [alp = ~-57.0°
{c = 0.4, chloroform).

HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with
40% A: 90%water-10% methanol—O.Z%'phosphoric acid and
60% B: 10% water-90% methancl-0.2% phosphoric apid:

25 flow rate 1.5 mL/min detecting at 220 nm; tg = 8.33

min. (95.0%).
Anal. calc'd. for C;gH22N204S2 ¢ 0.2 ethyl acetate:
C, 54.79; H, 5.77; N, 6.80; s, 15.56.
Found C, 54.59; H, 6.04; N, 6.59; S, 15.16.
30



sodiumsul fate, filtered, concentrated and dried in vacuo to yield a crude
oil (41.4 g.). To a solution of the crude residue in ethyl ether {100 nm .)
was added di cycl ohexylamne (14 m.). After standing in -56- the
refrigerator overnight, the ethyl ether was renoved by HA62% Yy evaporation
and the oily residue was crystallized froR?ethyl .acetate/ hexane. The
resulting precipitate was coll ected by f||trat|on 5 washed with hexane and
dried in vacuo to yield 21.21 g. of the title product as the dicycl ohexyl
am ne salt. A suspension of this dlcyclohexylanlne salt in ethyl acetate

(200 m.) was washed W th,a%.R0fasSi 4" ( X,00 . ), brine (50
m.) and 10 dried %verfg ékn(gs? f . rated to
yield 13.5 g. of t (3% acetic acid in

9:1 ethyl acetate: hﬁﬁ&xh&#ﬂﬁt 0. 30 To a solutlon of the product from
part (a) (13.22g., 36 0 mld) (@e&d)cs‘&meab&aséo%%@en@&pﬁés& e18.0 mml . )"
I n di met hyl f or mam d ? moild m% tz'-a%d 0 u@aneé(ﬁné gi ., 129.6
mmol ., 3.6 eq.). The ye Iom/so utr.on ? a3 r and was
then partitioned béfafe ﬁeﬁqqywl‘ébé’ﬁéf%pmb ‘?ﬁl dpdicATbRRYAte 4860 mi . ). The
ethyl acetate extrddt W& Wdshett 37 mre 5% so‘ﬂiwwéﬁmmﬁtaewwm) m.) and
25 brine, dried ovurfpoieelypeaul Atdd: 3bi himied, ahdototicRnbeated to yield
13.68 g. a yel l;QW Ojd_.(r 4Ny -2-( (2-phthalimido-4-hydroxy-1-oxobutyl] -
amino] -6, 6-dimethoxyhexanoic acid, methyl ester
[prepared as described in Example 1(f), 928 mg., 2.19
mmol.] in tetrahydrofuran (8 ml.) was added followed
by neat thioacetic acid (312 ul., 332 mg., 4.36
15 mmol.). The mixture was stirred at 0°C. for 1.25 - .
hours, then partiﬁioned between 50% saturated sodium
bicarbonate and ethyl acetate. The ethyl acetate
extract was washed with brine, dried (sodium
sulfate), filtered and stripped. The residue was
20 redissolved in ethyl acetate and treated with a small
amount of hexane to precipitate triphenylphosphine
oxide. The mixture was filtered and the filtrate was
flash chromatographed'(Merck silica gel, 65:35-ethyl
acetate:hexanes) to give 894 mg. of the title product
25 as a colorless o0il. TLC (75:25 - ethyl
acetate:hexanes) Rf = 0.43.

30 acid, methv] ester .

A de-oxygenated (argon bubbling) solution of
the product from part (a) (814 mg., 1.65 mmol.) in
methanol (15 ml.) at 0°C. was treated with sodium
methoxide (25% by weight in methanol, 1.05 ml., 4.6



residue was purified by chromatography on a 5 x 20 cm silica gel colum
eluting with 30% et hyl acet at e/ hexane. The desired fractions were conbined
30 and concentrated to yield 10.0 g of the title product. TLC (1:1, ethyl
acet at e: hexane) Rf = 0.45. "HA629a -57 - ¢) HA629%a

(S) - 2- Pht hal i m do- 4- (car boxy) but anoi ¢ aci 8 Tethyl ester To a- sol ution of
the product frompart (b) (10.0 g., 26.22 mol.) in ethyl acetate (115 nl.)
was 5 added 20% pal | adi um hydroxi de on carbon catalyst (1.90 g.) and the

resultl Ng suspensi ofmdas . Stifiteeds Wideted)y dhog@ktat&RBRNGIendHRal | oon) for
2.5-hours. The m xtur % éurate&e{xﬁn%il %ﬁ@%ﬁ?{}r{c{}mgyﬂwe\é Wi atby! acetate,

concentrated and drfed Fh-vacuo crude fitle product

as.a white solid; npd egb¥aqted) with eohrk PRaMRAe- hyPEERE 395t8FRde) RF =
0.43. d) (S)-2- Pht &eiriant deass wasited wh el hwaltehi ajdpbninnokber Siriadi d. et hyl

ester To a sol utd on(gfaitiespreadec! il edrdanbhd (dtripged? fhe r24ifFemol.) in

t hyl hloride (125 )
(481 .. 64 92 © { reg*%golv d[erg.le%l&%ggeém%&ga@ % apgeq t gg”% niol

a
4.99 mml ., 0.2 eq. §t1é”ﬁ&de%‘hfl°98 '{%“Peﬂ??fﬁ%VF i ? di i mi de,
hydrochl ori de salt ékch3ngg.xes2%. LZB5Mw| . pré-vashgd) suq@feﬁew%lm Withg at
6 N hydrochloric acid, water, tetrahydrofuran, then
10 methyleﬁe chloride). After 46 hours, the solution
was filitered, stripped and flash chromatographed
(Merck silica gel, 1l:1-ethyl acetate:hexanes) to give
314 mg. of the title product as a white foam.
Trituration of the foam with ethyl ether produced the
15 title product as a white solid; m.p. = 147 - 148°.
TLC (75:25 - ethyl acetate:hexanes) Rf = 0.56; [alp =

-143.2° (c = 0.6, chloroform).
20 i0)-1-0x0-3- inol-5-

The product from part (b) (280 mg., 0.72
mmol.) in methanol (8 ml.) was treated with
25 hydrazine monohydrate (42 pl., 43.3 mg., 0.86 mmol.)
and the solution was stirred at room temperature for
67 hours. The mixture was filtered and the solid was
washed with methanol. The filtrate was stripped,
-triturated with methylene chloride, filtered again
30 and stripped to give the crude_amihe as a vellow oil
{about 205 mg.). '
A cold (0° C.) solution of (S)-2-(acetylthio)-

benzenepropancic acid (178 mg., 0.79 mmol.) and
triethylamine (111 pl., 80 mg., 0.80 mmol.) in



00 Cfor 2 hours and at roomtenperature for 1 hour the reaction was
concentrated, diluted with ethyl 25 acetate (400 ml.) and washed with 5%
pot assi um bi sul fate (200 m .), saturated sodi um bi carbonate (200 m.), and
brine (200 m.), dried over sodiumsulfate, filtered, &f2¥ntrated and
dried in vacuo to yield 8.30 g. of titlé §4o‘duct as a crude oil. 30 TLC
(1:1, ethyl acetate:hexane) Rf = 0.47. -58- e) '
(s)-2-Phthal i m do-5-oxonentanoic acid, nmethyl ester A suspension of the
product from part (mBthif8ed ohploridie 15 minn| was aread&owiah| vdi abown carbon 5

{Ti ot hyl 811 ane. (7. oy, fad 3o 8olletbn il & A e et "room
tenperature for 45 %Iﬁiﬁf’gglbyt ﬁ%’_‘?ﬂ?ﬁﬁ?é'@égi?’mqéf M eEBYicent rat ed and
dried in vacuo. Theamingdehesphpainm hexaflnopophdspbate(38hrmgrmt 8g8@phy on a 5
X 25 cmsilica gel melum efhet soDutdohhwadb %t eited aaceat sor Nekame (41.)

fol lowed by 35% et hydg afek afeeibox RRRpératute £d1€206RIACd FACti ONs were
conbined to yield 5, |

0 g. of title prod .15.LC"£31:1 et hyl
acotate: hewane) R Soiyed vas Stiighel’ Sid'Ehe, £023h0e vk partiiléned, anoi ¢
acid, methyl ester Hetweemt§tylAcatREe AUAE (PIRsRiYERPEsEESates. 60 20 g.,
20.34 mol . ) in netthenokgdiie bdyer ams washby| sneessively with water,

10 50% saturated sodium bicarbonate and brine, then
dried (sodium sulfate), filtered and stripped. The
residue was flash chromatographed (Merck silica gel,
l1:1-ethyl acetate:hexanes) to give 272 mg. of the
pure title product as a white foam.

15
-[4q(R*) .70 - hydro-4-[ (2-m -1-

A room temperature solution of the product
20 from part (c) (227 mg., 0.49 mmol.) in methanol (5
ml., de-oxygenated via argon bubbling) was treated
with 1 N sodium hydroxide (8 ml,, deoxygenated via
argon bubbling). After stirring for 1 hour, the
mixture was acidified with 10% hydrochloric acid,
25 diluted with water and extracted with ethyl acetate.
' The ethyl acetate extract was washed with water and
brine, then dried (sodium sulfate), filtered and
concentrated. The resulting solid was slurried in
ethyl acetate and collected by filtration. The
30 filtrate was flash chromatographed (Merck silica gel,
1% acetic acid in ethyl acetate) and the desired
fractions were poocled, stripped, and triturated with
ethyl acetate/ethyl ether to give additional solid.



chloride (40 mM.) was treated with trinethylortho- formate (3.8 m ., 34.59
mmol., 1.7 eq.) and p- toluenesul fonic acid nonohydrate (280 ng.). After
stirring at roomtenperature for 1.5.hours the 25 reacti on was quenched
with 2 m. of saturated sodi um bicarbonatg, concentrat éB62%nd partitioned
bet ween et hyl acetate (400 ml.) and water ?1 00 mM.). The ethyl acetate
extract was washed with saturated sodi um bi carbonate (100 m.), brine (100
m.), dried 30 over nagnesiumsulfate, filtered and concentrated to a crude
oil. The crude resiBhe snésd?pmelrélmlby whigématograahywfons5@ ng.xo20 cm silica

gel colum eluting whd ti8090ormoayte Aaept ad1e/ hezm@ (?dBchpTPe rcHA629a - 59

6.20 0. of 11tle pr oo aorg. i SOAEFlLens B9 - 'gﬁj R 270 40, 5 hy ¢
(S) - 2- Ani no- 5. 5- di ngtgﬁjoxypen't ant ¢ agl% r?é‘f“ﬁé?y ol ution of the

product from pary (¥9LQ 6. Y&° §3, 00D, coBumrol6. p xrisﬁemn)a:n@llu(ési&mh ) was

treated with hydrazi ne noaghwdr ade walef8 0¥ metrdRoldo! WFh@spl‘QricO5 eq) .

After stirring at roomtegpgy %EHQE‘P%T ar ﬁ)%h@:%éer-gag laeet Eirlgzil urry was
n

filtered, concentrated, trjturat f1 %t er ed,

concentrated and dried i nPRAPEETD a&\iflbrﬂ@g’ Bateyl- Bfm]t/F“H‘e product as a
cl oudy oil. detecting at 220 nm; tr = 9.48 min. (97.4%).

10 2anal. calc'd. for Ci19H24N204S2 ¢ 0.14 ethyl acetate:
C, 55.82; H, 6.02; N, 6.66; S, 15.24;
Found C, 55.53; H, 6.01; N, 6.63; S, 14.91.

15 [4S-T40(R*).7 - -4-[(2- 0-1-0xo-

20 pentanoic acid
To a solution of y-benzyl-L-glutamate (17.49
g., 73.70 mmol.) in aqueocus (180 ml.) sodium
carbonate (7.81 g., 73.70 mmol.) and dioxane (120
ml.) was added N-carbethoxyphthalimide (16.50 g.,
25 75.27 mmol., 1.02 eqg.). After stirring at room
' temperature for 4.5 hours, The reaction mixture was
acidified with 6N hydrochloric acid (30 ml.) and
extracted into ethyl acetate (2 x 400 ml.). The
combined ethyl acetate extracts were washed with 50%
30 brine (200 ml.), and brine (200 ml.), dried over
sodium sulfate, filtered, concentrated and dried ip
Yacuo to yield a crude oil (41.4 g.). To a solution
of the crude residue in ethyl ether (100 ml.) was
added dicyclohexylamine (14 ml.). After standing in



15 TLC (10% net hanol in methylene chloride) Rf = 0.41. [err] 20 A
solution of (S)-2-phthalimdo-4- (triphenylnethoxy)butanoic acid,_
triethylam ne salt [prepared as described in Exanple 1(b), 11.62 g., 19.60
mmol ., 1.05 eq.] in nethylene chloride (100 m.) at [er#¥j62@as treated with
benzotriazol -1- 25 yl oxytris(di net hyl arfi ’8) phosphoni um hexaf | uor o-
phosphate reagent (8.67 g., 19.60 nmmol., 1.05 eq.). The m xture was stirred
for 45 mnutes at [err], then treated with a solution of the product from
part (g) (3.57 g., tBe Gefrigdrarornovi@hbyhtenensdtmiyidecd30wad . ). After 10

mnutes at [err] andegodAUbs Rca r.at , . | was
- partitioned bet ween et hy!l sfg? t.at ?CH??S 5 . Oﬂa%[?id& thtggfll 188;%&%. The et hyl
acetate layer was waShed @it 50% TP uPERd 258 R G BPtShonH% (100 m . )
and brine (100 mi .)Tresultipgorecipimte s cgldeetedniynfddituarsu.f at e,
filtered and conZenvasheddwith Tesame sind udrisels ipwachberb petdr omat ogr aphy on

a 5 x 25 cmsilica gelaicgl Ui cabUtidig %—égﬁc%:%s e Aeababghexane

[ . o) uct . -1, h cet at'e: hexane) Rf =
0 20 [orr] 30 A SoPTATREE PRCSHABERRLT PRI AL YA ERY e )
salt in ethyl acetate (200 ml.) was washed with 5%
potassium bisulfate (3 x 50 ml.), brine (50 ml.) and
10 dried over magnesium sulfate, filtered and

concentrated to yield 13.5 g. of the title product as

a white foam. TLC: (3% acetic acid in 9:1 ethyl
acetate:heptane) Rf = 0.30.

15 -2- inido-5-ox0-5- -

To a solution of the product from part (a)

(13.22 g., 36.0 mmol.) and cesium carbonate (5.86 g.,
18.0 mmol.) in dimethylformamide (100 ml.) was added

20 iodomethane (8.1 ml., 129.6 mmol., 3.6 eg.). The
yvellow solution was stirred for 2.5 hours, and was
then partitioned between ethyl acetate (300 ml.) and
water (250 ml.). The ethyl acetate extract was
washed with 5% sodium bicarbonate (200 ml.) and

25 Dbrine, dried over magnesium sulfate, filtered and
concentrated to yield 13.68 g. a yvellow oil. The
residue was purified by chromatography on a 5 x 20
cm. silica gel column eluting with 30% ethyl
acetate/hexane. The desired fractions were combined

30 and concentrated to yield 10.0 g of the title
product. TLC (1l:1, ethyl acetate:hexane) Rf = 0.45.



g., 12.92 mol.) in nethanol (100 m.) was treated with p-tol uensul fonic
aci d nonohydrate (850 ng.). After stirring at roomtenperature for 3.5
hours, the 15 mxture was partitioned between ethyl acetate (200 m.) and
10% sat ur at ed sodi um bi carbonate (100 % The phases HMR®a separ at ed and
the aqueous |ayer was extracted again witR7ethyl .acetate (100 nm.). The
conbi ned ethyl acetate extracts were washed with 20. brine, dried over
magnesi um sul fate, filtered and concentrat ed The reS| due was purified by
chr omat ogr aphy on a (s HRtRalinGa boHE
acet ate: hexane (11.p £ 0h! oned by 1% rret hanol in et hyI acet ate (21.). The
desired 25 fractions were conbi ned, concentrated and dried _in vacuo to
yield 4.33 g. of title prOAftEorFtien 8 Xhe RFPuGE XA PRES AR Rf = 0. 21.
[err] A solution of (10n@ gr oG 22 femod. pairt efhyl (ateBotey. (113 vfi8 Inwa$. ) in
met hyl ene chl origle 4d4@antoy ﬁélaiadiﬁﬂuahﬁ&irdﬁlaé dre lcbkbdib caBaly@tchange resin

(400~ - 61 - Ny, Pl &’ays%ﬁhﬁ?leg‘}%éih%’i Je 2?{)& dr oel Qi ¢ aci d,

ne Cc stlrrlng at room

wat er, tetrahydrof ag
terrper ature for 3 h‘%ﬂaﬁ% W%&Pﬁq“@ﬁpﬂ%@efpf‘ 08, %r"rcérh‘?“é?ed and flash 5
chr omat ogr aphed on EhebmixthEec wasifiilsaresbl weeh%ﬂmherwﬂiﬁg witthh 6:4 et hyl
acet at e: hexane to aédlgidadetateq.cdiicehttdrRdpandl dietied Sipaviabid @of 0am
10 yield 7.29 g. of crude title product as a white’
solid; m.p. 137-138°C. TLC (10% methanol/ methylene
chloride) Rf = 0.43.

15 acid, methv] ester
To a solution of the product from part (c)

(7.27 g., 24.95 mmol.) in methylene chloride (125
ml.) at 0° C under argon was added ethanethiol (4.81
ml., 64.92 mmol., 2.6 eq), 4-dimethylaminopyridine

20 (609 mg., 4.99 mmol., 0.2 eq.) and ethyl-3-(3-
dimethylamino)propyl carbodiimide, hydrochloride salt
(5.27 g., 27.47 mmol., 1.1 eq.). After stirring at
0° C for 2 hours and at room temperature for 1 hour
the reaction was concentrated, diluted with ethyl

25 acetate (400 ml.) and washed with 5% potassium
bisulfate (200 ml.), saturated sodium bicarbonate
(200 ml.), and brine (200 ml.), dried over sodium
sulfate, filtered, concentrated and dried in wacuo to
yield 8.30 g. of title product as a crude oil.

30 TLC (1:1, ethyl acetate:hexane) Rf = 0.47.



TLC (8:2 ethyl acetate: hexane) Rf = 0.32. [err] The product frompart (j)
(764 ng., 2.13 mol.) in nethanol (15 mM.) was treated with 15 hydrazi ne
nonohydrate (109 [err], 2.24 mmol., 1.05 eq.) and the solution was stirred
at room tenperature for 4 days. The mixture was filter&#8628ed the solid was
washed with methanol. The filtrate was cotcentrated, triturated with

net hyl ene chloride, filtered again 20 and concentrated. The residue was
purified by chromatography on a 2 x 15 cmsilica gel colum eluting with 3%

met hanol in nethyl ene : bi 3o T0lhomaEt by 1 d Qb Hpell i n et hyl ene
chloride (11.). The desireo ractlons wer e conbl ned and concentrated 25 to
afford 451 ngy. of tTtre product as an oil. TLC (10 % net hanol in nethyl ene

chl.oride) Rf = 0.18. [err} SRSBERTIORsPHEher PYofici EXRM BREXyiHni ne salt  of
(S)-2-acetyl thio-3-{seaeenepraepzm@imol ac iatd| poiepal balize deswrbbed i n Exanpl e

&ég%edBZ\Aot thS(y gsog-g‘(slg?'@lg ). lnl&aﬁtgnltﬁae efsd mhD) e\%ﬁ@ék SEIaligs (70 M . )dWaS
(i} I <)
brine (20 m.), dr i &g ?‘g%} 8?‘6’0‘35 §’oét|1 tneg?’fqﬁl)l nd é?irrgg (éon%:dentra'?gd

um su

and dried in vacuo ™¢ér nigiea-b- t #L§pY Stisying (aécé?‘iﬂ t"ﬁi“B?’E?é:Hiénepr opanoi ¢
~acid. This free acifibrwas rdingses vadei mixhuye metshfi drared,

concentrated and dried in vacuo. The crude residue
10 was purified by chromatography on a 5 x 25 cm silica
gel column eluting with 25% ethyl acetate/ hexane
(41.) followed by 35% ethyl acetate/hexane (21.).
The desired fractions were combined to yield 5.60 g.
of title product.
15 TLC (1:1, ethyl acetate:hexane) Rf = 0.32.

methvl ester
A solution of the product from part (e) (5.60

20 g., 20.34 mmol.) in methanol (60 ml.) and methylene
chloride (40 ml.) was treated with trimethylortho-
formate (3.8 ml., 34.59 mmol., 1.7 eq.) and p-
toluenesulfonic acid monohydrate (280 mg.); After
stirring at room temperature for 1.5 hours the

25 reaction was quenched with 2 ml. of saturated sodium
bicarbonate, concentrated, and partitibned between
ethyl acetate (400 ml.) and water (100 ml.). The
ethyl acetate extract was washed with saturated
sodium bicarbonate (100 ml.), brine (100 ml.), dried

30 over magnesium sulfate, filtered and concentrated to
a crude oil. The crude residue was purified by
chromatography on a 5 x 20 cm silica gel column
eluting with 30% ethyl aceatate/hexane (21.). The



chloride (10 m.), cooled to [err] (ice-salt bath) and treated with
triethylamne (298 [err], 2.14 mmol.) followed by a solution of the product
frompart (k) 10 (430 ng., 1.88 nmol.) in nmethylene chloride (10 ni.)
and benzotriazol -1-yl oxytris(di methyl am no% phosphoni uiab2%af | uor ophosphat e
(947 my., 2.14 mmol., 1.14 eq.). The resuPfant solution was stirred at 00 C
for 50 mnutes then at roomtenperature for 3 15 hours. The reaction

m xture was concentrated, diluted with ethyl acetate (150 m.), washed with
0.5 N hydrochl ori c dglided Hrabtions wet€@lcombined,. konsatirwatéddngodi um

bi carbonate (50 M .dnjeWAl2rabR0 vd yle A& D61 §1€ 5P ¢le brodlideed (anhydrous
magnesi um 20 sulfa%‘%), _ilte§ efd, an e aﬁ%)r ted to gryness. The crude
product was adsor be oﬁ%b Te %’f $5G-H60 %%r gﬁhéo"‘ 9 a silica gel colum
(5 x 10 cm, eluting with 60% et hyl acetate/ hexane (31.). The desired
fractions were & ‘ M D€ aiesthoRvpentbhoidiiangd s el of pure
title product. TL 4, ethyl acetate: hexane) Rf = 0.17. A solution of

) . L) | (15 n.) was
burged w th argon for 30 MARIHELOH 6o FEBDESS SFPR Boch (EbalbniSt hen
treated dropwi se wig-h &9 préetmelidl npigtdeacl (1253ml (Jamwgsntres@edi nut es)
solution of 1.0 N sddhungdrpdinindachyidrate. JO /B8 mRlaj r2ongs tlaeibybbl i ng of
argon throughoufp theogdgl.i ORs@nld st eRGIHY 9 Addm E&Rhllre for 6

days., the resulting slurry was filtered,
concentrated, triturated in methylene chloride,
filtered, concentrated and dried in vacuo to afford

3.57 g. of title product as a cloudy oil.
15 TLC (10% methanol in methylene chloride) Rf = 0.41.

20 A solution of (S)-2-phthalimido-4-
(triphenylmethoxy)butanoic acid, triethylamine salt
[brepared as described in Example 1(b), 11.62 g.,

19.60 mmol., 1.05 eq.] in methylene chloride (100
ml.) at 0° C was treated with benzotriazol-1-

25 yloxytris{dimethylamino)phosphonium hexafluoro-

' phosphate reagent (8.67 g., 19.60 mmol., 1.05 eq.).
The mixture was stirred for 45 minutes at 0° C, then
treated with a solution of the product from part (g)
(3.57 g., 18.67 mmol.) in methylene chloride (50

30 ml.). After 10 minutes at 0° C and 2 hours at room
temperature, the solution was partitioned between
ethyl acetate (300 ml.) and water (100 ml.). The
ethyl acetate layer was washed with 50% saturated
sodium bicarbonate (100 ml.) and brine (100 ml.),'



The reaction mxture was stirred at OOC for 3 hours, 5 acidified at [err]
with 5% potassiumbisulfate to pH 1 then extracted with ethyl acetate (3 X
100 m .). The conbi ned organic extracts were washed with 50% brine (100
m.), brine (100 m.), dried (anhydrous sodium sul f at e)#2&2%¢ er ed,
evaporated to dryness and dried 10 in vadfo~to yield a white foam The
resi due was purified by chromatography on a 2.5 x 15 cmsilica gel colum
eluting with ethyl acetate (500 m.) and 0.3%acetic acid in ethyl acetate
(11.). The desired firbet iovrs meanestwuncehfat.edilesdnedpamdl Wi t h chl orof orm 15

dand dried in vacuo oQigsdirebtedl [The ]regl&y@maghgm&%a%,pent OXi de to yield

e 1Ll procuct ey itherdgelh s 0 gl o0 beflfigtt et o el in

20 "3.10 (m 1H), 3%%utimg wagh 1:3 %@Yén?%%te/heﬁn@n?fﬁ%)dmﬁ 92{55 (m  1H),

4.49 (m 1H), 4.95 ¢gmoflHitléd 28ddaty. 1HC (A:19 etliyl38cgudte héddne)7. 52 (d,
1H, J =6 Hz). 25 #&gGNVRD. 100 MHz; [err]: 8 26.4, 32.0, 32.6, 41.2,
44,2, 53.0, 59.4, 70.6, 89.47, 126 9, 128 4, 129. 3 137. 4, 171.2, 171.6,
174.8. Anal. calc'd, fo Jqd : .54, .07, N, 7.12; S,
8.14 30 Found: - —orer " a2 JIMLGO - Sr Y QL OO o tR = 13.5 nin
(96 7% UV 220); . A RN i) -Rligekhorypentes s idA metlinon B: A, 25
m nute |inear gnadl_egﬁ_e_;(A = 90% vvater/ rret hanol + 0 2%

A solution of the product from part (h) (8.58:
g., 12.91 mmol.) in methanocl (100 ml.) was treated
with p-toluensulfonic acid monohydrate (850 mg.).

After stirring at room temperature for 3.5 hours, the

15 mixture was partitioned between ethyl écetate {200
ml.) and 10% saturated sodium bicarbonate (100 ml.).
The phases were separated and the agqueous layer was
extracted again with ethyl acetate (100 ml.). The
combined ethyl acetate extracts were washed with

20 brine, dried over magnesium sulfate, filtered and
concentrated. The residue was purified by
chromatography on a 5 x 20 cm silica gel column
eluting with 8:2 ethyl acetate:hexane (11.) followed
by 1% methanol in ethyl acetate (21.). The desired

25  fractions were combined, concentrated and dried-in
vacuo to vield 4.33 g. of title product.
TLC (8:2 ethyl acetate:hexane) Rf = 0.21.

30 - ine-7-

A solution of the product from part (i) (1.89
g., 4.48 mmol.) in methylene chloride (90 ml.) was
treated with Amberlyst@’ls ion exchange resin (400



-64- phosphoric acid B = 90% net hanol / wat er +0. 2% phosphoric acid) flow
rate at 1.5 m./mn. EXAMPLE 5 10 [err] Aferr] solution of

tri phenyl phosphine (1.26 g., 4.79 mmol., 1.5 eq.) in dry tetrahydrofuran
(15 mM.) was treated with diisopropyl azodi carboxyl ate ¥&23a[err],. 4.79
mol .). The resultant white slurry was 1561stirred for 30 ninutes and then
treated with a solution of [err] 1-oxobutyl)am no]-5,5-dinethoxypentanoic
acid, nmethyl ester [prepared as described in Exanple 4(i), 1.35 g., 3.20
mwroljI ](3i42 <[1Iry }et 21 aky dr @hdtwdbhedSsidoess2bely Woth _Qitﬁ‘ﬂy&bbdﬁiafidf hi ollageth ic
aci err], 4.79; t fan 1. ours
and then partiti one%glb%té%\rfe;gﬁgfmé)ég?gﬁéﬁ?%ﬁ 'Ht.&”?g%% c%ls(%&i’ um '
bi carbonat e (100 mi ASterrREigning at Foom: enmeraFurf £ohad MOYTHi the brine, dried
over 25 nagnesi um selutdpn, wids [fibdrexed, corneentratasd anddfl@sbed onto [err] and
dried in vacuo. 5 Thehfdmadegrapheti e aVgSx P1Y ichi €1l iy T @dBLMYr aphy on a 2.5

X 15 omsilica gel galding glus § d fodaRblilxiel 8l sirr ang; (11 ) and

g
6: 4 ethyl acetate: hexan 1 e ractions were conbi ned,

concentrated and drfedd RV °§‘? ORI AgPEESSIPMof title produce as an
oil. TLC (8:2, ethyTLQdS:atethydxasratRihexape)RE = 0.32.

10 = -4-Amino- =5-
methy] ester
The product from part (j) (764 mg., 2.13
mmol.) in methanol (15 ml.)} was treated with
15 hydrazine monochydrate (109 ul., 2.24 mmol., 1.05 eq.)
and the solution was stirred at room temperature for
4 days. The mixture was filtered and the solid was
washed with methanol. The filtrate was concentrated,
triturated with methylene chloride, filtered again
20 and concentrated. The residue was purified by
chrbmatography on a 2 x 15 cm silica gel column
eluting with 3% methanol in methylene chloride (31.)
followed by 10% methanol in methylene chloride (11.).
The desired fractions were combined and concentrated
25 to afford 451 mg. of title product as an oil.
TLC (10 % methanol in methylene chloride)
Rf = 0.18,

30 i0) -1-0x0-3- _ inol-5- x -

A suspension of the dicyclohexylamine salt of
(S)-2-acetylthio-3-benzenepropanoic acid [prepared as
- described in Example 1(h), 870 mg., 2.14 mmol., 1.14



-65- [err] A de-oxygenated (argon bubbling) solution of 5 the product from
part (a) (1.33 g., 2.76 mmol.) in nethanol (25 m.) at [err] was treated '
wi t h sodi um et hoxi de (25% by weight in nmethanol, 1.52 m., 6.63 mol., 2.4
eq.). After 3 mnutes, the m xture was quenched with sameeed ed anmoni um
chloride (3 m.), 10 diluted with water, 6&rmd extracted with ethyl acetate
(100 m.). The ethyl acetate extract was washed with water (50 m.) and
brine (50 m.). dried over sodiumsulfate, filtered and concentrated. The

residue was purifiesy.hyighddpat SeHaRBY (N md. b waslRagiBswitedgel 15 col um

eluting with 11 (3. Cald Quedh i 82 f 20 by o hyhe ag8Lal mdggape. The

desired product containin actjons _were conbj’ concen ra’t ed to

yield 853 ng. of ti¥% Eb%d&ﬂd"]as’ afri7d (aﬂ@r(’gszs“éf‘ﬂy?u%é[eéte hexane)
Rf = 0.43. 20 [err]fiAtspedit iconcenitrpred rnd firisd paryaque) oysa®ahy. , 25 1. 93
mmol . ) in methyleneciliosi @9 -¢20ddiy) tMiRS behi fistieptiopdrddic| &61d. 15 i on

exchange resin (700 ny. n@;ies\é% %1%%18 %igg %E}MI xgr’\kngéﬁgr%ﬁgl oric acid,

wat er, tetrahydrofuran ene chlori Irring at room

g
tenperature for 17 ‘H{}&Fé % hf hé‘OB’BYS)Cﬂ 6eP4AT "asYT G té?"éc?a Lottt #at ed and
fl ash chronat ogr aphesased aviZhbtrietbytamigiel i(2%8 ¢dl. 2dldummoklluting with 1:1
et hyl acet at e: hexan®iiewad ' d £ALcign oF chelgrRdpeodich g&rd (White foam
10 (430 mg., 1.88 mmol.) in methylene chloride (10 ml.)
and benzotriazol-l-yloxytris{dimethylamino)
phosphonium hexafluorophosphate (947 mg., 2.14 mmol.,
1.14 eq.). The resultant solution was stirred at
0° C for 50 minutes then at room temperature for 3
15  hours. The reaction mixture was éoncentrated.
diluted with ethyl acetate (150 ml.), washed with
0.5 N hydrochloric acid (50 ml.), water (50 ml.),
saturated sodium bicarbonate (50 ml.), water (50 ml.)
and brine (50 ml.), dried (anhydrous magnesium
20 sulfate), filtered, and evaporated to dryness. The
crude product was adsorbed onto Celite® and
chromatographed on a silica gel column (5 x 10 cm),
eluting with 60% ethyl acetate/hexane (31.). The
desired fractions were combined and concentrated,
25 affording 779 mg. of pure title product. TLC (6:4,
ethyl acetate:hexane) Rf = 0.17.

30 ine-7-

A solution of the product from part (1) (754
mg., 1.74 mmol.) in methanol (15 ml.) was purged with
argon for 30 minutes, cooled to 0°C (ice-salt bath)
then treated dropwise with a previous;y purged



TLC (8:2 ethyl acetate: hexane) Rf = 0.48. -66- [err] 5 The
product frompart (c) (899 ng., 2.40 mvol.) in nethanol (17 m.) was
treated with hydrazi ne nonohydrate (122 [err], 2.52 nmol., 1.05 eg.) and
the solution was stirred at roomtenperature for 3 daysHaéEhe m xture was
filtered and the solid was 10 washed wit®3nethanol. The filtrate was
concentrated, triturated with nmethylene chloride, filtered again,
concentrated, and dried in vacuo to yield 572 ng. of title product as a

~cloudy oil. TLC (10°(afa‘i§nha§1@lmmucg&t %hsaforpekwaiﬁ)sgém 0.13. 15

[err]'20 | op, .of t e d|c cl.ohe
(S)-2-(acetylthio) bﬁ’ﬁ%&%ﬁ‘éa Q':fn %/ ﬁd%%gfn P%ba%?ln Exanple 1

(h), 1.045 g., 2. 58thwanghouy, tileeaqldJMOétmq 1&&@%@6 %%GeﬁFtaOans washed
wi th 5% pot assi um brkelldeateidrb mixPirenivas, sti¥edramo°¢ 2&omB. hour25 and bri ne

fjr2|5e31 | Z] Vgghgdf% ?ngagalﬁgadsmlobaﬂ withf atseaotafsgiaxfﬁoﬁgulf:&@ceatmﬁtled and
acid. This free aci8 %Sexgract v‘é‘%j&l (e%}(lz %'LEEL%( & ko%o&oﬁﬁzsaneg.g_‘g?igo:ﬂc
cooled to [err] (i C§°‘§§-|n?db%‘f9‘?)“15nﬁ‘ttrla€5‘f SHPTRi ‘t’?’?t’(efll B PR Fne360 [er r]
2.58 mol .), benzot (iGEl- 1, Wringt (108( wi met dyiedi @ohpdsisheodinm
hexaf | uor ophosphat egfilsabd}, dfi1téred, EBbodat@adeé BYndss and dried
10 in wacuo to yield a white foam. The residue was
purified by chromatography on a 2.5 x 15 cm silica
gel column eluting with ethyl acetate (500 ml.) and
0.3% acetic acid in ethyl acetate (11.). The desired
fractions were concentrated, stripped with chloroform
15 and dried in vacug overnight at 50° C over phosphorus
pentoxide to yield the tit;e product as a white foam;
m.p. 88 - 92°C; [alp = -63.8° (¢ = 1.0, methanol).
TLC (1% acetic acid in ethyi acetate) Rf = 0.24.
lp-NMR: 400 MHz; CDCl3: & 1.80 - 2.31 (m's, TH),
20 3.10 (m, 1H), 3.27 (m, 1H), 3.63 (m, 1H), 4.0 (m,
iH), 4.20 (m, 1H), 4.49 (m, 1H), 4.75 (m, 1H), 5.23
(m, 1H), 7.19 - 7.30 (m's, 5H), 7.52 (d, 1H, J = 6
Hz) .

25 13c-mMr: 100 MHz; CDCl3: & 26.4, 32.0, 32.6, 41.2,
h 44.2, 53.0, 59.4, 70.6, 89.47, 126.9, 128.4, 129.3,
137.4, 171.2, 171.6, 174.8.
Anal. calc'd. for C18H22N205S - 0.85 H20:
C, 54.91; H, 6.07; N, 7.12; S, 8.14
30 Found: C, 54.85; H, 5.68; N, 7.18, s, 8.14.
HPLC: ¢tr = 13.5 min (96.7%, UV 220); YMC S-3 ODS
(C-18) 6.0 x 150 mm; 30% B:A - 100% B:A, 25 minute
linear gradient (A = 90% water/methanol + 0.2%



solution of the product frompart (d) (572 ng., 2.34 -67 - mol .) in

net hyl ene chloride (10 m.). The resultant solution was stirred at [err]
for 30 mnutes then at roomtenperature for 2.5 hours. The reaction m xture
was concentrated, diluted with ethyl acetate (100 5 nl .BA6R88hed with 0.5 N
hydr ochl ori ¢ aC|d (50 m.), water (50 ni~ ¥4 saturated sodi um bi carbonate
(50 M.), water (50 m.) and brine (50 m.), dried (anhydrous magnesi um
sulfate), filtered, and evaporated to dryness. The crude product was 10
aldsorbed pnthozgg/; g]lth@bwrmhaggar}bed fthan6l hiater 06 . z«%olhulrm (5x 10 cm,
eluting wt n et hy

acet at e/ hexane. Thepﬁos g{?%z]iacozlfi())nél%%%éecggb?n%lgnﬁ%gfu%echrorrat ogr aphed
eluting with the sanme gradient. 15 The desired fractions were conbi ned and
concentrated, affording 490 rrg of purEWEgiproduct TLC (1:1, ethyl

acet at e: hexane) &f g ‘ X Lroxn-part (e)

(490 ng., 1.09 mol 7‘ - Ok i6 Jr_h&%gp(; 2(§15’Fi1 4 nm.) was purged

W th argon for 30 es, rce-salt bath) then treated
dropwi se with a prm

'luutes) sol utlon of 1.0 N
sodi um hydr oxi de ( 182+LSF (R ' etegbiotd-oughout t he
addi ti on and | engt hogdbultip®1 anei -

irred at
10 ester

A 09C solution of triphenylphosphine (1.26 g.,

4.79 mmol., 1.5 eq.) in dry tetrahydrofuran (15 ml.)
was treated with diisopropyl azodicarboxylate (943
pl., 4.79 mmol.). The resultant white slurry was

15 stirred for 30 minutes and then treated with a
solution of [S-(R*,R*)]-2-[(2-phthalimido-4-hydroxy-
l-oxobutyl)amino] -5, 5-dimethoxypentanoic acid, methyl
ester [prepared as described in Example 4(i), 1.35
g., 3.20 mmel.] in dry tetrahydrofuran (15 ml.)

20 followed by neat thiolacetic acid (343 pl., 4.79
mmol.). The mixture was stirred at 0°C for 1.5 hours
and then partitioned between ethyl acetate (150 ml.)
and 50% sodium bicarbonate (100 ml.). The ethyl
acetate layer was washed with brine, dried over

25 nmagnesium sulfate, filtered, concentrated, adsorbed
onto Celite® and dried in vacuo. The crude material
was purified by chromatography on a 2.5 x 15 cm
silica gel column eluting with 1:1 ethyl
acetate:hexane (11.) and 6:4 ethyl acetate:hexane

30 (11.). The desired fractions were combined,
concentrated and dried in vacuo affording 1.35 g. of
title produce as an oil. TLC (8:2, ethyl
acetate:hexane) Rf = 0.42,



30 [err] for 3 hours, acidified at [err] with 5% potassium bisulfate to pH
2 then extracted with ethyl acetate (3 x 75 m.).. The conbi ned organic
extracts were washed with brine (75 m.), dried (anhydrous sodi um sul fate),
filtered, evaporated to dryness and dried - 68 - inHA$288 to yield a
white foam (489 ng.). The residue was puﬁlfled by chromat ography on a 2.5
X 15 cmsilica gel colum eluting with 9:1 ethyl acetate: heptane (400 m .)
and 0.5% acetic acid in 9: 1 5 ethyl acetate heptane (11.). The desired
fractions ‘were concehtrid R pht s i \ercapte rae/heptane and

ZHHY LVA 3 118 X 34 ud
recrystallized from % g)dL”e of ethyl acetate/nethanol/hexane The 10
crystals were colle by filtration, washing thoroughly with ethyl ether,
~and dried in vacuo overni @h@eaqugremqedo\&é?gqshg%naé pEntdRrRE to yiel d
305 ng. of titl esprenegrodacwirom pantsital s(1.88pg. ,2@67d4 3moIL L ixb% acetic

Sci din 91l it gz' aﬁ?_él?gm%lh@ﬁ ?nﬂe) ﬁ 05 @g?a%zuléidﬁggw clﬂ%@d&(ﬁlz gDCl3 w2
OB e AT e Ol o el 5 byl 400 2430
3.59 (m 1H), 4.54 Pol.-312.4 ea.7.3 ASERr ¥ mgmuEes. EH? nixtpge (Was 1H), 7.18 -
7.34 (mMs, 5H), 7 63u§rd:,heﬁl—t9uth saturdted &BOniMR chlp00dedVH2; mIDC13 W 2 drops
CD30D: 8 27.6, diluted with water, and extracted with ethyl acetate

(100 ml.). The ethyl acetate extract was washed with

water (50 ml.) and brine (50 ml.), dried over sodium

sulfate, filtered and concentrated. The residue was

purified by chromatography on a 5 x 15 cm silica gel

15 ‘column eluting with 1:1 (31.) followed by 8:2 (21.)

ethyl acetate:hexane. The desired product containing

fractions were combined and concentrated to yield 853

mg. of title compound as an o0il. TLC (8:2, ethyl

acetate:hexane) Rf = 0.43.

20

A solution of product from part (b) (847 mg.,
25 1.93 mmol.) in methylene chloride (20 ml.) was
treated with Ambeflyst® 15 ion exchange resin (700
mg., pre-washed successively with 6N hydrochloric
acid, water, tetrahydrofuran and methylene chloride).
After stirring at room temperature for 17 hours the
30 solution was filtered, concentrated and flash
chromatographed on a 2.5 x 15 cm silica gél column
eluting with 1:1 ethyl acetate:hexane to afford 691
mg. of title product as a white foam.
TLC (8:2 ethyl acetate:hexane) Rf = 0.48.



31.1, 32.1, 32.9, 41.1, 44.0, 52.8, 60.4, 62.2, 25 126. 77, 128.3, 129.0,
137.4, 170.2, 171.4, 172.6. Anal. calc'd. for [err] 0.08 H20: C 54.60; H,
5.64; N, 7.07; S, 16.19 Found: C, 54.65; H 5.54; N, 7.02, S, 15.80.
HPLC. tR = 13.0 min (98.8% UV 220); YMC S-3 ODS (C B@AGZ% 6.0 x 150 nm
40%B A - 100% B: A, 25 nminute |inear gradﬁ@n‘t (A .= 90% wat er / net hanol +

. 2% phosphoric acid; B = 90% net hanol /water + 0.2% phosphoric acid); flow
rate at 1.5 m/mn. -69- EXAMPLE 6 [err] 5 The product of
Exanple 5 was al so pr epar ed as foI | ows: a) N- n (Phenyl met hoxy) car bony]
- L- honoseri ne N-( Begaryliasycay : 1S MG ¥ 94.58 mmol .)
was added to a solu
sodi um bi car bonat e .
(100 m.) and acet ofe ). The mxture was stirred at room
tenperature overhi ght. ThEhaqmoduet ViarsmrErny écl) uisdermg.edacedl pressure

(rotovap) and the lfEmo1aqUeR Yerhshatt I(Qﬁ MRS was hedavéd viegt hyl ene chl ori de
5N hydr ochi br I“SC?%’@%X?%%%%%% R 2.3 Rl L) one
conmbi ned et hyl acet2t% thgyeqlutjen é”ﬁﬁa%’éifeﬁn h %Pe’i‘emperature for
3 days. The mixture was filtered and the solid was
10 washed with methanol. The filtrate was cbncentrated,
triturated with methylene chloride, filtered again,
concentrated, and dried in wvacuo to yvield 572 mg. of
title product as a cloudy oil. TLC (10% methanol in
methylene chloride) Rf = 0.13.
15

20 " A suspension of the dicyclohexylamine salt of
(S) -2-(acetylthio)benzenepropanoic acid [prepared as
described in Example 1 (h), 1.045 g., 2.58 mmol., 1.1
eq] in ethyl acetate (100 ml.) was washed with 5%
potassium bisulfate (5 x 25 ml.), 50% brine (25 ml.),

25 and brine (25 ml.), dried (anhydrous sodium sulfate),
filtered, concentrated and dried in vacuo for one
hour to give (S)-2-(acetylthio)-benzenepropanoic
acid.

This free acid was dissolved in dry methylene

30 chloride (10 ml.), cooled to 09C (ice-salt bath) and
treated with triethylamine (360 pl., 2.58 mmol.),
benzotriazol-lfyloxytris(dimechylamino)phosphonium
hexafluorophosphate (1.141 g., 2.58 mmol.) and then a
solution of the product from part {(d) (572 mg., 2.34



20 (2 x 100 m.) and brine, dried over sodiumsulfate, filtered,
concentrated and dried in vacuo to afford 19.54 - g. of title product as a
white solid. TLC (ethyl acetate:n-butanol:acetic acid:water; 2:1:1:1) Rf =
0.74 25 b) N [(Phenvlnethoxy)carbonyl]-q:(triphenvl né#8gP3- L-honoserine
To a suspension of the product from part ?5) (19.51 g., 77.04 mmol-.) in
chloroform (250 m.) was added triethylamne (12.35 m., 88.59 mol., 1.15
30 eq.). The honpbgeneous nixture was treated with triphenyl methyl chloride
(24.70 g., 88.59 mmhel).)and netbyterec chborides (30 imlréd frhe SBedwdmmsat The

reaction m;ij ure Woﬁﬁ?ﬁ%éﬁb@ﬂrﬁé&dﬁf 6@56?%@h§mseéﬁ%x8t£V?p) 3
partl tione et ween n 0 ot assi um
rc%frﬂ)é m?%ealttﬁac e{o élourz The r‘%?e% b}rﬁ

bi sul fate (200 ml . er- was was ot assi um

bi sul fate (200 m . )WaWEFe?tzrakeéo@l&Pte}d W&ﬁa qﬁhyﬁea%ezeeerrﬂ%o dried over
sodi um sul fate, ¥ilmkretrashed]wibindbit NaltyslhoBhlarigi atidl 4504mlg.) ,materi al . The

resi due was chrowatweaphs@l ) @ dfburadbl @miﬁhn{ ib@.aaﬂﬁinaeel tygn eluting with
6:4 ethyl acetate: qnewéée]r )(s qh qwggz 1]Ie/o@_,'(bel;rdlc a%ii eén 8:2 ethyl.
of e conp 0°¢

acet ate: hexane to gl v ound
(S) - 2- Ami no- 5. 5- di i %?%“a‘cﬁwlf%? hyqlltered and
(S)-2-Phthal i m do- @@P@F‘M&ﬂ]@ﬂymam Cthec roidenprdductewar [ prepared as

descri bed In Exzpop| £sbrbbd ,onto Celite® and chromatographed on a silica
gel column (5 x 10 cm), eluting with 25%(51.),
30%(21.), 35%(21.), and 40%(21.) ethyl
acetate/hexane. The mixed fractions were combined
and rechromatographed eluting with the same gradient.

15 The desired fractions were combined and concentrated,

affording 490 mg. of pure title product.
TLC (1:1, ethyl acetate:hexane) Rf = 0.16.

£ -[da(R*) 7 -Qct -4~ =mer =1-
20 =3- i =5- -
-] -
A solution of the product from part (e) (490
mg., 1.09 mmol.) in methanol:tetrahydrofuran (8 ml.:
4 ml.) was purged with argon for 30 minutes, cooled
25 to 0°C (ice-salt bath) then treated dropwise with a
previously purged (argon, 30 minutes) solution of
1.0 N sodium hydroxide (10 ml.) maintaining the
bubbling of argon throughout the addition and length
of the reaction. The reaction mixture was stirred at
30 09C for 3 hours, acidified at 0°C with 5% potassium
bisulfate to pH 2 then extracted with ethyl acetate
(3 x 75 ml.). The combined organic extracts were
washed with brine (75 ml.), dried (anhydrous sodium
sulfate), filtered, evaporated to dryness ard dried



3.35 9., 10.43 mol.) in nethanol (70 m.) was 15 treated with hydrazine
nonohydrate (531 [err]., 10.95 mmol., 1.05 eg.) and the sol ution was
stirred at roomtenperature for 6 days. The mxture was filtered and the
solid was washed with nethanol. The filtrate was concemata®®d, triturated
with methylene chloride, 20 filtered aga®f, ~concentrated, and dried in
vacuo to yield 1.89 g. of title product as a cloudy oil. TLC (10% net hanol
in methylene chloride) [err] = 0.39. . :

car bolnyl5l gm;jnol -ﬁ-(miﬁ@ﬂyw@tieme) wﬂi%(ffbﬂhyidw %5. )l. The ' h' .
am nol - 5. 5-di net hoxypent anoi ¢ _aci d. t est er sol uti Q e product
frompart (b) (5. 28\’/55.1?“50?’%% p%%gl.e,d X 1%58?“?‘_:?%%}”{/ or?efahglnseﬁ‘eléhl oride (50
m.) at [err] C wasS®reddied At RolWmeeiytiag ek P:4eethvl ~ 10. 65 mml .),
foll owed by the prodeatatbrineptpaet (B0 mlc) ahd. @S ¥gacetdicG8cidoin P:in dry

net hyl ene chlorigle (&R 1MhedeaRInERBARL (183Q] - ine/ laR¥¥tdd $LEEERIBY! ani no) -
phosphoni um hexaf | uglabho3ERALS: (4. Ll thoedl §16D yi¥RI1enel- 1 €0 ). The

m xture was stirred or_i our at [ € d{'ens rr.e room

rel €d .a
tenperature for 2 CchloFjde 593141’@ heg]ﬁ'ﬁnzq'ﬁ%?t E?é”'\ﬁgg %t i oned
.bet ween et hyl acet abf Hrd@actd . Fharphirganateriaf(Owad recryidtaldtingd acetate

I(zziyer 2\3/88 mwa)shed \éw' anB(a‘Vmﬁaddteaép_cécapﬂiaaétbi:@,a;ge!@asaslerh(e%@e.m mheanddbri ne
X . ), r r | s ls er, : ncentr at ed,
adsor bed onto [g?r]élg%&g\égﬁ i_egglzlri%%hél%g %f%r ts}lbf' c",gaghéﬁ&col um el uting
with 40% et hyl thoroughly with ethyl ether, and dried jin

overnight at 40°C over phosphorus pentoxide to yield

305 mg. of title product as white crystals; m.p. 206
- 208°c; [alp = -96.3° (c = 1.0, methanol).

15 TLC (5% acetic écid in 9:1 ethyl acetate:heptane) Rf
= 0.29. '
ly-NMR: 400 MHz; CDCl3 w/ 2 drops CD30D: & 1.94(m,
1H), 2.02(d4, 1H, J = 9 Hz), 2.08(m, 1H), 2.20 -
2.55(m's, 4H), 2.95{(m, 1H), 3.08(m, 1H), 3.23 (m,

20 1H), 3.27 (m, 1H), 3.59 (m, 1H), 4.54 (t, 1H, J = 7.3
Hz), 4.60 (m, 1H), 5.23 (m, 1H), 7.18 - 7.34 (m's,
5H), 7.63 (d, 1H, J = 6 Hz). '
13C-NMR:_ 100 MHzZ; CDCl3 w/ 2 drops CD30OD: & 27.6,

"31.1, 32.1, 32.9, 41.1, 44.0, 52.8, 60.4, 62.2,
25 126.77, 128.3, 129.0, 137.4, 170.2, 171.4, 172.6.
' Anal. calc'd. for C18H22N204S2 « 0.08 H20:
C, 54.60; H, 5.64; N, 7.07; S, 16.19
Found: C, 54.65; H, 5.54; N, 7.02, S, 15.80.
HPLC: ¢tr = 13.0 min (98.8%, UV 220); YMC S-3 ODS (C-

30 18) 6.0 x 150 mm; 40% B:A - 100% B:A, 25 minute
linear gradient (A 90% water/methanol + 0.2%
phosphoric acid:; B = 90% methanol/water + 0.2%
phosphoric acid); flow rate at 1.5 ml/min.



acet at e/ hexane (31.), followed by 50% (21.) ethyl acetate/hexane affording
4.84 g. of title product. 10 TLC (ethyl acetate: hexane, 1:1) Rf = 0.22.
e) [err] am nol -4-hydroxy-1-oxobutyllam nol -5. 5-di met hoxy- pentanoi c acid.
met hyl ester A solution of the product frompart (d) (4iAQ2945 g., 7.18
mol .) in methanol (70 m.) was treated wéfh-p-tol uenesul fonic acid
nonohydrate (300 ng.). After stirring at roomtenperature for 2 hours, the
m xture was partitioned between ethyl acetate (400 m.) and 25% sat urated
sodi um bi carbonate (200 m . ) The 20 Wre separ ated and the aqueous
|l ayer was extract ed agaig (8§ ol v 6190 d3_nd B8 - £04Ri_ned et hyl
acetate extracts were was e _ nesrum sultate,
filtered and concent+e S RES- B ST PRSP ¢ G chr omat ogr aphy
on ab5 x 20 gadidt h 7: 3 (11 ), 8:2 (11.) ethyl
acet at e: hexane fe¢ll owed byihgcg@oqag@e&obx&ﬁbl@t BYilas2 @@L S it ebdied -asThe desired
fractions were conbl FH}? concentrated and dried in vacuo to yield 2.92 g.
of 30 title produc{' o ethI ; = 0. 09. -72- 5
g., 11.65 muol ., 1.%-et ~ i FO= wastreatedvmth
di i sopropyl azodi car boxyl at-éBe(rZyzmarbodﬂlO&S‘)smdm).mdaqdzl‘sesnlq ant white
slurry 94.58 mmol.) was added to a solution of L-homoserine

10 (10.24 g., 85.98 mmol.) and sodium bicarbonate (7.95

g., 94.58 mmol., 1.1 eq.) in a mixture of water (100

ml.) and acetone (100 ml.). The mixture was stirred

at room temperature overnight. The acetone was
removed under reduced pressure (rotovap) and the

15 aqueous solution was washed with methylene chloride

. (2 x 75 m1.). The aqueous layer was then acidified
to pH 2 by addition of 6N hydrochloric acid and
extracted with ethyl acetate (2 x 250 ml.). The
combined ethyl acetate layers were washed with water

20 (2 x 100 ml.) and brine, dried over sodium sulfate,
filtered, concentrated and dried jn vacuo to afford
19.54 g. of title product as a white solid. TLC
{(ethyl acetate:n-butanol:acetic acid:water; 2:1:1:1)
Rf = 0.74

25 =L -0- i =
L-homoserine

To a suspension of the product from part (a)

(19.51 g., 77.04 mmol.) in chloroform (250 ml.) was
added triethylamine (12.35 ml., 88.59 mmol.,. 1.15

30 eq.). The homogeneous mixture was treated with
triphenylmethyl chloride (24.70 g., 88.59 mmol.) and
the reaction was stirred for 3 hours. The reaction
mixture was concentrated under reduced pressure
{rotovap), partitioned between ethyl acetate (400



was stirred for 30 mnutes and then treated with a solution of the product
frompart (e) (2.92 g., 6.85 10 mmol.) in dry tetrahydrofuran followed by
neat thiolacetic acid (833 [err], 11.65 mml.). The m xture was stirred at
[err] for 2 hours and then partitioned between ethyl acwasa (300 nl.) and
50% sodi um bi carbonate (200 m .). The ethyP acetate |ayer was 15 washed
with brine, dried over magnesium sulfate, filtered, concentrated, adsorbed
onto [err] and dried in vacuo. The crude material was purified by

chr?rrflt Oﬁr aphy ?glamﬁ X aR8 mbg'taégm.gsisaqlaugn(z@bulhing Wrkd ekniiet hyl .
acet al e: hexane I oncentrate
aﬁtl;*ag f%e @%é vﬁcghtcﬁ %fc stﬁﬂﬂ’ﬂwf%afc%

and dried in vacuo cf as_an white

e pr
solid. TLC (ethyl attd%hfl-heyaher % ) 9§ ml. ¢ éﬁi‘d THe 208 dHar ed (argon
bubbl i ng) sol ution éfiedhever @@dcmfsudﬁapw tf14t9re(d2 &3 goncen@tedol . ) in
met hanol (50 m .3 ato[yaeld 483 &l aalcediyd ! hrRedHdsTu3 waet hoxi de (25% by

wei ght i n methanol, ﬁgtwﬁ%ﬁg%aa{phég &4 .mpl ’303cr§°ﬁl)l1c§f§e?.463 ] nutes, the

m xture was quenche rat ed ‘apmoni um ch , diluted

with water (100 mi . §iutdng wiily fet RFON  FeLLhGIIGEELalE - 0369 1AYeR The et hyl
acetate extract by 3% wastigashid im 8h2 el {ckGetethexanadtdbmiive (150 '

m.), dried over nagn;aslgunastﬂuigat@nlﬁal témyoreaand concentrated. The residue
was purified bylo

ester .

{S)-2-Phthalimido-5, 5-dimethoxypentanoic acid,
methyl ester [prepared as described in Example 4 (f),
3.35 g., 10.43 mmol.) in methanol (70 ml.) was

15 treated with hydrazine monohydrate (531 pl., 10.95
mmol., 1.05 eq.) and the solution was stirred at room
temperature for 6 days. The mixture was filtered and
the solid was washed with methanol. The filtrate was
concentrated, triturated with methylene chloride,

20 filtered’again, concentrated, and dried in wvacug to
vield 1.89 g. of title product as a cloudy oil.
TLC (10% methanol in methylene chloride) Rf = 0.39.

- * * -D - - -

25 aminol-5.5-dimethoxvpentanoic acid. methvl ester
A solution of the product from part (b) (5.28

g., 10.65 mmol., 1.1 eq.) in dry methylene chloride
(50 ml.) at 0° C was treated with triethylamine (1.48
ml., 10.65 mmol.), followed by the product from part

30 {c) (1.85 g., 9.68 mmol.) in dry methyléne chloride
(30 ml.) and benzdtriazol-l-yloxytris(dimethylamino)-
phosphonium hexafluorophosphate (4.71 g., 10.65
mmol., 1.1 eq.). The mixture was stirred for 1 hour
at 0°C and then stirred at room temperature for 2



chromat ography on a 5 x 20 cmsilica gel colum 5 eluting with 1:1 (31.)

et hyl acetate: hexane. The desired conpound was conbi ned and concentrated to
yield 1.99 g. of title product as an oil. TLC (ethyl acetate: hexane, 8:2)
Rf = 0.43. [err] A solution of the product frompart (gRr6g2al6 g., 4.88
mrol .) in methylene chloride (50 m.) was7ireated with [err] 15 ion
exchange resin (620 15 ng., pre-washed successively with 6N hydrochloric
acid, water, tetrahydrofuran and nethylene chloride). After stirring at

room t enper at ur fq&o&shOUfrfe EE@ct&%%i:@Hixr\éﬂﬁaJ lplakem%eeomeﬁa@ﬁat ed and
flash chromat ographeqtv ?tata cmlsil aw%el 9156”“1 ;0 ,&utl ng with 6:4

et hyl acetate: hexan® Yo & der’as dwhite foam
TLC (et hyl acet at e: flé¥anacergpte) lﬂer—wﬁs B'ZPShFQr"f’i‘: ASQ%IS&FPB?’F% t he product

frompart (h) (1.20sqiium3bilcarbomate (800 indpedand lrinel Reme2Qhmde)ti mes and
dried in vacuo oyerduigat Lvéznmdgﬂegmhhyﬁﬁ&echﬂqrtbded 3Qohdbntdatkayas treated

w th iodotrinet hyI dees?}seé 6°?h% [8£J&Jt§®4a§ésﬂn¥$kied ]o 284 ) gng stirred at

room tenperature un e T XL 4r e wis quenched W th

water (50 m.), tre%l’t]é&avﬁlhcﬂ?é%fal‘m YiFR 40% 65 ni ., pH 1) and washed
wWith ethyl  -74- assaaeéhex@denil).) . Tiellagee dws Sphatid . Wasthleat ed wi t h

acetate/hexane affording 4.84 g. of title product.
10 TLC (ethyl acetate: hexane, 1:1) Rf = 0.22.
e) [S-(R* R*¥)1-2-((2-[[(Ph =

A solution of the product from part (d) (4.80
15 g., 7.18 mmol.) in methanol (70 ml.) was treated with
p-toluenéSulfonic'acid monohydrate (300 mg.). After
stirring at room temperature for 2 hours, the mixture

was partitioned between ethyl acetate (400 ml.) and

25% saturated sodium bicarbonate (200 ml.). The
20 phases were separated and the aqueous layer was
extracted again with ethyl acetate (100 ml.). The

combined ethyl acetate extracts were washed with
brine, dried over magnesium sulfate, filtered and .
concentrated. The residue was purified by
25 chromatography on a 5 x 20 cm silica gel column
eluting with 7:3 (il1.), 8:2 (1l1l.) ethyl
acetate:hexane followed by 10% methanol in ethyl
acetate (21.). The desired fractions were combined,
concentrated and dried in wvacuo to vield 2.92 g. of
30 title product. TLC (ethyl acetate:hexane, 8.2)
Rf = 0.09. -



w th 10% sodi um hydr oxi de and extracted with nmethyl ene chloride (three
tinmes). The pooled extracts were dried over sodiumsulfate, filtered, 5
concentrated, and dried in vacuo to yield a 396 ng.. of title product as a
clear oil. TLC (10% net hanol in nethylene chloride) Rf BA6@940. [err] A
solution of (S)-2-(acetylthio)benzene-.prdpancic acid in dry nethyl ene
chloride was treated with triethylamne. A solution of the product from 15
part (i) in nethylene chloride was then ‘added. fol | owed by -

benzotriazol - 1-yl oxyy r irg= ({digeei I/ ar ophosphat e.
The resultant solut]lan 3 Ked- _desc ed.| xanpl e 5(e) to give
[err] 20 [err] rret‘?‘lndnu:{\é§e{,\%§ 1‘{/ rhd?&?ir?x %ﬂ%; on, was 25 cooled
to-[err] and treat cdimgiiexpantaneiq. 3LidamesByl SHEGE| on of 1.0 N sodium ‘

hydr oxi de. Wbr k-up as desnro%edsomtﬁ)oanqnf eriphénydphespiimet (3106 pr oduct .
[err] 75 [er]gh 11[£§ %emyl tyheem) qarwwe)cmya}bféramawrol o[ 2, 1-
b][ 1, 3]t hiazepi ne- 7gcz%r oxy | c. aci ester a s described in
Exanpl e 6(h), 738 rjt", W%Pn‘?lplﬁbéar {"Fﬁf‘g ﬁnxlfd]h%t ol uene and
dried in vacuo over fa-@8t 1)‘11'n 1él|=95 MEChy! ené’heh’f‘ﬁﬂ‘-ﬁléént white slurry
was stirred for 30 minutes and then treated with a
solution of the product from part (e) (2.92 g., 6.85
10 mmol.) in dry tetrahydrofuran folléwed by neat
' thiolacetic acid (833 pl., 11.65 mmol.). The mixture
was. stirred at 0° C for 2 hours and then partitioned
between ethyl acetate (300 ml.) and 50% sodium
bicarbonate (200 ml.). The ethyl acetate layer was
15 washed with brine, dried over magnesium sulfate,
filtered, concentrated, adsorbed onto Celite® and
dried in vacuo. The crude material was purified by
chromatography on a 5 x 20 cm silica gel column
eluting with 1:1 ethyl acetate:hexane (31.). The
20 desired fractions were combined, concentrated and
dried in wvacuo affording 2.58 g. of title product as
an off-white solid. TLC (ethyl acetate:hexane, 8:2)
Rf = 0.40.
g)l  [S-(R* ,R*)1-2-1[2-1[(Phenvimethoxv)carbonvll-
25 i -4- -1- i = =
3 ] . ig hyl
A de-oxygenated (argon bubbling) solution of
the product from part (£) (2.56 g., 5.28 mmol.) in
methanol (50 ml.) at 0° C was treated with sodium
30 methoxide (25% by weight in methanol, 3.62 ml., 15.84

mmol., 3 eg.). After 10 minutes, the mixture was
quenched with saturated ammonium chloride (40 ml.),
diluted with water (100 ml.), and extracted with

ethyl acetate (300 ml.). The ethyl acetate extract



10 (25 m.) was treated with iodotrinethylsilane (389 [err], 2.73 mol .,
1.4 eq.) and stirred at roomtenperature under argon. After 2 hours the
reaction was treated with additional anmpbunts of iodotrinethyl silane (40
[err]) and stirred for 30 mnutes. The 15 m xture wasirgagached with a 0.4
M hydrochl oric acid solution of nethanol— @3oxane(9:1; 9.7 m.) and stirred
for 5 mnutes. The volatiles were renoved in vacuo (Rotovap) and the
-residue was partitioned between water and ethyl acetate. The separated
ethhyl 20 haget aiﬁ |@é/hse|'§na§ﬁ§df W?§Hev%ﬁ%t Mowhel) aRdpihe QQgtlmnge.?,a?ueoiJsC
phase washed w ethyl. acetate. The ag us se_was .cooled to [err
and the pH adj ust ed‘&fl(&){adla‘."fs"r (“ﬁﬁﬁﬁlélfnea?#mtea&h'pﬁk%trgé\aanv% th 1.0 N sodium
hydr oxi de. The aqueeRPSephERednasThs Fratdus wip tpprifie yl ene chl ori de
(three tines) and tderaguepephphasa Bas 2them siligeageld onltin sal t and
extracted again g t ;ymEhyhaMe 16D @, feedrh A §8eddt@RRdxanthe B0l ed extracts
were dried over sodium.sulfate Iltered.. n tr led in vacuo
to yield 30 455 ngé?sol‘\‘re? heo Tor iené“5 dﬁsngmgjsm%ac%gé;rco%%?&m‘?%g i'ég% met hanol
in methyl ene chl ori ¥9ldrE- 99 @.-28f tigile produchAs@nakl di Tko| (BEYEn et hyl
acetate (5 nl.) andacetagecitkexaneh & 20oRfit¥ d4df p- tol uenesul fonic acid
nonohydr at e (354 2) 8q(4da.i A - '
crystals inmredi g el

e

@R en Mt NONY

[err]

A solution of the product from part (g) (2.16

g., 4.88 mmol.) in methylene chloride (50 ml.) was
treated with Amberl'yst‘E 15 ion exchange resin (620
15 mg., pre-washed successively with 6N hydrochloric
acid, water, tetréhydrofuran and methYlene chloride).
After stirring at room teﬁperature for 3 hours the
solution was filtered, concentrated and flash
chromatographed on a 5 x 20 cm silica gel column
20 eluting with 6:4 ethyl acetate:hexane to afford
1.34 g. of title product as a white foam. TLC (ethyl
acetate:hexane, 8:2) Rf = 0.51.

25 _ . c e
methvl ester
A solution of the product from part (h) (1.20
g.. 3.17 mmol., stripped with toluene three times and
3 dried in vacuc overnight] in dry methylene chloride
30 (40 ml.) was treated with iodotrimethylsilane (632
pl., 4.44 mmol., 1.4 eq.) and stirred at room
temperature under argon for 1.5 hours. The mixture
was quenched with water (50 ml.), treated with 10%
hydrochloric acid (5 ml., pH 1) and washed with ethyl



C) for 30 mnutes and then collected by filtration washing well wth ethyl
ether and drying overnight in 5 vacuo to yield 639 ng. of title product as
a white solid. b) (S)-2-(Acetylthio)-3-cyclohexyl propanoic

aci d. di cycl-hexylam ne salt 10 ' A sol ution of Dysenyl al ani ne (5.20
g., 3.5 nmol.) in 2 Mhydrochloric acid #5-m.) in a 500 m. Parr

hydr ogenation flask was purged with nitrogen gas and treated with plati num
oxi de (640 ng., 2.82 mmol.). Hydrogenation was conmenced at [err] = 42.4

psi 15 in the seal gabekaskso wnefj | kg a?@.leeﬁgeﬁﬁ%EaYWas T;%atemwimgen upt ake

was 83.4 psi (theor 3 psi h ur.s n was purged with
nitrogen gas and fl‘¥ t% 1§%tsh°d)mlg\ﬁg)’[drgx1'g and exu%c?igg "Its cake with hot

wat er. The filtrat em%é’é’ E%?\(%%PF%ﬂebdtPﬁeezGlaﬁﬁbt Zberﬁml&ﬂd stored at [err]
overni ght. The resuésttiagts ofargsdmiesde ovet |sediien, sulfabed filtérad,snal | anount

?fR)cgl d wat eg ansvlI dédxﬁ@n’tf’aaé@cus)n@tdr&gau}]n g@sﬂ%?& 534161 ﬁl 396 g .
am no- 3-cycl o I QRANQi.c aci ro a o]
a stirred solution of)%ﬁge Eﬁ PEeH H%]é%af)f‘f’éZq%tf g'(ﬁ 5”53 in 2.5
N sul furic acid (32ihimef %{e”ieoﬁlﬁlr"tr &rB g & added pot assi um br omi de
(10.0 g., 84 mmol.). The reaction mxture was cool ed to [err] and solid
sodiumnitrite (1. 79 Q.04 1o R A0p%EY Aahadeed - i one
hour, maintaini{y thg hegp. IWL'J( he t|on foaned and an
oil began to form addi t[on_wasS CO ,_ODV, t’%“eﬁj&a‘r&"eia"'ct|on was stirred
for 1 hour and t herRiishrbtiazePiRRRTSARRPS Atifd stirred for
: A solution of (S)-2-(acetylthio)benzene-
propanoic acid in dry methylene chloride was treated

with triethylamine. A solution ¢of the product from

15 part (i) in methylene chloride was then added
followed by benzoériazol-l-yloxytris-
{dimethylaminojphosphonium hexafluorophosphate. The
resultant solution was worked-up as described in
Example S(e) to give [4S-[4x(R*),7c,9aPl]-octahydro-

20 4-[[2-(acetylthio)-1-oxo-3-phenylpropyl]amino]~-5-
oxopyrrolo[2,1-b][1,3]thiazepine-7~carboxylic acid,
methyl ester.

A suspension of this methyl ester product in
methanol:tetrahydrofuran, purged with argon, was

25 <cooled to 0° C and treated with a previously purged
solution of 1.0 N sodium hydroxide. Work-up as
described in Example 5(f) gave the title product.

30 - *).7 11-0c -4-1(3- -2-



-77- another hour. The reaction m xture was then extracted twice with
ether, the extracts were dried (magnesiumsulfate), filtered and evaporated
to give 2.3 g. of (R)-2-bronp-3-cycl ohexyl propanoic acid as a 5 col orl ess
oil. To a stirred slurry of potassiumthioacetate (1.07ux529a29.36 Mol .) in
dry acetonitrile (15 m.) at [err] under-a?rSgen was added a sol ution of
[err] 3-cycl ohexyl propanoic acid (2.20 g., 9.36 nmmol.) in 10 acetonitrile
(3 nl.) over 10 nminutes. The reaction was vvarmad to roomtenperature and
stirred 16 hours. The apd evapor ted. The
resi due was redi ssoff ' POt assi um

bi sul fate sol uti on, leedsy -T-1- haced > The oily
yel l ow residue (2.2%s€en. \ jemeBhVRGhiE Nacidngs nd treated with a solution
of dicycl ohexyl am ne (1 8Arrlscluc%_°9 gfrql45).(4&1 e, gg?) Wocehidfdro-2Cr at ching the
flask surface wth a s.rod provi ite 20 crystalline
title product: nep. [ig@‘enyﬂ’é?? °Wf%??ﬁ°n¥l{aé‘}lf‘%]'(%‘°"°gy’6"°18ﬁ?o¥ oform. Anal.
calc'd. for [err]: Ppéf¥]|3]13biazepine-7-carbugfldesacid,ofetind esbgound (S)- 2-
(acetyl thi o) - 3- cycl opeepdrREORAEREEr B6dad in i:aME1 -6 (RGX YT FTge, sal t (285 ng.,
0.69 mmol ., 1.05 eqy)od i Ny!sc985a Rntd JThed W% VERRGT W4 h 5%

potassium dried ip vacuo overnight) in dry methylene chloride
10 (25 ml.) was treated with iodotrimethylsilane (389
ul., 2.73 mmol., 1.4 eqg.) and stirred at room
temperature under argon. After 2 hours the reaction

was treated with additional amounts of iodotrimethyl
silane (40 yl.) and stirred for 30 minutes. The
15 mixture was quenched with a 0.4 M hydrochloric acid
solution of methanol:dioxane(9:1; 9.7 ml.) and
stirred for 5 minutes. The volatiles were removed in
. Yacuo (Rbtovap) and the residue was partitioned
between water and ethyl acetate. The separated ethyl
20 acetate layer was washed with water and the combined
aqueous phase washed with ethyl acetate. The aqueous
phase was cooled to 0° ¢ and the pH adjusted to 10.3
(monitored with pH meter) with 1.0 N sodium
hydroxide. The agueous phase was extracted with
25 methylene chloride (three times) and the aqueous
phase was then saturated with salt and extracted
again with methylene chloride (three times). The
pooled extracts were dried over sodium sulfate,
filtered., concentrated., and dried jin vacuo to vield
30 455 mg. of the free amine as a clear oil. TLC (10%
methanol in methylene chloride) Rf = 0.28.
This free amine was dissolved in ethyl acetate
(5 ml.) and treated with a solution of p-
toluenesulfonic acid monohydrate (354 mg., 1 eq.) in



bisulfate (3 x 10 m.), 50%brine (10 m.), and brine -78- (10 m .),
dried (anhydrous nmagnesium sul fate), filtered, concentrated, stripped with
met hyl ene chl ori de (tvvi ce) and dried in vacuo for one hour to give

" (S)-2-(acetyl thio)-3-cycl ohexyl propanoi ¢ aci.d as 5 an aidé29dhis free acid
of was dissolved in dry nethylene chlori-d&6(5 m .), cooled to [err](ice
bath), and treated with triethylamine (96 [err], 0.69 mmol., 1.05 eq.),
then the product frompart (a) (275 10 ng., 0.66 nmol.), triethylam ne (92

[err], 0.66 mml.) andf Lealdoe l@?ﬂ@lot)“ aoaﬁltelcw&éxsrix&(eaw@éﬂryl am no) -
phosphoni um hexaf | ugo%l{)g?sp{l]at e ta%sn% e ﬁ(%oggd AL re}ntgeggt&es Wbt ant

solution was stirre tare for 2

hours. The 15 reacf) cfr‘?rn??(t%nét%sanéoﬁlé%htc%%%eddw ufc’é&r%’t‘ﬁ‘ et hyl
acet ate, washed wi twesitingovelsls wirh FHtdyl fetther( 203 dryjng 3Fesrightr dded sodi um

bi carbonate (20 g1 . yacfor k86yied@ 639 Ing. dé adcfargpeduot sasragiedeum sul fate)
filtered, and evapor g d to dryness. The crude product was 20 adsorbed
~onto [err] and chr oRd ographed on a silica gel colum (2.5 x 10 cm,
eluting with 40% (11.) et hyI acet at e/ hexane The desi red fractions were
conbi ned and concenl N repandilce product. TLC

(ethyl acetate: hexanga,8i2bcday Bnmelakty [err]
10 A solution of D-phenylalanine (5.20 g., 31.5
mmol.) in 2 M hydrochloric acid (75 ml.) in a 500 ml.
Parr hydrogenation flask was purged with nitrogen gas
and treated with platinum oxide (640 mg., 2.82
mmol.). Hydrogenation was commenced at Pg = 42.4 psi

15 in the sealed flask, refilling as necessary. Total
hydrogen'uptake was 83.4 pei (theory 83.8 psi) over 6
hours. The reaction was purged with'nitrogen gas and
filtered through Celite®, washing the filter cake
with hot water. The filtrate was concentrated to

20 about 40 ml. and stored at 5°C overnight. The
resulting solids were collected, washed with a small
amount of cold water and dried in vacuo at 60° C to
give 5.46 g. of (R)-2-amino-3-cyclochexylpropanoic
acid, hydrochloride salt.

25 To a stirred solution of this hydrochloride
salt (2.81 g., 13.5 mmol.) in 2.5 N sulfuric acid (32
ml.) at room temperature was added potassium bromide
(10.0 g., 84 mmol.). The reaction mixture was cooled
to -4° C and solid sodium nitrite (1.75 g.., 25.4

30 mmol.) was added portionwise over one hour,
maintaining the temperature below 0° C. The reaction
foamed and an oil began to form. After addition was
complete, the reaction was stirred for 1 hour and
then warmed to room température and stirred for



30 A solution of the product frompart (c) (245 ng., 0.54 mol.)
in methanol (6 m.), purged with argon for 30 m nutes, cooled to [err] was
treated dropwi se with a previously purged (argon, 30 m nutes) solution of
1.0 N sodi um hydroxide (5 m.) -79- muintaining the Hx§BB&i ng of argon

t hroughout the addition and |l ength of thHe7?feaction. The reaction mxture
was stirred at [err] for 2 hours, acidified at [err] with 5% potassi um
bisulfate to pH 2 then 5 extracted with ethyl acetate (3 x 20 nl.). The
conbi ned organi ¢ exhhckHer MONe Wahda@davtidh ROfedve Wes (BRnnl . ), and brine

(20 m.), dried (anDydiQugq [&gg&%&;ﬂ LAl the Licbeloder@nebguaporated to

dryness. The residue was Qurl _;omat og-rcgpﬁ% 8n a

sitica gel colum elTRIIRGIWR (FrlFasely it tSFee: 200 SYBRPZATEY(FOFYP. ) and 1%
acetic acid in 7:3 2thyd. afetRit-23-brgroapecyBoberdlpropatnicdagid @§ #ractions.
were concentratesl, sbidfueed oii.h nethyl ene chloride and dried in vacuo to

yield 172 ng. of 15 title,p i o [ Bl s ‘1 (c = 0.5
met hanol ). TLC (1% acetj c%g(;j E:i%}%(?%}%%ﬁgge unl Efighcatddd) 25
)T 43 , 80

32.3, 33.0, 33.3, 35'2P7 fo Loy ig Signagstoss tihey 413 ninak “oc o
Anal . calc'd. for [80undgQ argpnCras pdded a=sobagdion 50 2tRr®P7): YMC S-3
QbS (G 18) 3-cyclohexylpropanoic acid (2.20 g., 9.36 mmol.) in
10 acetonitrile (3 ml1.) over 10 minutes. The reaction
was warmed to room temperature and stirred 16 hours.
The resulting slurry was filtered and evaporated.
The residue was redissolved in ethyl acetate, washed
once with 5% potassium bisulfate solution, dried
15 (sodium sulfate) and evaporated. The oily yellow
residue (2.21 g.)'was dissolved in ether and treated
with a solution of dicyclohexylamine (1.8 ml., 9.0
mmol.) in 5 ml. of ether. Scratching the flask
surface with a glass rod provided 2.38 g. of white
20 crystalline title product; m.p. 159 - 161°%C, [alp =
-41.2° (¢ = 1.0, chloroform).
Anal. calc'd. for C23H41NSO3:
C, 67.11; H, 10.04; N, 3.40; s, 7.79
Found: C, 66.95; H, 10.12; N, 3.25; S, 7.89.

25
- *) .7 - -4 - -
- -7~
acid.methv] ester
30 A suspension of the compound (S)-2-

(acetylthio) -3-cyclohexylpropanoic acid, dicyclo-
hexylamine salt (285 mg., 0.69 mmol., 1.05 eqg.) in
ethyl acetate (15 ml.) was washed with 5% potassium
bisulfate (3 x 10 ml.), 50% brine (10 ml.), and brine



6.0 x 150 mm 50%B: A - 100% B: A, 25 mnute |inear gradient (A = 90%
wat er / met hanol + 0. 2% phosphoric acid; B = 90% net hanol /water + 0.2%
phosphoric acid); flowrate at 1.5 m/mn. -80- EXAMPLE 8 [err] a)
(S)-2-Bronphexanoi ¢ acid Potassium brom de (15.9 g., 188628®l.) was added
to a stlrred solution of D-norleucine (5.8g., 10 38 mmwol.) in 2.5 N
sulfuric acid (77 m.) at roomtenperature. The reaction m xture was cool ed
to [err] C and solid sodiumnitrite (3.94 g., 57 mmol.) was added

portionw se, naintajini fg. f hariedP@hayaFcsbRigRBIwh fuikaged [err] C After
addi tion was conpl E‘éﬁte}éa, tcﬁﬁcén% g)! ée%%&%;?éka‘“@%tﬁ e'i:ﬁ;‘? erIue?r 1 hour and

then warned to room The reaction
m xture was then eﬁ*ﬁag%% (tt\%?"c'ee’ \ﬁPth%‘teﬁe%n W&%e?n%ﬂ%c’ﬁ% wer e washed
once with water, drdizd (Pe@ndstennlshidlatieyycldhexplimbpandi®@ciévagporated to
give 3.3 g. of eruds biile product. b) (S)-2-(Acetylthio)hexanoic acid,

di cycl ohexyl am ne salt Togg mﬂéé ?gaal*%%éfoéls%iﬁéds' th%gl oacetate 25

(2.11 g., 18.5 mmo onitri m t enper at ure

under argon was add‘@%h’él%‘lﬁ GRS ‘?h‘%l -Br otRRtedr FR A p Gr{isa) (3.27 g.,

16.8 mol .) in 26 Mathpf apdetoedted victh Théethvdeminm (AAskbsi Or6¥ 5
mmol., 1.05 eq.), then the product from part (a) (275

10 mg., 0.66 mmol.), triethylamine (92 pl., 0.66 mmol.)
and finally benzotriazol-1l-yloxytris(dimethylamino) -
phosphonium hexafluorophosphate (305 mg., 0.69
mmol.). The resultant solution was stirred at 0°C
for 1 hour then at room temperature for 2 hours. The

15 reaction mixture was concentrated, diluted with ethyl
acetate, washed with 5% potassium bisulfate (20 ml.),
50% saturated sodium bicarbonate (20 ml.), brine (20
ml.), dried (anhydrous magnesium sulfate), filtered,
and evaporated to dryness. The crude product was

20 adsorbed onto Celite® and chromatographed on a silica
gel column (2.5 x 10 cm), eluting with 40% (11.)
ethyl acetate/hexane. The desired fractions were

_combined and concentrated, affording 246 mg. of pure
title product. TLC (ethyl acetate:hexane, 8:2)
25 Rf = 0.53.

-7
30 . A solution of the product from part {(c) (245
mg., 0.54 mmol.) in methanol (6 ml.), purged with
argon for 30 minutes, cooled to 0°C was treated
dropwise with a previously purged (argon, 30 minutes)
solution of 1.0 N sodium hydroxide (5 ml.)



hours. The resulting slurry was filtered and 30 evaporated. The residue
was redissolved in ethyl ether, washed once with 5% potassi um bi sul fate
solution and once with brine, dried (magnesium sul fate) and evaporated. The
resi due was dissolved in ether (64 m.) and treated w #HAsZBycl ohexyl am ne
- 81 - (3.4nmM., 16.8 mmol.). The ethereal?soluti on was concentrated in
vacuo, and triturated from hexanes to give a white solid which was
recrystallized fromethyl ether/hexanes to give the title product. The 5

mot her |iquor was GANGeD: s HLenentobeehy Seahtdhetntigheut G ovi de a tot al
yield of 2.2 g. of tiile oL (¢ = 1.08,

chloroform. A susp&Iferaf (r)af%%ltj%ﬁgcﬁ@c§gl &%tra%]ﬁcg%bﬁée;% tri% rlproduct from
part (b) (255 ny., WXgreriAs stirgm af. §°Ci forhhrureaieified #%.) was
washed with 5% pot aFsi winhhissubbtadsei(i bisnlfdte toapil 2orhae (10 m.), dried
(anhydrous magnesi umsdbtad icnfddyer cbeat@nNEE A batd,) . StHigped with
net hyl ene chl oride 20.. %V\A cg’)1 angrdré ng irg LagUo v}‘ig';l ngyg to g! ve
the free acid as a O "Thi¥9 |?‘CV\e/§fs A OFve ™ n=Gr ne?%l ene chloride (6
m.), cooled to [erf30 plek RANYriAed (29 ddred HHieA fﬁ’%@?ﬁ%sam ne (96 [err].,
0.69 mmol ., 25 1. Ghagngsiym tsudfiagedr,r Filtered, and evaporated to
- oxopyrrol o[ 2, 1- b] [ 1a,3hkbi 2z apleNpssivaal WX put ££i@l By chromatography
10 on a 2.5 x 10 cm silica gel column eluting with 7:3
ethyl acetate:heptane (300 ml.) and 1% acetic acid in
7:3 ethyl acetate:heptane (500 ml.). The desired
fractions were concentrated, stripped with methylene
_chloride and dried in vacuo to yield 172 mg. of
15 title product as a white foam; [@]p = -116.9° (c =
0.5, methanol). TLC (1% acetic acid in ethyl
acetate) Rf = 0.35. .
la-NMR: 400 MHz; CDCl3: & 0.91 (m, 2H), 1.22 (m,
3H), 1.44 (m, 1H), 1.55 (m, 1H), 1.68 (m's, S5H), 1.83
20 {m, 1H), 1.97 (m's, 2H), 2.12 (m, 1lH), 2.19 - 2.40
(m's, 3H), 2.53 (m, 1H), 2.96 {(m, 1H), 3.38 (m's,
2H), 4.62 (t, 1H, J = 6.8 Hz), 4.70 (m, 1H), 5.25 (m,
1H), 7..55 (d, 1H, J = 6.4 Hz).
13c-NMr: 100 MHMz; CDCl3: & 26.0, 26.1, 27.5, 31.5,
25 32.3, 33.0, 33.3, 35.2, 40.7, 43.0, 52.9, 60.6,
62.5,170.9, 172.7, 175.3.
Anal. calc'd. for C18B28N204S2:
Cc, 53.98; H, 7.05; N, 6.99: S, 16.01
Found: ¢, 53.97; H, 7.18; N, 6.84, S, 15.75.
30 HPLC: ¢tr = 16 min (>99%, UV 217): YMC S-3 ODS (C-18)
6.0 x 150 mm; 50% B:A - 100% B:A, 25 minute linear
gradient (A = 90% water/methanol + 0.2% phosphoric
acid; B = 90% methanol/water + 0.2% phosphoric acid);
flow rate atll.S ml/min.



met hyl ester, p-toluenesulfonic acid salt [prepared as described in Exanple
7(a), 275 ng., 0.66 mml.], triethylamne (92 [err]., 0.66 mml.) and
finally 30 benzotriazol-1-yloxytris(di methylam no)phosphoni um
hexaf | uor ophosphate (305 ng., 0.69 mmol.). The resultamas28#l uti on was
stirred at [err] for one hour then at rooffPtenperature for 2 hours. The
reaction mxture was concentrated, diluted with ethyl acetate, - 82 -
- washed with 5% potassiumbisulfate (20 m.), 50% saturated sodi um

bi carbonate (20 m.), brine (20 m.), dried (anhydrous nagnesi um sul fate),
filtered, and evaporated to dryness. , ugle product was 5 adsorbed
onto [err] and chr02£_ gr ar S| )
eluting with 40% ( I'T™—=ettm _ »
conbi ned and concen®xoRe ST ies. dg Lol 'l'? eingdun?t. TLC
(ethyl acetate: hexanggpﬁzszgglg[err] = 0. 54. [err] 15 A sol ution
of the product frompart (c) (255 ng., 0.54 mol.) in nethanol (5 m.),
purged with argon for 30 njnutes, cooled tQ [err] was treated dropwi se with
a previously purge ution of 1.0 N sodium hydroxi de
(5 mM.) 20 nmintaining { Pot dssiish ibrgmibde al§oh ¢.hr d8Yheed . 1 heasaddi ti on and
| ength of the reactiddes dba keastda0Bolieill! 6f Wanosidddiad &f.olgrr] C for 2
_ hours, aCI(h f'eib at38 mmol.) in 2.5 N sulfuric acid (77 ml.) at room
temperature. The reaction mixture was cooled to
-10° €. and solid sodium nitrite (3.94 g., 57 mmol.)
was added portionwise, maintaining the temperature

between -10° and -5° C. After addition was complete,

15 the foamy reaction was stirred for 1 hour and then )
' warmed to room teﬁperature and stirred for another
hour. The reaction mixture was then extracted twice
with ether, the ether extracts were washed once with
water, dried (magnesium Sulfate), filtered and
20 evaporated to give 3.3 g. of crude title product.

- bl (S)-2-(Acetvlthiolhexanoic acid,
dicyclohexvilamine salt .
To a stirred slurry of potassium thiocacetate
25 (2.11 g., 18.5 mmol.) in 50 ml. of dry acetonitrile
at room temperature under argon was added a solution
of the product from part (a) (3.27 g., 16.8 mmol.) in
26 ml. of acetonitrile. The reaction was stirred S
hours. The resulting slurry was filtered and
30 evaporated. The residue was redissolved in ethyl
ether, washed once vith 5% potassium bisulfate
solution and once with brine, dried (magnesium
sulfate) and evaporated. The residue was dissolved
in ether (64 ml.) and treated with dicyclohexylamine



00 Cwith 5% potassiumbisulfate to pH 2 then extracted with ethyl acetate
(3 x 20 mM.). The 25 conbined organic extracts were washed with 50% brine
(20 mM.) and brine (20 m.), dried (anhydrous magnesi um sul fate), filtered,
and evaporated to dryness. The residue was purified by HA6R®aat ogr aphy on a
2.5 x 10 cmsilica gel colum eluting witB17-3 30 ethyl acetate: heptane
(300 mM.) and 1% acetic acid in 7:3 ethyl acetate: heptane (500 m.). The
desired fractions were concentrated, stripped with nethylene chloride and

c[jri e]d in vgguo to y £ldn170 478 mﬁﬁl tlc:tlﬁleoeeﬁé@ala&ﬁmweht@aé oam [err] = |
err -83- (¢ = % Rf
= 0.32. [err]: 400 ‘Rﬂ%enn%teaﬁ]%gﬁ%‘&e %’gﬂ %ggﬁyf‘%fagf’%z"ﬁ He%%( QCEt ;e
1.73(m 1H), 1.96(ngiveHp whitspeglid mhigh gras_recyystpilized) f¥oR 1H) 2 32
(ms, 3H), 2.52(m é&thyl 2rBa{/Mmexdids t3. GMenitbe tAle pkagiucet, The, J = 7.1

Hz), 4.72 (m 1H, podrAMm wad - Sacbihralba a]nd—réc sldé).hée'g NVR: 100
MHz; [err]: 8 13.8,_22.2, 2 of3§i 43. 0, 52.8,

2
60.5, 62.42, 10 176:F %9 ﬁ%’ld‘;ﬁ%@“a ﬁ"‘1elg ? io [&TF]° * 0.08 H20:
C, 49.79; H, 6.73; RF°dP°’M m. 3457 W3\ %t é‘“ag' gé: §4 G 921 % 7.63, s
17.57. HPLC. tR = OcHlarofofmQ9% UV 220): YMC S-3 ODS (G 15 18) 6.0 x 150
mm 50% B: A - 100% B: A, 25 m nute

10 - *) .70 = =4-[[2-

_ . e
ester

A suspension of the dicyclohexylamine salt _

15 product from part (b) (255 mg., 0.69 mmol., 1.05 eq.)
in ethyl acetate (15 ml.) was washed with 5%
potassium bisulfate (3 x 5 ml.), and brine (10 ml.),
dried (énhydrous magnesium sulfate), filtered,
concentrated, stripped with methylene chloride

20 (twice), and dried ip wvacuo for one hour to give the
free acid as a oil.

This oil was dissolved in dry methylene
chloride (6 ml.), cooled to 0° C. (ice bath) and
treated with triethylamine (96 pl., 0.69 mmol.,

25 1.05 eqg.), then [4S-(4a,7a,9af)]-4-amino-octahydro-5-
oxopyrrolo[2,1-b] [1,3]thiazepine-7-carboxylic acid,
methyl ester, p-toluenesulfonic acid salt [prepared
as described in Example 7(a), 275 mg., 0.66 mmol.].
triethylamine (92 ul.., 0.66 mmol.) and finally _

30 benzocriazol-l-yloxytris(dimethylamino)phosphonium
hexaflubrophosphate {305 mg., 0.69 mmol.). The
resultant solution was stirred at 0° C for one hour
then at room temperature for 2 hours. The reaction
mixture was concentrated, diluted with ethyl acetate,



| i near gradient (A = 90% wat er/nmet hanol + 0.2% phosphoric acid); B = 90%
nmet hanol /wat er + 0. 2% phosphoric acid); flowrate at 1.5 m/mn. 20
EXAMPLE 9 [err] 25 a) (S)-2-Brono-4-nethyl pentanoic acid Potassium
“bromde (9.5 g., 80 mmol.) was added to a-stirred sol utigg20f DI eucine
(3.0 9., 23 mol.) in 2.5 Nsulfuric acid @47-nm.) at roomtenperature. The
reaction mxture was cooled to [err] C. and solid 30 sodiumnitrite (2.4
g., 34 mmol.) was added portionw se, maintaining the tenperature between

[err] and [err] C. After .additi.@n s _connl.et th eactio s stirred
for 1 hour and then V%srq‘r?gdw?%‘ rsgoﬂ?vggrsrﬁ%%lﬂlgf%tﬁdqgéi"?lrfé:d ?%%Naanot her

hour. The -84- r eSRTUTBREKiSOdiER Risarboparec(?? Mdtdd Biir€eM th ether, the

ether extracts were mhshedrieidanhydronatmrgnedivmecul fagmos tibtenedt at e) ,

Els I) t gr (edA andI e\r/]apsr Z&mi ﬁi&u&ﬂea &yndds Cr yge ciﬂualeepwdq_dacvbas f b)T
-2-(Acetyl thiog-4; pent.a | %S Eggx 0 a

stirred slurry of po?%%o5| umt %ogg%a%f%aﬂi.%{g: , é{ %ﬁg‘?rp% ?% JtS%a m . of

dry acetonitrile at 99 SP&YM t@npef d0uf®) usduring ydhh 88 d4ldd a sol ution

of the product from gl @egtate/Bexpne.13Thendesirddn f1gchiionsoverecet onitril e.

. The reaction was stiéémdnéd and concentrated, affording 258 mg of pure

' title product. TLC (ethyl acetate:hexane, 8:2)

10 Rf = 0.54.

15 a soluticn_of the product from part (c) (255
mg., 0.54 mmol.) in methanol (S ml.), purged with
argon for 30 minutes, cooled to 0°C. was treated
dropwise with a previously purged (argon, 30 minutes)
solution of 1.0 N sodium hydroxide (5 ml.)

20 maintaining the bubbling of argon throughout the
addition and length of the reaction. The reaction
mixture was stirred at 0° C for 2 hours, acidified at

~0° ¢ with 5% potassium bisuifate to pH 2 then
extracted with ethyl acetate (3 x 20 ml.). The

25 combined organic extracts were washed with 50% brine

(20 ml.) and brine (20 ml.), dried (anhydrous
magnesium sulfate), filtered, and evaporated to
dryness. The residue was purified by chromatography
on a 2.5 x 10 cm silica gel column eluting with 7:3

30 ethyl acetate:heptane (300 ml.) and 1% acetic acid in
7:3 ethyl acetate:heptane (500. ml.). The desired
fractions were concentrated, stripped with methylene
chloride and dried in wvacuo to yield 170 mg. of
title product as a white foam; ([alp = -135.1°



hours. The resulting slurry was filtered and evaporated. The residue was
redi ssolved in ethyl 15 ether, washed once with 5% potassi um hydr ogen

sul fate solution and once.with brine,

dried (magnesi um sul fate) and

evaporated. The residue was dissolved in ether (64 m.)Hs6R%atreated with

-di cycl ohexylamne (2.7 nm .
precipitating fromthe sol ution.
solid collected to give 2.0 g. of title product; mp. 153 - [err] C

[err] C (c = 0.6X%c £hd. .o 0hé¥rEhol] eF e A(SY akeett susaehisieeRyDf the
d| cycl ohexyl am ne 3ch§é’ﬂé) REO_dlbcng rompart (b) (234 np.

0. 63 mol .

, 14 Mwl.). A Wite solid inmediately began 20
" The solution was filtered and the white

[err]

) in

ethyl acetate (15 nh,) 5% aq assi u isulfate (3 x
5 m.). The organic 8x act vvas éfyg%gléan@ gogy&rfag%e?lsumms%)f ‘ate) ,

filtered and evapor ét-é%l(n!:v\ﬂab flr.@inlheXdne. 1 Bédmy el .t B 1P Gl | 1RasT
-85- dissolved iB nmetys ene, chllanhdel)§ 2139 @nd, StH)1, redgaumdetsni trogen at

Lorr]. oro) e SoLUb 80aiiasupidedaty) ot Byl A o7 @%heer 701 &%)l )

then [err] [err] 5 thlgz&n‘pl ne-

t ol uenesul f oni ¢ aci

0.6 mmol
and,

1.

an addi

10

15

20

25

30

car oxy ester,

aréd B

I C acl

HA629a

$BLe B ke &- $(83)- 249 ny.,

g‘éﬁ‘&fﬁa Pz GOG13¢ hyA AR+ $re 2284 -6, 22} 0 mmol .)

31.4, 32.6, 33.1, 35.3, 43.0, 52.8, 60.5, 62.42,
170.7, 172.5, 174.0. _
Anal. calc'd for C15H2404N4S20 « 0.08 H20:

C, 49.79; H, 6.73; N, 7.74; 8, 17.72
Found: ¢C, 49.90; H, 6.92; N, 7.63, 8, 17.57.
HPLC: ¢tRr = 9.4 min (>99%, UV 220); YMC S-3 ODS (C-
18) 6.0 x 150 mm; 50% B:A - 100% B:A, 25 minute
linear gradient (A = 90% water/methanol + 0.2%
phosphoric acid); B = 90% methanol/water + 0.2%
phosphoric acid); flow rate at 1.5 ml/min.

Potassium bromide (9.5 g., 80 mmol.)_was added
to a stirred solution of D-leucine (3.0 g., 23 mmol.)
in 2.5 N sulfuric acid (47 ml.) at room temperature.
The reaction mixture was cooled to -10° C. and solid
sodium nitrite (2.4 g., 34 mmol.) was added
portionwise, maintaining the temperature between -10°
and -5° C. After addition was complete, the reaction
was stirred for 1 hour and then warmed to room
temperature and stirred for another hour. The



after 10 m nutes, benzotriazol-1-yloxytris(dinmethyl- 10 am no)phosphoni um
hexaf | uor ophosphate (279 ng., 0.63 mol.). After one hour, the reaction was
warmed to roomtenperature and stirred 2 hours. The resulting colorless
solution was evaporated at less than [err] C and the oi#as2pasi due

redi ssolved in ethyl acetate. 15 The sol-u#on was washed once with 5%

pot assi um bi-sul fate solution, once with saturated sodi um bi carbonat €
solution and once with brine. The organic |ayer was dried (rmagnesi um

sulfate), filtered tQUAPRIRLEE UA Rhen ExtPhcild thBcdFich ity cation 20
by flash chromat‘ogra‘r; y (2.5 x 15 cm col umm, el uti ngt\{vlth 1: 1dret yl

acet at e/ hexanes) pr ovi & eﬁ(ﬁ?‘tﬁﬁ?t%fwef?t"f%?‘ﬁ?o?ﬂfcet WHED XART ¢ 76 d; mp.
101 - [err] C. [err[magregivy sudfate),0filesriedr &1d Eyprormted( ke HHive

acet at e: hexane, 1:1}.Rfg.=of.ckdde2bidler prodhcsol uti on of the product from
part (c) (184 305ng., 0.44 mmol.) in m . of nethanol was purged with

nitrogen for 10 m nﬁ es ]
dropwise 5 m. of n ' ar OX1 oe. ‘Togen was slowy
bubbl ed t hrough t hedi@iciehesrlaBinagalhe reaction. After 2 - 86 - hours,
the reaction was aci difiedova tdtiZred slafrp d¥l bythsedhhothivagetake extract ed
twice wth ethyl aceiat g angs lhgneXhr 2150 GATDENREY SEdeRdiEFBONGSI UM
sulfate) 10 room temperature under argén was added a solution of
the product from part (a) (2.6 g., 13 mmol.) in 17
ml. of acetonitrile. The reaction was stirred 4
hours. The resulting slurry was filtered and
evaporated. The residue was redissolved in ethyl
15 ether, washed once with 5% potassium hydrogen sulfate
solution and once with brine, dried (magnesium
sulfate) and evaporated. The residue was dissolved
in ether (64 ml.) and treated with‘dicyclohek&lamine
(2.7 ml., 14 mmol.). A white solid immediately began
20 precipitating from the solution. The solution was

filtered and the white solid collected to give 2.0 g.
of title product; m.p. 153 - 158° C; [alp = -54.5° C.

(c = 0.61, chloroform).

25 - * -Qct —4-112-

A stirred suspension of the dicyclohexylamine
30 salt product from part (b) (234 mg., 0.63 mmol.) in
ethyl acetate (15 ml.) was washed with 5% aqueous
potassium bisulfate (3 x S ml.). The organic extract
was dried (anhydrous magnesium sulfate), filtered and
evaporated twice from hexane. The resulting oil was



and evaporated. Re-evaporation from hexanes and 5 trituration of the
residue in nethanol/water provided 132 ng. of title product as a
crystalline solid, mp. 94 - [err] C.; [err] =([err] (c = 0.42, methanol).
TLC(et hyl acetate: hexane: acetic-acid, 4:4:0.1) Rf = 0. k36239 Anal. calc'd.
for [err] 0.75 H20: C, 48.17; H 6.87; N 8%.49; S, 17.15 Found: C, 48.33;
H 6.51; N, 7.37; S, 16.82. HPLC. Rt = 17.6 mn; (99.2% YMC S-3 ODS (C- 18)
6.0 x 150 mm 0% to 100%B: A, 25 mn linear gradient and 15 15 mn hol d,

LS mimn A= 90%akelLdmhnadtly1tnd- SiR0 BE‘&ép&%hC) Al Brea?0%
nmet hanol /water + 0O 2;;%% osphori c acj
c

EXAVPLE 10 [err] (22 BHRP9F g0 3t 0°C. To this solutlon was added
3- phenyl propyl ) am ntrieshgkastipe. 434421 nbré3. aopt- )| then [4S-(4a, 7a,
oxazepi ne-7-car boxy?aBd]a@*raduZxE octahy@r&-oXopyrrodpd2clkebilfl &3l ¢ aci d,

2- pr openy| estersAéuaeeaﬁsm eér&%i?@gsam *}Kéyh&?eé 4»5 go.. 31.5 mml .

washed twice with exa vvas treated
dropwi se with a soITﬁH“Sﬂe%‘flfgnb? (ﬂi')éﬁ ia]otl [Pﬁip%% as dggcgibed ig15 30
mol .), in dry et hefxampien(a), 249 mged §.6r npol i, nan exddit ienaim t enperat ure
under argon and t heamonaol &fl trdefrlahifie ((sdep5a) 10.batdgol.) and,

Trichl oroacetonitrilger3fp riﬂlnugés,4%e§z&r1agoﬁg.-%l>§9t%§d%ﬁi%? éover

. peri Od of 15 mﬂ)u t ea%nl%gsjphosphto)nn\{mm Ihexa ﬂiolégllal%lsp\ggte £7r9 ng. ., %rr] =

mmol.). After one hour, the reaction was warmed to
room temperature and stirred 2 hours. The resulting '
colorless solution was evaporated at less than 30° C
and the oily residue redissolved in ethyl acetate.

15 The solution was washed once with 5% potassium
bisulfate solutioﬁ. once with saturated sodium
bicarbonate solution and once with brine. The
organic layer was dried (magnesium sulfate), filtered
and evaporated onto 5 g. of silica gel. Purification

20 Dby flash chromatography (2.5 x 15 cm column, eluting
with 1:1 ethyl acetate/hexanes) provided 203 mg. of
title product as a white solid; m.p. 101 - 103° C
[alp = -157.5° (c = 1.04, chloroform). TLC (ethyl
acetate:hexane, 1:1) Rf = 0.19.

25

A solution of the product from part (c) (184
30 mg., 0.44 mmol.) in 5 ml. of methanol was purged with
nitrogen for 10 minutes and cooled to 0° C. To this
solution was added dropwise 5 ml. of nitrogen-purged
1M sodium hydroxide. Nitrogen was slowly bubbled
through the solution during the reaction. After 2



-87 - for 40 minutes, at [err] C for 10 minutes and at roomtenperature for
10 mnutes. The reaction m xture was concentrated to a syrup, treated with
a solution of nethanol (1.2 m.) in pentane (30 m.) and stirred 5
vigorously for 5.0 mnutes. The |ight brown precipitatasepese filtered off,
washed with pentane (2 x 30 m.) and the eémbined filtrates concentrated
down to a light brown liquid. The liquid was re- dissolved in pentane (30
m.), stirred for a few 10 mnutes, and the resulting suspension filtered,

and the precipltateg, ghta al;t?eedreg@t?{‘%]w%tﬁﬁ??lfd‘%éﬁoz H1.)oe '€peating the

procedure at | east was concentrated and
dried in vacuo to ghwdroshlerig agids SxFEaEIpBIRE With 95yhta9eFateed- col ored
liquid. This materaml thasexdtracesl cmbinegd| drieh (maghesdawesaifdteir]. b)

N- Pht hal oyl - L- seri ngnq iRbPytarlal erref ebhSRIRARSbANEIRM hestetiesnNgnd Net hyl ester,
D oy ar OO % e id e TR rbo e Anehodilaly Mlader Boldel W {1

di oxane (250 m trng crear sol Ut1on olid
sodi um car bonate (1¥3%mg-10%H %ﬁl? FoRPehets ByCWS(Fé%b‘E?ﬁ? pht hal i mi de (37
g., 1.05 eq.). The raactidon $6°xEur dl@s=st359-63 @5= &i4%.0om tenperature for

2.5 hours under ar gﬂé\:hany.ﬂ? MipkE e @asceidiedhdeMethédt it Byldacetate (3 x
500 mM.) and the co %g)e or&anlﬁ £xtracts were washed successively with 5%

sodi um bi car bonat e ot assi um bi sul fa}% éZSO m.) and brine
(250 m.), 30 e a(lanﬁ9 f%’gcﬂléﬁ?-%srz&tle) R

c, 48 17; H, 6.87; N, 7. 49 s, 17.15
Found: C, 48.33; H, 6.51; N, 7.37; s, 16.82.
HPLC: Rt = 17.6 min; (99.2%) ¥YMC S-3 ODS (C-18) 6.0
x 150 mm; 0% to 100% B:A, 25 min linear gradient and
15 15 min hold, 1.5 mL/min;

= 90% water/methanol + 0.2% phosphoric acid;

= 90% methanol/water + 0.2% phosphoric acid;
220 nm.

20 EXAMPLE 10

25 a) 2.2.2-Trichloroacetimidoic acid, 2-propenv] ester
A suspension of 80% sodium hydride (945 mg.,

31.5 mmol.; washed twice with 25 ml. of hexane) in
dry ether (30 ml.) was treated dropwisé with a
solution of 2-propen-l1-ol (21.4 ml., 18.3 g., 315

30 mmol.), in dry ether (45 ml.), stirred for 20 minutes
at room temperature under argon and then cooled to 0°
C (ice-salt bath). Trichloroacetonitrile (30 ml. or
42.3 g., 0.30 mole) was added over a periocd of 15
minutes and the brownish solution was stirred at Of (o]



evaporated to dryness and dried in vacuo. The product m xture was
chromat ographed on a silica gel colum (Merck), eluting the colum wth
ethyl acetate:hexane mxtures (1:3; 1:2) and the desired -88- fractions
were conbi ned, evaporated to dryness and dried in vacuciasedgi ve 31 g.  of -
ti.tle conpound as a thick syrup. TLC (ethyl acetate: hexane, 1:1) Rf = 0.52.
5 [err] A solution of the product frompart (b) (7.37 g., 29.5 mol.) in
dry nmethylene chloride (30 m.) was treated with a solution of the product
Fol loned by tri11 uokSiran amuchls el R, ¢, 155790 Inialell xRl St D on
: . . i

m xture was stirred SPFEEHTS _ei(gt“ﬂflgt?s(()'r gﬁe hroel?)rc §4h é‘?{g‘é{%g’% ‘CI)'Ee
preci pitates were froneensgardd tovRsauPwi tieagediviithap seFutip®@ft of
net hyl ene chl ori de fethdrbe cpsEOmbed i bemtaines (Wemd . Wadedgtirred 5% sodi um
PIETLPOR S0 1 S 08 el sl it e ).

: 0 dryness and.dried.in.v . oduct
m xture was 20 chrBﬁ%ﬁlt?d‘Fg FeHohR o §Ff?%§%§éﬁ9%gﬂe§§l%rg§i Seluting the
colum with ethyl ad2tmi3: mbxaned(theponbinediEilirater reRATEBRE R e
~conbi ned, evapor at edoind td ¥ NESHtabtbwdr Leguidn vElseiditoidivee ¥e56 g. of title

dissolved in pentane (30 ml.), stirred for a few

10 minutes, and the resulting suspension filtered, and
the precipitates obtained washed with pentane (30
ml.), repeating the procedure at least one more time.
The clear filtrate was concentrated and dried in
vacuyo to give 54.0 g. of title compound as a light

15 red-colored liquid. This material was stored as a
solution in hexane at 10°c.

A suspension of L-serine, methyl ester,

20 hydrochloride, (25 g.,'161 mmol.) in water (350 ml.)
was diluted with dioxane (250 ml.) and the resulting
clear solution treated with solid sodium carbonate

(17 g.. 1.0 eq.) followed by N-carbethoxyphthalimide
(37 g., 1.05 eq.). The reaction mixture was stirred

25 at room temperature for 2.5 hours under argon. The

' mixture was extracted with ethyl acetate (3 x 500
ml.) and the combined organic extracts were washed
successively with 5% sodium bicarbonate (250 ml.), 5%
potassium bisulfate (250 ml.) and brine (250 ml.).

30 dried (anhydrous sodium sulfate), filtered,
evaporated to dryness and dried in vacuo. The
product mixture was chromatographed on a silica gel
column (Merck), eluting the column with ethyl
acetate:hexane mixtures (1:3; 1:2) and the desired



conpound as a clear thick syrup. TLC(ethyl acetate: 25 hexane, 1:1) Rf =
0.70. [err] A solution of the product frompart (c) (2.5 30 g., 8.64
mmol.) in a mxture of dry nethylene chloride (46.4 m.) and nethanol (4.6
m.) was cooled to [err] C (dry ice-acetone bath) and tusxsabed w th ozone
until a blue color persisted (about 15 m ®8tes). The m xture was then
purged with nitrogen -89- for 10 minutes (until the blue col or

di sappeared), treated with dinmethylsulfide (14.0 m ., 0.19 nole, 22.1 eq.),

\rl\l:;gfdoaon: O?mr ;evn\g?{‘%diroﬁs aﬁgirte:‘t:bx{tﬁl%@crif Oe.revaS%o:'.saéwEg ks néﬁd; O?en The
I Xtu 0
aeﬁgp%@grf A YNEPS o8 i cgns?p(sofga al ' up

di ssol ved in ethyl ace? )" and brine
(15 m.), dried (anﬁ?’eﬁflbﬁy%gné%?u?ﬁ@hﬂf%ﬁeé?teﬁelxﬁé?ed :1dvaporated to
dryness and dried i Rfvwadué2. 10 The crude product was

chromat ogr aphed on a silica gel colum (Merck), eluting the colum with
et hyl acet at e: hexan :9:..1:4: 1: . f title
product. TLC(ethyl ace = 0. 33.
N- Pht hal oyl - 0(2 2- di et héx?%]EWPf‘ QL $bejprodugkt P Ba¥ter(bA Ebi30ti on of the
pr oduct fl’Oﬁlpart (d), (2P..54mmol.) in dry methylene chloride (30 ml.)

was treated with a solution of the product from part
10 (a) (11.97 g., 59.1 mmol., 2 eq.) in cyclohexane (60

ml.) followed by trifluoromethanesulonic acid (0.37

ml.) and the reaction mixture was stirred at room

temperature for 20 hours under argon. The
precipitates were filtered off, washed with a minimal

15 amount of methylene chloride and the combined

' filtrates were washed with 5% sodium bicarbonate (30

ml.) and water- (30 ml.), dried (anhydrous sodium
sulfate), filtered, evaporated to dryness and dried
in vacuo. The crude product mixture was

20 chromatographed on a silica gel column (Merck),
eluting the column with ethyl acetate:hexane (1:9).
The desired fractions were combined, evaporated to
dryness and dried jin vacuo to give 7.56 g. of title
compound as a clear thick syrup. TLC(ethyl acetate:

25  hexane, 1:1) Rf = 0.70.

ester
. A solution of the product from part (¢) (2.5
30 g., 8.64 mmol.) in a mixture of dry methylene
chloride (46.4 ml.) and methanol (4.6 ml.) was cooled
to -78° C (dry ice-acetone bath) and treated with
ozone until a blue color persisted (about 15
minutes). The mixture was then purged with nitrogen



g., 529 mmol.) in a mxture of dry nethylene 20 chloride (8.3 nml.) and
dry nmethanol (8.3 m.); was treated with trinethylorthoformate (0.84 m .,
7.68 mmol ., 1.45 eq.) and p-toluenesul fonic acid nonohydrate (92 ng.). The
reaction mxture was stirred at roomtenperature under gxapea for 2.5. hours
25 then partitioned between ethyl acetate#9(50 ml.) and saturated sodi um
bi carbonate (15 nml.). The organi c phase was washed with water (15 m.) and
brine (15 m.), dried (anhydrous sodiumsulfate), filtered, evaporated to

gryng;%gpdcglﬂ rengi i(%g%‘?lf(d‘%igqé% gﬁﬂgﬁe%ﬁelwu@de&ioﬁﬂfa?ﬁ%ye%a&P}graﬁhed on a
ili u , ut . : e acer at e: hexane
(1:4) to give 1.35 ?e?ﬁ‘e)dt PETR dﬁ?‘gahtygisuiglﬁen?ﬁ% "ot ¥y PRE TLC et hyl
acet at e: hexane, 1:1 2/} eq.(), gmprmed to ggom tfgmperature and stirred for

0- (2. 2- Di met hoxvet hgl§ -Houserunter nitivgenestThe feaxnliohimixtaketwss product

W £h hydrazi e hydr SRR, o rpdd ShY G SRRl Bl ) oom
temperature for 4 d§§§séfﬁ:§§r;;é§g8%£r;ﬁ?gg$%%ﬁ;g§m d;Ug Ié%%f;ggims filtered,
washi ng the precipi Fagss t e R ing2 - 9rig@d 4t rat e was
concentrated to drymagmsesithesuslfiaup) Wwtiltéred,ecedamaakedcdd drymédsy| ene
chloride and filtergfatided0{f vhkl®s until no nore precipitates were

obtained. The chgar filtrale Yas CoNCRNLr ALYt SnlotSatne ol o
silica gel column (Merck), eluting the column with
ethyl acetate:hexane mixtures (1:9; 1:4; 1:2) to give
1.54 g. of title product. TLC(ethyl acetate:hexane,
1:1) Rf = 0.33.

15

methyl ester
a solution of the product from part (4) (1.54
g., 5.29 mmol.) in a mixture of dry methylene
20 chloride (8.3 ml.) and dry methanol (8.3 ml.), was
treated with trimethylorthoformate (0.84 ml., 7.68
mmol., 1.45 eqg.}) and p-toluenesulfonic acid
monchydrate (92 mg.). The reaction mixture was
stirred at room temperature under argon for 2.5 .hours
25 then partitioned between ethyl acetate (50 ml.) and
saturated sodium bicarbonate (15 ml.). The organic
phase was washed with water (15 ml.) and brine (15
ml.), dried (anhydrous sodium sulfate), filtered,
evaporated to dryness and dried ip vaguo. The crude
30 product was chromatographed on a silica gel column
(Merck), eluting the column with ethyl acetate:hexane
(1:4) to give 1.35 g. of title product as a thick
clear syrup. TLC(ethyl acetate:hexane, 1l:1)
Rf = 0.58.



of title product as a light yellow syrup. TLC(nethyl ene chl ori de: net hanol ,
9:1) Rf = 0.54. 15 [err] A solution of N[ (phenyl nethoxy)carbonyl] -L-
honoserine [ prepared as described in Exanple 6(a), 20 3.0 g., 11.85 mmol.]
in dry dinethylformam de (65 m.) was treated with [ (1,Haedeaet hyl et hyl) -
dinmethylsilyl chloride (10.72 g., 71.1 mm®0.) and i m dazole (9.65 g, 0.14
nol.) and stirred at roomtenperature under argon for 24 hours. The
reaction 25 mixture was diluted with nmethanol (207 m.), stirred for

anot her 24 hours at roomtenperature and then concentrated to a syrup. The
residual syrup was . dwth 10%

citric acid (2 x 75 sul fate),

filtered, evaporated to dﬁyn%%lélt&ﬁﬂ er H‘!ﬂ IP#?dVSEuﬁfmTH%"cr‘Géle(%)rooduct
m xture was chromat ggr &pl#ddmmol.a $n |dryamgeianod| (i ml Menvals) tredtedi ng t he

colum with ethyg aggg;a dhgi(ﬁ{éeh drakk fioldowed, Yy 1ekbonl.)aged at e: acetic
acid (99.5: 0.5). t eS|red 1fn[atlo sa\/\grgne(%ngéno%d
concentrated and eva oraetea era?mlh AEY ?rom oq g&ne 0 grve 3. 56 g. of
title conpound as aTgﬁ

0.82. A solution of ptdsrappt:ades:tuthmmtpanbl ((g)(:leLL&llD armgl thé. 93 rrrml ) in

dry nethyl ene chl or g MR8 &&0|8Hcentrated to dryness. The syrup was
10 re-dissolved in methylene chloride and filtered two
more times until no more precipitates were obtained.
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The clear filtrate was concentrated to give 1.17 g.
of title product as a light yellow syrup.
TLC(methylene chloride:methanol, 9:1) Rf = 0.54.

15

A solution of N-[ (phenylmethoxy)carbonyl]-L-
homoserine [prepared as described in Example 6(a),
20 3.0 g.., 11.85 mmol.] in dry dimethylformamide (65
ml.) was treated with [(1,l-dimethylethyl) -
dimethylsilyl chloride (10.72 g., 71.1 mmol.) and
. imidazole (9.65 g, 0.14 mol.) and stirred at room
temperature under argon for 24 hours. The reaction
25 mixture was diluted with methanol (207 ml.), stirred
. for another 24 hours at room temperature and then
concentrated to a syrup. The residual syrup was
. dissolved in ethyl acetate (200 ml.), washed with 10%
citric acid (2 x 75 ml) and brine, dried (anhydrous
30 sodium sulfate), filtered, evaporated'to dryness and
dried in yacuo. The crude product mixture was
chromatographed on a silica gel column (Merck),
eluting the column with ethyl acetate:hexane (1:1)
followed by ethyl acetate:acetic acid (99.5: 0.5).



to [err] C (ice-salt bath) and treated sequentially with a solution of the
product frompart (f) (1.71 g., 5.65 nmmmol.) in dry nethylene chloride (5
m), tri- ethylamne (0.78 m ., 5.65 nmmol.) and benzotriazol- 15

1-yl oxytri s(di net hyl am no) phosphoni um hexaf | uor ophosphai#as203. 63 g., 6.0
mml .). The reaction mixture was stirred-#! Ferr] C for 30 minutes and at
roomtenperature for one hour and 45 mnutes. The reaction m xture was

- partitioned between ethyl 20 ether (2 x 100 m.) and water (30 nl.) and -

the conbined organi gngxidsdchs MRLEiNES HRde iduBindo éaﬁw&&aéeécaﬂdum
bi carbonate (20 ni. &v?%orglgiéhnseev(erga t'dn.n?es grom goi@@n%y%ql esgdéézjm.sm fate),

filtered, evaporate pr oduct

m xture was chronat Bﬁr"alpﬂ%@dc‘B‘PP%| 7§ @awg’@r 9(96P~ nnTE'%?'E?W)l eluting the

colum with ethyl aeeetate:hBegtircanidi #5e¢8) (Red+ 4-82. 1:1) to give 2.38 g.

of title products TLC(ethyl acetate: hexane, 1:1) [err] = 0.40. 30 [err]
( .

- 92 - A solution ot,the pr t_ ,_ﬁ____M"rDI.)indry

nmet hyl ene chl ori de .) Was trea eyl exchange resin
(acid form and net ure was stirred
at room t enper at ur e dimet @xrresin was filtered off,

washed A solution of the product from part (g)(2.18
10 g., 5.93 mmol.) in dry methylene chloride was cooled
to 0° C (ice-salt bath) and treated sequentially with
a solution of the product from part (£f) (1.71 g.,
5.65 mmol.) in dry methylene chloride (5 ml), tri-
_ ethylamine (0.78 ml., 5.65 mmol.) and benzotriazol-
15 1-yloxytris{dimethylamino)phosphonium
' hexafluorophosphate (2.63 g., 6.0 mmol.). The
reaction mixture was stirred at 0° C for 30 minutes
and at room temperature for one hour and 45 minutes.
The reaction mixture was partitioned between ethyl
20 ether (2 x 100 ml.) and water (30 ml.) and the
combined organic extracts were washed with 50%
saturated sodium bicarbonate (20 ml.) and brine (25
ml.), dried (anhydrous sodium sulfate), filtered,
‘evaporated to dryness and dried jp vacug. The crude

25 product mixture was chromatographed on a silica gel
column'(ﬁerck). eluting the column with ethyl
acetate:hexane mixtures (1:4; 1:3; 1:1) to give 2.38
g. of title product. TLC(ethyl acetate:hexane, 1l:1)
R = 0.40. . :

30 :

-7-



with a small anpbunt of nethylene chloride and the filtrate concentrated to
a syrup. The crude product m xture was chronat ographed on a silica gel
colum, 10 eluting the colum with ethyl acetate: hexane (1:1) to give 339
ng. of title product.. TLC(ethyl acetate: hexane, 3:1) RfHm620a53. [err] A
solution of the product prepared as descrided part (i)(771 ng., 2.04 mol.)
in dry nmethanol (25 m.) was treated with 10% pal Iradi um on 20 * car bon

catal yst (125 ng.) and hydrogenated (ball oon) at roomtenperature for 16

hours. The reaction mixtune wesfibh!&f @det AP Admehide Rag (ANY the pad

was washed wi th nethangl (2 x1%5.n1 %}’ TE% cl ear lfi I._%rags \A@s evaporated to
dryness and dried i 8- vac§o™% -l & ive PR Ifge GHEFiEe o g’rB Uct®8s a syrup.
TLC(met hyl ene chl or FEea%RS Wk Amberiyst® 15 gorp pxchange resin dacidashed with
5% pot assi un bi sul f d6em) and Methanbl ) (AAdmbr)i AAd (the3radulltingri ed (anhydrous

. ma_gnesi um SU! fatg), m_ﬂ:édx"er ez PP Heetod cd é}.’f‘a%%r@ﬂﬁxd@&i %Jn“ vacuo.
This free acid was ?(l)sst?#ved in dr¥ nmet hyl ene .lfcﬁhl ori cool ed

. e_days e regin was filtered. (v]iznej)
to [err] C (ice-salt: a%d’ t'reakt‘eg gEYUERt T4 y \_/vl? ‘a %%}flﬁitlon_ of the
product from part (pith sygmadl angupy of,pethylepe thloride@rdnehehl ori de (4.0
m.), triethyl am nef{DcisentoncebrBicettob.§ symdp. The crude product
benzotri azol - 1- yl oxyi £ 3HedisiBtdM¥bmat ographed on a silica gel column,
10 eluting the column with ethyl acetate:hexane (1:1) to
give 339 mg. of title product. TLC(ethyl '
acetate:hexane, 3:1) Rf = 0.53.

15 j = ine-7-
acid, methyl ester
A solution of the product prepared as
described part (i) (771 mg., 2.04 mmol.) in dry
methanol (25 ml.) was treated with 10% palladium on
20 carbon catalyst (125 mg.) and hydrogenated (balloon)
at room temperature for 16 hours. The reaction
mixture ﬁas filtered through a Celite® pad and the
pad was washed with methanol (2 x 25 ml.). The clear
filtrate was evaporated to dryness and dried in wvacuo
25 to give 448 mg. of title product as a syrup.
TLC (methylene chloride:methanol, 9:1) Rf = 0.22.

30 i - ine-7-

The dicyclohexylamine salt of (S)-2-
(acetylthio)benzenepropancic acid (813 mg., 2.01
mmol.) was suspended in ethyl acetate (70 ml.),



10 ami no) phosphoni um hexaf | uor ophosphate (823 ng., 1.86 nml.).
reaction mxture was stirred at [err] C for one hour and at room
tenperature for 2 hours under argon. The reaction m xture was str
dryness and the syrup obtained was re-dissolved in 15 HB628d acetate (60
m.), washed with 0.5 N hydrochloric acrd$¥2 x 11 m.), water (11
brine (11 m.), dried (anhydrous sodiumsulfate), filtered, evapo
dryness and dried in vacuo. The crude product m xture was chromat

twice 20 on a sil |&aashgglv1ﬁ I ggrb VeL ale) mglllygdtgg(ge;gtg gqﬁprynamt

acet at e: hexane m xtu g
syrup. TLC(ethyl ac¥tiZfe!

thel - 3172 v e °eﬁﬁ15'a\ T on

product from part (ﬁélcissedrmj"apqra&&dn?ﬁ)ldr}’n??ﬁ RBEhFHIG 48 Jaauoy
30 with argon for 30 m nutieis feedlazdddwan diesdlered| il driycsetlydlenebat h) and

treated dropw se w éﬂﬁglggl thl 0. 0f cdofedVes08d EMDYElraXtL dSathdy. 84a

previously purged w es n b
argon t hr oughout th‘éreéﬁﬁﬁt?egﬁe’émi %n‘@’t‘#‘ i Q?Jﬁ’@lon 3#92&1 g?éeog%tcl (l;n
reaction m xture wafrost paytediat (448 rY- f dr-8%. Wtolr &° HFY BRERARBE at [err]
wi th 5% pot assi um bérdeias e(4(.85m¥. )1 tyiethgdaming Upe2Swad .warmed to room

tenperature, extrac{ed whil LAY vedest Ao {3 PoxpbriH (@iméfi1t-he conbi ned

or ganl c extract SO Wer €,

15

20

25

30

amino)phosphonium hexafluorophosphate (823 mg.,
1.86 mmol.). The reaction mixture was stirred at
0° ¢ for one hour and at room temperature for 2 hours
under argén. The reaction mixture was stripped to
dryness and the syrup obtained was re-dissolved in
ethyl acetate (60 ml.), washed with 0.5 N
hydrochloric acid (2 x 11 ml.), water (11 ml.) and
brine (11 ml.), dried (anhydrous sodium sulfate),
filtered, evaporated to dryness and dried in vacuo.
The crude product mixture was chromatographed twice
on a silica gel column (Merck), eluting each column

.with'ethyl acetate:hexane mixtures (1:1; 1:2) to give

665 mg. of title product as a syrup. TLC(ethyl
acetate:hexane, 3:1) Rf = 0.30.

A solution of the product from part (k) (650
mg., 1.44 mmol.) in mechanol (13 ml.)., was purged
with argon for 30 minutes, cooled down to 0° C (ice-~
salt bath) and treated dropwise with a solution of
1.0 N sodium hydroxide (5.84 ml., previously purged

The
i pped to

m.) and
rated to
ogr aphed
h et hyl
ct as a

of the
was purged

m .
bli ng of
The

with argon for 30 minuces). maintaining the bubbling

of argon throughout the addition and length of the



washed with brine (15 m.), dried (anhydrous sodiumsulfate), filtered,
evaporated to dryness and dried in vacuo. The crude product was triturated
wi t h hexane: met hyl ene chloride (130:7) and the solid 10 obtained

chromat ographed on a silica gel columm (Merck), elutinguAde®acolum with

et hyl acetate: hexane m xtures (1:2; 1:1)-f%l Fowed by net hyl ene

chl ori de: net hanol : acetic acid (100:4:0.2). The desired fractions were
conbi ned, evaporated to 15 dryness and evaporated several tines from

tol uene to give 364rggct fn ti e ABLAGGL mmlﬁlg w@g gﬁggdlan: yacuo for 9.0

h Th | t t h t t
cg:J(r)fl de: ﬁe;:ﬁg (Iln%ﬁg RN 8?1%\,\@5 re#]uﬁn%hﬁ '3 ﬁ é’lfﬁn% étﬁ’fS’)um stirring

20 -with the first QGSlFﬂfatﬁofz-‘ﬂr‘lhBhr)s- afge tﬂhe!tﬁé%twamwﬂmedofioﬁémnane
‘overni ght under ar g@empebatuse) \xptavsl declandchgl aavdebbe solid dried in

\[’ZS;J]C’ ]Egr 6004305:&(%%‘@0\’51 PUTBgt thd %oﬂ%%&%&ébr&&ﬁ &%ﬁ&t@@éwgﬁs f881m7
Anal . calc'd. for [é’?%}‘{) %Ehh@"dnedlss?? ‘g éaé’g‘y&f ous §§d1 ' 7.92

Found: C, 53.45; H sslige)n fitpseds evapwaatenPr:@ drgness @pdidrigd. : (98. 3%
YIVB S-3 ODS 30  (cim sfu06. Orhe tbQdenprodudt (va8% mixueated Stk met hanol -

. 2% phosphori ¢ aci ﬂycéﬁe/%%ﬂrfewat &f10rid0% 1L PANGla enl-sofa@hOSphoric
aCId) | socratlio ogtalneglghromatographed on a silica gel column
{(Merck), eluting the column with ethyl acetate:hexane
mixtures (1:2; 1:1) followed by methylene '
chloride:methanol:acetic acid (100:4:0.2). The
desired fractions were combined, evaporated to
15 dryness and evaporated several times from toluene to -
give 364 mg. of title'product which was dried in
vacuo for 9.0 hours. The resulting product was then
triturated with methylene chloride:hexane (1:10},
hexane (50 ml.) and pentane (2 x 50 ml ). stirring
20 with the first 50 ml. for 4 hours and the next 50 ml.
of pentane overnight under argon. The solvent was
decanted and the solid dried ip vacuo for 6.0 hours
to give pure title product as a solid amorphous foam;
[alp = -49.1° (c = 0.48, methanol). TLC
25 (toluene:acetic acid, 5:1) Rf 0.17.
Anal. calc'd. for C18H22N20gS 0.56 H20:
C. 53.45; H, 5.76; N, 6.93; 8, 7.92
Found: C, 53.45; H, 5.53; N, 6.75; S, 7.48.
HPLC: Rp = 10.45 min.; (98.3%); YMS S-3 ODS
30 (c = 18) 6.0 x 150 mm; 44% (10% warer - 90%
* methanol - 0.2% pheosphoric acid)/56% (90% water -
10% methanol - 0.2% phosphoric acid), isocratic;
1.5 ml/min.



-95- EXAMPLE 11 [err
as follows: a) N |
et hyl ) di met hyl silyl]-L-honoserine 10

[(1,1-Di et hyl et hyl) di net hyl silyl]chloride (37. 5 9., 243629wl| .) was added
to a solution of N [(phenyl methoxy)car bof¥yI1q - L- honoseri ne [prepared as
described in Exanple 6(a), 41.56 mmol.] in dinmethyl- formamde (125 nm .),
foll owed by inmidazole (33.95 g., 15 498 mol.). The resulting |light
yel | ow sol ution was stirred at room t gxpepas yae for 22 hours. Methanol (500
m .) was added, the [ ggt |Z§g ﬂ w ﬁ?%\é\&gf si ’[-eﬁ—ff(gém&g;aﬁﬂg_.i.ﬁ%él 6 hours,
and then the rretha [ ‘)’/lror' m de_were renoved in
ya. 20 The renai nidgphesgln S yrdaeld Stetd=(800 m .),
washed with 10% ci tmmwmﬁgmand t he conbl ned aqueous phase
was extracted wigh ethyl HE LA, ¢392 Blanpre FheasCaidl Redpsidy hsacetate

phase was washe f-fgl wat er rine, dried (sodium?2 sul fate),
concentrated, and t 188} due was evaporated with hexane to forma white
powder. This powder was dr| ed in vacuo to give 12 942 g -of title product.
- 96 - To a solutiog @tthofii dd ‘

] 5 The product of Exanple 3 was al so prepared
(Phenvl nmet hoxy carbonyl]-O [ (1, 1-di nmet hyl -
di

10 [{(1,1-Dimethylethyl)dimethylsilyl]lchloride
(37.5 g., 249 mmol.) was added to a solution of N-
{ (phenylmethoxy)carbonyl]-L-homoserine [prepared as
described in Example 6(a), 41.56 mmol.] in dimethyl-
formamide (125 ml.), followed by imidazole (33.95 g.,
15 498 mmol.). The ;esulting light yellow solution was
stirred at room temperature for 22 hours. Methanol
(500 ml.) was added, the reaction mixture was_ stirred
for an additional 6 hours, and then the methanol and
most of the dimethylformamide were removed in ¥acuo.
20 The remaining residue was taken up'into ethyl acetate
(800 ml.), washed with 10% citric acid (2 x 300 ml.),
and the combined aqueous phase was extracted with
_ethyl acetate (300 ml.). The combined ethyl acetate
phase was washed with water and brine, dried (sodium
25 sulfate), concentrated, and the residue was
evaporated with hexane to form a white powder. This
powder was dried in vacug to give 12.942 g. of title
product.

30 b) _IS-(R*.R*)1-2-[{4-1{(1.1-Dimethviethvl)-



(22.78 g., 61.97 in nethylene chloride (100 m.) cooled at [err] C was
added N-net hyl norpholine (6.81 m., 61.97 mol.), followed by hydroxy- 5
benzotriazole (8.37 g., 61.97 mol.), (S)-2-am no- 6, 6-di met hoxyhexanoi c
acid, methyl ester [prepared as described in Exanple 1(H862940.6 g., 51.64
mol .] in nmethylene chloride (50 m.), an86then 1-ethyl-3-(3-

di met hyl am nopropyl ) carbodiimde (11.88 g., 61.97 10 mmol.). The
reaction mxture was stirred at [err]-for one hour, then at room

t enperat ure overni ght. Thger£asih©ibnThx ee Yedudtopesmigaateda) n vacuo and

t he residue was dil w th et %g g e th 5%

pot assi um bi sul f at el'lz(tgg@ {ﬁifi g—)’ @{Q}%e? gr:%lxl EQ g‘o" wat er,
and brine, and dri &8)s68P1Rft 26 Paley asﬂﬁ’é’eﬁl’i"t“le& 1nere 6+Reentrat ed and
the residue taken uf6isd mlhylGleﬁhMO(llBO fioll 1pwedT g mednpxii-ng suspensi on was
filtered and thes copdotedaslel ds VoS gpsd1ed7t R1Qyghls) “ot-biigd-hyl 20

ether. The filtrate o imgamgﬁgaafmg é&dva%&e} sdansgsabadl ford 30 o

of crude title produc as an ext

‘reaction without puf§sFdaed df E’F‘E‘@lFB %) otfy? Hcetht¥® MBRANL)PRF = 0. 55.
25 To a sol ution ofmethylpredidbrideorfbpank. )(bynq 3be8Ol-arhylihr @Et hanol (150

m.) cooled at [errdirecrnpfaniddeomial aciosensad f(ami g8 aci, dsyyyohydrate
( 1. 96 g.). The {(?aCt qu.n m x%h%r Eecarll?%t Jn{:gt%Qef\d?J esrtl}'i%faqzr 02 Ch(%ggs before

guenchi ng wi th aqueous %od m ona f SOdI um
bl car bonat e i n 100 ?ﬁe hep.r, hen at room temperature overnight.

" reaction mixture was concentrated in vacuo and the
residue was diluted with ethyl acetate (600 ml.),
washed with 5% potassium bisulfate (200 ml.), 0.5 N

15 sodium hydroxide (200 ml.), water, and brine, and
dried (sodium sulfate). The filtrate was
concentrated and the residue taken up in ethyl ether
(150 ml1.). The resulting suspension was filtered and
the collected solid was washed thoroughly with ethyl

20 ether. The filtrate was concentrated in vacuo to
dryness to afford 30 g. of crude title product as an
oily compound which was used in the next reaction
without purification. TLC (8:2, ethyl
acetate:hexane) Rf = 0.55.

25

To a solution of the product from part (b) (30
30 g.) in methanol (150 ml.) cooled at 0° C was added
para-toluenesulfonic acid monohydrate (1.96 g.}. The
reaction mixture was stirred at 0° C for 2 hours
before quenching with agueous sodium bicarbonate
solution (1.3 g. of sodium bicarbonate in 100 ml. of



-97- water). The m xture was concentrated in vacuo and the residue
partitioned between ethyl acetate (400 m.) and water (150 m.). The
separ at ed aqueous phase was extracted with ethyl acetate (2 x 150 m.). The
5 conbined ethyl acetate |ayers were washed with 10% sodiaepedi car bonat e,
brine (2 times), dried (sodiumsulfate), -féTtered and evaporated to
dryness. The residue was flash chromatographed on a 10 x 25 cmsilica gel
colum eluting with 80% et hyl acetate in 10 hexane (51.), ethyl acetate

(31.) and 2% net hanql,.i.py et i ons were
conbi ned and concen;ur at gb Zf%% @%&hggﬁléssggﬁ%eﬁ-%gt%&% adglhof title
product as a pal e yeMeoResidue Raxticdoned @Fﬁ‘gf?e’h(?ég } eeERePe)0R = 0.17. 15
To a sol ution of thenlpnoakdwatenntySrnl (Jc) TR depardled) aguésussPhas®l| . )

(SE L i loped WIhlt h tol uzme Eﬂéx%ﬁ%tbhmlﬁ&haaéufir iaeéta'(de \BCxIaL5QVRL Ny | ghnggnddry

met hyl ene chl ori n adde
triethylam ne (8%26 %?B H%dg%g?f’ %I%tgé? l%%h% dgﬁg ‘Q%Ent g)glrfﬂ\ql%gwed by

met hanesul f onyl chl gioddium 35 S grdippe react i on

m xture was stirred sstlfaeel, fﬁbtreﬁ@ ammtﬁvepqra&e@ntqmmesl withe sat ur at ed
anmoni um chl ori de salddtiagd wakO€1dHh LhroMdi8bragted bRt f10r xS291idRUt es, the

X . 5
m xture was dil uted ﬂ%&@aeéetlyto tgilgtl{n 00 H a)o%aggp)ﬁa Qgga g 5/0 30
pot assi um bi sul fate, brine,” drie I U ere evapor at ed
to dryness. 'The]beI . ethyl acetate (31.) and 2% methano in

ethyl acetate (51.). The desired fractions were

combined and concentrated, and dried in vacuo to give

17.45 g. of title product as a pale yellow oil. TLC

(8:2, ethyl acetate:hexane) Rf = 0.17.

15

To a solution of the product from part (c)

20 (17.40 g., 39.50 mmol.) (stripped with toluene three
times and dried ip vacug overnight) in dry methylene
chloride (250 ml.) cooled at -15° C (ice/acetone) was
added triethylamine (8.26 ml., 59.28 mmol., £freshly
distilled), followed by methanesulfonyl chloride

25 (3.67 ml., 47.4 mmol.) dropwise. The reaction mixture
was stirred at -15° C for 30 minutes, then quenched
with saturated ammonium chloride solution (100 ml.).
After stirring for S5 minutes, the mixture was diluted
with ethyl acetate (600 ml.) and washed with 5%

30 potassium bisulfate, brine, dried (sodium sulfate),
filtered and evaporated to dryness. The residue was
dried in wvacuo to give 20.40 g. of title compound as
a vellow 0il which was used in the next reaction



dried in vacuo to give 20.40 g. of title conpound as a yellow oil which was
used in the next reaction -98- without purification. TLC (8:2, ethyl
acetate: hexane) Rf = 0.35. [err] To a solution of thioacetic acid (5.09
m., 71.10 mol.) in nethanol (100 m .) was added cesi umaeagsadonate (10.81
g., 33.18 mol .). The resulting 10 sol uti ® was concentrated in vacuo.

The solid was triturated wth dry acetone (3 tines) and then dried in vacuo
over phosphorus pentoxi de overnight to give cesiumthioacetate. A solution

of the product fromﬁgkhé%ﬁgpa&g ﬁS o (82 5@tH§'P ackthte ATy

di met hyl f or mam de ( via cannula to a suspension of cesium
t hi oacetate (10.576 xan%blgS n%’o in di methyl formani de (50 m.). The
resulting yell ow solution was sti rred under argon at room tenperat ure 20
overni ght, then conganiy 2 4 = , )

di met hyl f or mam de;

(400 m.) and dri ed €80T ‘ '
t he residue evaporated w t'l’P taoﬁabﬁel%lB#l%??CG'ﬂ?eﬁCH‘il@dO? mysacuo to
afford 20 g. of titlma.commmlng fs methagdlt (ye0 ndw)sweds hadkd cdesiam used for -

the next reaction WdDRUhdlINihifAl.0M3.18 mmol.). The resulting
' 10 solution was concentrated in wacuo. The solid was
triturated with dry acetone (3 times) and then dried
in vacuo over phosphorus pentoxide overnight to give
cesium thioacetate.
A solution of the product from part (d} (20.40
15 g., 39.50 mmol.) in dry dimethylformamide (150 ml.)
was added via cannula to a suspension of cesium
thioacetate (10.576 g., 50.85 mmol.) in
dimethylformamide (50 ml.). The resulting yellow
solution was stirred under argon at room temperature
20 overnight, then concentrated at high vacuum to remove
most of the dimethylformamide. The residue was taken
into ethyl acetate (1l.) and washed with 10% sodium
bicarbonate (200 ml.), water (4 x 200 ml.), brine
(400 ml.) and dried (sodium sulfate). The filtrate
25 was concentrated and the residue evapofated with
toluene (3 times), then dried in vacuo to afford
20 g. of title compound as a light yellow solid which
was used for the next reaction without purification.
TLC(8:2; ethyl acetate:hexane) Rf = 0.47.
30

A solution of the product from part (e)



TLC(8:2; ethyl acetate: hexane) Rf = 0.47. 30 [err] A solution of the
product frompart (e) 99 (20 g., 39.50 mol .) in nethanol (250 ml.)
cooled at [err] was purged with argon for 15 m nutes. Wth continuous argon
purgi ng, a 25% (wei ght/wei ght, density = 0.945) sodi um mishexi de sol ution
in 5 nethanol (9.17 m ., 40 mmol.) was add@® dropwi se. After stirring for 5
m nutes, the reaction was quenched with saturated anmoni um chl ori de

sol ution (200 m.) and the m xture partitioned between ethyl acetate (11.)

and water (200 ml. S ase; tragt | acetate
(200 M .). The conblcflgd ef Oébe% w1y éﬁ?nre\ggtﬁn&( (238 ﬂj V\’b‘t’“}plé?ltsg%éurat ed

acet at
anmoni um chl ori de so tl"(ﬁf Hﬁ?)e fﬁ H19Re ?’21\3% m‘n‘)‘tesdr i GHt I]'tsodl um
sul fate), filtered ARALABYREN PEEPR PUrAiRGC 3025H (yedght/wedalt, of title 15
product as a yel | ow dirsivii<I0.8a5) undduh afethBRidee xbluteiagt ian w t hout

purification. TLG (%e%haﬁ&fydg aeemt,em%me) ﬁs adﬁe&%robﬂéd To a

"solution of the prod art I n net hyl ene

om
chloride (600 m.) eﬁdﬁre rF‘E?r? % ’e‘%&?ﬁ&n tglerég?ﬁt’(%’ 8g 25 pretreated
wi th 6N hydrochl ori caugeched wiitsr Sa%"é?#ﬁ%mﬂ%ﬂhl'a?\kﬁ%?h‘ﬁme chl ori de
and dried). The suspatw abh. watdSthe midtunel @araigjonedtbatwesn ethyl

acetate (11.) and water (200 ml.). The aqueous phase

10 was extracted with ethyl acetate (200 ml.). The
combined ethyl acetate extract was washed with
saturated ammonium chloride solution (400 ml.), brine
(400 ml.), dried (sodium sulfate), filtered and
concentrated in vacuo to give 17.5 g. of title

15 product as a yellow oil which was used for the next
reaction without éurification. TLC (8:2, ethyl
acetate:hexane) Rf = 0.45.

20 inol ~5-0x0-7H-pVri -

To a solution of the product from part (f)

{17.5 g., 38.3 mmol.) in methylene chloride (600 ml.)
was added Amberlysﬂgls ion exchange resin (6 g.,

25 pretreated with 6N hydrochloric acid, water,
tetrahydrofuran, and methylene chloride and dried).
The suspension was stirred under argon at room
temperature for 18 hours and filtered. The filtrate
was concentrated and the residue adsorbed on Celite®,

30 purified on a 10 x 30 cm silica gel column eluting
with 20-30% of ethyl acetate in hexane. The desired
fractions were combined and evaporated in ¥acuo to
dryness to afford 9.18 g. of title product as a
yellow oil. TLC (1:1, ethyl acetate:hexane)



tenperature for 18 hours and filtered. The filtrate was concentrated and
the residue adsorbed on [err], 30 purified on a 10 x 30 cmsilica gel
colum eluting with 20-30% of ethyl acetate in hexane. The desired

fracti ons were conbi ned and evaporated i-n vacuo to drypeemmd o afford 9.18

g. of title product as a yellow oil. TLC @@01; ethyl acetate: hexane) -
100 - Rf = 0.32. [err] To a solution of solution of the product from part
(g9) (9.1 g., 23.19 Mol ., evaporated with toluene three tines and dried in

vacuo overni ght) inR%ry dBbhyl ene chloride (150 m.) was added 10
lodotrinethylsilane. (4.95 m ., 34.78 mmol .) dropwi se. The resulting yell ow
solution was stirred under 1 5 hours, then
guenched with 0.4 N axQ-) m . ) The
vol ati |l es were renoypedid deh i) ] o2k e adidoned bet ween
ether (500 m.) and r The organic phase was extracted with
0.1 N hydrochloric aci 2 and t he conbi ned aci di c_aqueous extract

cooled to [err], basified 8 BhSAGLEBRLSPHYHGK PHRePRRAUSE. 5¥¢%oni t or ed
With a pH 20 meter part hil éRt% at o2 it Mokt hpvaparathliorithe (4 x 400 i . ).
The conbi ned or gani coddéreathBes\aridedasiiicdried Anbradie otteieidhes ot um

sulfate), filtered %9-9 &é?:'i’&?@ﬁé 8 dridL 368Gt 9 8id Uuded- 45 9. of title
10 iodotrimethylsilane (4.95 ml., 34.78 mmol.) dropwise.
The resulting yellow solution was stirred under argon
at room temperature for 1.5 hours, then quenched with
0.4 N hydrochloric acid in methanol/dioxane (120
ml.). The volatiles were removed jin vacuo and the

argon at roomte erature fOI’
4 Of O 03 Lh v al. m )

15 residue partitioned between ether (500 ml.) and water
(700 ml1.). The organic phase was extracted with 0.1
N hydrochloric acid (150 ml.) and the combined acidic
agueous extract cooled to 0°C, basified with 1 N -
sodium hydroxide to pH 10.5 (monitored with a pH

20 meter), then extracted with methylene chloride (4 x
400 ml.). The combined organic extracts were washed
with brine, dried (sodium sulfate), filtered and
concentrated in vacuo to afford 6.45 g. of title
product as a yellow o0il, which was used for the next

25 reaction without further purification. TLC (1:9,
methanol:methylene chloride) Rf = 0.20.

30 hi ine-7-carl Li i
A cold (0°C) solution of (S)-(Z-acetylthio)-
benzenepropanoic acid and triethylamine in methylene
chloride was treated with a solution of the product
from part (h) in methylene chloride followed by



product as a yellow oil, which was used for the next 25 react

further puri

fication. TLC (1:9, nethanol:nethylene chloride)

[err] A cold [err] solution of (S)-(2-acetylthio)- benzeneprop
and triethylamne in methylene chloride was treated w tHA&%0l uti on of the
product frompart (h) in nethylene chlori @8lfollowed by HAG

benzotri azol -

1-yl oxytri s(di nmet hyl am no) phosphoni um hexaf | uorop

i on w t hout
Rf = 0. 20.
anoic acid

29a - 101 -
hosphat e.

The reaction was worked up according to the procedure described in Exanple
3 (c) to afford [ermknbotriazol~1-yloxytris (dimethylamino)phosphonium

(acetyl thio)-1-o0xo-3g RQPﬂ:)éer{oR&éﬂh]a@Q‘ nollhe gcgﬁglz#w%s rzorked up

pyrido[ 2, 1-b][1, 3]th|az 1 ne-7-carb ljc
this methyl ester pRSGHYT lrﬁgnt‘(’.ie ‘é e sr‘FﬁhB?dvb&sE’ﬁ’@&Fea i

ester.

Asolution of
th 1IN

sodi um 10 hydr oxi d&caREkATd tﬁ@s‘t [ot{RE) icpdQabilsosrawdxpptel Bd) to afford
the title produck. EXAMBHIENh1Z){Biokb-PDhenylpropyl famidblt s Qkoolu-

1R, 2S hed 1 | t 1
<(31dded |) n( oaleeBo(rat Irl)%§r£&o7[231|91& [llog?t@ef%%%gt-%%lﬁgt%ﬁd] E)e

propanoi ¢ acid (50. 851 288®Fmpl .) in diethyl ether (175 ni.).

standi ng at

75 m.) was
nzene-.
After

room terrper at W solariohgof this methyl ester product in

deoxygenated methanol was treated with 1IN sodium
10 hydroxide according to the procedure of Example 3
to afford the title product.

15 l-oxo-3- inol-5-oxo-7H-pyridol2.1-

(d)

20 A solution of (1R,2S)-(-)-ephedrine (17.3 g..

25

30

105 mmol.) in diethyl ether (175 ml.) was added in one
portion to a solution of 2-[(acetylthio)methyl]benzene—

) propanoic acid (50.0 g., 210 mmol.) in diethyl ether

(175 m1.). After standing at room temperature for 16
hours, the crystallized ephedrine salt was collected by
filtration (19.7 ¢.); m.p. 114 -~ 125° [alp = -40.6° (c
= 1, methanol). Aan additional amount of solid (8.9 g,
m.p. 121 - 126°; [a)lp = -47.2° {(c = 1, methanol)]
separated from the filtrate after remaining at room
temperature for 20 hours. The solids were combined and
recxystéllized from acetonitrile (1500 ml.). After 16
hours at room temperature, 20.8 g. of solid was
collected; m.p. 125 - 130°C; (a]lp = -48.9° (c = 1,

methanol). This material was recrystallized in the same



25 hours, the crystallized ephedrine salt was collected by filtration
(19.7 g.); mp. 114 - [err]; [err] =[err] (c =1, nmethanol). An additional
anount of solid [8.9 g, mp. 121 - [err]; [err] =[err] (c =1, methanol)]
separated fromthe filtrate after remaining at room 30 sA&gaerature for 20
hours. The solids were conbined and recry88atlized fromacetonitrile (1500
m.). After 16 hours at roomtenperature, 20.8 g. of solid was coll ected;
mp. 125 - [err]; [err] = [err] (¢ = 1, nmethanol). This material was

Gve 187 o« mp. JoaR6Tron adféniRIEN0¢ AT A BB 30 0 2 R thira
recrystallization from acle3?’o'n_i [tqullbl.é (428£§ rr{c'r ) af f%er%lg Hﬁ); 45l %ol i d
(S)-2-[(acetyl t hi o) FeER¥ATEehzHOn EXow gpareRicrate d(228 pakdr phfoxdad : m p.
128 - [err]; [err] 27[&rg of( soHdl (snme2tdnoéYyltAna) nethgl Ibehzeher [err] *
[err]: C, 65.48; 5Hi p?ol]a?éhoila, a8id4;7;epﬁedﬂin95sﬁaﬂ*nd;p9,12@5-4ﬁ?c9°Hh[(7]-D3ﬁ;dN-
3.21; S, 8.00. 10 [e ol5 . _ : A stirred suspension of the ephedrine
salt frompart (a) %323?1% . 1'0.m§§1§anr?§él'. in ethyl acetate (5 m) was
washed three tines b S:agg bortOF oRERHIROIN hfaPEERCsri ¢ aci d sol ution. The
organi c extracts were conbiCne6S.A8asHed B4t hNpr3i.42; 207.881i ed (nagnesi um

sul fate), filtered, reeRdenty a¢deand, 7.34; N. 3.21; s, 8.00.
10

15 A stirred suspension of the ephedrine salt
from part (a) (333.1 ng., 0.822 mmol.) in ethyl
acetate (5 ml) was washed three times with 5 ml
portions of 1N hydrochloric acid solutibn. The
organic extracts were combined, washed with brine,

20 dried (magnesium sulfate), filtered, concentrated and
dried in vacuo for 30 minutes. The resulting oil was
dissolved in methylene chloride (2 ml) and stirred
under nitrogen at 0°C. To this solution was added a
solution of [4S-(4a,7¢,10apB))-octahydro-

25 4-amino-5-oxo-7H-pyridol2,1-b}[1,3]thiazepine-7-
carboxylic acid, methyl ester [200.0 mg, 0.774 mmol.,
prepared as described in Example 3(c)] in methylene
chloride (6 ml), then triethylamine (0.113 ml, 0.813
mmol) and finally benzotriazol-l-yloxytris .

30 (dimethylamino)phosphonium hexafluorophosphate (360.0
mg., 0.813 mmol.) The reaction was stirred at 0°C
and allowed to slowly warm to room temperature.

After 19 hours, the reaction was concentrated in
vacuo and the residue was dissolved in ethyl acetate.



dried in vacuo for 30 mnutes. The resulting oil was dissolved in nethyl ene
chloride (2 m) and stirred under nitrogen at [err]. To this solution was
added a solution of [err] 25 4-am no-5-o0xo0-7H pyrido[err]thiazepine-7-
carboxylic acid, nethyl ester [200.0 ng, 0.774 nmol ., peERfExaced as descri bed
in Exanple 3(c)] in nmethylene chloride (61f8)5 then triethylam ne (0.113
m, 0.813 mmol) and finally benzotriazol-1-yloxytris 30 -

(di met hyl am no) phosphoni um hexaf | uor ophosphate (360.0 ng., 0.813 mmol.) The

reaction was stirrecdyatsbRitibnani AhboLUntd BV Y5MBHIRLonr §9M :
tenperature. After 19tgguru?r‘n %‘Q‘ﬁ%?%t Lioogllyvas c%nce#hra;eﬁurﬁ% acuo and the

resi due was di ssol vé& g n was washed
once W th a 5% sol utSPdntm g6t sr&ugnbifashpratie (€90n i) and pEse itk a -
saturated sol ution ¢krised dheboxganbontdyer(@ds riried almdgoesimmni t h brine. The

‘organic |ayer wag drsh@@'at(émgﬁﬁfdéi@i5az§dl|cBﬁ&é‘r)uraf:éJitt%r8 andwcenaentrated to
a yellow foam Puri fp'u chat b1¥ flzﬁhschromato lca gel 0230 - 400

mesh under 10 - 20 psi of ‘?5?;6 r}é <:shﬁ'cr:'e t ( i wtH 4°

acet at e/ hexane gave 36%0 rﬁfsaf“ d&gt 29 aShIOefaFu'b‘quenlﬂre[séPFf’ 15

A sol tuion of the prdduiig Wit {3 etigh) ac808:el/hegane @a683303nwy )ofi n et hanol
(6.5 nt, deoxygenat @doduct as a clear oil.

10

15 A soltuion of the product from part (b) (303.1
mg., 0.635 mmol) in methanol (6.5 ml, deoxygenated
via nitrogen bubbling) was cooled to 0°C and treated
with 1N sodium hydroxide (6.5 ml, deoxygenated via
nitrogen bubbling). After stirring for one hour at

20 0°C while purging continuously with nitrogen, the
reaction was warmed to room temperature. After a
total of three hours, the reaction was acidified to
PH 1 with 5% potassium bisulfate and extracted with
ethyl acetate. The organic layers'were combined,

25 washed with water, brine, dried (sodium sulfate),
filtered, and concentrated in vacuo to give 219 mg of
title product as a white solid; m.p. 200°C (decomp.).
TLC (6:0.01: 3.99 ethyl acetate/acetic acid/hexane)
Rf = 0.15.

30 HPLC: tr = 26.3 min, impurity at 27.0 min.; YMC S-3
ODS (C-18) 6.0 x 150 mm; 0% to 100% B: A, 30 min.
linear gradient and 10 min. hold, 1.5 ml/min.; A =
90% water:methanol + 0.2% phosphoric acid, B = 90%
methanol:water + 0.2% phosphoric acid; 220 nm.



via nitrogen bubbling) was cooled to [err] and treated with 1N sodi um
hydr oxi de (6.5 m, deoxygenated via nitrogen bubbling). After stirring for
one hour at 20 [err] while purging continuously with nitrogen, the
reaction was warned to roomtenperature. After a total acfaskhbaee hours, the
reaction was acidified to pH 1 with 5% pot¥si-um bi sul fate and extracted
with ethyl acetate. The organic |ayers were conbined, 25 'washed with
water, brine, dried (sodiumsulfate), filtered, and concentrated in vacuo
to give 219 ng of ti pr IL r¢lo(gdeconp.). TLC
(6:0.01: 3.99 ethyl A8, atcg/gg(c:éetflai %c?{gfélg%%e Ob = eﬁ)HJdé 3% dabﬁPLCz tR =
26.3 min, inpurity a 20 nmin.; YMC S 3 CDS(C—18) 6.0 x 150 mm 0% to
100% B: A, 30 nmin. linear gr@di%n?zaﬁﬁ $02%i N, 6ol S1. B.#BLmin.; A = 90%
wat er : met hanol + 0. 2%epimisphoy iss.ae} di, B.28:900 ardithaspl1avgber + 0. 2%
phosphoric acid; 220 nm - 104 - Anal. -calc'd for [err] * 0.11 [err]
0.07 CH2C12: C, 56.22; H 6.21; N, 6.39; S, .14 63. Found: '~ C, 56.46; H,

6.28; N, 6.31; S, 14,59 5 Exanple 13 [%‘?armFl%o‘%err!

10

Potassium bromide (9.5 g., 80 mmol) was added
to a stirred solution of D-leucine (3.0 g., 23 mmol)
in 2.5 N sulfuric acid (47 ml) at room temperature.

15 The reaction mixture was cooled to -10°C and solid.
sodium nitrite (2.4 g., 34 mmol) was added
portionwise, maintaining the temperature between -10°
and -5°C. After addition was complete, the reaction
was stirred for 1 hour and then warmed to room

20 temperature and stirred for another hour. The
reaction mixture was then extracted twice with ether,
the ether extracts were washed once with water, dried
{magnesium sulfate), filtered and evaporated to give
2.7 g of crude title product.

25

To a stirred slurry of potassium thiocacetate
(1.7 g, 15.0 mmol) in 50 ml of dry acetonitrile at
30 room temperature under argon was added a solution of
the product from part (a) (2.6 g., 13 mmol) in 17 ml
of acetonitrile. The reaction was stirred 4 hours.
The resulting slurry was filtered and evaporated.
The residue was redissolved in ethyl ether, washed



Pot assi um bronide (9.5 g., 80 mml) was added to a stirred solution of
D-leucine (3.0 g., 23 mol) in 2.5 N sulfuric acid (47 m) at room
tenperature. 15 The reaction mxture was cooled to [err] and solid sodium
nitrite (2.4 g., 34 mol) was added portionw se, nmaint aiag2og t he
tenperature between [err] and [err]. AftekSaddition was conplete, the
reaction was stirred for 1 hour -and then warned to room 20 tenperature and
stirred for another hour. The reaction mxture was then extracted tw ce

i th ether, (he el NgLeeuhiaGhs JNESENRSHARIONCE bl gRbsh ol e

(rmagnesi um sul f at
proguct 25 E) a( ggm fﬁéeg't g}rﬁﬁ gvagorat ed tPfaE%aXoand evg%&fatgaude title

di cycl ohexyl ani ne sThe ﬁél@!&%ﬁ"iaﬁr@@s@ﬂm# ymothpﬂft 48¢indh #Rf oacetate (1.7 g,
15.0 mmol) in 50 m cedacdaywidtetoeydliohkbeyrdmide (2.0onlt drfpsmallur eAunder ar gon

was added a sol U%' 0 ,ﬁé LOEL i RfleEackh: %éa%htpéé&p&@a@r@ fchn3 eheol ) in 17
m of acetonitri e .reaction S irre ‘Ee Itlng slurry
was filtered and evEpWdPBy. T?ﬁesvﬁ’stllaﬁ W3fa l}%‘?felés%’ll% (l?j" in eehyl et her,

washed _ 105 - oschidvcoblEXepotagivens i supf &1i61s REAOPSH: 4h@ once wit h

brine, dried (mgnessum deBicat éxlmrd -6¢aforiat ed . Sthechlegodaemivas di ssol ved
in ether (64 m) and treated with dicyclohexylamne (2.7 m, 14 mol). A

10 = * = &= =

A stirred suspension of the product from part

15 (b) (403.3 mg, 1. 09 mmol) in ethyl acetate (5 ml) was
washed three tlmes with 5 ml portions of 5% potas1um
blsulfate_solutlon. The organic extracts were
combined, washed with brine, dried (sodium sulfate),
filtered, concentrated and dried in vacuo for 30

20 minutes. The resulting oil (179.4 mg, 0.943 mmol)

' was dissolved in methylene chloride (2 ml) and
stirred under nitrogen at 0°C. To this solution was
added a solution of [4S-(4a,7a,10af)]-
octahydro-4-amino-5-oxo-7H-pyrido[2,1-b] [1,3]thia-

25 zepine-?-carboxylic acid, methyl ester [232.0 mg,
0.898 mmol., prepared as described in Example 3(c)]
in methylene chloride (6 ml), then triethylamine
(0.131 ml., 0.943 mmol), and finally
benzotriazol-l-yloxytris(dimechylamino)phosphonium

30 hexafluorophosphate (417.1 mg, 0.943 mmol.). The
reaction was stirred at 0°C for one hour and 3.5
hours at room temperature. After a total of 4.5
hours, the reaction was concentrated in vacuo and the
residue was dissolved in ethyl acetate. The solution



5 white solid immedi ately began precipitating fromthe solution. The
solution was filtered and the white solid collected to give 2.0 g of title
product; mp. [err] [err] A stirred suspension of the product frompart 15
(b) (403.3 ng, 1.09 mml) in ethyl acetate (5 ml) was wasdped three tines
with 5 m portions of 5% potasi um bi sul f-at@6 sol uti on. The organic extracts
wer e conbi ned, washed with brine, dried (sodiumsulfate), filtered,
concentrated and dried in vacuo for 30 20 mnutes. The resulting oi

(379 4drrg, dO 943t MQla)k medlm Weeh i safe;cmdttesﬁ &ﬁbeeagﬁu(.@ m ) fmd f
stirred under nitrogen ) sgl ution o
[err] octahydro-4- a% f% E%ﬂlgyr?rﬁ:ﬁ[ ¥y @]fit%ﬁm%ﬁd sgfgmn st

zepi ne- 7- car boxyl i CS&éF‘éP‘ h%é?ﬁ?‘?naégt 30 m2bp amdngnce wioB hEigE:, Theepared as
descri bed i n Exanpl ergénid lapermiabydeied chdgdsden (sulfthie) t [fa@hrérddet hyI am ne
E)gn;gtlr |mazbl 0193i’§0)r<nggbl) G?ﬂ%{—é{@ i yell%w foa? Punflca)?é?nuor ophosphat e
(417.1 ng, 0.943 Mo }? q‘fﬁ%atc}elq af% Wgé a?t refg%? f&f #’ one hour
and 3.5 hours at roé‘ﬁﬁ?@rﬂf?ef'a%%@l %Stféltragﬁtfbtpﬁﬁs%’?red Sl%tﬁﬂsm‘#he reaction

was concentrated i n2vacexhydndcétmeerbaiahecgawes 200 sé alguedst iviteéehyl acet at e.
The sol ution - 1@8caudPasashedragiae With a 5% sol ution of potassium

10

A solution of the product from part (c) (209.4
15 mg, 0.486 mmol} in methanol (5 ml, deoxygenated via
nitrogen bubbling) was cooled to 0°C and treated with
IN sodium hydroxide (5 ml, deoxygenated via nitrogen
bubbling). After stirring for one hour at 0°C while
purging continuously with nitrogen, the reaction was
20 warmed to room temperature. After a total of 2.5
hours, the reaction was acidified to pH 1 with 5%
botassium bisulfate and extracted with ethyl acetate.
_ The organic layers were combined, washed with water,
brine, dried (sodium sulfate), filtered, and
25 concentrated in_vacuo. Purification by flash
chromatography (silica gel, 230 - 400 mesh under 10 -
20 psi of nitrogen) eluting with nitrogen sparged
6:0.01:3.99 ethyl acetate/acetic acid/hexane gave
142.0 mg of title product as a white solid. TLC
30 (6:0.1:3.9 ethyl acetate/acetic acid/hexane) Rf =
0.20. (alp = -103.0° (c = 0.43, chloroform).
HPLC: tr = 26.7 min.; YMC S-3 ODS (C-18) 6.0 x 150
mm; 0% to 100% B: A, 30 min. linear gradient and 10
min. hold, 1.5 ml/min; A = 90% water:methanol + 0.2%



bisulfate (20 m), once with a saturated sol ution of sodi um bi carbonate (20"
m), and once with brine. The organic |ayer was dried (nmagnesium sulfate),
filtered 5 and concentrated to a yellow foam Purification by flash .
chromat ography (silica gel, 230 - 400 nmesh under 10 - 28Af2%a of nitrogen
pressure) eluting with 2:3 ethyl acetate/ B8%ane gave 209.4 ng. of title
product as a clear oil. 10 [err] A solution of the product frompart (c)
(209.4 15 nmg, 0.486 nmmol) in nethanol (5 m, deoxygenated via nitrogen
bubbl i ng) was cool e¢nbsphddik] agitl Br eaddmbéhdhol Nvsasti wno hgadr oxi de (5

deoxygenat ed vi a ni Q@P bbLing er stirring for one hour at [err]
whi | e purging conti %&g Xi\ég#% %?%%, t he rﬁaféi on was 20 warned to
g e

room tenperature. AfPEr- | EB1 Cp6H2604Np%2 eaction was acidified to
pH 1 with 5% pot assiC4iB®2 sulof 48 C78nd ©xX%-Pal2@d with ethyl acetate. The
orlg?ni c) I a]%/elrs wer e conbi ned, v@gvgduwit.E3vwaiers.sbigie1sdeted (sodi um
sulfate), filtered, 25 n .at,ed, i,n . vac Puw i fhi,cad i on by flash
chr omat ogr aphy (sil ifg’g'g%'el %(2)388@720g dn%&%'uﬁaleggeiblg' %6'?5%5? of nitrogen)
eluting with nitrogen sparged 6:0.01:3.99 ethyl acetate/acetic acid/ hexane
gave 142.0 ng of title product as a whiEzamels-idd4 TLC 30 (6:0.1:3.9 ethyl

r 47 %, IR hrdyc dp riexcaptofl 13,

chloroform. HPLG: nmm 0% t 0
100% B: A, 30 mn.

) ] h. / ] .
T near orac na 1 AT ) T A = 90%
wat er : met hanol + O. 27%“%’-‘”&11“‘“1

Potassium bromide (7.85 g, 65.94 mmol) was

15 added to a solution of (R)-2-aminobutanocic acid (2.0
g, 19.40 mmol) in 2.5 N sulfuric acid (25 ml) and
cooled to 0°C.: Sodium nitrite (2.06 g, 29.87 mmol)
was added slowly in several portions. The
temperature was kept at less than 2°C during this

20 addition. The reaction was stirred at 0°C for one
hour and at room temperature fof 16 hours, then
extracted with 3 - 50 ml portions of ethyl acetate.
The combined ethyl acetate layers were washed with 2
- 50 ml portions of water, 1 - 50 ml portion of

25 brine, dried (magnesium sulfate) and concentrated in
vacuo to give 2.86 g of title product as a crude oil.

hexylamine salt _

30 To a slurry of 2.14 g (18.77 mmol) of
potassium thioacetate -in 15 ml of acetonitrile,
stirred at room temperature, was added dropwise over
15 minutes a solution of (R)-2-bromcbutanoic acid
{(2.83 g, 17.07 mmol) in 15 ml of acetonitrile. The



- 107- phosphoric acid, B = 90% net hanol : water + 0. 2% phosphoric acid; 220
nm Anal. calc'd for [err] 0.19 C4H802 * 0.18 C7H16 * 0.9 H20: 5

C, 50.87; H 7.63; N, 6.58; S, 15.07. Found: C, 50.57; H 7.20; N, 6.83;
S, 14.75. Exanple 14 [err] a) (R -2-Bronpbutanoic acid Basassi um bromni de
(7.85 g, 65.94 mol) was 15 added to a sdledtton of (R)-2-am nobutanoic
acid (2.0 g, 19.40 mol) in 2.5 Nsulfuric acid (25 m) and cooled to
[err]. Sodiumnitrite (2.06 g, 29.87 mmol) was added slowy in several

portions. The tenperal il oNasKepiral L %%oth«faéhdeﬁaédred%wgs thts{és 20

addition. The reacti.on \é/af stirre a%é err or one hour room

tenperature for 16 hotfPsEHt4ER%ext TREEhvas °°§6e'}ﬁra58$t"l’bns of ethyl
acet at e. ' The conbi netrarhghd dbet rasulrinerodlywere digspspdinB3® ml 69 ni
portions of water, lethy30etHerQOrthedRtAér Aayebrwdicwashdeehitwagresoum

sul fate) and concsentrglatpggtia)}vgg% tpgtgééll%mzb%ﬁagg ta go gt(loduct as a

de oil. b) (S)-2-(Acet t It 30
o s urry bt (2 14 HAEE P P of AGES PARTAPE A PR ALLR i of

acetonitrile, stirr e@laapeﬁwmstlbﬁﬁféﬁaﬁm dilpredhddBe theofitwatgver
was added 3.4 ml (17.07 mmol) of dicyclohexylamine.

_ After stirring at room temperature for 2 hours, the

10 slurry was filtered to give 1.24 g of the
dicyclohexylamine salt product. A second crop of 724
mg of dicyclohexylamine salt product was obtained
from the filtrate. '

15 -[4Q(R*) .7 - —4-[[2- -

The dicyclohexylamine salt product from part

(b) (227 mg, 0.66 mmol) was dissolved in 15 ml of

20 ethyl acetate and washed with three 10 ml portions of
potassium bisulfate, one 10 ml portion of brine, |
"dried (magnesium sulfate), and concentrated in vacuo
to give 108 mg of (S)-2-~ (acetylthlo)butan01c acid as
a clear oil. ,

25 To a solution of this free acid (108 mg. 0.66

mmol) in 5 ml of dry methylene chloride, cooled to
0°C, was added triethylamine (90 ul, 0.66 mmol),

followed by (4S-(4a,7a,%aB)]-4-amino-octahydro-
5-oxopyrrole(2,1-b]{1,3])thiazepine-7-carboxylic acid,

30 methyl ester, p-toluenesulfonic acid salt {250.0 mg,
0.66 mmol, prepared from the material described in
Example 5(d)] and a second portion of triethylamine
(90 1, 0.66 mmol). The reaction was stirred at 0°C
for 20 minutes, then benzotriazol-l-yloxy-



15 mnutes a solution of (R)-2-bronobutanoic acid (2.83 g,

15 Ml of acetonitrile. The - 108 - reaction was stirred at room

tenperature for

vacuo and the resulting oil was dissolved in 30 m of etdagbogt her.
ether layer was washed with 2 - 20 5 nl-pe8t+ons, of 5% potassi um

bi sul f at e,

2 - 20 M portions of water, 2 - 20 m portions of brine,

17.07 mmol ) in

16 hours then filtered. The filtrate was concentrated in

The
dri ed

(magnesium sul fate) and filtered. To the filtrate was added 3.4 m (17.07

The 10 siurly 32§Xfy‘4ﬁ@é?%“det’ﬂ%ﬁflv“%t’éﬁ%ﬂ%ﬁ‘?“ ﬁ%ﬁmﬁ’hﬁ%%ﬁme sal

product. A second cr{ﬁ? ofe 754 ﬁd“?ﬂi dVes ABRB AR QRE RPTEAPE- pridGuct
obt ai ned fromthe fiteacsien Wasr stirfied at O/C| Edreopeabdure salt product from

part (b) (227 ny,
and washed with t4r gy é@féurl%o%&f %“%019)} p%ﬁ‘észl %P&é%@:@&& ge 10 m

portion of

bri ne,

0.4 rig®taedasorlisssSRbute] ther Btitréd aROroi hyl

drie
give 108 ny of (9)- FRehc

nesi um su

¢ 3 %eanmma’cmd%& ved a5y 3%l

To a sol ution of thleé:hw-e@%:@ﬂ:el c‘(rrmaaﬁlged @igk 3fhpl)of ﬁ%Spqtasﬁlumry
met hyl ene chl ori de, uwieQheskd,02pail [sativseaddedhi v betdnHonateae 209@1[ err],

foll Owe%fb)SriﬁleS.' ﬁ%@ecﬁ e('in%b)ilsium .sulfate) , and concentrated

0. 66 mmol ),

10

15

20

25

30

in vacuo to give a crude oil. The crude o0il was
flash chromatographed (Merck silica gel, 25 x 100 mm,
2:3 ethyl acetate/hexane) to give 208 mg of title
product as a white foam.

A solution of the product from part (c) (225
mg, 0.559 mmol) in methanol (5 ml) was purged with
argon for 30 minutes and cooled to 0°C. To this
solution was added dropwise 5 ml of 1M sodium
hydroxide, also purged with argon for 30 minutes and
cooled to 0°C. The reaction was stirred at 0°C for 3
hours with continuous argon purging, then acidified
to pH 2 with 5% potassium bisulfate solution. The
mixture was extracted with 3 - 40 ml portions of
ethyl acetate, and the combined ethyl acetate layers
were dried (magnesium sulfate), and concentrated in
vacuo to give a crude foam. The crude product was
flash chromatographed (Merck silica gel, 25 x 180 mm,
3% acetic acid/ethyl acetate) to give a white foam,
which was dissolved in methylene chloride and

triturated with hexane to give 176 mg of title
product as a compact white foam; {alp = -125.4° (c =

hour s,

was

acetate

ncent ra%e |n vacuo to



[err] acid, 30 nethyl ester, p-toluenesulfonic acid salt [250.0 ng, O0.66
nmmol , prepared fromthe naterial described in Exanple 5(d)] and a second
“portion of triethylamne (90 [err], 0.66 nmol). The reaction was stirred at
[err] for 20 mi nutes, then benzotriazol-1-yl oxy- - 18#8629a _
tris(dinmet hyl am no) phosphoni um hexaf | uor-oph®sphate (292 ng, 0.66 Mol ) was
added in one portion. The reaction was stirred at [err] for one hour,
refrigerated for 56 hours, then stirred at room5 tenperature for 3 hours.

The reaction mxturﬁgﬂ ﬂﬁ@gf&mcenhfcagﬁgcﬂaao&?ﬁé@masglcmw&éi in 30

et hyl acetate and % pot assit um bi sultate

saturated sodi um bi a n1 of brine, dried (magnesium sul fat e),

and concentrated 10HPE: \Féfcub }% Sgmize 492% (b2 #rea, THE 220ua¥) bi | was fl ash
chromat ogr aphed (Mewmé si3 opg @els, 2fe0on) 160k 10 mn;3 08t hyA-1D08t BiZ/ hexane)

to give 208 ng ok t'l&héanorzgdﬂfﬁutés f’ad’ﬂhtce(z( Q2Ghs [vf‘art"e]r/xﬁeéﬁhlﬁ'@” of the

product from part S purged

with 20 argon for zﬁléﬁfggé%daﬁb@l &= %d%[ @FFI]‘amq%gaé?ﬁ ¢ éo tion was
added dropwi se 5 ni Pbﬁsmqrseoﬁm)hy@f%iréée =lsd Pumgred with argon for 30
m nutes and cool ed ®oalerdalc' dhorr eggH2ioNpSI@S «s018 20 at [err] for 3 hours

wi th continuous arge@nz Ry ne, o tihef,@ci.di fi ed
10 C, 46.10; H, 6.66; N, 7.52; s, 17.21.
Found: C, 46.00; H, 6.17; N, 7.52; S, 16.82.

15 . e R : ine-

Following the procedure of Example 1l4(a) but
20 employing D-norvaline in place of (R)-2-aminobutanoic
acid, (R)-2-bromopentanoic acid was obtained as a
-clear liquid.

25 hexylamine salt
Reacting (R)-2-bromopentanoic acid with
potassium thioacetate in acetonitrile followed by
treatment with dicyclohexylamine according to the
procedure of Example 14(b), (8)-2-(acetylthio)-
30 pentancic acid, dicyclohexylamine salt was obtained
as a white solid.



25 to pH 2 with 5% potassium bi sul fate solution. The m xture was
extracted with 3 - 40 mM portions of ethyl acetate, and the conbi ned et hyl
acetate |l ayers were dried (nagnesium sulfate), and concentrated in vacuo to
give a crude foam The crude product was 30 fl.ash chromwei29gr aphed ( Merck
silica gel. 25 x 180 nm 3% acetic acidfethyl- acetate) to give a white
foam which was dissolved in nmethylene chloride and triturated with hexane
to give 176 ng of title [err] HA629a - 110 - 1.0, chI oroforr’r) TLC

(et hanol / et hyl ene_¢hl e 1 , ' : mn. (97%
total area, UV 220 0% B: A- 100%
B:A 5 linear 25 m+*# ' . 2% phosphori c
acid) B = 90% net hahh ate—15

m/mn. Anal. calc'd kggégn th . ;@idofthedlcygo_% 10; H, 6.66;

N 7.52; S, 17.2 6 7 52; S, 16.82. Exanple
15 [err] a) (R)- % Bg??ﬂ'gﬁgh?%ﬁ&l& EEQ“HP?STIQKJXH‘% rocedure of Exanple

14(a) but 20 enpl o%%g‘ 48, Ao 3R | nd-aminpractehy r?'F% 596Gt anoi ¢ aci d,

(R) - 2- br onopent anoi ¢2 acbd [ s thbasepine-ascarboxylic aCld, methyl

ester according to the procedure of Example 14(c),

the title product was obtained as a white foam.
10

A solution of the product from part (c) in
15 methanol was treated with 1M sodium hydroxide
according to the procedure of Example 14(d) and gave
the title product as a compact white foam; [alp =
-122.8° (¢ = 1.0, CDCl3). TLC (methanol/methylene
chloride 1:9) Rf = 0.15. HPLC: ty = 20.5 min.; (97%
20 total area, UV 220 nM); YMC S-3 ODS (C-18, 120A) 6 x
150 mm; 0% B:A- 100% B: A, linear 25 minute gradient
(A = 90% water:methanol + 0.2% phosphoric acid); B =
90% methanol:water + 0.2% phosphoric acid; flow rate
= 1.5 ml/min.
25 Anal. calc'd for C14H22N25204 » 0.65 H20 -«
0.20 CgH14: .
C, 48.63; H, 7.01; N, 7.46; S, 17.08.
Found: C, 48.86:; H, 6.70; N, 7.24: S, 16.74.

30 Example 16



clear liquid. b) (S)-2-(Acetylthio)pentanoic acid, dicyclo- 25 hexylam ne
salt Reacting (R)-2-bronopentanoic acid with potassiumthioacetate in
acetonitrile followed by treatnent w th dicycl ohexyl am ne according to the
procedure of Exanple 14(b). (S)-2-(acetylthio)- 30 pentmgaps acid,

di cycl ohexyl am ne salt was obtai ned as a-whi2t e sol i d. HA629a [err]
thio)-1-oxopentyl]an nol -5-oxopyrrolo [2.1-bl- [1,3]thiazepine-7-carboxylic
acid. nethyl ester Reacting the free acid of the di cycl 0- 5 hexyl am ne salt
frompart (b) with | hoxdyl i ¢ acid, nethyl

. 1] ;
3 R el u-liuuz --n 3 at

ester according to the pro n‘g e title product was
obtai ned as a white foam ‘}Os‘[]é‘rtf*]mNfsd]R f?‘c?ﬁ‘l df frompart (c)
in 15 nethanol was predanedic wicid (MOsodi LﬁnSSym@w de Acx o davrpuso the .
Pr ocedtjre ff E?arrpi ezdﬁ@éicaauiddgayze rttlbe33irhloﬂ.)ﬁﬁégil¢/©blét$ Lo Gevqoaaa white
oam [err] = [er LG T8 t ;qride 1:9)
R = 0.15 HPLC % ’Ceé’geé whet Sgi*@f&“%& b ?d;?gagﬁﬁ 32‘8’&5& YMC S- 3
CIIS (C-18, 120A) 6 xone portlon e colorless solution was treate

' sodium nitrite (680 mg, 9.86 mmol) portionwise,

keeping the temperature between 0° and 3°C over a

period of 25 minutes. The reaction mixture was
10 stirred at 0°C for one hour and at room temperature
for 1.5 hours. The reaction mixture was poured into
water (10 ml). The product was extracted with ether
(60 ml), washed with water (20 ml) and brine (20 ml),
dried (magnesium sulfate), and concentrated in vacuo
15 to give the title.product as a colorless liquid.

A slurry of potassium thioacetate (750 mg,
6.58 mmol) and acetonitrile (10 ml, molecular sieves
20 dried) was cooled to 0°C and treated with a solution
of (R)-2-bromo-4,4-dimethylpentanoic acid from part
{(a) in acetonitrile (2 ml) over 5 minutes. The
.reaction mixture was allowed to warm to room
temperature and stirred for 2.5 hours. The slurry
25 was filtered. The filtrate was concentrated in
vacuo. The residue was diluted in ether (50 ml),
washed with two portions of 5% aqueous sodium
thiosulfate (50 ml) and brine (25 ml), dried
(magnesium sulfate), and concentrated in vacuo. The
30 pale yellow oil was purified by flash chromatography
{Merck silica gel, 12 x 3 cm., 10% methanol/methylene
chloride) affordihg 575 mg of title product as a pale
yellow oil.



150 mm 0% B: A- 100% B: A, linear 25 mnute gradient (A = 90%

wat er : met hanol + 0. 2% phosphoric acid); B = 90% net hanol : water + 0.2%
phosphoric acid; flowrate = 1.5 mM/mn. 25 Anal. calc'd for [err] * 0.65
H20 0.20 [err]: C, 48.63; H 7.01; N 7.46; S. 17.08. Fgngwba C, 48.86; H,
6.70;, N 7.24; S. 16.74. 30 - 113 - Example 16 [err] -
112 - a) (R) 2-Bronp-4.4-di net hyl pentanoic acid A solution of '
(R) - 2-am no- 4, 4- di net hyl - pentanoic acid (950 ng, 6.55 mmol) in 2.5 N
aqueous sul furic acid (13 . and 2 treat ed
Wi t h pot assi um br onisde A A RS- Mo e A A 284or | ess

sol uti on was treat ed.gidimes , i onwi se,

keepi ng the tenperat R LYE -r_ .‘.;;, ) &ddedd of 25

m nutes. The reaction mxt ure é eh at or oneégour and at
room tenperature for 1.5 Ko§ r%arﬁ? u?’é%’c 0?1 b m PPl nto wat er

(10 m). The pro@uct %é“%x?r'é%t‘"é‘ﬂlwlt%mé?%ren%@‘#ﬂz)lde Méd with water
(20 mM) and brine (30stdl)leddfred cairabme ydnida)l vas ejgoleidte@icearid ated i n
vacuo 15 to give theedidd &iph od¢elubiond oo} 45-(eas7d, %) fi-443hnino-

(o 2alreety L 0) - Seta dIBLOYCREILANNY S, 250 10 s o Dle AOLERST U
boxyllc acid, methyl ester, p-toluenesulfonic acid

10 salt [250.0 mg, 0.60 mmol, prepared from the material
described in Example 5(d)] in methylene chloride (3
ml, distilled from calcium hydroxide), triethylamine
(122 mg, 1.2 mmol), followed by
benzotriazol- 1-yloxytrls(dlmethylamlno)phosphonlum ,

. 15 hexafluorophosphate (319 mg, 0.72 mmol). The reaction

mixture was stirred at 0°C for 24 hours and at room
temperature fof 5 hours. The crude reaction mixture
was concentrated in vacuo. The residue was diluted in
ethyl acetate (50 ml), washed with 5% aqueous

20 potassium bisulfate (50 ml), 50% saturated agqueous
sodium bicarbonate solution (50 ml), and brine (50
ml), dried (sodium sulfate) and concentrated in vacuo.
The crude product was purified by flash chromatography
(20g, Merck silica gel, ethyl acetate) to afford 244

25 mg of the title product as a white foam.

30 -A clear solution of the product from part (c)
{240 mg, 0.56 mmol) in methanol (2 ml, nitrogen
sparged) was cooled to 0°C and treated dropwise with
1IN sodium hydroxide (2.27 ml, 2.24 mmol, argon

' sparged) with continqous sparging at 0°C. The mixture



6.58 mmol ) and acetonitrile (10 m, nolecular sieves 20 dried) was cool ed

~ to [err] and treated with a solution of (R)-2-brono-4, 4-dinethyl pentanoic
-acid frompart (a) in acetonitrile (2 m) over 5 mnutes. The reaction

m xture was allowed to warmto roomtenperature and stigggsh for 2.5 hours.

The slurry 25 was filtered. The filtratim4gwas concentrated in vacuo. The

residue was diluted in ether (50 m), washed with two portions of 5%

aqueous sodiumthiosulfate (50 m) and brine (25 nl), dried (rmagnesi um

sul fate), and concentrated in _vacuo. The 3 e yell qw_ i S purified
by flash chromat ogr"éﬁ)“n?&?%eréglf°sf'f’irc§tg®c, g‘l’ip‘filhguc%afn%lﬁ&%m_’wa ._
met hanol / met hyl ene wS¥pPSFRERye £PF of dOHES 57 FhAgrisTturetYas pritifdedas®a pale-
yell ow oil. - 113pH [or L]withdadéatrichyh -df- 6% oppreouk | potassiutb- oxopyrrol o
[2.1-bl- [1.3]thi azgpi A@ads CRLROXYddatgéd)l d- ThetdPbhuestRls éxilae@easol ution
of the product fro%%t %%5 (%}é g‘g @.72 rrrrciltlr LD ’E’B&P%A@”e chloride (5
m, distilled frbm PETRHEP EOThAS (90?%(:1"{0@”] ant treated with a
sol ution of [err] oeashefdviIsbeiemy dréed| Bodiwy s1152%)i 892 pi ne- 7- car - '
boxylic acid, nethydoreeherated inl esmesul frenceudeipdod@ct wast [250.0 mg, 0.60
nmol , prepared fron}é&?s@iﬁrzleal £465 Mkt RAGNENcHYeTRE el [td N met hyl ene
chloride (3 m, disti]led,fromeal §hUmLLYALexdde) wnitd Solvham.Be
10 124 - 126°C; [alp = -175° (c = 0.25, methanol). TLC
(acetic acid/methanol/methylene chloride 1:5:94)Rf =
0.65. _
HPLC: tg (YMC, S-3 ODS (C-18) 6.0 x 150 mm; 1.5
ml/min. linear gradient 0 - 100%B over 30 min., Buffer
15 a methanol/wate;/phosphoric acid (10:90:0.2), Buffer
B = methanol/water/phosphoric acid (90:10:0.2)) = 24.4
min., 95% of total peak area at 254 nm.
Analysis calc'd. for C1gH26N204S2 ¢ 0.13 CgH14:
C, 52.24; H,7.28; N, 7.26; S, 16.62
20 Found: C, 51.97; H,7.26; N, 7.09; S, 16.23.

25 Z-carboxvlic acid

Pollowing the procedure of Example 14(a) but
employing D-alanine in place of (R) -aminobutanoic
30 acid, (R)-2-bromopropanoic acid was obtained as a
light yellow oil.



- to

(122 mg, 1.2 mmol), followed by

benzotri azol - 1-yl oxytri s(di met hyl am no) phosphoni um 15 hexaf | uor ophosphat e
(319 ng, 0.72 mmol ). The . reaction mxture was stirred-at [err] for 24 hours
and at roomtenperature for 5 hours. The crude reacti oRaBb¥4 ure was
concentrated in vacuo. The residue was €ilisted in ethyl acetate (50 m),
washed with 5% aqueous 20 potassiumbisulfate (50 m), 50% saturated
-aqueous sodi um bi carbonate solution (50 n), and brine (50 m), dried

(sodium sul fate) and copcent.r I ude product was purifi ed
by flash chromat ogr ;I\ C I hyl acetate) to afford
244 25 ngy of the title pFORUELIBE 9xefRmi T ufbemnof] BPtgssipm A cl ear

sol ution of the prothiobcétrame P2ra4 @¢)34 S40mol) i Béetomikyilen (ABOhanol (2
m, nitrogen spargeg), was ddaelics dout£id b Al lbeadhdidogamidd geiay th 1IN
sodi um hydr oxi d (Zﬁ%% m , '12mz%§1)m:r.?1| %ro%ggns ear(?gdn)'1 Wi ;:hr conti nuous
spargi ng at [erﬁ. ie ﬁix?'t_ure - ii ~-WasT al owed £6 % at [err] for
3 hours and at roonfSRRPRYHEUHRATH ARG, atomEPhaTSt uTBewas acidified to
pH of 1 with a sol utdspitixg S¥%icesdovsy patsassimedbas udoat e (argon sparged) .
The product was extyeapbeshureVebP JTBbEY &RenCH 1Rerde. (T8eMtilcthtEeogen

spar ged), washed wiffy Bl ne, g1l ed (sodiuim sul faLe) and congenrated in
T1%ed }?rom ma\ﬁy &ne chlori de/ hexane

vacuo. The crude pr_o&uc Was recrystg i
. 10 . in ethyl acetate (100 ml), washed with & 10% aqueous

solution of potassium bisulfate (50 ml) and brine,
dried (sodium sulfate), and concentrated in vacuo.
The crude product (4.61 g) was purified by flash
chromatography (60 g - Merck silica gel, 1:45:54

15 acetic acid/ethyl acetate/hexane) to afford 3.7 g of
the title'product'as a light vellow o0il; [alp = -114°

{c = 0.50, methanol).

20 i0)-1- : e _ _

A clear solution of (8)-2-(acetylthio)pro-
panoic acid (86 mg, 0.58 mmol) in methylene chloride
(S ml, distilled from calcium hydride) was cooled to
25 0°C and treated with a solution [4S-(4c,7c,%aP)]-4-
amino-~octahydro-5-oxopyrrolo(2,1-b}[1,3]thiazepine-7-
carboxylic acid, methyl ester, p-toluenesulfonic acid
salt [200.0 mg, 0.48 mmol, prépared from the material
described in Example 5(d)] in methylene chloride (5
30 ml, distilled from calcium hydride), triethylamine
{98 mg, 0.97 mmol), followed by
benzotriazol-l-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (255 mg, 0.58 mmol). The
reaction mixture was stirred at 0°C for 22 hours and



afford 75 ng of title product as a white solid; mp. 10 124 - [err] =
[err] (c = 0.25, nmethanol). TLC (acetic acid/ nmethanol/nmethylene chloride
1:5:94)Rf = 0.65. HPLC. tR (YMC, S-3 ODS (C-18) 6.0 x 150 nm 1.5 m/mn.

| inear gradient 0 - 10098 over 30 min., Buffer 15 A = Ha629%a

met hanol / wat er / phosphoric acid (10:90:0.2)116Buffer B =

nmet hanol / wat er/ phosphoric acid (90:10:0.2)) = 24.4 min., 95%of total peak
area at 254 nm Analysis calc'd. for [err] 0.13 C6H14: C, 52.24; H 7.28; N,

7.26; S, 16.62 20 FoundonCreddbrlfurdiedr 28inolrs7- A%e Sruakbréderibyanpl e 17
[err] a) (R)-2- Brormg{}&ou%nm C %chd rlfol ’L_g%n ng theo prgﬁeedursg of Igéarrpl e 14(a)
but enpl oyi ng D-al ani nie"| i ‘ﬁ? 28" t(rﬂ S aMhdBEt%noi ¢ 3¢ ] e d
(R) --2- br onopr opanoi caRt@AwER a5brhiaregase o0 ght. yashefvwatr 5% HA629a -
115 - b) (S)-2- (Acesqidonsopqrasgawoittisatfateld3a nli)ghsoyseenramdut i on of
pgg aZSI um f hlt oaces ?t e%;gés&iuﬁ‘lbﬁémﬁﬁ%é Bo@%@ito%“él&gd Ib@iééﬁ(hr&*le%l was
added a solution o -.2- br rppanqi c_aci 4. Mo in
acetonitrile (12 m) Q% dlrm(')’o?hgtrgéﬁﬁg'r r.'é?'tﬁ%gfa%ﬁﬁi gf’g‘%gjgf o%ﬁ)}éepher e. The
resul ting white sl urf¥dgaBreducty was purifipf by flash chromatography

(40 g., Merck silica gel, ethyl acetate) to afford

180 mg of title product as a white solid; m.p. 143 -

10 14s5°c.

15 A clear solution of the product from part (c)
(180 mg, 0.48 mmol) in methanol (2 ml) under an argon
atmosphere was cooled to -10°C and treated dropwise
with argon sparged 1IN sodium hydroxide (1.95 ml, 1.95
mmol), keeping the temperature below 0°C. The mixture

20 was allowed to stir with argon sparging at 0°C for 3
hours. The mixture was acidified to pH of 1 with a
solution of 5% aqueous potassium bisulfate under an
argon atmosphere. The product was extracted with
nitrogen sparged ethyl acetate (100 ml), washed with

25 Dbrine, dried (scdium sulfate), and concentrated in
vacuo. The crude product was purified by flash
chromatography (40 g, Merck silica gel, 1:5:94 acetic
acid/methanol/methylene chloride) to afford 154 mg of
title product as a white solid; m.p. 150 - 152°C;

30 f[ealp = -156° (C = 0.50, methanol). TLC (1:5:94
acetic acid/methanol/methylene chloride) Rf = 0.28.
HPLC: tRr (YMC, S$-3 ODS (C-18) 6.0 x 150 mm: 1.5
ml/min. linear gradient 0-100%B over 30 minutes.
Buffer A= methanol/water/phosphoric acid (10:90:0.2),



tenperature for 2 hours then filtered. The filtrate was concentrated in
vacuo. The residue was diluted 10 in ethyl acetate (100 m), washed with a
10% aqueous sol ution of potassium bisulfate (50 m) and brine, dried
(sodium sul fate), and concentrated in vacuo. The crude BR&2Ract (4.61 g) was
purified by flash chromatography (60 g -~ M¥ck silica gel, 1:45:54 15
acetic acid/ethyl acetate/hexane) to afford 3.7 g of the title product as a
light yellowoil; [err] = [err] (c = 0.50, nmethanol). c) [err] 20

t hi 0) - 1- oxopr ogyl ] argu#eke 5 QXREMaNRL Alatel7Bhodphodie ddihagRniines /2)g9ar boxylic

acid, nethyl ester A c¢le | ut | 5 2x .t hi o 0- ic acid
(86 ng, 0.58 mmol) i'naﬁé?%ﬁighé Ié:qr%lgo?}if'ad-'t(ag%g Or# ,%Sglé%ﬁeﬂ;e%no F 8 €Al ci um
hydri de) was cooled™b 25 [err] and treated with a solution [err]

am no- oct ahydr o- 5- 028y r restisl &; 1f0y] F12HsMRP4S20i- RECHBRCORHEY boxyl i ¢ aci d,

met hyl ester, p-tsol uenesuldoniscsacingd sadad; §200.74;ng, 19..48 ol , prepared
fromthe material d kb [ anpl (d)] 4 y-1et hyl.e chloride (5 30
m, distilled from gg’%?uen‘?'hﬁgf%e;ﬁ? 5. ﬁyl-}a'%ilﬁeé'( 4708 °0. 97 mol ) .
foll owed by benzotriazol -1-yl oxytri s(di nmet hyl am no) phosphoni um

hexaf | uor ophosphate (255 ng, 0.58 mmol Exame d8action m xture was stirred
at [err] for 22 hour/dsangh 1d Ba ] f 2, 12 The
crude reaction 44

15 A mixture of D-allylglycine (2.8 g, 24.3
mmol), 1 M aqueoué_sodium hydroxide solution (25 ml),
and tetrahydrofuran (10 ml; distilled from ketyl) was
stirred at room temperature until homogeneous then
cooled in an ice-bath. To the resulting rapidly

20 stirred solution was added about 5 mL of 1.0 M
agqueous sédium hydroxide solution then dropwise about
1'g of benzyl chloroformate. This was repeated 4

~additional times until a total of 28 mL of 1.0 M
agueous sodium hydroxide soltuion and 4.80 g (95%, 27

25 mmol) of benzyl chloroformate were added. The

' reaction mixture was stirred for 15 minutes at 0°C
then 30 minutes at room temperature and then
extracted with 50 mL of ether. The aqueous layer was
acidified (pH = 1.5) the by addition of 6N

30 hydrochloric acid sclution (about 10 mL) then
extracted with three-50 mL portions of ether. The
three ether extracts were combined, dried (magnesium
sulfate) and concentrated in vacuo to afford 6.01 g
of title product as a colorless oil.



m xture was concentrated in vacuo. The residue was diluted in ethyl acetate
(100 m), washed with 5% aqueous potassium bisulfate (30 m), 50% saturated
5 aqueous sodi um bi carbonate solution, and brine, dried (sodiumsulfate),
and concentrated in vacuo. The crude. product was purifiBaedsa fl ash

chromat ography (40 g., Merck silica gel ,- 8t&yt acetate) to afford 180 ng of
title product as a white solid; mp. 143 - 10 [err]. [err] 7-carboxylic
acid 15 ' A clear solution of the product frompart (c) (180 ng,
0.48 mml) in nethanol (2 m) under an argon atnosphere was cooled to [err]
and treated dropw se ide (1.95 nl, 1.95
mmol ), keeping the t . 70" was aIIovvedto
stir with argon spaf§ag " ’ P ¥he m xture was acidified to
pH of 1 with a solution Ofcéé%mcpmuﬁamt(ASESlgm b3 suiminal p wasdedded ar gon

(100 1 Cwashed i (. 3 Bipred GHLRE pholiaol SR IR o Raf U898 Y cemt 1t ed
in vacuo. The crudetzg %d’“"&?’m& aggyﬁqugdahme#gggﬂnmﬁ.géﬁ %nf"ég (40 g,
Merck silica gel, 1X99B/teqpPeraturgei d?h?e?‘ﬁﬁ?fb‘l%i-*ﬁﬂrén‘éa%tﬂtéﬂ ) to afford
154 ng of title prodoet2@miaunds thes Mendyl romid&0(4.5] ¢r rd6.33@nd1Orr] =
[err] (C = 0.50, ”E%Q chié I&&d(lg ﬁnﬁ‘él@cﬂdtﬁeﬁﬁi&/ megha Lc‘: hyl ene-

Sﬂh} (r)nr indel) i Efear: gP adi“BRt S L*o“’f%g /£J5v ?%u% ﬁurt {’ﬁﬁ]@éf’ between LS

met hanol / wat er / phos BBk ofcyatqriend (0. »} of ether. The organic
layer was separated, washed with three-100 mL

portions of water, 50 mL of brine, dried (magnesium
sulfate) and concentrated in vaéuo to give an oil.
15 The crude material was purified by flash
' chromatography (Mérck silica gel, 24 x 5.0 cm, 1:10
ethyl acetate/hexane then 1:4 ethyl acetate/hexane)
to afford 6.13 g of title product as a colorless oil.

20 o ? Ao r i =
. id. ol ] hyl
Palladium(II)acetate (65 mg, 0.29 mmol) was

added to a solution of the product from part (b)
{(5.78 g, 17.1 mmol) in anhydrous ether (60 ml) and

25 stirred for 10 minutes. The resulting mixture was
cooled to 0°C was excess ethereal diazomethane
{prepared from 12 g N-methyl-N'-nitro-N-nitroso-
guanidine/120 ml ether) was added in portions over
about 15 minutes. The reaction mixture was stirred

30 for 15 minutes then quenched by addition of 1 mL of
glacial acetic acid. The solution was transferred to
a separatory funnel, washed with 100 mL of saturated
aqueous sodium bicarbonate solution, 50 mL of brine,
dried (magnesium sulfate) and concentrated in vacuo



- 117 - Buffer B = met hanol /wat er/phosphoric acid (90:10:0.2)) = 14.69
mn., nore than 95% of total peak area at 254 mM Anal. calc'd. for [err] 5
C, 44.61; H 5.82; N, 7.71; S, 17.64 Found: C, 44.76; H 5.71; N, 7.81; S,
17.76. Exanple 18 [err] 10 HA629a

ner capt o- 1- oxopr opyl ) am nol - 5- oxopyrrol-of29 1= b] [ 1. 31-

thi azepi ne-7-carboxylic acid a) (R -2-[[(Phenyl methoxv)carbonyl | amn nol - 4-
pentenoic acid 15 A mxture of D-allylglycine (2.8 g, 24.3 mol),

L M agueous sodi um g xi dgemmwn 683 ehlse ABCLrghrlydr of uran (10 ni,

distilled from ket

was mte er Lure _un I|I nobgeneous

then cooled in an |R§’élﬁh‘?dn Tg{iﬁ%ea%%tf?ﬁ SRR ib rjrc')ed sol ution
was added about 5 A0 &f540 GmM bfuebhsl @GGF%‘Fﬁ’WH?’Eﬁ(’l ge %%ﬁ‘-l}”fil ®n’4 hen
dropwi se about 1 g pbebeiay pedduatoberarebrorlEsissoitas repeated 4 additional
times until a tgtal of 28 nmL of 1.0 M aqueous SOdI um hydrOX| de sol tuion and
4.80 g (95% 27 25 ) X ) dded. The reaction
m xture was stirred=fo [ ot 1 then 30 mnutes at room
tenperature and then extr%ﬁ;ltl@letOn S@-’hﬁ!l §¢tq\5ﬁ?ﬁ5r(1°ﬁae1a’qﬁéﬂu§a¥ ayer was
acidified (pH = 1. Yadehetdyn adtidionnodftheNproduct from part (c)

(5.71 g, 16.2 mmol) in methanol (75 ml) and stirred

10 under an atmosphere of hydrogen (balloon) at room

temperature for 48 hours. The reaction mixture was

filtered to remove the catalyst and the catalyst was

rinsed with warm water. The filtrate was then passed

through a 0.4 pM polycarbonate membrane filter. The

15 filtrate was concentrated in vacuo to give 2.03 g of
title product as a white solid.

A mixture of the product from part (d) (2.00
20 g, 15.5 mmol) in 2.5 N aqueous sulfuric acid (30 ml)
was stirred at room temperature until homogeneous and
then cooled to 35°C. Potassium bromide (6.50 g, 54.6
mmol) was added to this solution in one portion. The
mixture was stirred until homgeneous. Sodium nitrite
25 (1.60 g, 23.2 mmol) was then added in small portions
over about 25 minutes, maintaining the reaction
temperature below 0°C. The reaction mixture was
stirred for an additional 1 hour at 0°C then at room
temperature for 1.5 hours. The resulting mixture was
30 diluted with 30 ml of water and extracted with
three-30 mL portions of ether. The combined ether
extracts were washed with 25 mL of brine, dried
(magnesium sulfate) and concentrated in vacuo to give



30 hydrochloric acid solution (about 10 nlL) then extracted with three-50
mL portions of ether. The three ether extracts were conbined, dried
(magnesi um sul fate) and concentrated in vacuo to afford 6.01 g of title
product as a colorless oil. - 118 - b) (R-2-r r HA629a

( Phenvl nmet hoxv) car bonyl | anmi nol - 4- rpent endk@ aci d. nhenyl net hvl ester

Cesi um carbonate (4.28 g, 13.1 mml) was added ‘5 to a solution of the
product frompart (a) (5.96 g, 23.9 rmmol) in anhydrous dimethylfornan de

(25 m) at roomte gt C n d .for 20

m nut es then benzylr%grgr‘réja"gf %“% 593 %&%m%r‘%‘}é gl\!\%?cﬁﬁ%ér“é chFy (mldly
exot hermc). The mi@ideasi® pwh% l@tlllP‘Fed-lf or 30 ninutes then partitioned
bet ween 100 m of water ard sb@Otidn of ehisecrudehdRor (perhiromb agperlowas '

separat ed, washed widh {)L 851@1%c9@rwta'509§dé3 Wl &leon?l-f¥le @igbrine,

dried (magnesi um_sulf 3 concentrated.1n vacuo to_give an oil. 15 The

crude material wds P %rd bYFHCEEN TR Y SFATTRY & W%r% aSELPRa gel, 24 x
5.0 cm 1:10 ethyl dddeaceyatexshd3t ferltl.14mpelly ingeatandtnidearnad to af ford
6.13 g of title prodiotwhiledcedlingl €6 Sariike~Bth.C)The @eéidtion

L[ (Pheny! met hoxy) carfigeitd anol o4ehos, nfoepffeerﬂmnghgna;e dooiheny! net hyl
ester Palladiun(ll)acetate a sol ution of
t he product from par m{’ﬁ’fax%?g’r% 161E7°“fs FRAGMRPIPHERTS: KRT (60 n )

and filtered and the filtrate concentrated in vacuo to

give an oil. The 0il was partitioned between 50 mL
of ether and 50 mL of 5% aqueous sodium thiosulfate
solution. The organic layer was separated, washed
with 25 mL of brine, dried (magnesiﬁm sulfate) and

'15 concentrated in vacuo to give a yvellow oil. The
crude'material was purified by flash chromatography
{Merck silica gel, 12 x 5.0 cm, 1:19
methanol/methylene chloride) to afford 1.52 g of
title product as a yellow oil.

20

25 - -Benzotriazol-l-yvloxytris (dimethylamino) -
phosphonium hexafluorophosphate (292 mg, 0.66 mmol)
was added in one portion to a mixture of
[4s- (4, 7a.9aB) )1 -octahydro-4-amino-5-oxo-
pyrrolo{2,1-bl{1,3]thiazepine~-7-carboxylic acid,

30 methyl ester, p-toluenesulfonic acid salt [250 mg,
0.60 mmol, prepared from the material described in
Example 5(d)] in methylene chloride (3 ml, distilled
from calcium hydride), triethylamine (121 mg, 1.20
mmol), and the product from part (e) (122 mg, 0.65



25 stirred for 10 mnutes. The resulting mxture was cooled to [err] was
excess et hereal diazonethane (prepared from1l1l2 g

N-net hyl -N -nitro-N-nitroso- guanidine/ 120 m ether) was added in portions
over about 15 minutes. The reaction m xture was stirregmadf9afor 15 m nutes
t hen quenched by addition of 1 nL of glacaal -acetic acid. The sol ution was
transferred to a separatory funnel, washed with 100 nL of saturated aqueous
sodi um bi ca&bonat e solution, 50 nL of brine, dried (rmagnesi um sul fate) and
concentrated in vacuo | 10w, e de materi al
was purified by flawleh%%r%etjﬁ% 1e& %{ild%k)(? '{‘l d%gn—% fﬁw Ocm 1: ?1
et hyl acet at e/ hexanedliymamagi e’5 7§h ‘Eﬁacﬂ‘?‘?é‘“ﬁ% sy §t’ar 88| orless oil.
5 d) (R) - (a- Ani nfdw Pét diorop almenr chem@itc roen defpetratdiranfon 1c&r bon

catal yst (10% 1. 14hcﬂ1)rs\’\/asrtféd§§§uiﬁn§ RDitreOvaDhat-bifr jphed Usdtwieeam part (c)

(5.71 g, 16.2 é ng;_heet #éJe@a@%)ar?d"ﬂosﬁi éarfeilnjagzu iﬂger an at nosphere

of hydrogen (b roo e reaction

m xture was fil tereIéP':taéSF-‘é‘PrtWé“iﬁ%‘ecéPﬁ‘FWP anthe REIFHCALPLET WRE ri nsed
wi th war m wat er. Theedaratedt srashed Wich hodedt 1% eggerus §odiymer

pol ycar bonat e menmbrgfi rbbhi soli€ioh? 24 inll batrinds &ae@entrated in vacuo

to give 2.03 g of title rod i L. €}, ( - rdsz
( Acet yl t hi o) cyclopk?ﬁﬂ?heprogﬁ%gég%) aﬂ% it iflealln (Reuol & dive
The crude mater1a1 was purified by flash

chromatography (Merck silica gel, 12 x 3.0 cm, 1:1
ethyl acetate/hexane) to afford 191 mg of title
product as a solid white foam.

15

A solution of the product from part (f) (185
mg, 0.45 mmol) in methanol (3 ml) was sparged with
20 argon for 10 minutes at 0°C and then 1M aqueous
sodium hydroxide solution (3 ml, freshly sparged with
argon for 10 minutes) was added. The reaction
mixture was stirred for 2.5 hours at room temperature

with continuous argon sparge then acidified by

25  addition of 20 ml of 1M potassium bisulfate solution
and extracted with 20 ml of ethyl acetate. The
organic extract was washed with 20 ml of brine, dried
(sodium sulfate) and concentrated in vacuo to give a
gum. The gum was rinsed with anhydrous ether then

30 concentrated under oil pump vacuum to afford 121 mg
of the title product as a white foam; ([alp = -103° (c
= 0.23, methanol). TLC (1:10:90 acetic
acid/methanol/methylene chloride) Rf = 0.46.



A m xture of the product frompart (d) (2.00 20 g, 15.5 mmol) in 2.5 N
aqueous sulfuric acid (30 M) was stirred at roomtenperature until
honogeneous and then cooled to [err]. Potassiumbrom de (6.50 g, 54.6 mol)
was added to this solution in one portion. The m xture was28airred until
hongeneous. Sodiumnitrite 25 (1.60 g,-2222-nmmol ) was then added in snal
portions over about 25 mnutes, maintaining the reaction tenperature bel ow
.[err]. The reaction m xture was stirred for an additional 1 hour at [err]

then at room tenper ajgjee é@r@cfisisom ¢ B2 {45 4ht| 1%; Brypas e vas S0
diluted with 30 m of. water dext\r?é%aed wi th three- 30 ortlons of

et her. The conbi ned F{%eF g8t O WiERetP MEPRtesy RY 5 B Fne, dried
(magnesi um sul f at e) merdapeliwaterphogrheriraeadd t @0gPY0.2), -Bubfer- B2, 82 g of

cr :Jde_ (R)- ]g [ eL_r] - br wmgeeyaiapwawmbwmmhfam doasieopal B ¥ bl ow gi . A
t t
sofution o IS € %zl(igﬁ 5&%?!’;&} “dBaAMPIEL UG Lo BEQQQ%EQ(%%@C% sg acid was

added in acetonltrlle over 5 mnutes to urry of

pota55|umth| oacetat®(1.83 g, 16.1 nmml) in acetonitrile (20 n) while
cooling in an ice- bl TRRLG 8aken £A5PRN29482 P -80iHA%d at [err] for 1
hour then at room tenperatay asfor; ¥ bo2s;sn, Therg;eactimnim xture was 10

filtered and the filgfahe €ongepis & ed. 47\ ¥WacHd.050i ML 48N Oi |l . The oil was
partitioned between 50 m. of etﬁ and 50 ni of A)gqlueogs sodi um '

t hi osul fate

15

A solution of lithium diisopropylamide was

prepared under nitrogen from diisopropylamine (5.4
ml, 38.5 mmo'l) and n-butyllithium (2.5 M in hexanes,

20 15.4 ml, 38.5 mmol) in tetrahydrofuran (17.6 ml),
maintaining the temperature between -3°C to 0°.
After stirring fbr 15 minutes, cyclopentanecarboxylic
acid (2.0 g, 17.5 mmol) was added in tetrahydrofuran
(2 ml) at 0°C to 3°C over 25 minutes. After 15

25 minutes at 0°C, the bath was removed and the reaction
was stirred 15 minutes more, causing the temperature
to rise to .15°C. The milky white solution was cooled
to -78°C and sulfur (Sg, 618.0 mg, 19.3 mmol) was
added as a solid, maintaining the temperature at

30 -78°C. The reaction was allowed to warm to room
temperature in situ. After 70 hours, the reaction
was cooled to 0°C, quenched with water (pH 8-9) and
quickly acidified to pH 1 with 6N hydrochloric acid.
The aqueous solution was extracted with ethyl acetate



solution. The organic |ayer was separated, washed with 25 nlL of brine,
dried (magnesium sulfate) and 15 concentrated in vacuo to give a yellow
oil. The crude material was purified by flash chronmatography (Merck silica
gel, 12 x 5.0 cm 1:19 et hanol /nmethyl ene chloride) to afAfGQBd 1.52 g of
title product as a yellow oil. 20 [err] 2523 -

Benzotri azol - 1-yl oxytri s(di met hyl am no) - phosphoni um hexaf | uor ophosphat e
(292 ny, 0.66 mmol) was added in one portion to a m xture of

[er (rj] - ggt ahy?[‘ol- 4- atrrtznec 5ocmq Wélér[éa:c fien Jbrlahé;t Blikhi arRBesfm - gar box?/l e
aci me es [ nmo
4 %Ilfag fli%g% a% %( Prfl%(i f% 2q@'er@t%yl ene chl ori de

preparedfromthe material ‘descri

(3 m, distilled frdm<sl B’F‘iﬂﬂcﬁyﬂ?ﬁ’déf? 1oy |°g5hyl amne (121 ng, 1.20 nmol),
and the product frompart (e) (122 rrg, 0. 65 -121- mol ) in nmethyl ene
chloride (3 m, & stp) | ed(ide gon m xture was

stirred for [err] for 1ho " | ' h Th
resulting m E(t ur]e was partﬁl%)%ggu% 89”&{5 %Sﬁf& ??°%¥¥laget g'lt”esand (230
m of 1M aqueous pot Hs@fudn B §8|‘P‘&‘t1é 48| /RO EPBTISth PE 1y53ay ofias

separ at ed, washed wi i spdipm W%%qdé@:uslvséarhrﬁ!@#(baﬁ%&nﬁtv@%ol ution, 20
m  of br||1e dri ed added acetic anhydride (0.93 ml, 9.89 mmol).

10 Tetrahydrofuran (13 ml) was added in order to
solubilize the oil which. formed. After stirring one
hour at 0°C (pH 7), the reaction was warmed to room
temperature and additional acetic anhydride (0.47 ml,
4.9 mmol) was added, as well as solid potassium

15 carbonate (2.04 g, 14.8 mmol) to pH 10 and tetra-
hydrofuran (4 ml): After stirring overnight at room
temperature, the reaction mixture was acidified to PH
1 with 1N hydrochloric acid and extracted with ethyl

Cachd

acetate. The ethyl acetate extracts were combined,
20 washed with brine, dried (magnesium sulfate) filtered
- and concentrated in vacuo to give a yellow solid
{1.61 g). The solid was recrystallized twice from
ethyl acetate/hexanes to give 614 mg of title product
" as a light brown solid; m.p. 119.5 - 121.5°C.
25

To a solution of the product from part (b)

30 {94.5, 0.502 mmol) in methylene chloride (3.6 ml) at
0°C under nitrogen, was added triethylamine (70 ul,

0.502 mmol) followed by (4S-(4a,7a,9aP)]-4-amino-
octahydro-5-oxopyrroloi2,1-b)[1,3]thiazepine-7-



(magnesi um sul fate) and concentrated in vacuo to give 10 an oil. The
crude material was purified by flash chromatography (Merck silica gel, 12 x
3.0 cm 1:1 ethyl acetate/hexane) to afford 191 ng of title product as a
solid white foam [err] A solution of the product from pagdea(f) (185 ny,
0.45 mml ) in nmethanol (3 m) was spargedisdt-h 20 argon for 10 m nutes at
[err] and then 1M aqueous sodi um hydroxi de solution (3 m, freshly sparged
with argon for 10 mnutes) was added. The reaction m xture was stirred for

2.5 hours at room tgn&r’é atl%‘r’iﬁ\%t hmect%ml' n é) e ﬁa?oe e F &%ntigeagc adm di fied

by 25 addi ti on of SO ion and extract ed

ot assrum
with 20 m of ethyl saé*:etlﬁsparepﬂérw s P%&@éc@eﬁﬁ&b%s’ﬁ’eﬁ"w&% 20 m of
brine, dried (sodi um(éul flaed mynd0 cotic embl htimdone poxtiont dodileveedn gum The
gum was rinsed w t hbantwidthybandhbe(6d.ffepl 30 . 400Nyl at #ik wedetion | punp

(620,23, “rechanol P2 e byl Sl e, B, 0 Ao la%?%ﬁér%m o de)
Rf = 0. 46. HA629¥ °xyfzzs!d%byl‘?ﬁne sphoniyss xef oFS0 nm 1.5
n/ rri n, |inear gradpbesphaté00222.0vmg, 30502 muiods, wasufthen atided as a
met hanol / wat er / phosggpid.C @gé d-eatfi&P vﬁszﬁtn&éhf SE d3c=for one hour
met hanol /wat er / phosgﬂ&) réh%nagéz q:‘o(ag éu%ega&lz)e 'fog 25 hours. The
10 reaction was concentrated in vacuo and the residue
partitioned between ethyl acetate and 5% potassium
bisulfate (20 ml). The organic layer was washed with
half saturated sodium bicarbonate and brine, dried
{magnesium sulfate), filtered and concentrated to a
15 clear ocil. Purification by flash chrométography
eluting with 11:9-ethyl acetate/hexane gave 169.3 mg.
of title product as a clear oil.

20 ' inol-5- - -

A solution of the product from part (c) (167.3
mg., 0.404 mmol) in methancl (4 ml, deoxygenated via
nitrogen bubbling) was cooled to 0°C and treated with

25 1N sodium hydroxide (4 ml, deoxygenated via nitrogen
bubbling). After stirring for 1.5 hours at 0°C while
purging continuously with nitrogen, the reaction was
warmed to room temperature. After a total of three
hours, the reaction was acidified to pH 1 with 5%

30 potassium bisulfate and extracted with ethyl acetate.
The organic layers were combined, washed with water
(20 ml), brine, dried (sodium sulfate), filtered,
concentrated in vacuo and re-evaporated from hexanes
to give a white solid. The compound was dissolved in



5 mnutes greater than 97% of total peak area at 254 nm Anal. calc'd for
[err] 0.20 H20: C, 49.77; H, 6.23; N, 7.74; S, 17.71 Found C, 50.01; H,
6.27; N, 7.50; S, 17.40. 10 Exanple 19 [err] 15 a)

1- Mer capt ocycl opent anecar boxylic acid A solution of |itHnéasa

di i sopropyl ani de was prepared under nitrogén-fromdiisopropylanine (5.4 n,
38.5 mmol ) and n-butyllithium (2.5 Min hexanes, 20 15.4 m, 38.5 mmol) in
tetrahydrofuran (17.6 m), maintaining the tenperature between [err] to

[err]. After stlrrlcgllg,,,g‘g_u:e lannFaPsiDS ang YRIopRE I BACES X! 1o agl,d (2.0 g,
17.5 mol ) was adde |tqttlgt!; gggogéﬂa@h %rgohgi lo8E' L 116l 6% rdc Over 25

m nutes. After 15 2 m nut'es at err was renoved and ‘'t he
reaction was stirret 0:§8p Fhicaetomhe, 'E%ﬁusﬁ"n@ e lr ePifBat ure to rise to
[err]. The mlky whades as el hebiane/ aeet icoat st Reo=-07.9€-and sul f ur [err] was

addedl ?S a solids ngeret: a'tﬂi-_nmtbanitrﬁrrm ag-ar ©D§it(c3@8) 578)Cx 15hami eact i on
was a ovvedtowar for e fure in |tu 0_h WS t he
reaction was cool e ﬁé" [g&?%ta gg gﬁn\}\ﬁpt% TR gfg 1 8 (9 qui ckly
acidified to pH 1 VWJEWtSRIWG’roéh-’P G}‘ll/El%.C'l & =TI ¥a %‘b’uéo oI ution was
extracted with ethyhevhaebhte 0.2% phosphoric acid, B = 90% methanol/

10% water + 0.2% phosphoric acid; 220 nm.
10 &anal. calc*'d for C15H22N204S2+0.15
C4Hg02+0.7 H20 +_ 0.08CgH14:
C, 49.37; H, 6.63; N, 7.16; S, 16.39
Found: C, 49.03; H, 6.37; N, 7.21; S, 16.65.

15 ' . Example 20

20 a) 3-(phenvlimethyl)propanedioic acid, monoethvl

3-(Phenylmethyl)propanedioic acid, diethyl

ester (2.5 g, 10 mmol) in 10 ml of tetrahydrofuran
was stirred overnight with 10 ml of 1N lithium

25 Thydroxide. The reaction mixture was acidified with
11 ml of 1N hydrochloric acid and extracted with two
50 ml portions of ethyl acetate. The ethyl acetate
extracts were washed with brine, dried (sodium
sulfate), and concentrated in vacuo. The concentrate

30 was chromatographed through silica gel (80 g) using a
5% methanol:chloroform solvent system. The
appropriate fractions were combined and concentrated
to yield 1.23 g of title product.



HA629a - 123 - (3 x 30 m), washed with brine, dried (nmagnesi um sul fate),
filtered and concentrated to give 2.62 g of title product as a yellow oil.
5 b) 1-(Acetylthio)cycl opentanecarboxylic acid To a solution of the
product frompart (a) (1.44 g, 9.89 nmol) in a nitrogemaspasged sol uti on of
IN sodi um hydroxide (20 m, 19.7 mmol) atlZéerr] was added acetic anhydride
(0.93 M, 9.89 mol). 10 Tetrahydrofuran (13 nml) was added in order to

sol ubilize the oil which formed. After stirring one hour at [err] (pH 7),
the reaction was war ned to room n | jacet.ic anhydride
(0.47 nl, 4.9 mol )Rnas-2aet car bonat e
(2.04 g, 14.8 mml ez i stirring
overni ght at room t gnpepatusr? i £y acids machyli fied to pH 1

wi th 1IN hydrochl ori |d and extract ed with et hyI acetate. The ethyl
acetate extracts were conbi ned, 20 washed with bri dri ed, (magnesi um
sulfate) filtered and conCRHRAREE iFFOBPRHS (8 €%§2§gyé1 PBRFSAFd (1.61
g). The solid was rb%ﬁ‘%é?‘a?%lzoéﬁ)1W‘t§éh1’¢liﬂn4€9ﬁ&4°‘§c€t‘%t7@/“ﬁ§‘k%ﬁfés to give

614 mg of title pr Oﬂél,qt-b§1§1%]'thﬂ@ieﬂlh@“\’ﬂ-c%@bbﬂyhrﬁ Beid1%ebhyl 121. 5C. 25
[err] To a sol utlon f tﬁﬁ ﬂ.’rso uct fr ﬁ%re%a{@a a% desé%%g rp 502 mml) in
1t

nmet hyl ene chl ori de % ocC urrtngle tri et hyI anm ne
(70 [err], 0.502 nn%ﬁﬁmpﬂﬁl dwfﬁp|?éFF?lved 1n methylene chloride
10 ml) and cooled to 0°C. Triethylamine (0.14 ml, 1

mmol) was added and the reaction mixture was stirred
for one hour. Benzotriazol-l-yloxytris(dimethyl-

amino)phosphonium hexafluorophosphate (0.442 g, 1
mmol) was added and the solution was stirred at 0°C

15 for 1 hour and at room temperature for 2.5 hours.
The reaction mixture was diluted with 50 ml of
methylene chloride and washed with water, 10% sodium
bisulfate, saturated aqueous sodium bicarbonate,
dried (sodium sulfate), filtered and concentrated in

20 vacuo. The residue was chromatogaphed through silica
gel using 30% ethyl acetate in hexanes. The
appropriate fractions were combined and concentrated
.in wvacuo to yield 0.22 g of title product.

The product from parttb) (0.22 g, 0.476 mmol)
was stirred with 1N lithium hydroxide (5 ml) in
30 tetrahydrofuran (5 ml) at room temperature for 3
hours. The reaction mixture was acidified to pH 2
with 1N hydrochloric acid and concentrated in vacuo.
The residue was dissolved in ethyl acetate and washed
with water, brine, dried (sodium sulfate), and



oct ahydr o- 5- oxopyrrol o[ 2, 1-b] [ 1, 3] t hi azepi ne- 7-

- 124 - carboxylic acid,

net hyl ester, p-toluenesulfonic acid salt [prepared fromthe materi al

described in Exanple 5(d), 198.9 ng, 0.478 mmol ]

in one portion, followed

by triethylamne (66.6 [err], 0.478 mol). The reacti onghe2948s stirred for
5 mnutes at [err]. Benzotriazol-1- yloxye7is(di methyl am no)phosphoni um
hexaf | uor o- phosphate (222.0 ng, 0.502 nmol) was then added as a solid.

The reaction was stirred at [err] for one hour and then at room tenperature

for 2.25 hours. The lf.efieatbs ofh wéu&%cg%f%%iag ggﬁpﬁe?,%éﬁ%;es;gge

artitioned between et acet at e .and 5% pot ass
grganl c layer was V\éﬁﬁ%%a]v}nllzﬁ halAEt §5t§fﬁ8‘géﬁg s%‘l:l Lﬁn%'ﬁf%}

and brine

dri ed (magnesi um subphi®)wasf filtered andddrbed et vheld 0t36 0 PF titlear oil .
Purification by flashodintommat @agrephyselidgt:i mgp WlSH 11162°@¢ hiiipaeet at e/ hexane

gave 169.3 ng. of tlghe%jarg Ucty QSJE’e&Jaﬁ §)0ilpped) [err] [err] 20 [err]

[1, 3] - thiazepine-

11,3]- 0 ol uty on of oduct frompart (c)
(167.3 ny., 0.404 ﬁ%ﬁ%t%g’ﬁm '4§ 31 %feoxgg?eatr{até Via nit rogen

bubbl i ng) was cool e&PP% [t@rF]l%rrJré t HedBemin HUY5254 mog o dMErShYy dr oxi de (4
m , deoxygenated vi apsi ta-3g§e&né HuBbLShgim, 24k ted sépped ngldmy, lidedyour s at

[err] while p‘” 9i NYGELMdMRUGEHE D -Wobd JHubbIGRenti EAELIARG VRS2
10 phosphoric acid, 20 min., 1.5 ml/min. (44.9%, 55.1%

isomer mixture).

Anal. calc'd for C20H24N2S0g+0.1 H20:
C, 56.89; H, 5.78; N, 6.66; S, 7.59

Found: C, 56.98; H, 5.68; N, 6.58;

15

20

s, 7.15.

A solution of N-[0-[(1,1-dimethylethyl)-
dimethylsilyl] -N-[ (phenylmethoxy)carbonyl] -L-

25 homoseryl]-0-{(2,2-dimethoxyethyl)-L-serine, methyl
ester [5.56 g, 10 mmol, prepared as described in
Example 10(h)] in methanol (65 ml) was cooled to 0°C
(ice salt bath), treated with p-toluenesulfonic acid
monchydrate (386 mg, 2.0 mmol) and stirred at 0°C for

30 1.5 hours. The reaction was quenched with sodium
bicarbonate solution (198 mg. in 20 ml water),

stirred for 5 minutes then evaporated to remove the
methanol. The aqueous phase was extracted with ethyl
acetate (2 x 200 ml) and the combined organic extract



warnmed to roomtenperature. After a total of three hours, the reaction was
acidified to pH 1 wth 5% 30 potassiumbisulfate and extracted with et hyl
acetate. The organic |ayers were conbi ned, washed with water (20 m),
brine, dried (sodiumsulfate), filtered, concentrated i HA&8uo0 and
re-evaporated from hexanes to give a mhrté2%01|d The conpound was

di ssolved in - 125 - di oxane (anhydrous) and |lyophillized to give 110
ng, of title product as a white solid; [err] =TJerr] (c = 0.68,

chloroform. TLC (7x3e%4bnka @it wat&et@te/fioxape/ sRuhContGrddhice 0. 12. 5

HPLC LR = 215 M oMy Seda QRS LLCid Byt fddAf£59?§g{;drgl{gt%dl‘Ql8% B: A 30

m nutes |inear gradl ent an 0% wat er/

10% et hanol + 0. 2%59hE_PHar Filtared; syapomRRgdsPhdmders 1% fxied + 0. 2%
phosphoric aci d 22@nnwacuk) Temlcrudelproduén wasechioragpgtapied o 08C6H14: C,

4112 gg TS 6.63; B, &ilfca FellboRUmFouuidk)C eRiflg tHd cOludbh whkth7. 21; S

3- (Phenyl met hyl )] pr og }ﬁl fcgfgt%aeggénonoe ;}}QOQQ{}%Q’ «28cad¥: methanol
3- (Phenyl met hyl ) pr ogdReth &iocoies d- 9a?<aﬁ§|t’etshee¥>r?d2°§ 85 AGYRRI ) in 10 n
of tetrahydrofuran R&S é@qlwﬂ-eélcwﬁr#wew‘%-ﬁ)lbfrﬁ 074N it hium

10 - =Dj =N-[OQ- -

methvl ester
A solution of the product from part (a) (3.975

g, 8.98 mmol) in dry methylene chloride (52 ml) was

15 cooled to -15°C, treated with triethylamine (1.82 ml,
13.1 mmoles) and ﬁethanesulfonyl chloride (0.82 ml,
10.6 mmoles) and stirred at -15°C for 30 minutes.
The reaction mixture was guenched with 25% ammonium
chloride (19 ml), warmed to room temperature and

20 diluted with ethyl acetate (750 ml). The organic
phase was washed with 5% potassium bisulfate (100
ml), 50% saturated brine (100 ml) and saturated brine
(100 ml), dried (anhydrous sodium sulfate), filtered,
evaporated to dryness and dried in vacuo to give 4.9

25 g of title product as a waxy solid. TLC (ethyl
acetate:hexane, 4:1) Rf = 0.32.

30 methvl] ester
Cesium carbonate (5.56 g, 17.04 mmoles) was
added to a solution of thiolacetic acid (2.6 ml) in
dry methanol (40 ml), stirred for 10 minutes then
evaéorated to dryness. The resulting solid was



25 hydroxide. The reaction mxture was acidified with 11 m of 1N
hydrochl oric acid and extracted with two 50 m portions of ethyl acetate:
The ethyl acetate extracts were washed with brine, dried (sodiumsulfate),
and concentrated in vacuo. The concentrate 30 was chrogggxedr aphed through
silica gel (80 g) using a 5% net hanol : chl pgof-or m sol vent system The
appropriate fractions were conbi ned and concentrated to yield 1.23 g of
title product. - 126 - b) [err]

oxo- 3- phenyl pronyl ] ani nol oct ah 0x0-H yri 1-

t hi azei ne- 7- car boxy ? o 1 8 9/t?‘haf"emé"[e ﬂ WhLf1%na %ﬁe °l%lfl' from par t
(a) (0.222g, 1 mmol )5°h+ﬂf PEFHnﬁdZWir?J]dF}e@]‘t”nF’ﬂf‘é‘bltﬁeg?"%érB%X%II ic acid,

met hyl ester [O0.258cgsjiunl thimlacepieparidd as described in Exanple 3(c)] were

g. ssglh vled in rreg h31/I4 ene chIAoguggeds@oA(bf %hxﬁmhwﬁ&dléoa&ﬁrr]t
s'[: (rareé ?(r)nr ngnt(a ouryﬁﬁzof ria §ﬁﬁﬂ§691%%ggﬂaﬁgﬁ+'&g%ﬁo ngs\Sﬁznl um
hexaf | uor ophosphat eVg®, #eatgd wi I5°1\‘/bé§°’hd’(fe8 %lrﬂf°f11‘|%" SEPHLRBF was
stirred at [err] 15(bbr(4L%hours aﬂdnmtl)r oo ndxye dpmedyd Eernagnid@. 824hours. The
reaction mxture wagflidddt adiMidanedP 18l nobrsrathydANeerpd:QAtLde and washed
W th water, 10% sodjug bi syl at G SRLILAL Sh2AVAALS SOAL Wit carbonate,
10 acetate (1.0 L), washed successively with 5% sodium
bicarbonate (2 x 150 ml), water (2 x 150 ml) and
brine (150 ml), dried (anhydrous sodium sulfate),
filtered, evaporated to dryness and dried in vacuo.
The crude product was chromatographed on a silica gel
15 column (Merck), eluting the ¢column with ethyl
acetate:hexane mixtures (1:1; 2:1) to give 3.93 g of
the title product as a waxy solid. TLC (ethyl
acetate:hexane, 4:1) Rf = 0.63.

20 -(2,2-Dj -N- [N- -
A solution of the product from part (c) (200

mg, 0.49 mmol) in methanol (8.0 ml) was purged with
argon for 30 minutes, cooled to 0°C (ice-salt bath) .

25 and treated with 25% sodium methoxide in methanol
(0.121 ml, 0.5 mmol), maintaining the bubbling of
argon throughout the addition and length of the
reaction. After 5 minutes at 0°C, the mixture was
quenched with 25% ammonium chloride (2.3 ml) and

30 partitioned between ethyl acetate (2 x 12 ml) and
water (2.3 ml). The combined organic extracts were
washed with 25% ammonium chloride (4.6 ml) and brine
(4.6 ml), dried (anhydrous sodium sulfate), filtered,
evaporated to dryness and dried in vacuo to give



dried (sodiumsulfate), filtered and concentrated in 20 vacuo. The residue
was chromat ogaphed through silica gel using 30%ethyl acetate in hexanes.
The appropriate fractions were conbi ned and coneentrated in vacuo to yield
0.22 g of title product. [err] The product_ from part (Ja628a22 g, 0.476
nmml) was stirred with IN lithiumhydrogit®? (5 m) in 30 tetrahydrofuran
(5 mM) at roomtenperature for 3 hours. The reaction m xture was acidified
to pH 2 with 1IN hydrochloric acid and concentrated in vacuo. The residue
was di ssol ved in ethyt.nagt at eiabd pRahet as hhwnideesoldw.i nerc dried (sodium
sul fate), and ﬁgg hyl GeBCRRLhatad,| B, MRGUO ¢ 23 nl - at which point
product crystallize fter st andi ng at [err] overnight, the solid was
filtered and dried to y|eId 0 16 .8 of t|tIe product as a vvhlte solid; mp.
159 - [err]; [err] & 4 go, 70, 1Dal ahvdro-5+oxo-4r H (D

(chl oroform met hanohetiix T
(W 254 nm); YMC S- gp{Dach [err] end capped col um,
l'inear gradient of

) eo cont ai n| n / 0 phosphori C
acid, 20 nin. 1.5 m/min: %E%%??ﬁfg? . calc'd for

[err] H20: C, 56.89mgH0 5.179903494, 18.%, methyiene w@ﬁa@e 2. 961919)8,waﬂ, 5.68; N,
6.58; S, 7.15. treated with Amberlyst® 15 (H* form; 13 mg), stirred

10 for 3 days at room temperature under argon, treated
with more Amberlyst® 15 (13 mg) and stirred for
another 3 days. The solution was decanted and
chromatographed on silica gel column (Merck). eluting

5, 16.35 nin.

the column with ethyl acetate:hexane mixtures (1:3;
15 1:1) to give 21.1 mg of title product as a syrup.
TL.C (ethyl acetate:hexane, 4:1) Rf = 0.70.

- i = ~4-amino-5- -
. = i ine-7-
20 pethvl] ester :
A solution of the product from part (e) (421
mg, 1.01 mmoles) in dry methylene chloride (25 ml)
was treated with trimethylsilyl iodide (0.72 ml, 5.06
mmoles) and stirred at room temperature under argon
25 for 1.75 hours. The mixture was evaporated to
dryness and the syrup obtained was partitioned
between ethyl ether (50 ml) and 0.2 N hydrochloric
acid (2 x 25 ml). The agqueous phase was brought to
pH 10 with saturated sodium bicarbonate (25 ml),
30 treated with solid sodium chloride (2.0 g) and
extracted with methylene chloride (3 x 75 ml) to give
- 219 mg of title product as a syrup. A second
treatment of the aqueous phase with sodium chloride
(2.0 g) and reextraction with methylene chloride (2 x



15 Exanple 21 Jwe A solution of N(O[(1, 1-dinethylethyl)-

di met hyl silyl]-N-[ (phenyl net hoxy) carbonyl]-L- 25

honoseryl ] -0-(2, 2-di net hoxyet hyl )-L-serine, nmethyl ester [5.56 g, 10 mmol,
prepared as described in Exanple 10(h)] in nmethanol (65uxd2pawas cooled to
OC (ice salt bath), treated with p-tol uenEsul~foni ¢ acid nonohydrate (386
nmg, 2.0 mmol) and stirred at [err] for 30 1.5 hours. The reaction was
guenched with sodi um bi carbonate solution (198 ng. in 20 m water), stirred

for 5 minutes then gyananabeck A AGIRYEnaDS7RE Qe JhgoaGUE0US phase was
extracted with ethy L@c&tg ejt%’% X lzoorq m,%)et do h;_ggg@l ned organic extract
HA629a - 128 - was WAShed W vvalf'er (ifl 2‘1'51 5%°50di'um bi ¢ar bonate (80
m) and brine (80 m), dried (anhydrous sodiumsulfate), filtered,
evaporated to dryneSs $-f4q R 7ar. 10aB]4 re-dctd ahety 1y
chr omat ogr aphed ¢n 1C 3 LB &R ME k) ’ t mMm with
et hyl acet at e: hexaneg, (2: ,ethyl. acet at e: ha (98, to give 3.975
g of title product tp- X .41 Rfo= 0.17.
10 b) 0-(2.2-Di negf§8%xyethyl )-N- [O (nmethylsul fonyl)- N |
(phenyl met hoxv) car bonyl | - ishearaeeyylthlio Sesrizeneprapahylic astidr
dicyclohexylamine salt (516 mg, 1.32 mmol, 1.2 eq.)
10 was suspended in ethyl acetate (42 ml), washed with
5% potassium bisulfate (5 x 6.0 ml) and brine (6.0
ml), dried (anhydrous magnesium sulfate), filtered,
evaporated to dryness and dried in vacuo.
The free acid was dissolved in dry methylene
15 chloride (9.5 ml), cooled to 0°C (ice-salt bath) and
treated sequentiaily with a sclution of the product
from part (f) (285.5 mg, 1.09 mmol) in dry methylene
chloride (4.2 ml), triethylamine (0.14 ml, 1.15 mmol)
and benzotriazol-l-yloxytris (dimethylamino)phos-
20 ‘phonium hexafluorophosphate (484 mg, 1.09 mmol). The
reaction mixture was stirred at room temperature for
1.0 hour and at room temperature for 2.0 hours under
argon, then stripped to dryness. The residual syrup
was dissolved in ethyl acetate (40 ml), washed with
25 0.5 N hydrochloric acid (2 x 6.6 ml), water (6.6 ml)
and brine (6.6 ml), dried (anhydrous sodium sulfate),
filtered, evaporated to dryness and dried in vacuo.
The crude product was chromatographed on silica gel
column (Merck), eluting with ethyl acetate:hexane
30 mixtures (1:2; 1l:1) to give 382.9 mg of title product
as a syrup. TLC (ethyl acetate:hexane, 1:1) Rf =

0.28.

oD —




A solution of the product frompart (a) (3.975 g, 8.98 mvol) in dry

net hyl ene chloride (52 mM) was 15 cooled to [err], treated with
triethylamne (1.82 m, 13.1 mmol es) and net hanesul fonyl chloride (0.82 m,
10.6 nmol es) and stirred at [err] for 30 mnutes. The rgaabLon m xture was
guenched with 25% ammoni um chl oride (19-m32 -warned to room tenperature and
20 diluted with ethyl acetate (750 m ). The organic phase was washed wth
5% pot assi um bi sul fate (100 m ), 50% saturated brine (100 m) and saturated
brine (100 m ), dried (anh drous SOdIU_ flltered evaporated to
dryness and dri ed i # sl 4 -

solid. TLC (ethyl g

g. 17.04 mol es) “ﬁii2ﬂQﬁﬁah%£&§§24&hkﬁﬂzﬂuLgEﬁ§'acet'c aC|d (2 6 m ) i n
dry methanol (40 .m), stirre nut es evapor dr yness.
The resulting solid was F-WS'EQ n °fl%e deI“f:ﬁr é‘dpgﬁ%t) g%é% fe (7 X 8

m) and the of f - dhi B, bIS2dumidt Ap eaybpee @-Porl)i wagrgedvHive 4.39 ¢
cesiumthiol acetic aegsh fArsEGpanates, ebor&sitontichi(dtaaaitcbart)d 5 (2 43¢,

éLhB eq. 31 Itn gry di rre%&wltf:@aﬁr@awieh(ﬁ o%%&aﬂ&ﬁ%d;%&&@é wtbblrgl sol ut :jon g;
1 product 1rom pute B, bl liad gkl fofhe oSt W Mkl o (
) maintaining the bubbling of argon throughout the
10 addition and length of the reaction. The reaction
mixture was stirred at 0°C for 5.0 hours and at room
temperature for 1.0 hour, brought to pH 2.0 with 5%
potassium bisulfate (14.5 ml), warmed to room
temperature and extracted with ethyl acetate (2 x 50
15 ml). The combined organic extracts were washed with
' brine (10 ml), dried (anhydrous sodium sulfate),
filtered, evaporated to dryness and dried in vacuo.
The syrup obtained was evaporated twice from hexane
{25 ml) and the solid foam obtained was
20 chromatographed on a silica gel column {Merck),
eluting the column witﬁ toluene:acetic acid mixtures
(100:1; 50:1; 20:1) to give 212 mg of title product
as a solid; m.p. 224 - 226°C; [a]p = -50.2° (c =
0.45, methanol). TLC (toluene:acetic acid, 5:1) Rf =
25 0.28.
HPLC: tr = 5.37 min. (UV 220 nm) (98.9%); ¥YMS S-3 ODS
(C-18) 6 x 150 mm; 60% (10% water-90% methanol -0.2%
phosphoric acid) / 40% (90% water-10% methanol -0.2%
phosphoric acid), isocratic.
30 Anal. calc*'d for C31gH22N205S2 » 0.14 sz:
' C, 52.34; H, 5.44; N, 6.78; S, 15.53
Found: C, 52.58; H, 5.57; N, 6.44; S, 15.16.




under argon. The m xture was diluted with ethyl 10 acetate (1.0 L), washed
successively with 5% sodi um bi carbonate (2 x 150 m), water (2 x 150 m)
and brine (150 m ), dried (anhydrous sodiumsulfate), filtered, evaporated
to dryness and dried in vacuo. The crude product was claagessogr aphed on a
silica gel- 15 colum (Merck), eluting theé3colum w th ethyl acetate: hexane
mxtures (1:1; 2:1) to give 3.93 g of the title product as a waxy solid.
TLC (ethyl acetate: hexane, 4:1) Rf = 0.63. 20 d)

frompart (c) (200 X . ged with
argon for 30 m nut e KO-PI-RYraRicahtreated wWith
25% sodi um net hoxi dEL.i3y i I) mai nt ai ni ng the

bubbl i ng of argap through%ptrggu&d@ft pgg gt I Qfast REsg €action. After
wth

5 mnutes at [err] the m xtur 5% ammoni um chl oride (2.3
n) and 30 partltlgﬁfé’&rﬁ‘i gﬁ&‘t"ﬁy acetate (2 x 12 nl) and water (2.3
m ). The conbi ned orgam c extracts wer e washed W|th 25% anmoni um chl ori de
(4.6 mM) and brine 4 B ! b0k : - ) 25

evaporated to dryneg
title product as, a

0-(2.2-Di nmet hoxyethyl )-N-rN- r _(phenylﬁﬁggé)n{
car bonyl | - L- hormcys#g! gé! IF ' 1_] ﬁgr; E;\m]gg é ;,as_ g_r[ ié sol ut ! onl of the product

[4S- (4, 7a., IOaB)] Octahydro ~4-amino-5-oxo-7H-
pyrido[2,1-b]l{1,31thiazepine-7-carboxylic acid,
methyl ester (6.11 g) was dissolved in ethyl acetate
(about 100 ml) and treated with a solution of
15 p-toluenesulfonic acid monohydrate (4.52 g¢g) in

methanol (3 ml) and ethyl acetate (20 ml). A

precipitate formed immediately. The mixture was

diluted with additional ethyl acetate and the solid

was collected by filtration. The solid was washed
20 with ethyl ether and dried in vacuo to give 7.908 g
of the title product as a pale yellow solid in 98%
pﬁrity; m.p. 179 - 181°C (decomp.).

25 : - - -1 E . - - _ '3 -
- . s _7_

A slurry of the product from part {(a) (636 mg,
1.48 mmol) in methylene chloride (5 ml} and dimethyl-
30 formamide (1 ml) was treated with N-methylmorpholine
(163 pl, 150 mg, 1.48 mmol) followed by
1-hydroxy-7-azabenzotriazole (208 mg, 1.52 mmol).
The bright yellow solution was then treated with
(S)-2-(acetylthio)benzenepropanoic acid (333 mg, 1.48



e) J[err] [phenyl- 5 nethoxy)carbonyllam nol[1, 4] oxazino[3,4-b][1,3]-

t hi azepi ne-7-carboxylic acid A solution of the product frompart (d) (50
ng, 0.11 nmol) in dry nethylene chloride (2.0 M) was treated with [err] 15
(H+ form 13 nmg), stirred 10 for 3 days at roomtenper aiagpes under argon,
treated with nore [err] 15 (13 ng) and sti¥3ded for another 3 days. The

sol ution was decanted and chronmat ographed on silica gel colum (Merck),
eluting the colum with ethyl acetate:hexane mxtures (1:3; 15 1:1) to

give 21.1 g of i {1 gt 0BGl eRp @rtesy_-ﬁy%dzt%(nat)hxka%%&aaelmsﬁane 4:1)

Rf 0.70. f 3. | d
met hyI ester)A[ gglrttf‘%(fg%)SFO[ E"—By%c?uéal‘f‘?%iﬁ'g’]r’g’%f’éj’w 42(i)xy;?;scla§;1 ol es)
mmoL) i odi de

in dry nethyl ene chlepxbgdiimisien bydreshiorigecsalti (B 8% imget h
(0.72 m, 5.06 Mol esys atided tandr etk aiixcotsnwaenPeiraiedr ££ Wideforangon 25 for

1.75 hours. The gn xﬂwreax\ﬁ%texé rt@;n grgﬁrgryc;}eqssag%gshe ﬁ.)gup obt ai ned
was partitioned betwe m ) and O. é’%ll $ loric acid (2

X 25°m). The aqueou¥® ﬁﬁE §e’5‘?v(ﬁ?g 1E° a4 i‘@p\?ﬁ‘?f d sodi um
bi carbonate (25 ni),r<&Gdue rvast parvitioned begweenliethvt Hasthte @ 0-93) and
extracted wi th net hyw epa@rétiivrideadid. X THe Bhhyl Gogtite 2k0rdfr abstitl e

product as a syrup. AcSEACHELJEERAIIE i vabE: AHISOLP, B QSfaéMrIa@eé()d' um

chl ori de (2.0 0); and, fgextfaction Wt b pethyleng CPLory

sulfate), flltered, and stripped to give 651.2 mg of
title product as a white foam.

15 l-oxg-3- inol-5-oxo-7H-pyri -bl-

A solution of the methyl ester product from
part (b) in deoxygenated methanol was treated with 1N
sodium hydroxide according to the procedure of

20 Example 3{(d) to afford the title pfoduct.

25 hi ine-7-car} 1 id
The product of Examples 3, 11 and 22 was also
prepared as follows:

30 In a 2L flask equipped with a mechanical
stirrer and internal thermometer, sodium hydroxide
{61.65 g, 1.541 mol) was dissolved in distilled water
(1000 ml). To this solution, L-methionine (100.0 g,
0.670 mol) was added at room temperature. The



HA629a - 131 - 100 nml) gave an additional 37 ng of title product. TLC

(et hyl ene chloride: methanol, 9:1) Rf = 0.23. [err]
(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamne salt (516 ny,
1.32 mol, 1.2 eq.) 10 was suspended in ethyl acetate X629 ), washed with
5% pot assi um bisul fate (5 x 6.0 m) and-bt8%e (6.0 nl), dried (anhydrous
magnesi um sul fate), filtered, evaporated to dryness and dried in vacuo. The
free acid was dissolved in dry nmethylene 15 <chloride (9.5 m), cooled to

[err] (ice-salt bat @Llai%ntﬁgat&mé@wahi fdd 5a%thn@e§mlution of the

duct f t 1. h hlorid 4.2
g{;’ ufrl e'[ g;nl gﬁ{ ne(g urerg;'gg3 ﬁﬁ?l 32 c'h?o ré’on'TSEeylﬁ’&e f oride (

benzotriazol - 1-yl ox t??'"é(“t?ll?re‘ﬁﬁllaﬁﬁ?%d’)"ﬁﬁo%‘l migutemonffifgr a 15
hexaf | uor ophosphat e mid&Ze ipdudri®d pemiod, tHdhdntemrdl campeveture was stirred

at room tenperatyrerhbgi frdh BRUEoNEPCALYEL YD hEARAIAhHE el 2. 0 hours

under argon, then Stl’l nes The resi up was _di ssolved in
et hyl acetate (40 ﬁ/?dﬁ 05\% gﬂ‘*‘z Bl%mlﬁsh g#b ﬁlexc fon "alPa (2 x 6.6

M), water (6.6 ml) SEMEESS PReOCEEGF A Oug® é’&%%ﬂ?’d?hu"s’-%&bﬂm sul fate),
filtered, evaporatednioialynebmdgndedbtiied mixtuae Usecahbecharogeseproduct was

chr omat ographed on ghbife 88tn GRLUPERdWMAL Coa 8k Utded i ¥h tdset hyl
aoeraterhexane 3 | ML (i & cop) BplelSeife Vel Qo {1 fepr oduct. as
yl “ace

a-syrup. TLC (e hexan
reaction mlxture was transferred into a separatory

funnel and washed with hexane (2 x 300 ml). The
aqueous layer was acidified with 6N hydrochloric acid
to pH 5 and diluted with ethyl acetate (600 ml). The

15 . mixture was further acidified to pPH 2. The organic

' layer was separated, and the aqueous layer was

extracted with -ethyl acetate (3 x 600 ml). The
organic extracts were combined and washed with brine
(750 ml), dried (magnesium sulfate), filtered and

20 concentrated in vacuo to produce a light yellow oil.

' The crude product (oil) was dissolved in toluene
(1500 ml), and the solution was concentrated to half
of its volume. A second portion of toluene (750 ml)
was added, and concentrated again such that 630 ml of

25 toluene remained. This solution was stored at 5°C
overnight, during which time some of the product
crystallized from solution. The solid was
redissolved by warming to room temperature. Toluene
(134 ml) was then added (a few seed crystals

30 remained). With mechanical stirring. heptane (500
ml) was added in 30 ml portions at 10 minute
intervals (approximately 3 hours total addition
time). At this point, the product started to
crystallize from solution. an additional portion of



0. 28. HA629a - 132 - [err] A solution of the product frompart(g) (382.9
5ng, 0.82 mmol) in nethanol (9.0 m) was purged with argon for 30 m nutes,
cooled to [err] (ice-salt bath) then treated with 1.0 N sodi um hydr oxi de
(3.32 nl, 4.0 eg; previously purged with argon for 30 numép9as), mai ntaining
t he bubbling of argon throughout the 10- &3&ition and length of the
reaction. The reaction mxture was stirred at [err] for 5.0 hours and at
.roomtenperature for 1. 0 hour, brought to pH 2.0 with 5% potassi um

bisulfate (14.5 m )y 6£b & %@%&é@we% f@ih%&éa%adtmth et hyl
acetate (2 x 50 15 | ned ??(gl tracts were washed with
t

he &0
brine (10 nl), drie§°?% Hr%ﬂ??o‘ﬂ?irﬁ%ﬁ frﬁ“Fére ®evaporated to
dryness and dried i Rro@rfowagireldprigsd St Wioram ﬁhlstré\'ia%fr aeshed wi ce from
hexane (25 n) and twheh sioli dohume: bégwinee (3 was520nl )c kndrdpagnaptsed on a
silica gel colung (Wes é?d<)m1%‘eéﬁﬁ R9-4NRaCeb Wive 64, d g yenqragetic acid

m xtures (100: 1; 50 f | duct lid
mp. 224 - [err]; ?L?CQ; er%Qw ltge %ﬁiisngng hef'f:% 6[08 Ecuigfae%esgcletlc

acid, 5:1) Rf = 25 -o: S%HPQ@H %ﬂcsfe%h%ﬂ(wezzo
ODS (C-18) 6 x 150 onvs 60% (10% water-90% nmet hanol -0. 2%
aAnal. calc'd for C13H17NO4S:
10 © ¢, 55.11; H, 6.05; N, 4.94
FPound: C, 54.96; H, 6.20; N, _4.83.

98.9%; YMS S-3

estexr

15 In a 3 L flask equipped with a mechanical
stirrer and an aréon inlet, the product from part {(a)
(100.0 g, 0.353 mol) was dissolved in methanol (2L),
and p-toluenesulfonic acid monohydrate (6.71 g, 0.035
mol) was added. The reaction mixture was stirred

20 under argon for 21 hours. Triethylamine (4.9 ml,
0.035 mol) was added, and the reaction mixture was
stirred for an additional 15 minutes. The reaction
nixture was concentrated in vacuo to a pale vellow
0il. The oil was dissolved in ethyl acetate (900

25 ml), and the solution was washed with 1N hydrochloric
acid (740 ml), saturated sodium bicarbonate (2 x 740
ml) and brine (740 ml). The organic layer was dried
(magnesium sulfate), filtered and concentrated in
vacuo to a light yellow oil. The oil was

30 concentrated from hexane (2 x 100 ml) to obtain 98.22
g of title product as a white solid.

sulfoxide, methvl estexr



phosphoric acid) / 40% (90% wat er - 10% net hanol -0. 2% phosphoric acid),

I socratic. 30 Anal. calc'd for [err] 0.14 H20: C 52.34; H, 5.44; N,
6.78; S, 15.53 Found: C, 52.58; H, 5.57; N, 6.44; S, 15.16. - 133 -
Exanple 22, [err] 5 The product of Exanples 3 anskghl was al so
prepared as follows: [err] pyrido[2,1-b]q{ 138]+thi azepi ne-7-carboxylic acid,
met hyl ester (6.11 g) was dissolved in ethyl acetate (about 100 ml) and
treated with a solution of 15 p-toluenesul fonic acid nonohydrate (4.52 g)

in methanol (3 nl) and et hyj a&etﬁg g{glﬁgbgd el $ h%h&@éf formed

I medi ately. The m xture vva

h ate and the
solid was coll ected sﬁ?nf?ﬁt r‘?duﬁ*hgr?ﬁll ??fr\/\éég)véghgé %’0 °\M§?§1 et hyl ether
and dried in vacuo ®melyiwas ‘71%\’9'50@ meshanall d1pfpadetants a pal e yel | ow
solid in 98% puritydistjllefi/Qater] €213 nldeCOrfe koliittich| wés Joolley af t he

8[ﬁggﬁtlfrgg1 ]pg;rgm (ah 1&3%@9; a11d4§ome§1$m& kbalé@esCQIrW bgg (5 Taé and
[err], Y150 g, 1. 48‘“H§b|("$asr 81)1‘?%%3d 5@1 rﬁ?f'ﬁ%m‘iggz‘%eﬂoﬁf B g%%?e((208 mg.
1.52 nﬂDI). mol) was added in small portions over 25 minutes so
that the internal temperature did not exceed 7°C.
The mixture was stirred in an ice bath for 1 hour and
10 then was allowed to warm to room temperature over 1

hour. The mixture was concentrated in vacuo by about
75% to remove the methanol, diluted with ethyl
acetate (1000 ml) and washed with brine (500 ml).
The brine layer was back-extracted with ethyl acetate _

15 (2 x 200 m1l). The organic extracts were combined,
dried (magnesium éulfate), filtered, and concentrated
in vacuo to a clear, viscous oil. The oil was
concentrated from toluene (3 x 100 ml) and residual
solvents were removed under high vacuum to produce

20 crude title product as a clear oil, which solidified
to a white solid (131.4 g}. The crude product
contained 12 weight percent succinimide and 9 weight
percent toluene by NMR. The product was a mixture of
sulfoxide diasterecmers.

25

To a 1 liter flask containing the product from
part (¢} (102.8 ¢ corrected weight, 0.328 mol) was
30 added toluene (480 ml), sodium acetate (32.3 g, 0.394
mol) and acetic anhydride (186 ml, 1.970 mol). The
resulting mixture was refluxed (118°C) under argon
for 18 hours. The dark brown reaction mixture was
allowed to cool to room temperature. After an hour



The bright yell ow solution was then treated with
(S)-2-(acetylthio)benzenepropanoic acid (333 ng, 1.48 - 134 - mol) in
nmet hyl ene chloride (5 nml) and cooled in an ice-bath.

Et hyl - 3- (di net hyl am no) propyl carbodiim de, hydrochloriges=alt (2.88 ng,
1.50 mmol) was added and the m xture was 338rved at [err] for 1 5 hour and
at roomtenperature for 1.5 hours. The solvent was renoved by rotary
evaporation and the residue was partitioned between ethyl acetate and 0.5 N

hydrochl oric acid. JThe. oq;mhgjam Eg}g st gggt @gsmmlggdb ge§§3}/el y wWth

water (twce), 50%s rate sodi onate,, rine, “then dried
(sodi um sul fate), ﬁ’f idpy 53*&15?{%% V%r%gi‘s? ¥Rt e product

as a white foam [eFF?YlAasequ dAa09fml) heand ttipe| mixhuae ‘p?st)@m-ftllﬂrlam part (b)
i n deoxygenat ed net Banddntwased rigaesuovcbha kN seods oy drepidde. accordi ng to

the procedure of 520, @%h&e%&?c&ﬁ’c EEOLLh teiGmtd cIhlu‘én ﬁ%%l) [t)%”] The

product of Exanples a so r epar e

N- [ Phenyl met hoxy) caF IR REetifeaAR luted with pp %11 2CeF Kk equi pped
wi th a mechani cal sKl@@%mlanoandwpermllvh@amﬂevmh sgtdrahedhgeltiowi de (61. 65
g, 1.541 nol) was dbscabendeé N(adiksesd m@g . walhey ot dLiQ Dhyer wast hi s sol ution,

L- met hi oni ne (100'0w9shed with brine (450 ml), dried (magnesium

10 sulfate), filtered and concentrated in vacuo.
Residual solvents were removed under high vacuum to
produce a light brown solid. The crude product was
dissolved in n-butyl acetate (450 ml) with warming
(35°C) and stirring. After cooling to room

15 temperature, hexane (200 ml) was added slowly to the
solution with stifring over 15 minutes. At this
point the product crystallized from the solution. Aan
additional portion of hexane (700 ml) was added over
30 minutes, and the resulting slurry'was stirred for

20 3 hours. The product'was collected by filtration and
washed with 1:2 n-butyl acetate:hexane (200 ml), 1:4
n-butyl acetate:hexane (2 x 240 ml), and hexane (2 x
250 ml). The product was air-dried, then dried under
high vacuum to give 87.7 g of title product as a pale

25 Dbrown solid; m.p. 73°C; [alp = -1.6° (c = 1, 95%
ethanol). TLC (5% methanol/methylene chloride) Rf =
0.80. "
Anal. calc'd for C1gH21NOgS:

C, 54.07; H, 5.95; N, 3.94
30 Found: C, 53.48; H, 5.74; N, 3.82.



0.670 nmol ) was added at roomtenperature. The HA629a - 135 - solution
was cooled in an ice bath (internal tenperature [err]) and benzyl
chloroformate (110 m, 0.737 nol) was added over 10 m nutes. After a 15

m nute induction period, the internal tenperature 5 rosseZomom [err] to
[err] over 30 m nutes and then dropped tol3®rr] over 15 mi nutes. The
reaction was stirred at [err] for 2 hours, during which tinme the initially
cl oudy reaction m xture became honogeneous. The ice bath was renoved, and

the reaction was 10 all owed tp (Wah gt 0 of QOTQLiGHPEE alhd Srddiet &rdipur. The
reaction mxture was tra fgé% din %ﬁ se ar.ator'%/ré?%\uﬁr}i}r_le%}Il and hed with
hexane (2 x 300 m ) P3Thel%q s 9t aél WBRH 2 P R R TP EER I%l\%fochl oric
acid to pH 5 and di P4l erswepargachyithh@eoor £qrod0 minnteghe In5a ni xt ure was
further acidified teepitate 20IhlagkeRRibpEwithsa SepRssicad, and the

oAl Tacts wore Combi SEu aqond gil gFlH undcf ¥ Solub forb0P gB.bs (10 ear Ui
sulfate), filtered gﬁ?%um%é’ﬁf‘&%ﬂga’%ﬁ'vgcé'ggt"gl})}%ééé?éﬂ%ht yel | ow
oi | . The crude prodiatey dicB9 mds was ssparged wight argpenéoy 1150@ipebes -and the
sol ution was concentr at ed The tedrhhpdirdfusan cddineior\ waeCaddbd bt thon of

tol uene (750 m) wag askiadm ARE%0HS QRILALSH @HELhaSUEbddtatuf30 M of 25

tol uene rermai ”e‘fo 848 %gllai'glly? nv:\L’\a{\a Sca%%n? ae ,d wqgh[\?irgrol'ous stirring

under argon. The flask containing the product from
part (d) was rinsed with 20 ml of tetrahydrofuran
(sparged with argon for 15 minutes) and the rinse was
added to the reaction mixture. After 30 minutes, the
15 reaction was clear and biphasic, and an exotherm to
28°C had occurred. _
After an additional 2 hours, the reaction was
cooled to 1°C (internal) and sodium borohydride (2.75
g, 0.073 mol) was added in one portion (exotherm to
20 6.8°C). The reaction mixture was stirred for an
additional 20 minutes at 0°C and then allowed to warm
tb 11°C over 30 minutes. The reaction mixture was
_cooled to 1°C, and acetic anhydride (68.6 ml, 0.727
mol) was added over 10 minutes. An exotherm to 10°C
_25 occurred during the addition. The internal
temperature dropped back to 4°C before the addition
was complete. The cooling bath was removed, and the
reaction was stirred at ambient temperature for 45
minutes. o '
30 The reaction mixture was concentrated in vacuec
to approximately half of its volume, acidified to pH
2 with 6N hydrochloric acid (175 ml)., and extracted
with ethyl acetate (2 x 1.1 L). The combined organic
extracts were washed with brine (560 ml). The



overnight, during which tinme some of the product crystallized from
solution. The solid was redissolved by warm ng to roomtenperature. Tol uene
(134 M) was then added (a few seed crystals 30 renmined). Wth

mechani cal stirring, heptane (500 m) was added in 30 nm gpgdoki ons at 10
mnute intervals (approximately 3 hours toi#d -addition tine). At this
point, the product started to crystallize fromsolution. An additional
portion of - 136 - heptane (1020 m ) was added over 1.5 hours, and the

resulting slurry was stirred for haours. .The.pr I ed by
vacuum filtration, mﬁgﬂ%n&cwg?%&ly%?tgﬁﬁgﬁ%: %&_Sgéejﬂ%@eéﬁa‘%%% %&and hept ane
(3 5 x 500 M) and aPrbvfitoug pagngeiem syafatey SE1te19% ARdduct as a white
solid; mp. [err]; [eondentrhted|in(vacudl to% Yedfbanmil).. AiEtydt hanol : wat er,

‘23 321 Ef :d_o-'é& 52“8'(3@&@4&' Qaﬁ@rmlbiﬁéd 2ddfd, and the Go1&bicklwakl 6.05; N,
Nl [(Phgﬁgl ﬁet ,hoxy CaFB%%@ﬁQF%E?ﬁt“hf’%%?%é%ﬁt ﬁ?lh%lsft 8F Jl%s volume. Ina 3L
flask equipped with & PRRFENPRELLC8: PF MsPulny agRtatdioP it ¥aFhe product
frompart (a) (100. Oagded a83coentyateddassinl wadhitharel $amd| of2L), and
p-tol uenesul f oni ¢ achdoieynoBYekAlcCréhinbad, Hipldhe NBlop MAS waddgthealhe
reaction mxture \Massféﬁfy'%gth stirring to haziness, and seed crystals
10 were added. After 15 minutes a white solid
crystallized from the solution. A second portion of
heptane (570 ml) was added slowly over 30 minutes,
and the resulting slurry was stirred at room
temperature overnight. The product was collected by
15 filtration, washed with 1:3 n-butyl acetate:heptane
(2 x 275 ml) and hexane (2 x 275 ml), air-dried, and
then dried under high wvacuum to produce 50.1 g of _
title product as a white solid; m.p. 73 - 74°C; [(alp
= -1.3° (¢ = 1, 95% ethanocl). TLC (ethanol:water,
20 3:1) Rf = 0.83.
Anal. calc‘'d for C14H17NOSS:
C, 54.01; H, 5.50; N, 4.50
Found: C, 53.88; H, 5.45; N, 4.44.
The filtrate was concentrated so that 100 ml
25 of butyl acetate remained. This solution was treated
with 310 ml of heptane as described above to obtain a
second crop of 8.4 g of title product as a white
solid for a total vield of 58.5 g.

30 - (R* . R*)=2- - i0)~1- -2 -

S—Acetyl-N-((phenylmethoxy)carbonyl]-L-homo-
cysteine (0.456 mol) was dissolved in a mixture of



20 under argon for 21 hours. Triethylamne (4.9 m, 0.035 nol) was added,
and the reaction mxture was stirred for an additional 15 m nutes.

.reaction m xture was concentrated in vacuo to a pale yellow oil.

was dissolved in ethyl acetate (900 25 m), and the solHaez@s was

wi th 1IN hydrochloric acid (740 m ),

m) and brine (740 mM ). The organic |ayer was dried (nmagnesi um sul
filtered and concentrated in vacuo to a light yellow oil. The oil

concentrated from h% ér?e %nt00;4d )(666’ A9t ahd d%&e&%u&o%x& 'ée| go@r oduct as

a white solid.
nmet hyl ester

c)

10 P SR b T S ki a0 401

The

The oil

washed

fate),
was 30

oxi de.
rrer,

sat ur at4dd-sodi um bi carbonate (2 x 740

t he

product from part (55‘01(’97395'?‘5&3‘10 e Wt)‘lrﬁ/a‘saﬁw@@b?‘i/éﬂ #h met hanol (1675
m) and distilled water-bafi =nd a.sdllueiswlaft (oN-2vanined,Eddimethoan-i ce bat h,

and sodi um bi car boNay&ad8e B, K ?wagaerw@ﬁrémed adVaEbkonRguEg ni i de

(44.0 g, 0.329 nol)
i nternal t enper at ur

HmIaot e ety pe

ice bath for 1 hour metdviene (hdariges (épql m&édquo afgded t FipadblH .t enperature
The m xéthye -3 &l imetRyElsEniad Bskopilvatiddihyidehout 75% to renove

di | ut etk &K <2211 S 008, 4¥9) naD)d HBSHRELANEAE bri ne

over 1 hour.
t he net hanol ,
(500 m).

10

15

20

25

30

the reaction was stirred for one hour at 0°C, then
for 2 hours at room temperature. At the end of that
time, the reaction mixture was concentrated in vacuo
and the residue was partitioned between ethyl acetate
{3 L) and saturated aqueous sodium bicarbonate (1 L).
The organic extract was washed with water (1 L), 5%
potassium bisulfate (1 L), water (1 L), and brine (1
L), then dried (sodium sulfate) and concentrated in
vacuo to 238 g of crude product. The crude product
was dissolved in ethyl acetate:methylene chloride
(1:1, 300 ml) and applied to a 10 x 15 cm pad of
Merck silica gel. Elution with 8:2 ethyl
acetate:hexane (7L) followed by ethyl acetate (4 L)
provided 205.28 g of title product.

-7

A solution of the product from part (f)
[205.28 g, 0.412 mol, dried by evaporating in
methylene chloride/toluene} in methanol (2 L) was
cooled to 0°C (ice bath) and purged with argon for 30
minutes. A 25% by weight solution of sodium
methoxide in methanol (95.1 ml, 1.01 eq.) was added
rapidly with continued argon purging, and the

5 t that th
&‘]15% m%?ﬁ?ée\%gléngt ?frzg |naan ©



The brine | ayer was back-extracted wth ethyl acetate 15 (2 x 200 m).
The organic extracts were conbined, dried (magnesiumsulfate), filtered,

and concentrated in vacuo to a clear, viscous oil. The oil was concentrated
fromtoluene (3 x 100 m) and residual solvents were renxszed under high
vacuum to produce 20 crude title productlés -a clear oil, which solidified

to a white solid (131.4 g). The crude product contained 12 wei ght percent
succinim de and 9 wei ght percent toluene by NVR The product was a m xture

of sul foxide diaste . a Al f,l C ining the
product from part (%ig 1031. ggi%g%l%;%é 1&'rdlhggés(').l§§§g;n'}>$%§/as 38 added

I.gnt _
tol uene (480 m), s e By Jthe pd .%m@,‘\’,\%.lggﬁfrﬁﬁt}‘rﬁﬁ AEBPT M anhydri de
(186 nl, 1.970 nol) chiPridecsedutiing. dikuged wikd 0§ U gkewrtiesr rgndinder ar gon
for 18 hours. The darkatedwith Satt bbrechiyXtadetavls ahkor@shiténgool to room

temperature. After ABAR was dividBa-irkb EROPLLEIGY FhtGP bl dbACti on

m xture becane very thick wth solids. .-The solids were dissolved wth ethyl
acetate (100 m), aﬁﬁp?%eﬁ&x‘fcfﬂcgnﬁﬁ%te&af?i%ﬂquﬁ TOAERAYE SEER TGP vacuo to a
vi scous brown resi diethynl PREtaLss pHd dreragnebnc eBhe fovgery@¥rtdol uene (240 m) -
to renove acetic ankgsidubs, weitd weednbiinel &idthrearesi atieh (1LR06£M ), and

careful ly washed w E@hﬁﬁtdéE@&?g S@ﬂé Whganic layer was separated and
10 rinsed with 0.5 L of saturated ammonium chloride.-
The combined agueous solutions were reextracted with
1 L of ethyl acetate. The organic extracts were
combined and washed with 1 L of water and two 1 L
portions of brine, dried (sodium sulfate), filtered
15 and concentrated. The residue was further evaporated
with methylene chlbride and dried in vacuo to give
182.65 g of free sulfhydryvl of the product from part
(£). .
This free sulfhydryl intermediate (0.400 mol)
20 was dissolﬁed in methylene chloride (4 L) and treated
with 30.8 ml (0.400 mol) of trifluorocacetic acid.
The reaction rixture was refluxed for 16 hours, then
_cooled and concentrated in vacuo. The resulting
residue was dissolved in 2 L of ethyl acetate, then
25 washed with 400 ml of 0.1 N hydrochloric acid, 1 L of
- water, 1 L of saturated sodium bicarbonate, 1 L of
water, and 1 L of brine, dried (sodium sulfate),
filtered and concentrated. The residue was
evaporated with methylene chloride and dried in vacuo
30 to afford 166.24 g of title product.



bi carbonate (4 x 680 m ). The organic | ayer was washed with brine (450 m),
dried (magnesium 10 sulfate), filtered and concentrated in vacuo. Residual
solvents were renoved under high vacuumto produce a |ight brown solid. The
crude product was dissolved in n-butyl acetate (450 ml )nxé3da warm ng [err]
and stirring. After cooling to room 15 - é&Aperature, hexane (200 m) was
added slowy to the solution with stirring over 15 mnutes. At this point
the product crystallized fromthe solution. An additional portion of hexane

(700 M) was added over 3 e ulgi stirred
for 20 3 hours. The E‘é gxudgogylﬁhyﬁgaw (qes Jnf' ?gts?%;wcgmndwgébshed W th

S .CO
1:2 n-butyl acet at e:¥8%4n® (azﬁgﬁ}ﬁl?n "f‘dﬁr 2 F°%??é‘f‘é?%.“ﬁ’§xane (2 x 240
m ), and hexane (2 ®reductifFommartp(edUuds2 vk Jai ¢ -4hd eal) diefckiréded under
hi gh vacuum to gi ve id7métiylehetdHloeife qdubtLias Afpal ec2brinar 6utn sol i d; m p.

[err]; [err] = [%rrh echouxib &%/%%EE@{H}J hixdhldle (2005BEEMQlLERIAY| ene
chloride) Rf = 0.80._ _Anal % E errJ’ 3.94 30

Found: C, 53. 48 H, VESYq.ang the gpsi u“r"‘]: aﬁﬁ/&%k‘é’é‘*"oz’i‘é@ee" anrE‘) EII L flask,
a solution of the preshviktadetake padt 794yl o8 1 jydwpcrigrimiaridn

t et rahydrof uran (415evolution of CO2 occurs; pH 1.2). The ethyl -acetate
layer was separated and extracted with 300 ml of 1 N
10 hydrochloric acid. The combined acidic agueous
extracts were washed with a further 1 L of ethyl
acetate, then cooled to 0°C and basified with 4 N
sodium hydroxide (about 275 ml) to pH 10.0. The
agueous layer was saturated with solid sodium
15 éhloride, then extracted with five 1 L portions of
' methylene chloride. The combined organic extracts
were dried (sodium sulfate), filtered and
concentrated in vacuo. The residue was redissolved
in 1 L of methylene chloride and rinsed with 0.5 L of
20 brine, dried (sodium sulfate), filtered and
concentrated to give 98.8 g of title product.

25 - i ine-7-

(S)-2- (Acetylthio)benzenepropanoic acid,
dicyclohexylamine salt (173.1 g, 0.427 mol) was
partitioned between ethyl acetate (1 L) and 10%

30 potassium bisulfate (800 ml). The organic layer was
separated and washei with 5% potassium bisulfate (1
L), 50% brine (1 L) and brine (1 L), dried (sodium
sulfate), filtered and concentrated in vacuo. The
residue was evaporated several times with methylene



m ) was sparged with argon for 30 mnutes. In a separate 2L fl asked

equi pped with a nechanical 5 stirrer and an argon inlet, a solution of
~86. 8% pot assi um hydroxide (62.7 g, 0.969 nol) in distilled water (280 m)
was sparged with argon for 15 mnutes. The tetrahydrof ugsgzeaol uti on was
added to the potassi um hydroxi de sol uti enl44 nternal tenperature 10 J[err])
rapidly, via cannula, with vigorous stirring under argon. The fl ask
containing the product frompart (d) was rinsed with 20 m of

tetrahydrofuran (Speﬁmd@ tthea{ gefed %eyﬁgmtnyﬁ EsacuBNgb LHe14i958 was added

to the reaction m xtur reacti.on cl ear and

bi phasic, and an exat?l r%“fiﬁ o ?T(ﬁcegygg%ﬁ)ggﬁzerﬁpfg?a% Ca8%t%i onal 2
hours, the reaction was cdoFetition|ef ghigi ff)e@nbpgetyhthirdenrensor ohydri de
(2:75 g, 0.073 nol) pyasamddeskidn (o2 7panl) @iscekaidhenmeuhy28ng err]. The

reaction m xtureswagy sl dree@'gcfd)hl?rha%déb&iéﬁ‘% &P 1%%&5 afl [err] and then
allowed to warmto Eerr over nlnutes op m xture_was cool ed
to [err], and aceti rﬁ’?ﬁ%ﬁﬁd?"f‘ﬁéa(gg Wi oh. r‘"f?p’Fﬂ{;qc V\ggmhaaﬁﬁ ®er 10

m nutes. An exot her i8-8 gy 0-358 mlduﬁfle'eﬁt@w—?m Oéiﬂier’eﬂﬁjl(ﬁ%ﬁ“l) The

i nternal tenperaturertéwppedimnacksda me;rg.3sef asr ,t bad atidiallipn was

conpl ete. The cool i B%Mﬁawﬁltgmqasmewﬁaﬁ%s¢mp%§1ﬁI rred at

b ;
Concentrat o0 | n ac I B AEEVRPRALL o/ oRed 9oP 137 S04 RSt SFF) e 10 pH

2 with 6N hydrochl oPPEtias-d AEtES ap¢ hoyxdae,d'f anded hpuds afhydoMacetate (2 X
1.1 L). The conbi nedemgeggmmiite, the reaction mixture was concentrated in

vacuo and dissolved in 2 L of ethyl acetate. The
- organic solution was concentrated in vacuo and

1S dissolved in 2 L of ethyl acetate. The organic
solution was washea.with 0.5 L of brine, 1 L of 0.5 N
hydrochloric acid, 1 L of water, 2 L of saturated
sodium bicarbonate, 1 L of water, and 1 L of brine,
dried (sodium sulfate), filtered and concentrated.

20 At this point, those agueous rinses which contained
‘product (TLC indication) were reextracted with ethyl
acetate. The ethyl acetate extracts were worked up
in the usual manner and all combined to give a crude
vellow o0il product. The yellow oil was applied.to a

25 15 x 15 cm silica gel pad prepared in 1:1 ethyl
acetate:hexanes and eluted with 7L of 1:1 ethyl
acetate:hexanes followed by 4L of 6:4 ethyl
acetate:hexanes and finally 2L of 7:3 ethyl
acetate:hexanes. The filtrates containing the

30 desired product were concentrated to give 123.57 g of
title product.



extracts were washed with brine (560 m). The - 140 - organic |ayer was
treated with activated carbon and anhydrous magnesium sul fate, filtered,
~and concentrated in vacuo to a yellow oil. n-Butyl acetate (380 m) was
added, and the-solution was 5 concentrated in vacuo [ernisdoa half of its
vol ume. A'second portion of n-butyl acet-até5(-190 nl) was added and
concentrated again such that 190 ml of n-butyl -acetate remai ned. Heptane
(300 n) was added slowy W|th stlrrlng to haziness, and seed crystals 10

were added. After D t he sol uti on.
A second portion of !

N 30 m nutes, and
the resulting slurr &t ure overni ght. The product

was collected by 15 fi I t rTalttpoﬂ 13/\/éstmeame¢keli Slashutfyttet atith aathept ane (2
x 275 m) and hexanadeztibn%ﬁﬁiﬁn)ea aihd dtch&thcadnskirhien, dﬁaseelmr hi gh

vacuum to produc tigl t . [err] =
[err] (c :pl 950670 e'?’h nﬂﬁq nTﬁ? ?ep%P%HOﬁ]%E ﬁoén pxg% (ej'é g'— 8 8%. A]nal .
calc'd for [err]: c0-8%7 ¢pl)in greshanqd FrouThe selut aSH 5.45; N,
4.44. The filtrate wasg@tbmehtamoadf@o 3t0hainul:@e niherlzﬁoobéd buthh acetate

remai ned. This sol yebopathaant X ahedimdriaBlitmperafutepbhangces descri bed
above to obtain a total of 1.45 L of 1N sodium hydroxide solution
10 (previously sparged with argon for 30 minutes) was
added over 1 hour. The reaction mixture was
continuously sparged with argon during the addition.
The reaction temperature rose to +12°C and was
maintained during the addition. The reaction mixture
15 was stirred for an additional 30 minutes, then warmed
to room temperature with an ambient water bath and
stirred with sparging for 2.5 hours. 2about 250 ml of
6 N hydrochloric acid was added dropwise over 15 - 20

minutes to adjust the pH to 2. A gummy precipitate .

20 formed during the acidification. After continual
stirring for a further 2 hours, the precipitate
changed to a fine white solid, with the presence of
some larger chunks of solid product. The product was
collected on a 600 ml sintered glass funnel. Washing

25 the collected solid with 1L of water followed by 2 L
of anhydrous ether and final drying in vacuo afforded
70.3 g of title product as a fine white solid; m.p.
218 -~ 220°C (dec.). TLC (1:99 acetic acid/ethyl
acetate) Rf = 0.48. .

30 HPLC: tr(YMC S-3 ODS 6.0 x 150 mm; 1.5 mL/min.,
isocratic 60% B, Buffer A = methanol /water/phosphoric
acid (10:90:0.2), Buffer B =
-methanol]wate:/phosphoric acid (90:10:0.2)) = 9.33
min., 99.3% of total peak area at 220 nm.



second crop of 8.4 g of title product as a white solid for a total yield of
58.5 g. [err] S-Acetyl-N[(phenyl methoxy)carbonyl]-L-hom- cysteine (0.456
nol) was dissolved in a m xture of - 141 - nethylene chloride (600 m)
and di net hyl formami de (90 m ), and hydroxybenzotri azol exh§zbaat e (64.72 g,
0.479 mol) was added. The m xture was cooRé@ in an ice-bath and a sol ution
of (S)-2-am no-6, 6-di met hoxy- 5 hexanoic acid, nethyl ester [prepared as
described in Exanple 1(e), 93.7 g, 0 456 nol ) dissolved in nethyl ene

chloride (600 M) wgg.gdded.. El 9H24N20432
et hyl - 3- (dlnethylanlno pr(gyl ?Odl i%1 chlor%dg salt (91.83 g,
0.479 nol) was added and I h &ac? i |r§b&'f P one hour at

[err], then for 2 hcﬁwsdatcfréénﬁ-eﬁpe‘iaﬂur& %t95t'h%- dfd78f that time, the
reaction mixture was concentrated in vacuo and the residue was partitioned
bet ween ethyl acetate (3 L) and saturated aqueous sodi um bicarbonate (1 L).
15 The organic extract was washed with water (1 L), 5% potassium bisulfate
(1 L), water (1 L), and brine (1 L), then dried (sodiumsulfate) and
concentrated in vacuo to 238 g of crude product. The crude product was

di ssolved in ethyl acetate: nethylene chloride 20 (1:1, 300 m) and
applied to a 10 x 15 cmpad of Merck silica gel. Elution wwth 8:2 ethyl

acet at e: hexane (7L) followed by ethyl acetate (4 L)



provi ded 205.28 g of title product. [err] A solution of the product from
part (f) [205.28 g, 0.412 nol, dried by evaporating in 30 nethylene

chl oride/toluene) in nethanol (2 L) was cooled to [err] (ice bath) and
purged with argon for 30 m nutes. A 25% by wei ght sol ut gagesf sodi um

nmet hoxi de in nethanol (95.1 m, 1.01 eq.-) 1¥Aas- added rapidly with conti nued
argon purging, and the - 142 - reaction was stirred for 10 m nutes

| onger, then quenched by the addition of 1L of saturated amoni um chl oride
solution, diluted with 0.5 L of water, bty eated with 3 L of ethyl
acetate. The resulti ). Qns,whi ch were
each separately conce
nmet hanol ). The conce 2 hep AWV . nhd
of ethyl acetate. YHRiz6p] 1R i |
-of saturated a ni um chl qgi.d c I wer e
reextracted w mgl L of '(t)%le 80%;)]{1?1? PA%QSQ &%‘é@?ﬂéd iﬁ E’%aln%%re conbi ned
and washed with 1 L 3df) weﬂt]él" ari {Pho ang 2 Nﬂ')t F"éﬁsalcﬂO SFY’F]’@ Pt &F (sodi um
sulfate), filtered ¥ollewst concentrated. The residue was further

~evaporated with nmethyl ene £kboht s apd(g-bethddtyYagi) teRz&efRo0l82. 65 g of
free sulthydryl of the produgt f 3" P he(fids1) ang

10 [4S-(40,70,10aB))octahydro-4-amino-5-oxo-7H-
pyrido(2,1-b](1,3]thiazepine-7-carboxylic acid,
methyl ester (2.11 g, 8.17 mmol) in dry methylene
chloride (20 ml) was cooled to 0°C and ethyl-3-
{dimethylamino)propyl carbodiimide, hydrochloride

15 salt (1.77 g, 9.32 mmol) was added in a single
portion. The reaction mixture was stirred at 0°C for

6 hours and then was concentrated to an oily foam.
The residue was then partitioned between ethyl
acetate (100 ml) and 1N hydrochloric acid (50 ml).
20 The organic phase was washed with 1N hydrochloric
acid (50 ml), saturated aqueous sodium bicarbonate (2
x 50 ml), and saturated agqueous sodium chloride (50
.ml), dried (anhydrous sodium sulfate), filtered and
concentrated in vacuo to give 3.43 g of title product
25 as a white foam.

A 15 ml, 3-necked flask equipped with a reflux

condenser was evacuated and refilled with argon‘three'
-times. [4S-[4a(R*),7a, 10aB]-Octahydro-4-{(2-mercap-



This free sulfhydryl internediate (0.400 nol) 20 was dissolved in

met hyl ene chloride (4 L) and treated with 30.8 m (0.400 nol) of
trifluoroacetic acid. The reaction mxture was refluxed for 16 hours, then
cool ed and concentrated in vacuo. The resulting residuesng®adi ssol ved in 2
L of ethyl acetate, then 25 washed with 26 -m of 0.1 N hydrochloric acid,
1 L of water, 1 L of saturated sodi um bi carbonate, 1 L of water, and 1 L of
brine, dried (sodiumsulfate), filtered and concentrated. The residue was

evaporated with rrettp_ IFEOQQL énggp@&g,lql%ﬁ‘%]l _5_ AR - doQ afford 166. 24

.g of title product e frime |l ape (76.6 m
g 538 Im)l) \R/as ;dded % (363 18ﬁe?frﬁfe§ %?’a’(S’ﬁy b%ltaé‘ﬁ'h szphgppﬁ’%iduct from

part (g) (162.43 g, a0l#4 soputiondpfsdsopsded mheolnge @tbandl ¢ndde (1.5 L).
After stirring for 2cedorfitBOle S(1.0hel) @aes icargedtinte vwe faaskentrated in

vacuo and the resi dyg ¥as pRaltd h@&?éjmliﬁwﬁe@:aé ;.thiregt hyl acetate and 700
m_ of 1N hydrochl orltgr@ck%uqaﬁé %te rac?'edc%)\n?ﬂ?ﬁ h?‘gesz 1'(I)'he et hyl :

acet ate Iayer was separate
hydrochl oric acid. dWJ@@ﬁbu??f@dsaémdm heﬁmbomqn&ev% wishénwashed with a
further 1 L of ethykhaeetdhered h€beratlecanime padificandadavimpletedri th 4 N

sodi um hydr oxi de (a?ﬂé'ts&ﬂx@im)(ihgeﬂﬁllgegperatﬁge of 20°C) was
10 diluted slowly by the dropwise addition of
acetonitrile to a final volume of 10 ml. After an
additional 2 hours of stirring, the solids were
filtered, washed once with 100% acetonitrile (5 ml),
air dried, and placed under high vacuum for 2 hours
15 to remove residual solvents to give 0.2 g of title
product as a whité crystalline solid.
The above material was combined with material
from other runs and recrystallized'as follows. A 25
ml, 3-ne¢ked flask equipped with a reflux condenser,
20 magnetic stirrer bar, and addition funnel was
evacuated'and refilled with argon three times. The
batches of 1,1-dimethylamine salt produt (0.37 g) and
. 59% acetonitrile/ethancl (2.28 ml) were added to the
flask. The flask and contents were warmed to 29 -
25 32°C to dissolve the solids. The solution was
diluted with acetonitrile (27 ml). The heating bath
was removed, and the flask was allowed to cool to
room temperature (20°C). After one hour of
additionallstirring. the mixture was filtered, and
30 cthe solids were washed once with acetontrile (10 ml},
air-dried, and placed under high vacuum to remove
residual solvents and give 0.29 g of title product as
a white crystalline solid; m.p. shrinks at 160°C and
slowly melts and decomposes as the temperature is



aqueous | ayer was saturated with solid sodium15 chloride, then extracted
with five 1 L portions of nethylene chloride. The conbi ned organic extracts
were dried (sodiumsulfate), filtered and concentrated in vacuo. The

resi due was redissolved in 1 L of nethylene chloride andagdgased with 0.5 L
of 20 brine, dried (sodiumsulfate), fi-li€¥ed and concentrated to give

98.8 g of title product. [err] (s)-2-(Acetylthio)benzenepropanoic acid,

di cycl ohexylam ne salt (173.1 g, 0.427 nol) was partitioned between ethyl

acetate (1 L) and 1086.30,5eB0LGSHouTd DS UM aigd (8091t ) cne ThRafigRNI C | ayer
was separ at ed and hed F é % SSi u flsulfa e (1L), 50%brine (1 1)
T At PP Fonte

and brine (1 L), ¥+ ered and concentrated in
vacuo. The resi due vvas evaporat ed several tines with nmethyl ene - 144 -
chloride, then dried overni ght in vacuﬂxamlm.aid 97 39 of crude
(S)-2-(acetylthie)beageim ]

(S)-2- (acetylthlo)b . ) 3
met hyl ene 5 chl ori dESOT“ATy was™ ° T ELCEN oL d“treated with a
sol ution of the proB&etf8keHar t (h) (100 28 g, 0.388 m)l) in methyl ene
chloride (600 ), triethylamne (154.1 nl, 0.388 nmol), and finally
benzotriazol - 1-yl oxytri S(%ﬂgtiﬁéhmﬁ%gh9§%ﬂ£§ BQc) hexgahh ugipphosphat e

(188 99 0. 42718“'%33%9%%s'£5so DPrepared as follows:

A stirred suspension of 95% sodium hydride
15 (60.8 g, 2.532 mol) in anhydrous dimethylformamide
. (500 ml) under an étmosphere of argon was cooled to
0°C (ice bath).” A solution of diethyl acetamido-
malonate (500 g, 2.302 mol) in anhydrous dimethyl-
formamide (1.2 1) was added over a period of 45
20 minutes while keeping the reaction temperature below
18°C. After the addition was complete, the turbid
solution was gradually warmed to room temperature.
After stirrihg for one hour at room temperature,
4-bromobutyl acetate (471.5 g, 2.417 mol) was added.
25 The mixture was then stirred at 59 - 60°C for 18
hours. The resulting slurry was cooled to room
temperature, quenched with absolute ethanol (40 ml)
and glacial acetic acid (4 ml), stirred for about 15
minutes, poured into a 10% lithium chloride solution
30 and extracted with ethyl acetate (2 x 3 1). The
combined ethyl acetate extracts were washed with 10%
lithium chloride (3 x 3 1), dried (anhydrous sodium
sulfate), and evaporated in vacuo to give 750 g of
title product as an oil.



portion. After one hour at [err] and 2 hours at roomtenperature, the
reaction m xture was concentrated in vacuo and dissolved in 2 L of ethyl
acetate. The organic solution was concentrated in vacuo and 15 dissol ved
in 2 L of ethyl acetate. The organic solution was washeslexedh 0.5 L of
brine, 1 L of 0.5 N hydrochloric acid, 1-[50f-water, 2 L of saturated

sodi um bi carbonate, 1 L of water, and 1 L of brine, dried (sodiumsulfate),
filtered and concentrated. 20 At this point, those aqueous rinses which
cont ai ned product (TLC indication) were reextracted with ethyl acetate. The

ethyl acetate extragts yere ed p i h=iysual nanngr and al |l conbi ned
to give a crude yell | pplied.to a 25 15

x 15 cmsilica gel pad pre"ﬁ’%fr@ﬁ°¢‘??tlf{°%tﬂﬁ‘ﬂ: tet(dB@: heradeieldnyag| ut ed
with 7L of 1:1 et hylweightditinrbhexanas 3-aldckwerhdry (dduippel: Wittt Ayl

acet at e: hexaﬂes3%ndé:fr,|e9ﬁ$,}aéﬁegL ,Qggn;‘._;_;c egt@geg%tdaggﬁl&ggggs ng f5|7l t ra]E es
containing (e 30 SRaCEhd S0 UELE SORCSUARL el (Bl R P 0 ©
flask, fitted with &ieldewed bynthe feddielommad aausiouni @hiscdivmrer, vvas_ pl aced
5 a solution of the hydedxide f(LogNIRant6 (Mol) ( 96rHR: Geaction mixture was
heated at 68 - 70°C for 5 hours and a homogenous
10 solution was obtained. The reaction was cooled to
room temperéture, and 6N hydrochloric acid (1.32 1)
was added slowly to pH 1.3. The flask was equipped
"with a short path still head to distill off the
ethanol as the temperature was slowly increased to 87
15 - 90°C and maintained at this temperature for 8.5
' hours. Slow carbon dioxide evolution was observed.
The total volume of distillate was 600 ml. The pPH of
the final solution was 3.0. The reaction mixture was

concentrated in vacuo until all of the water
20 evaporated off and then concentrated from toluene (2
x 500 ml). The semi-solid mass was triturated with
absolute ethanol (1 1), filtered, and rinsed with
_additional absolute ethanol (500 ml). The filtrate
was concent:ated in vacuo to.yield 509 g of crude ocil
25 © (82% purity) which contained ethanol and toluene.

The crude product from part (b) (443 g,
includes some toluene and ethanol, starting material
30 weight estimated to be 394 g) was dissolved in water
(3.3 1) and 1 N lithium hydroxide was added until the
pH was 7.5 (1.53 1 required). The mixture was heated
to 35°C and acylase (grade 1 from porcine kidney, 0.4
g) was added and the reaction mixture was stirred for



0.207 nol) in methanol (1.1 1). The solution was purged with argon for 30
m nutes then cooled in an ice-bath until the internal tenperature was
[err]. Atotal of 1.45 L of N sodi um hydroxi de solution 10 (previously
sparged with argon for 30 m nutes) was added over 1 houmaéeIde reaction

m xture was continuously sparged with argéd®lduring the addition. The
reaction tenperature rose to [err] and was mai ntained during the addition.
The reaction mxture 15 was stirred for an additional 30 mnutes, then

war med tof r 0021 gegpehahliﬁf's Wi BB @ %@'%Eh%t%hebﬁéﬁﬁnghétﬂﬂ w8d Wldélhd _
spargi ng for 0 r,0 was adde
dropw se over 15 - %%1% ﬁwagdrﬁ%%m*sﬁgdp tdgz gﬂ% reci pitate 20
-formed during the ad'{YlePi"f%l‘WUt f{“é’r @9di rinnat 's“’c:lf]rarsienéo‘f%tg’a further 2
hours, the precipitats sédetjednd che Fearrinhi vas selirded Worhlit merpr esence of
some | arger chunks gioyse! tesh nr@ﬂuctrheTﬂsreo@reﬁélcgomeﬁorp%gemﬁéte@ a 600 ni

sintered gl ass funnel shi ng t he, col I 8¢ I wi_t of hat er
foll owed by 2 L of gtr?hyﬁoust%e?ﬁetlc A l‘? Jd':r % |ﬂ) vaéﬁuo%a'ﬁ (?rded 70.3

g of title product a20ag}ivware pdded §B$3| ’éPe #PﬁCt@i’Bwas [Reatpd(BRA2JC  TLC
(1: 99 acetic acid/ etandl maatadhed fitr S MinkiBes30 ThielPkéactiilRh bds S- 3 ObS 6.0

150 mm 1.5 i/ mn. 1f1'1§@§éditth90@%/°a aBuif ee1ite® mhe&%én\&%@éd pRosphori

aci d (10 90: 0. 2) Buf f er | r . phosphor.i cid 0.10: 0. 2))
9.33 nin., 99.3%%0f Pl da&iﬁe‘f& ?V@tﬁ‘ tipg e ¥da
mi O

w1th 90
water:ethanol:dlmethylformamlde. Some warming was
required to break up the original cake. The reaction
mixture was refrigerated overnight, filtered, and
. 15 washed with 200 ml. of the above solvent mixture to
' vield 214 g of crude material (about 40% N-acetyl
material). This material was Suspended in methanol
(500 ml), warmed on a steam bath, allowed to stand
for 2 hours, and filtered. This procedure was
20 repeated a second time to yield 108 g of title
product; [alp = +22° (¢ = 1.44, 6 N hydrochloric
acid). i
Alternatively, steps (b) and (c) were also
performed as follows: '

1o X

25
A S5 1, 3-necked flask, equipped with a

mechanical stirrer and thermocouple thermometef, was
charged with the product from part (a) (631 g, 1.933

30 mol) and tetrahydrofuran (259 ml). A 6 N sodium
hydroxide solution (1385 ml, 8.31 mol) was added to
the stirred solution over 40 minutes. A strong
exotherm occurred and it was necessary to cool the
reaction mixture in an ice bath to keep the



- 146 - Anal. calc'd for [err]: C 55.86; H 5.92; N 6.86; S, 15.70 Found:

C, 55.83; H 5.83; N, 6.96; S, 15.70. - 147 - Exanple 24 [err] 5
The coupling reaction described in Exanples 3(c), 11(i), 22(b), and 23(i)
was also carried out as follows: A solution of HA629%a

(S)-2-(acetylthio)benzenepro- panoic aci-d1f2.83 g, 8.14 mml) and 10
[err] pyrido[2,1-b][1, 3]thiazepine-7-carboxylic-acid, nethyl ester (2.11 g,
8.17 mml) in dry nmethylene chloride (20 mM) was cooled to [err] and

et hyl - 3- (di net hyl areeﬁaépéa&x' ur?t?er:bgg‘d mI'ﬂ@Té%Y:gf.&fleEﬁp@ was ch&t (1.77

g, 9.32 mmol) was a reactlongxture was
n

de
stirred at [err] foS’ Stﬁé)tﬁps ih%&t ﬁggf\‘ﬁbs(peﬁn‘i?@ﬁﬁ%‘i"é'& &b oily foam The
resi due was then par®8'¢} dieedSbetheeEs- et hyl acetate (100 m) and 1IN
hydrochloric acid (50 M) .rh0midthareowgaritdrpbhat wasn waspechutreh 1N

hydrochloric acid (%Q;e%ightsﬁ‘wrsﬁ“h%{lré‘ﬂueeﬂé %yrnéaugaeb%a.te (2 x 50
m ), and saturated g ? h orid {pg nhydr ous sodi um
sulfate), filtered dggtr?c {’ 5‘8‘ l?‘le\%éﬂ 8%" é?of title
pr oduct hydrochloric a01d solution (1150 ml, 6.9 mo
maintaining the temperature at about 25°C. The
mixture was heated gradually with a short

10 ‘distillation head until distillation and gas (carbon
dioxide) evolution started (72.3° C pot temperature,
70°C head temperature) and until distillation stopped
and gas evolution became very slow (94.1°C pot
temperature, 50°C head temperature). Total

15 distillate collected was 410 ml and the pot residue
had a pH of 3.9. Heatlng was continued for another
ten minutes with no additional gas evolution. Total
heating time from the start of distillation was 7.5
hours. '

20 After stirring at room temperature overnight,
the clear reaction mixture (pH 3.50) was stripped in
the rotary evaporator under vacuum in a 60°C bath and
the pasty residue was stirred with absolute ethanol
(750 ml). The resulting crystalline suspension.was

25 Stripped in the rotary evaporator (pump vacuum, 60°C
bath) and the pasty residue was chased with absolute
ethanol (2 x 750 ml). To the final residue, absolute
ethanol (1500 ml) was added and the mixture was
stirred in a 60°C bath until it became a fine

30 cryscalline suspension, about 20 minutes, and then
stirred at room temperature for 20 minutes. The
suspenéion was filtered and the cake was washed with
absolute ethanol (2 x 300 ml}. The filtrates
appeared hazy and were further clarified by



25 as a white foam Exanple 25 [err] A 15 m, 3-necked flask equi pped with
a reflux condenser was evacuated and refilled with argon three tines.

[err] - 148 - to-1-oxo-3-phenyl propyl)am no] - 5- oxo- 7H pyri do-

[2,1-b][1, 3]thiazepine-7-carboxylic acid (0.20 g) and audéZBasol uti on of
degassed absol ute ethanol and acetonitri-l @320 nm) were charged into the
flask. 5 As the heterogeneous m xture was stirred, tert-butylamne (53.0
[err], 1.03 eq.) was added dropwi se. The sol ution became honbgeneous within

three minutes after flf@ré&%ﬂetﬁ%@bﬁ':;ga\&aéf ciIatebod. rihgeg ol didan

ternal t t f | d
i £ on of “acet oni EEFPArecndd jackpogin e rolny Maotiior o U S0

hours of stirring, ©kee sHi4i6s9 odr 61%le PEPGYLT we st AmbRETCAACERA 100%
acetonitrile (5 m) rthixk sgiied, Taod(yd:aced metdenolragltvacuum for 2 hours 15
to renove residugl geiy&Rkerf RPOLVE. 4.2 g of title product as a white
crystalline solid. The above material was conbined with material from other
runs and recrystallized as foIIovvs A 25 nl, 3 necked flask equipped with a
refl ux condenser, 28—reigiaraRilerp POl OB RN ek | on funnel was '
evacuated and refilled w mhsal.gdﬁnebkab fuasie,s eqi[tpped with a

mechanical stirrer and thermometer, was charged with

10 the product from part (b) (434 g ,1.93 mol), and
water (3 1). The pH of the hazy solution was
adjusted from 4.05 to 7.50 by the addition of 1 N
lithium hydroxide (705 ml). The solution was warmed
to 36°C and porcine kidney acylase I (0.710 g) was

15 added. The mixture was stirred at 35° to 36°C for
23.5 hours, The reaction mixture was cooled to room
temperature and the pH was brought from 7.0 to 5.9 by
the addition of glacial acetic acid (4.4 ml).
Celite® (29 g) and charcoal (29 g) were added and the

20 temperature was raised with stirring to 91°C. The
heating was removed and the mixture was allowed to
cool to room temperature. The suspension was
filtered through an 18.5 cm filter paper disc and the
cake was thoroughly washed with water. The colorless

25 filtrates (about 3.9 1) were concentrated in a rotary
evaporator at 60°C to give 476 g of a clear, thick
0il. Absolute ethanol (720 ml) was added and the.
mixture was stirred until it becamé a homogeneous
crystalline suspension. The solvent was again

30 stripped off and absolute ethanol (1584 ml) was added
to the white solid residue. The suspension was
rolled in the rotary evaporator at room temperature
overnight (15 hours) and filtered through 18.5 ¢cm
paper. The cake was washed with absolute ethanol (7




bat ches of 1, 1-di nethyl amine salt produt (0.37 g) and 59%
acetonitrile/ethanol (2.28 m) were added to the flask. The flask
“contents were warned to 29 - 25 J[err] to dissolve the solids. The

solution was diluted with acetonitrile (27 m).

and

The heagdgrgabat h was

- renoved, and the flask was allowed to ceois4e roomtenperature [err]. After
one hour of additional stirring, the mxture was filtered, and 30
solids were washed once with acetontrile (10 n), air-dried, and pl aced

der high t ' I ' '
under hi gh vacuum Oréﬁ%\iﬁ-5§§'GQF?%F%OC%‘_?%§F%§“§}"? &rZ]Qa%HgJ title

product as a white &

I Nné SO m err

slowy

t he

nel ts and deconpose§®agivendstd@af dyhite | Fystallipg tints 1edYCY-0 [err] (at
190-- [err], the refmuf nimeghgraisypteniaserat anddi s10:dplliR) = Ex@wpl e 26 [err]
Thi s internedi ate ohnkXamahesd Foe) cgrhbtby: and 10 23(h) was al so prepared

as follows: [err#I
2.532 nol) in an

(60.8 g,

A stirr NSl f 959 di um hydri de 15
ydr ous d?dr?egﬁy f'o?hgdr?ﬁggéj&%%?ﬂ) under an at nosphere of

argon was cool ed t oFP&Rd i 8248t By .8-A7sNuti-84- of diethyl acetam do-
mal onate (500 g, 2.302 nol) in anhydrous dinethyl- formande (1.2

added over a peri odgef

t enper at ure bel ow
10

15

20

25

30

A slurry of (S)-2-amino-6-hydroxyhexanoic acid
(1.0 g, 6.8 mmol) in methanol (20 ml) was stirred
under argon at room temperature and treated with

trimethylsilyl chloride (1.9 ml, 15 mmol). The
resulting solution was stirred at room temperature
for 18 hours. Thé solvent volume was reduced to
about 3.5 ml under reduced pressure. Acetonitrile
(5 ml) was added and the solution was cooled to
-10°C. N,N-Diisopropylethylamine (4.15 ml, 23.8
mmol) was then added and the solution was cooled to
-40°C to give a solution containing (S)-2-amino-6-
hydroxyhexanoic acid, methyl ester.

In a separate flask, a solution of
S-acetyl-N-[ (phenylmethoxy)carbonyllhomocysteine
[prepared as described in Example 23(e), 2.117 g, 6.8
mmol] in acetonitrile (5 ml) at 0°C was treated with
N,N-diisopropylethylamine (1.20 ml, 6.8 mmol). In
another flask, hydroxybenzotriazole hydrate {(0.104 g,
0.68 mmol) and methanesulfonyloxybenzotriazole (1.450
g, 6.8 mmol} were dissolved in acetonitrile and
cooled to -18°C. The previously formed S-acetyl-N-
[(phenylmethoxy)carbonyl]hdmocysteine was then added
dropwise to this solution while maintaining the
internal temperature at less than -10°C. After



[err]. After the addition was conplete, the turbid solution was gradually -
warnmed to roomtenperature. After stirring for one hour at room
tenperature, 4-bronobutyl acetate (471.5 g, 2.417 nol) was added. 25 The
m xture was then stirred at 59 - [err] for 18 hours. Thgagogaul ting slurry
was cool ed to room tenperature, quenched ps3 h absol ute ethanol (40 m) and
glacial acetic acid (4 m), stirred for about 15 m nutes, poured into a 10%
‘l'ithiumchloride solution 30 and extracted with ethyl acetate (2 x 3 1).

The conbi ned et hyl E d‘aﬁﬁ Gtgo w«:i?eli h@ﬁir 404 2'150% bit hi um chl ori de
S

(3 x 3 1), dried (an umsul vaeoratealn vacuo to
give 750 g of titl erB? “&l’l°6|"fas aad. d fiz GpW1 o the above

2- (Acet yl am no) - 6- hydl@aphexmmmml@)Theartpmod&dwdﬁrpm%nbitt a) (.730 g,
2.2 mol) was wei ghedcid! teBhpl lestdr NACk 4bt@SKTheGLikRRLE wilist B1 Powrd

thermoneter, magpet bg %‘%Jl?e{"? Omaa%gocc%péreggcggdresnse{.ﬂe and_gdiluted with

absol ute et hanol (3 equs sodi um
hydroxi de (1.6 1, 9“’Bsrﬁﬂe}‘ Pq‘m‘i"éadré%&ﬁ ieSHY hiagetree vl ‘H%’ataé‘ﬂ W 68 - [err]
for 5 hours and a hbyd@gehdosid @cidolbft mdh. wabheobixturedwas The reacti on was

CIOOL\AEd EO raolm gerfg_@féﬁsrﬁ&re@nﬂm@\h iB@!ii’aQ&’Eﬁx@r EGne&ll Q{nﬁ lend2 lé&eﬂﬁshadge?
o) O PP e et BBkl SO AR e, ofegb gt 0
. 10 ethyl acetate (2 x 50 ml). The organlc layers were
combined and then washed with 1N hydrochloric acid
(100 ml), saturated sodium bicarbonate (100 ml), and
saturated sodium chloride (100 ml). The solution was
dried over magnesium sulfate, filtered, and
15 concentrated to a white solid. To this solid was
added tert-butyl ﬁethyl ether (20 ml) and the
resulting slurry was stirred at room temperature for
4 hours and filtered. The product was washed with
tert-butyl methyl ether and dried to yield 2.087 g of
20 title product; m.p. 89 - 90°C.

e) IS-(R* R*)1-2-[[4-(Acetvithio)~-1-oxo-2-[[phenyl-
acid, methyl] ester

25 To a solution of oxalyl chloride (546 ul, 6.27
mmol) in dry methylene chloride (16 ml) at -65°C
(internal temperature) was added dropwise a solution
of dimethylsulfoxide (905 ul, 12.54 mmol) in
methylene chloride (13 ml) over 12 minutes while

30 maintaining an internal temperature between -65° and
-60°C. A solution of the preoduct from part (d) (1.90
g, 4.18 mmol) in methylene chloride (7 ml) was added
to the reaction flask over 20 minutes producing a
turbid mixture. Additional methylene chloride (1 ml)




15 - [err] and maintained at this tenperature for 8.5 hours. Sl ow carbon
di oxi de evol uti on was observed. The total volune of distillate was 600 ni.
The pH of the final solution was 3.0. The reaction m xture was concentrated
in vacuo until all of the water 20 evaporated off and ghesgwsLoncentrat ed
fromtoluene (2 x 500 m). The sem -sol id1sdss was triturated with absol ute
et hanol (11), filtered, and rinsed with additional absolute ethanol (500
m). The filtrate was concentrated in vacuo to y| eld 509 g of crude oil 25

' (82% purl ty) whi ch C@?%t ﬁjs&?q:oeég%%kea{% ttg )the %?é?ho

- 2- Ami no- 6- hydroxyhexan0| C aci 'i443 g,
i ncl udes sone t ol uerfdeaREHieINblaskspad ttihﬁgr%ﬁ“éPPaWasSG 1%"9?%9 esti mat ed
to be 394 g) was di ss@irvad 16r$°®veﬂ:oe‘r4@3@131utyasanaﬂextl\u.ln-ﬂmmn hydr oxi de was

added until the pH wi%pfiécHylahinel (3e7UAY,. D, 90T|ﬂﬂom Xadl gadeas cheated to
[err] and acyl asg (§z%ﬁﬁc£'ngfr°@1&9f %I\%%‘nd”?iftﬁg yy&s dded and the

reaction m xture wa e end of this

time period the pH \#gdivional IMinuLes At e84 UsthE ‘E%‘cﬂ@n\fdaﬁh AN i thium

hydr oxi de (about 2 rdllowedidio warmltoac)88sever).24hgyrsvas Theldedctaonl t he

reacti on was stirredadsOfuéntchetr Rith NOYIfuepik Eo@hssﬁﬁﬁb@ﬂxﬁatbh%(ﬁm ution

was adj usted to 5. 9an tme‘%ﬁJehC é}?&eg 4 Sabh é%%eggt %coal (20 g) were
te f al ne '

added.and the reacti on was err mal n or 5 minutes.
reaction mixture was diluted with 25 ml of water,

mixed, and the phases were separated. The agqueous
fraction was back-extracted with methylene chloride
(2 x 25 ml). The combined organic extracts were
washed with 10% aqueous potassium bisulfate (25 ml),
15 saturated aqueous_sodium bicarbonate (2 x 25 ml},
brine (25 ml), dried (magnesium sulfate), filtered

The reaction wast®

and concentrated in vacuo to give 1.84 g of title
product as a white solid.

20 -{4a -0 =4- n -

A dried flask under argon was charged with the

product from part (e) (1.76 g, 3.89 mmol) and

25 methanol (17 ml). The solution was cooled to 0°C and
sparged with argon for 25 minutes. Sodium methoxide
solution (25% by weight in methanol, 983 ul, 4.28
mmol) was added to the reaction mixture over about 15
seconds. The reaction was quenched after one hour

30 with 1N hydrochloric acid soclution (20 ml) and then
allowed to warm to room temperature. Ethyl acetate
(35 ml) was added and after mixing, the layers were
separated. The agueous fraction was back-extracted
with ethyl acetate (2 x 15 ml). The combined organic



filtered through a pad of [err] and concentrated in 10 vacuo to a

sem -paste (441 g). This was triturated with 900 m of 1:5:10

wat er: et hanol : di met hyl f or mam de. Sone warm ng was required to break up the
original cake. The reaction mxture was refrigerated ovassegght, filtered,
and 15 washed with 200 m. of the above 487vent m xture to yield 214 g of
crude material (about 40% N-acetyl material). This material was suspended

i n methanol (500 m ), warmed on a steam bath, allowed to stand for 2 hours,

and filtered. This t L fo yield 108 g
of title product; [gr%ﬁggjsga\éfél(%ggeéﬂﬁgﬁ ?ﬁg‘;ﬁ%@%ﬁ%r@%c' d).
Al ternatively, stepssyt (l;’c’ﬁl MePELRf s §5he 1 BPARFIER FUIA5RE: 25 b)

2- (Acet yl ani no) - 6- hykilsfyebx andi eongentrakes in vacHecikediveakiéd eqrf pped with
a mechani cal stirrer[sang* tRenARpcUdpherddpebrDr®Ricet - [ NdheniBieg®dxi + h t he

product from parts (@arﬁé@%l]%mi&o}%%% §pami%g)6-%igh5§§rfoagygéﬂx.uran (259 m).
A 6 N sodi um hydroxi de. sol uti on 13§ ne1, .31 nol) was added to the

‘stirred solution ové¥*™H% rﬁsﬁﬁfe%s.( aAwg%tr oﬁ@ar&xm herm occurred and it was
necessary to cool the reachiseAubion gfcthis white dopmtand o keep t he - 152
- tenperature under fréfitjorciheticactdofdos Kiurls d5amndliein methylene

chloride (17 ml) was refluxed for 2.25 hours. After

10 cooling to room temperature, the reaction was '
concentrated and the residue was dissolved in ethyl
acetate (25 ml), washed with saturated sodium
bicarbonate solution (2 x 20 ml) and brine, dried
(magnesium sulfate), filtered and concentrated in

15 wvacuo to yield 1.50 g of title product as a white
foam.

20 methyl ester
_ Treatment of the product from part (f) with
iodotrimethylsilane according to the procedure of
_ Example 23(h) or 11(h) removes the N-protecting group
and yields the desired 4-amino product.
25
Example 27

This intermediate of Example 1(¢) was also
30 prepared as follows: '
To a solution of 2-(acetylamino)-2-[4-facety1-
oxy)butyl]propanedioic acid, diethyl ester {730 g,
2.2 mol, prepared as described in Example 24(a)] in
absolute ethanol (300 ml) was added 6 N sodium



heated to slight reflux (pot tenperature at 67 - [err] for 5.5 hours. The
m xture was stirred at roomtenperature 5 overnight (16.5 hours). The pH
was brought from12.75 to 1.30 with the gradual addition of 6 N -
hydrochl oric acid solution (1150 mi, 6.9 nol), maintai nigxgpolahe t enperature
at about [err]. The m xture was heated gras&ally with a short 10 -
distillation head until distillation and gas (carbon di oxide) evol ution
started [err] C pot tenperature, [err] head tenperature) and until

distillation stoppe .S L yi i pn beca . r
tenperature, [err] ﬂgg%i%lg@ E‘?ﬂ{t&ﬁ?a)&"ls'o% ”?g&e%él/aj%}ﬂé’%% é%??%:t ed was
410 i and the pot PEsUue 'Rd rp§| Rqurg. gthey 2t ﬂ@ W8s?2&ntPnued for

anot her ten ninut esddsthllnoffiduisti ofdihegathangd|. utThenregefiipn Wasiti ng ti ne
fromthe start of dicebldd ahticdti@aEidd TohplIs.3 Bdfing 6N hydrobhi&ficStirring at

room { emper at Ut e50vERa Moyt e LhEAIGAGLLEN HXYH ¢ {Fc30) uas

stripped in the rotary, evaporator under vacuumin a [err
Phiee e

pasty resi due was sBFPIEER APEIIFLORUAOD - et YRATO FOTRART LAR) .tht%ﬁtﬁnf‘gegﬂl : ihﬁg
crystal li he suspensireacyien fbxturer wapadoled tirereen Leppexatygeat or (punp
~vacuum [err] bath) and thfepaisdve eesddlteavion hasatdenivad ased We et hanol
(2 x 750 m). To tNgsid Aah {:SalediSerdPaBbill Go8! AN sgléézﬁum) was added
and the m xture s.stirred a r.r at h_ unt It 'hecane .a fine 30
crystal line susp ns?‘gélfmﬁ‘l%u%&ﬂ@w%? i &y s%drfd““t;ﬁ’é KPP ey 209 om
tenperature for 20 tPreH @f 7Thdfdnapaiedune wassabeut 8rédllandTehthisake was
washed with mixture was added 0.6 g of porcine kidney acylase I.
After stirring overnight at 35°C the pH was 7.25.
The pH was adjusted to 7.5 and an additional 300 mg
~ 15 of acylase was added. After stirring overnight, the
reaction appeared to be about 90% complete. The
reaction mixture was next treated with 20 g of
charcoal and 20 g of Celite®, then heated to 85°C and
maintained at that temperature for 10 minutes, then
20 cooled to 50°C and filtered. At this point, the
total volume of the filtrate was about 4.9 1. The
filtrate was cooled to 5°C and solid sodium carbonate
was added to adjust thé pPH to 9.3. N-Carbethoxy-
phthalimide (263.04 g, 1.2 mol) was added in one
25 portioh and sodium carbonate was added as needed to
keep the pH at 9.3. After 2 hours at 5°C followed by
3 hours at room temperature, the pH dropped to 8.5
and most of the reagents had dissolved. The reaction
mixture was filtered, cooled to 5° and acidified to
'30 pH 2.3 with 6N hydrochloric acid. The precipitated
so0lid was collected by filtration and washed with 200
ml of cold water, then dried in vacuo to yield 220 g
of title product.



absolute ethanol (2 x 300 m). The filtrates appeared hazy and were further
-clarified by -153- filtration through a pad of [err]. The new, clear
filtrate was stripped in the rotary evaporator to give 434.6 g of title
product as an amber-colored thick syrup. TLC (10:1:1, neidémaol :acetic 5
acid:water) Rf = 0.59. ¢c) (S)-2-Am no-6-by¥roxyhexanoic acid A5 1,
3-necked flask, equipped with a nechanical stirrer and thernoneter, was
‘charged with 10 the product frompart (b) (434 g ,1.93 nol), and water (3

1). The pH of the hazy sol ution was ad% om4.05 to 7.50 by the
addition of 1 NIit n ro (205 Ne_sol uti on was warmed to

[err] and porcine ki - . Sivp ~The m xture
was stirred at [err paghihel ety X ) S 501 : jorr e was
cooled to room tenpgraiiy iRgepitarascd 0 Acq8

addi tion of glaci.al acetic acrd (4 4 m) [err] (29 9) and charcoal (29 9)
wer e added and tﬁe 2 d .Jerr]. The
heati ng was renoved=<ar P ' ‘ \
tenperature. The sudpmlomm frltered through an 18 5 cmfrlter paper
di sc and the cake was t hfy QugblutivaseeGodlith avdbride KRescii orl ess 25

filtrates (about 3. %ltﬁgna/ierg @%ntgﬁteeﬂnéﬂ angg%gleyﬂ)rborng Qragdt [err]

to give 476 g of ear
10 added dlethyl acetamidomalonate (14.74 gm, 67.8

mmol), then 1-(bromomethyl)napthalene (10.0 gm, 45.2
mmol). The solution was stirred at room temperature
for one hour. The reaction mixture was then
concentrated to an orange oil. The o0il was dissolved
15 in ethyl acetate and washed with 50% saturated
ammonium chloride water and brine, then dried over
sodium sulfate, filtered and concentrated to afford
an orange solid. The solid was recrystallized from

ethyl acetate and hexane to afford beige crystals

20 contaminated with diethylacetamido malonate. The
solid was dissolved in 50% ethyl acetate in hexane
and purified by flash chromatography on Merck silica
gel in 50% ethyl acetate in hexane. Those fractions
containing pure product were combined and

25 concentrated to afford 10.225 g. of product as a
white solid; m.p.
105-108°C; Rf = 0.57 (50% ethyl acetate in hexane).

30 A solution of the product from part (a) (16.182
gm., 47.5 mmol) was suspended in 48% hydrogen bromide
(100 ml) and refluxed under argon for 14 hours. The
hydrogen bromide salt of the product was filtered out
of solution as a white solid, then taken up in hot



oil. Absolute ethanol (720 m) was added and the m xture was stirred until
It becanme a honpbgeneous crystalline suspension. The sol vent was again 30
stripped off and absol ute ethanol (1584 ml) was added to the white solid
resi due. The suspension was rolled in the rotary evapor aggyz9at room
tenperature overni ght (15 hours) and fil teréad -t hrough 18.5 cm paper. The
cake was washed with absol ute ethanol (7 HA629a - 154 - x 100 m) and
dried to constant weight under vacuumto give 85.8 g of white, crystalline

title product. TLC ( R t . Ana
calc'd for [err]: 5 (50 ép%atg@ ﬁ%ooa&& cg%bg ?]\ijmé églel@ftrahgze, 48, 66 H,
8.77: N, 9.43. [err]¥ihcoprspigpted)anponiym byarexifieoxy TR RR8*ethcid (1.0 g,
6.8 mmol ) in net hanobrécdPinagedrvast sifi ispdeciondes arfjor whiteospiidbnperature
and treated with triggddhsttatioshdd hel?u(gluadaf hikh ¥@@ul The 15

resul ting sol utiof V\@\?ﬁjc 85% &sa}w&xpsgm gﬁ’ggehg %ggg‘gcg% Qours.  The

sol vent volune was re 0 ab uced pressure.

Acetonitrile (5 nl) %%ﬁeﬁs andlefly ?BFEﬁlstﬂJrl%as“‘ ®oofBY Fo [err],
N, N- Di i sopropyl et hyl am ne (4 15 rri 23 8 20 mml) was then added and t he
sol ution was cool ed &y B €R Shalenén meicadni ng (S)-2-am no- 6-

To a solution of the product from part (b)

10 (4.000 g., 18.6 mmol) and potassium bromide (7.63 g.,
63.2 mmol) in 2.5 N sulfuric acid (35 ml) kept at 0
°C was added sodium nitrite (1.92 g., 27.8 mmol)
over one hour. The mixture was stirred for an
additional hour at 0° C, then was warmed to room

15 temperature and stirred for 2.5 hours. The reaction
mixture was then extracted with ether (3x). The
ether layers'wére combined and washed with water and
brine, then dried over sodium sulfate, filtered and
concentrated to give an orange oil. The oil was

20 purified by flash chromatography on Merck silica gel
in 70% ethyl acetate in hexane with 1% acetic acid
added to reduce tailing. Those fractions containing
the bromide were combined and concentrated to afford
slightly contaminated product as an orange oil which

25 solidified upon sitting overnight. Rf = 0.40 (40%
ethyl acetate in hexane with 1% acetic acid).

To a slurry of potassium thioacetate (0.912
30 g.. 8.00 mmol) in acetonitrile (300 ml) at 0°C was
' added the product from part (c) (2.030 g., 7.27 mmol)
as a solution in acetonitrile (3 ml). The solution
was stirred for one hour at 0°C, then was warmed to
room temperature and stirred for 1% hours. Potassium



hydr oxyhexanoi c acid, methyl ester. In a separate flask, a solution of
S-acetyl - N-[ (phenyl net hoxy) car bonyl | honocystei ne 25 [prepared as descri bed
- in Exanple 23(e), 2.117 g, 6.8 mml] in acetonitrile (5 mM) at [err] was
treated with N, N-diisopropylethylamne (1.20 m, 6.8 mmmAd29al n anot her

fl ask, hydroxybenzotriazole hydrate (0. *026g,~- 0. 68 mmvol ) and
nethanesulfonyloxybenzotr|azole (1.450 30 g. 6.8 Mol ) were dlssolved I n
acetonitrile and cooled to [err]. The previously formed S-acetyl -

[ (phenyl et hoxy) car hagyl adQEPGHShek Of83 iceackiedoHEORN Agxdd hi s

sol ution while maintalning t er nal Q%fratué§>% | ess than [err].

Aft er -155- stirPPAGFS B t'ﬁ“"‘]"""'t 6°’[°§PFfa tPht ol SFAPHB resul ting
sol ution was added @itbpwiThe ¢ whe GFEPéved|imy YRS T Rgd

(S) - 2- am no- 6- hydr owgsteedratls 0% dotamtinyl bieall eat@tanfiebrine, Threnmi xt ure was
allowed 5 to slow yr-yed kP dedilih gm%ratw ﬂ@.‘d[a?ed abBechfRnkEQfegas then
poured into ethyl acet%? é dro loric %% 50 m). The

m xture was transfeFPetFioF a’é°§éﬂ%ﬁa&1 sl waasngthglq %%rs wer e
separated. The aquebl@sh gprenatesranhy 28t E%Fqlﬁ Fhll@ gelhin SQ%eehvd (2 x 50
m ). The organi c | ayetseneh ches@ndi width avcadedten aeishadded tte Fé&&duwedr ochl oric
acid (100 m), sat UE iﬁ%gSOdbl&HEebtfééﬁ‘aﬂét@onﬁz%Q&ﬁH boro8ick g,@%,grﬁtled sodi um

chioride (100 m). IBg SOLULLPN.: RS, TongSudd Sl GE g LT ate, filtered,
and B

Those fractions were pooled and concentrated to give
an orange cil. The crude product was purified via the
dicyclohexylamine salt by dissolving the orange oil
in ether and adding an equivalent of

15 dicyclohexylamine (1.32 g., 7.27 mmol) to the
solution. The diéyclohexylamine salt was obtained in
2 crops of brown crystals (1.450 gm) still slightly
contaminated with impurity. The crystals were
éuspended in ethyl acetate and shaken with 10%

20 potassium bisulfate (3x). The organic layer was then
washed with water and brine, then dried over sodium
sulfate filtered and concentrated to afford 875 mg.
of product as a yellow oil; Rf = 0.40 (40% ethyl
acetate in hexane with 1% acetic acid).

25

30 A solution of the racemic acid product from
part (d) in methylene chloride and a solution of
[4S-(4a, 7a, 10aB) ] ~octahydro-4-amino-5-oxo-7H-
pvride(2,1-bl[1,3)thiazepine-7-carboxylic acid,
methyl ester in methylene chloride are reacted in the



15 concentrated to a white solid. To this solid was added tert-butyl

nmet hyl ether (20 m) and the resulting slurry was stirred at room
tenperature for 4 hours and filtered. The product was washed with
tert-butyl nmethyl ether and dried to yield 2.087 g of 204adhk! € product;
mp. 89 - [err]. [err] nethoxy)carbonyl | amgl-butyl | am nol - 6- oxohexanoi c
acid. nethyl ester 25 To a solution of oxalyl chloride (546 [err],
6.27 mmol ) in dry nethylene chloride (16 mM) at [err] (internal
tenperature) was added dropw ol,ut i on of |neth | f.oxjde (905 [err]
1554 ol ). i n et yPEERCR) 3 FELTYIARSE ans, DYt kPR 5o

mai nt ai ni ng an i nt er &S ‘W&P@%@)DéPmlpeeraéﬁﬁo’fWFPh#%oI ution of
t he product from parécdoadtfiifd.cd0the prot8dut®lof Examinehyd enetohdire de (7 nl)
was added to the rea@&éqgtiéqﬁgdgagr 20 m nutes producing a turbid m xture.
Addi tional methylene chloride (1 m) -156- was used to conplete the
transfer of the al cohol 3 t|on flask and the reactlon was
allowed to stir at [ RO T S - Teh4 ¥yt et hyl am ne
(3.7 M, 20.90 mol) bnjy | BNj ‘3 After
stlrrlng an additiong 1M RYLesi e v &
warmto [err] over 2 hoursA )i %trlgﬁicotj oge pmdﬂggné:m%parth( JTO% aqueous

pot assi um bi sul fate (30
. 10 methanol is treated with 1N sodium hydroxide

according to the procedure of Example 23(j) to give
the title product. '

Example 29
15 -[40.(R*) .7 - rdro-4-[[2- -1-
20 Potassium chloride (3.0 g., 40.1 mmol.) was

added to a solution of P-(2~thienyl)-D-alanine (1.37
g., 8.03 mmol.) in 2.5 N hydrochloric acid (25 ml.)
at room temperature under argon. After Stirring for
10 minutes, the resulting mixture was cooled to 0°C

25 and treated with sodium nitrite (720 mg., 10.44
mmol.). After 2.5 hours, the reation mixture was
warmed to room temperature and was stirred 1 hour.
The mixture was partitioned between water and ethyl
acetate and the organic layer was dried (sodium

30 sulfate), filtered, and concentrated. The residue
was flash chromatographed (Merck silica gel) eluting
with 1% acetic acid in 3:1 hexane/ethyl acetate to
give 760 mg. of (R)-G-chloro-2-thiophenecarboxylic

acid as a yellow oil.



m ) and then warned to roomtenperature. The 10 reaction m xture was
diluted with 25 m of water, m xed, and the phases were separated. The
aqueous fraction was back-extracted with nethylene chloride (2 x 25 m).
The conbined organic extracts were washed with 10% aquegggagpt assi um
bisulfate (25 nl), 15 saturated aqueous- 9@di &4m bi carbonate (2 x 25 nl),
brine (25 m), dried (nagnesiumsulfate), filtered and concentrated in
vacuo to give 1.84 g of title product as a white solid. A dried flask under

argon was charged with the, pr.oduct. fro ar ). (1 3 §9 mol ) and 25
met hanol (17 m). The sol%%lcgﬁ‘ ﬁ_"a?s“&%g]?‘geq (%Oéféﬁ"f] 1%’?1139 %lrj ed®Ri th argon
for 25 minutes. Sodidftefeth@satuEenuerriRipdmgthe Aeewghchierife hanol , 983

[err], 4.28 mml) wagSadoed 4073 memoledcin dimethylfoemanide atfutl.15 seconds.
Thle {_eactl(gg \rATqa)s qu%%cﬁs&nac{énsér%m&eh%eétgrgaﬂ.t hAﬂ:\L:h)éQEtPEiﬁgorf%Ehaf' d

sol uti on an en allo Q _war.m roomtenperature. y

Sobtat o (sent) ) whe s, BaShs 2 Chd Feh Qo AL LL, [ATRA SRR et L | 11
aqueous fraction wasdOfapREassivfchicylipes s@dhsthvdcacetate:2 The5 m). The
conbi ned organic orgabic -lalyeactdsowashesl eitvadrddew driedN(dndiuachl oric acid

~sol uti ?n glg m), brsiunteat@b_r,i Q‘iié%%@e%&@oﬁééﬁﬁta%d drdd 8 ebsiang
concentrated in vacug i.ve, 1 0 U .
(S (R, R) T2 [ 4 mieabr A Sobomtobibnen, e, sijce gel) etucing
car bonyl ] ani no] Bt y W&k Hbjacer bk Atddandid lakeepne/ethyl acetate to
give 500 mg. of the title product as an oil.
TLC (2% acetic acid in 3:1 ethyl acetate/hexane)

REf 0.73.

15 b - *), 7.1 -0 -4-[[2- -

A solution of the acid product from part (a)

20 in methylene chloride and a solution of
[4s-(4a,7a,10aB)]-octahydro-4-amino—5—oxo-7H—
pyrido[2,1-b}{1,3]1thiazepine-7-carboxylic acid,
methyl ester in methylene chloride are reacted in the
presence of triethylamine and benzotriazol-l-yloxy-

25 tris(dimethylamino)phosphonium hexoflurophosphate
according to the procedure of Example 23(1) to give
the title product.

306

- i ine-7-

A solution of the product from part (b} in
methanol is treated with 1N sodium hydroxide



met hyl ester as a white foam A solution of this white foam and
trifluoroacetic acid (305 [err], 3.95 nmmol) in nethylene chloride (17 m)
was refluxed for 2.25 hours. After 10 cooling to roomtenperature, the
reacti on was concentrated and the resi due was di ssol vedgag2®d hyl acetate
(25 M), washed with saturated sodi um bité&6Bonate solution (2 x 20 m) and
‘brine, dried (magnesium sulfate), filtered and concentrated in 15 vacuo to
yield 1.50 g of title product as a white foam [err] Treatnment of the
product from part (fa)ccw:‘&fhg' edoind bbydile! 8P%:ARE0E H3Ng) L& Gepr oCedur e
of Exanple 23(h) or :h(m renopves the N-protecting group and yields the
desired 4-am no procf‘u SRR 27 (S) 2- Pht hal i m do- 6- hydr oxyhexanoi ¢
acid This internediate of Exanpl e 1(c) was also 30 prepared as follows: To
a solution of 2-(acetyl am no) [4 (acminaj.glm) butyI ] pr opaned| oi c acid,

di ethyl ester [730 qas2i R S&L4-h x34(a) ] in

absol ut e et hanol (3310 % g]vvas gi X1 de sol ution
(1.6 1). The reacti

_ ) - : n at [err]
to [err] to thiazepine-7-carboxvlic acid

10 hexvlamine salt
Following the procedure of Example 1(h) but
substituting L-phenylalanine for the D-phenylalanine,
(R} -2~ (acetylthio)benzenepropanocic acid, dicyclo-
hexylamine salt was obtained.
15

20 A stirred suspension of (R)-~2-(acetylthio)-
benzenepropanoic acid, dicyclohexylamine salt (353.5
mg, 0.872 mmol) in ethyl acetate (5 ml) was washed
_with 5% potassium bisulfate solution (3 x 5 ml). The

_ organic extracts were combined, washed with brine,

25 dried (magnesium sulfate), filtered, concentrated,
dried in vacuo and stripped twice from hexanes to
obtain (R)-z-(acetylthib)benzenepropanoic acid as an
oil.

The resulting free acid (181.4 mg, 0.809 mmol)

30 was dissolved in methylene chloride (2 ml) and
stirred under nitronen at 0°C. To this solution was
added a solution of [4S-(4a,7a,10af))-octahydro-

4-amino-5-oxo-7H-pyrido(2,1-b][1,3]thiazepine-7-



distill off nost of the ethanol. The reaction was cooled and acidified to
pH 1.3 using 6N hydrochloric 5 acid. (about 1.3 1), then heated at [err] -
[err] to achieve decarboxylation. Upon conpletion, the crude reaction

m xture was cooled to roomtenperature. The above cruderxé&®ati on m xture
was heated to [err] and treated with aboufé®%00 m of 6N sodi um 10 hydroxi de
foll owed by 1IN sodi um hydroxide to adjust to pH of 7.5 (final volunme was
about 5.3 1). To.this m xture was added 0.6 g of porcine kidney acyl ase I.

After stirring overgj tcl£did, hbEAHeYeS 1260 mg! 6. PH WAS1 AdiUSted to
.7.5 and an additional f1er ring

300 ny of, acyl ase was added. A tyr

overni ght, the reacF‘FBl??'qaeS e‘ékgizocf 18 gGye mggbut\[ql‘aego%’c%g’ﬂ}ﬁ’é’.e 'f'ﬁei]r:ieact i on

m xt-ure was next trBhtch8istpnal) gndifippdte henzawiazolylof [err], then
heated to [err] andyb@inirdstéinethylamninol phgephahinie for 10 minutes, then 20
cooled to [err] andnbid#1R688ondonhtl S(38E1 Ay, of.BE3 Lo}, VaiHge of the
filtrate was about 4.9 1. The fll.tr%ge W§§ coal%g to.[err] 1 nd solid sodium
carbonate was added*ECHEPUEES (FTEFPER & § 320K FHEL ‘6%/9 Sﬁ‘ﬁ li nide
(263.04 g, 1.2 nol) tederadiedrionr baePerstpers i dftema sotrumicaPbonat e was
added as needed to keays.t lthe pteart iOn JasAtdmtenried Inavaduer.r | Theol | owed by 3

hours at room tenpeigiilhife whaiRE-WaPReded 18acete IRStel the reagents
had di ssol ved. Ige regg:t.l on m xtu

acidified to 30%pH 5° %‘-’Ph"%ﬁ\ﬂﬁ\?é%%\é\‘%s‘%}];%%g%ugg'éc'cogl’g?pe"tctgﬁﬁ'%{ ]edaggl i d
was col | ected by fibPtsukfiasa, shFakpsHed #PIYE1PYoCRHIso§iuRol d water, then
dried in vacuo to ybitarridnate, aihdtbtire.prThktiokganic layer was dried
(magnesium sulfate), filtered, and concentrated to a
_ yellow solid. Purification by flash chromatography
. 15 (eluting with 2:3 ethyl acetate/hexane) gave 261.7 mg

of title product as a clear oil.

20 [1.31thi ine-7-cart 13 ig
: A solution of the product from part (b) (261.1

mg, 0.562 mmol) in methanol (6 ml, deoxygenated via
nitrogen bubbling) was cooled to 0°C and treated with
1N sodium hydroxide (6 ml, deoxygenated via nitrogen

25  bubbling). After stirring for one hour at 0°C while
purging continuously with nitrogen, the reaction was
warmed to room temperature. After stirring for 30
minutes at room temperature, a clear soclution was
obtained. After 5.5 hours, the reaction was

30 acidified.lio pH 1 with 5% potassium bisulfate and
extractéd with ethyl acetate. The organic layers
were combined, washed with water and brine, dried
(sodium sulfate), filtered and concentrated in vacuo.
Purification by flash chromatography (6:0.01:3.99



HA629a - 159 - Exanple 28 [err] 5 a)

(Acet yl am no) ( 1- napht hal enyl net hvl ) pr opanedi oi c. diethyl ester To a

sol ution of sodium ethoxide (21%in ethanol, 4.613 gm 67.8 nmmol) in

et hanol (100 m) was 10 added diethyl acetam donmal onat ga¢dsk 74 gm 67.8
mol ), then 1-(brononethyl)napthal ene (X0166gm 45.2 mmol). The sol ution
was stirred at roomtenperature for one hour. The reaction m xture was then
concentrated to an orange oil. The oil was dissolved 15 in ethyl acetate

and washed with 50%gg }trﬁegét@m%gt%na%hogé?gey\a&ge @_@@In@io@e then dri ed

over sodi um sul f at e o] i Qrange solid.
The solid was recrysta |I%’§ <f"?(r)hm étﬂﬁ;ﬁ%agg at’e arllﬁl 'hexane to afford bei ge

crystals 20 cont ani®nat eFhAPrRfQrm: hﬂlﬁcéﬁa%%3n%?oﬁ&%'¥lél The solid was
di ssol ved in 50% et hyktatretateid rchéenanandkper 0f26d by fl ash

chromat ogr aphy oB Mepgk: g EC@Sthuhn ﬁfé"/(seﬁ mﬂs @éeltaate 6 he¥ame. Those
fracti ons cont ai ni n g%mgo uc werl e concent rated to

afford 10.225 g. of Bt 300 g‘&f‘%‘ g le’tteFPf W Bin. o 57 (50%
ethyl. acetate in he%ah@) 1.5) ml/[I@FIr]AaQQ*dwater methanol + 0.2%
phosphoric acid, = 90% methanol:water + 0.2%

phosphoric acid; 220 nm.
10 Anal. calc‘'d for C19H2404N2S2+0.15.C4Hg02+0.15 C7H16
e 0.39 H20: '
C,. 55.89; H, 6.45; N, 6.31; S, 14.45
Found: C, 56.19; H, 6.50; N, 6.71; S, 13.96.

15 - ~ Example 31

20 ~2-Amino-3- (4~
_ A solution of 4N hydrochloric acid in dioxane

(10 ml} was added to a solution of (R)-2-[[(1,1-
_dimethylethoxy) carbonyl]lamino] -3-(4-thiazolyl)propa-
noic acid (2.0 g, 7.3 mmol) in dioxane (2 ml). The

25 reaction mixture was stirred at room temperature for
3 hours, concentrated in vacuo and the residue was
dissolved in water (3 ml). The pH was adjusted to
6.5 with 1IN sodium hydroxide and this solution was
passed through 20 ml of Dowex® AGS50(H*). The column

30 was eluted with water (250 ml) followed by 2%
pyridine in water (300 ml). The product containing
fractions were concentrated in vacuo to yield 0.94 g
of title product.



30. A solution of the product frompart (a) (16.182 gm, 47.5 mol)
was suspended in 48% hydrogen brom de (100 m) and refl uxed under argon for
14 hours. The hydrogen brom de salt of the product was filtered out of
solution as a white solid, then taken up in hot - 1886299 err] water (500
m) and the solution neutralized with codé@ntrated ammoni um hydroxi de. The
product precipitated out of solution as a fine white solid. Upon filtration
and dryi ng under high vacuum5 overn| ght (18 hours), 8.335 g. of product
was obtained as a fd,uf {y, W r Bol Rindic B¢ig[err] acid To a
solution of the product from _ 0 and

pot assi um br oni de (7.63 ¢* 3% Sh? l?r?.%c':l\l%é'ﬁ‘?fpl?#ct%)m i%}% n) kept
at 0 [err] was addexi 3owmakh aRd motesgiumbrenide$1gl%9pl 0 dv@obhe hour. The
m xture was stirredsdf eatén (5d8i4 tnlonahd mlfusic aedd] (0C43tmdn waas war med to

room 15 tenperafurg ;2pgy Siel "-w‘é: ffef ?nénbeég %ollovﬂaeb{zeafé ion mxture was
then extracted with et her

. L a ens r C d washed
with water and bri MEFC+ PR (?r%% d\%r c?(?ldf] suI ew Qﬁjé;n g %d
concentrated to gi VimoAh Qﬁ%’n@el‘b|Hlln“tr¢|é>¥i19dvva§'h20reﬁ5&|1?$|“€d‘tB§ef | ash _
chromat ography on MNeisCkt fitdddc an geddik hondl%016t jrutasesatteCiandrexane wWith 1%

~acetic acid added QoheCleRchakld 18; Jhoseut! Akl e GRBECENG the brom de

were combi ned and Cwolrt]: egtt.l'{eai:[ tQ.LO% mJ(.)) The ether extracts were

washed with brine (2 x 20 ml), dried (sodium
sulfate), filtered, and concentrated in vacuo to
yield 0.37 g of title product; [alp = +37.35° (c =
0.7, methanol). A second run was carried out

15 starting with 2.67 mmol of the product from part (a)
using the same procedure to yield an additional 0.35
g of title product.

20 ~ The product from part (b) (0.72 g, 3.05 mmol)
and potassium thioacetate (0.35 g, 3.05 mmol) were
stirred in acetonitrile (9 ml) overnight at room
temperature and at 30°C for one hour. The reaction
mixture was diluted with ethyl acetate (100 ml) and

25 filtered. The filtrate was concentrated in vacuo.
The residue was redissolved in ethyl acetate (100
ml), washed with water (2 x 50 ml) and brine (20 ml),
dried (sodium sulfate), filtered and concentrated in
vacuo to yield 0.52 g of title product; {(alp =

30 -15.89° (¢ = 0.6, methanol).



slightly contam nated product as an orange oil which 25 sol
sitting overnight. Rf = 0.40 (40%ethyl acetate in hexane with 1% acetic
acid). d) [err] acid To a slurry of potassiumthioacetate (0.912 30 g.
8.00 mml) in acetonitrile (300 mM) at [err] was added tgagapgoduct from
part (c) (2.030 g., 7.27 mmol) as a solutixes +n acetonitrile (3 m). The
solution was stirred for one hour at [err], then was warned to room

161 - brom de was then

tenperature and stirred for 15 hours. Potassium
filtered out of the reaction '
afford an orange oi % -
with 10% pot assi um ki
filtered and concent A

flash chromat ogr aphy gg Verck silica gel in 5006
goed to reduce t iIing. .Those fractions containing

with 1% acetic acid

product were all A0 cont abtSidt8d7%i AR 4~ ¢

thyl

I dified upon

rrixtr and the_fl'trate concentrated to

BArRFSAY AT P "BKO= 0. 43. . Those

fractions were pool eshranto tnnceniy BieHidtepdnee? @arboarige atld, The crude
product was purifi edpatihg:t figedi, CylAlexydhAFLAE: SRl Syidiigspdvighg the

il in-eth ddi | f 15, di | ahexyl ani 1.32
oA O ol Lot HE B3 RO pP AT 4 b Bhe RAERIAb SEREF IR Bt il med | b

2 crops of brown cry&tagpde (S(A}Fovampdiseeivedsin gipthylene chloride (5
10 ml) 0°C, followed by the addition of triethylamine

15

(0.12 ml, 0.868 mmol). The product from part (c)
(0.2 g, 0.865 mmol) was added to this solution
followed by a second portion of triethylamine (0.12
ml, 0.865 mmol). Benzotriazol-l-yloxytris-
(dimethylamino) phosphonium hexafluorophosphate (0.383
g, 0.865 mmol) was added and the reaction mixture was

stirred at 0°C for one hour and a room temperature
for 4 hours. The reaction mixture was concentrated

in vacuo and the residue was dissolved in ethyl
20 acetate (60 ml). The organic extract was washed with
5% aqueous potassium bisulfate (10 ml) and brine (2 x

10 ml), dried (sodium sulfate),

filtered and

concentrated in vacuo. This crude material was
chromatographed through 100 g of Merck silica gél
25 using 0.2% methanol in ethyl acetate.
enriched in the slower isomer were concentrated in
vacuo to yield 0.134 g of title product.

30 =3-(4-thj :

- 3 3 -7 - v

The product from part (4d)
was dissolved in methanol (3 ml) and argon was

(0.135 g,

The fractions

0.29 mmol)

bubbled into the solution for 30 minutes at 0°C. 1N



contam nated with inpurity. The crystals were suspended in ethyl acetate

and shaken with 10% 20 potassium bisulfate (3x). The organic |ayer was

t hen washed with water and brine, then dried over sodiumsulfate filtered
and concentrated to afford 875 ng. of product as a yel lgg204al; Rf = 0.40

(40% et hyl acetate in hexane wth 1% aceti&® acid), 25 [err] 30 A
solution of the racemc acid product frompart (d) in nmethylene chloride

and a solution of [err] pyrido[2,1-b][1, 3]th|azep|ne 7-carboxylic acid,

met hyl ester in net ene. ¢ Ior| At a ghresence
of triethylamne an%él‘{)enzglf i aong'j 3?015'(?)- %EL %ﬁgw%h tIh arg}]ogf osphonl um
hexaf | uor ophosphat e2dt&otai ?E°‘t'€hé° PB’c%’d&P °B 3 “;‘)'et o give the
title product. 5 [ewad stlsnédutalton°a)f¢zlth€arppodumblﬁnmmhgmrlgh(téye in 10
‘nmethanol is treat edsdidlodNeciOdhe MdurdaRK e rask Velibdithtu@et her procedure of
S Per ot P, RS B LS 5k i lon o

(S)-[err]-(Acetytt |op enepronano
aqueous potaSSLum blsulfate (20 ml) and the

organics were extracted with ethyl acetate (3 x 50
ml). The ethyl acetate solution was washed with
brine, dried (sodium sulfate), filtered, and

10 concentrated in vacuo. The concentrate was
chromatographed through 40 g of Merck silica gel
using chloroform containing 5% methanol and 0.5%
acetic écid. The appropriate fractions were
combined, concentrated and partitioned between 20 ml

15 of ethyl acetate and 5% aquedus potassium bisulfate.
The ethyl acetate‘solution was washed with water and
brine, dried (sodium sulfate), and concentrated in
vacuo. The residue was lyophilized from dioxane (4
ml) to yield 36 mg of title product as a 70:30

20 mixture of isomers; m.p. 95 - 115°C; [a]lp = -191.7°
{c = 0.06, chloroform). TLC
{(chloroform:methanol:acetic acid, 8:2:0.2) Rf = 0.59.
HPLC: tr = 3.06 min; ¥YMC s-3 ODS (C-18) 6.0 x 150 mm,
3p end capped column, isocratic 60% aqueous methanol

25 containing 0.2% phosphori¢ acid, 25 min, 1.5 ml/min.
(95.4%).
Anal. calc'd for C15H19N304S3.0.2 C4HgO2 + 0.9 H20:

C.43.59; H, 5.19; N, 9.65; s, 22.09 '

Found: C,43.54; H, 4,89; N, 9.44; S, 21.90.

30



20 Pot assium chloride (3.0 g., 40.1 nmmol.) was added to a sol ution

of [err] (1.37 g., 803 mml.) in 2.5 N hydrochloric acid (25 m.) at room

tenperature under argon. After stirring for 10 mnutes, the resulting

m xture was cooled to [err] 25 and treated wi th sodi ungxgoai te (720 ng.,

10.44 mol . ). After 2.5 hours, the reati-ob70ri-xture was warnmed to room

tenperature and was stirred 1 hour. The m xture was partitioned between

wat er and ethyl acetate and the organic |ayer was dried (sodium 30

sulfate), filtered, and concentrat ed. Fm_?%due was flash

chr omat ogr aphed (I\/Erck S|I|ca 1) el 1% cetlc acid in 3:1

hexane/ et hyl acetate to git¥ 7'%6’ ??Fh(g@ntélEH‘%r e FoHiouEREnecar boxyl i ¢

aC| d as a yell ow oi Ilngredl{eetﬂ - 163 - Cesiumthioacetate (2.95 g., 14.19
.) was added t o [assDloURFDIT7oCANBR] JHORgalshiroabove chloride (750 ng., 4.73

rrrml ) in dinethyglfqr Wnig?céﬂt% Al odo-at ;?ﬁ%t:g%r ature under argon. After

stirring for 52 hou e reaction m artitioned between 10%
pot assi um bi sul f at ea%H'RP lePrgFoH8ePEride (#nt Rl Jatt B Rayer was washed with
brine, dried (sodi usesine-dtearbokivlieragdd and concentratE® agd t he residue
-was flash chromat ogtaphedreierck silica gel) eluting 10100Mmgh 1% acetic

ac: d in 4:1 hexane/ gtiwl;acetate to give 500 ng. of the 44 ;nbg product as an
oi

10 Av1cel(m1crocrysta111ne cellulose) 50 mg.
Magnesium stearate S mg.
275 mg.

are prepared from sufficient bulk quéntities by
15 mixing the produc; of Example 3 and cornstarch-with
an aqueous solution of the gelatin. The mixture is
dried and ground to a fine powder. The Avicel and
then the magnesium stearate are adnixed with
granulation. The mixture is then compressed in a
20 tablet press to form 1000 tablets each containing 100
mg. of active ingredient. _
In a similar manner, tablets containing 200
mg. of the product of Examples 1 2, 4 to 23, 25, and
28 to 31 can be prepared.
25 Similar procedures can be employed to form
" tablets or capsules containing from 10 mg. to 500 mg.
‘of active ingredient. ‘



TLC (2% acetic acid in 3:1 ethyl acetate/hexane) Rf 0.73. [err] A solution
of the acid product frompart (a) 20 in nethylene chloride and a sol ution
of [err]-octahydro-4-am no-5-o0xo-7H

pyrido[2,1-b][1, 3]thiazepi ne-7-carboxylic acid, nethyl ester in methylene
chloride are reacted in the presence of triethyl afia8@9and o

benzotri azol - 1-yl oxy- 25 tris(di me&h¥lani no) phosphoni um hexof | ur-ophosphat e
according to the procedure of Exanple 23(i) to give the title product.

[err] A solution of the product f€&iMBart (b) in nethanol is treated with
1N sodi um hydr oxi de -164- according to the. procedure of Exanple 23(j) to

give the title product. Exanple, 3 err] a (R

-2-) Acet yl t hi 0) benzknepr SHQHg‘i“@ z?%i E’,‘edé‘w‘%‘&? 10 hexyl ami ne. salt Fol | owi ng
the procedure of Exanple 1(h) but substituting L-phenylal anine for the

D phenyl al ani ne, (R)-2-(acetylthio)benzenepropanoic acid, dicyclo-

hexyl am ne salt was obtained. 15-._ |

(CHZ) n f
N CH;)m
A-‘ ) '
5 H o COOR;

or such a compound in pharmaceutically acceptable salt

form, wherein:
0
i
A is Ry—S—I(CH; )';7C\—'C— .
Rz R;
10
ﬁ
. "R700C =— CH —
R’)OOC_ (CH?_):_: 7c-\—- c— 7 c I . or
Ri2 R R,y

i
T ;
OR:
X is O or S-{(0)¢:
1s Ri and Ri12 are independently selected from the

group consisting of hvdrogen, alkyl, alkenyl,
cvcloalkyl, substituted alkvl, substituted alkenyl,
aryl, substituted aryl, heteroaryl, cycloalkyl-
alkylene-, aryl-alkvliene-, substituted aryl-

* [ L M § *



20 A stirred suspension of (R)-2-(acetylthio)- benzenepropanoic
acid, dicyclohexylamne salt (353.5 ng, 0.872 mmmol) in ethyl acetate (5 m)
was washed with 5% potassi um bisulfate solution (3 x 5 m). The organic
extracts were conbi ned, washed with brine, 25 dried (mgéms um sulfate),
filtered, concentrated, dried in vacuo and73t+ipped tw ce from hexanes to
obtain (R)-2-(acetylthio)benzenepropanoic acid as an oil. The resulting
free acid (181.4 ng. 0.809 mmol) 30 was dissolved in nethylene chloride (2
m) and stirred underpiltQg0e T LS.S [ O added a
solution of [err] [%rlr iél{e? %%hfgggéirg%y%@gged?ﬁ&h{/}fdl\ggger (200 ny,
0.774 mol ) in met hyPERR %Ogebhemaiths the caxhpm, toyhiahy FReY #€e(0. 113 nl,
0.813 mmol ) and fi naktkgchrgnzotpliegroh -drclphbswyit ring dirnst berzafiaed phosphoni um
5 hexaf | uor ophosphai,e1423681"Bind?. 813 nmml ). The reaction was stirred at
[err] and then skowWy allowed to warmto roomtenperature. After a total of
20 hours, the reaction was concentrated in vaguo. The residue was di ssol ved
in ethyl acetate and the 10 solution was wadhed with a 5% sol uti on of

pot assi um bi sul fate, a satrgr akag,axobed,i oRsOT &SOUi um bircr{P@rate, and brine.
The organic layer was dried (RROBRSRYM UL Rhaehily) SeBEeecNErspNCENt M at ed

to a .
the group consisting of hydrogen, alkyl, substituted

alkyl, aryl-(CH2)p-, substituted aryl-(CH2)p-.
10 heterocaryl-(CH2)p- .

(o}
wsse CH = O == C = Ry , and \ —— ;
| -CHy
Rg Rio

R4 is alkyl, cycloalkyl-(CH2)p-, substituted
15 alkyl, aryl-(CH2)p-, substituted aryl-(CH2)p-, or
heteroaryl- (CH2)p-: '
Rg is alkyl, substituted alkyl, cycloalkyl-
(CH2)p-, aryl-(CH2)p-, substituted aryl-(CH2)p-, or
heteroaryl- (CH2)p-;

20 Rg is hydrogen, lower alkyl, cycloalkyl, or
 phenyl; ,
Rg is hydrogen., lower alkyl, lower alkoxy, or
phenyl;
R10 is lower alkyl or aryl-(CH2)p-;
25 R11 is hydrogen, alkyl, substituted alkyl,

cycloalkyl-(CH2)p-, aryl-(CH2)p-, substituted aryl-
(CH2)p-, heteroaryl-(CH2)p-, or -S-R11 completes a
symmetrical disulfide wherein R13] is

I



yell ow solid. Purification by flash chromatography 15 (eluting with 2:3
et hyl acetate/ hexane) gave 261.7 ng of title product as a clear oil. [err]
A solution of the product frompart (b) (261.1 ng, 0.562 mml) in nethanol
(6 m, deoxygenated via nitrogen bubbling) was cool ed t aiaeps] and treated
with 1IN sodi um hydroxide (6 m, deoxygenatd¥d@ via nitrogen 25 bubbling).
After stirring for one hour at [err] while purging continuously with
nitrogen, the reaction was warmed to roomtenperature. After stirring for
30 mnutes at roomtenperature, a clear soluti on was obtai ned. After 5.5
hours, the reaction was 30 acidified, to pJ;l 5% pot assi um bi sul fate
‘and extracted with ethyl acetate. The orga fb)i ersYwere conbi ned, washed

with water and brine, dried (sodiun1 ulfat ter and concentrated in
vacuo. Purification by flash orrat HA629a - 166 -

of |tIe product as a white
LC (¥9F:01: 3..99, et hyl

ethyl acetate: acetic aci d:ﬁ& \g ve
solid; [err] =([err] (c = 0.51, rbl @;of oBn).

acetate: acetic acid:hexane) Rf = 0.20. 5 HPLC. tR = 25.3 nin; YMC S-3 ODS
(G18) 6.0 x 150 mm 0% to 1009B: A, 30 mn. Iinear gr adi ent and 10 nin.
hold, 1.5 ml/nmn; A=90% wateks gethavobne: 0. 2% phosphoric acid, B = 90%
net hanol : water + 9. 2% Y is CH2, S-(0)t or O provided that Y is

S~(0)g or O only when m is one;

n is one or two;
P is zero or an integer from 1 to 6;
q is zero or an integer from 1 to 3;

10 r is zero or one; and
t is zero, one, or two.
2. A compound of claim 1 having the formula
(CHz)\\r//\\l
CHz)m
A__ 8
l o
15 H COOR3
“wherein:
. o]
"
A is Rz"‘S'—(Cﬁz)"}c('c- .
Riz R
0
20 R2 is hydrogen, R C , or R11-S-;

R3 is hydrogen or lower alkyl of 1 to 4
carbons;
r is zero or one;

+ ¢ L M s *



phosphoric acid; 220 nm 10 Anal. calc'd for [err] [err] C7H16 0.39 H20:
C 55.89; H 6.45 N 6.31; S 14.45 Found: C, 56.19; H 6.50; N 6.71; S
13.96. 15 Exanple 31 [err] 20 a) (R

- 2- Ami no- 3- (4-t hi azol yl ) propanoic acid A solution of 4Masgdaochloric acid
in dioxane (10 mM) was added to a solut+ar4of (R -2-[[(1, 1-

di met hyl et hoxy) car bonyl ] am no] - 3- (4-t hi azol yl ) propa- noic acid (2.0 g, 7.3
mml) in dioxane (2 m). The 25 reaction mxture was stirred at room

tenperature for 3 hours, ﬁfﬂ%%”iéﬁéxe‘hk%l @cgot@qd pgonrsey due was

di ssolved in water 3n1) u W|th IN sodi um
hydroxi de and this sol uti&h ’vﬁié%hs‘?@d t%ﬁ?ﬁéﬁ“ H“®R&rr] . The col um 30

was el uted with watketefBay¥rCH2f ol dvoheall iyl - g%pwhenem aveloption (300 ni).
The product contai nigg¢f 5agd i70BarMeHsS sﬁrsceeamamé branskedOclainyi el d 0.94 g

of title producty .y llgg 1 )7 &@D azeéﬂﬁ% 1(54 &@@gl y&}propanm c acid
Aht)

A sol ution of the product _fro a otassmm
brom de (1.19 g, 10R11%1‘}2|mk§% t’%nﬁaﬁli’,ﬂ“f &%’ ol (0.43 n)
was 5 stirred at [ehay aferatftanherlltc@mpleﬁd evweyclpalkhk mgtbf)rﬁmtge addi ti on
of sodiumnitrite (9.5318ofs; 4. 61

Rg is lower alkyl of 1 to 4 carbons or phenyl;
10 n is one or two; )
m is zero or one;
X is 0 or S; and
Y is CH2, O, or S provided that Y is O or S
only when m is one.
15 3. A compound of Claim 2 wherein:
" o]
_ i
R2 is hydrogen or HC—C— ;
R3 is hydrogen;’ '
r is zero or one;
R1 is benzyl, cyclopropylmethyl, or straight
20 or branched chain alkyl of 3 to 5 carbons;
R12 is hydrogen;
n is one or two:;
m is zero or one;
X is O or S; and
25 Y is CH3, O, or S provided that Y is O or S
only when m is one.
4. A compound of Claim 3 wherein:
is §:
is CH2:
30 is two;
is one;

H 8B 8 K X

is zero or one;
R2 is hydrogen;

Ly



mmol ) over a 10 m nute period. The reaction mxture was stirred an
additional 10 mnutes at [err] and at roomtenperature for one hour, and
then extracted 10 with ether (3 x 100 m ). The ether extracts were washed
with brine (2 x 20 m), dried (sodiumsulfate), filtergfé2®nd concentrated
in.vacuo to yield 0.37 g of title product?s[err] = [err] (c = 0.7,
nmet hanol ). A second run was carried out 15 starting wth 2.67 nmol of the
product frompart (a) using the sanme procedure to yield an additional 0.35
g of title product. c) )z 2- y Q) -351(.455 ki azol yl ) propanoic acid 20
The product from part (b§R§( bf’féé%%?&S&.%gs%%ruo%l'aﬁngot assium thi oacet ate
(0.35 g, 3.05 nnol) were R32j if dUHAIeCBnitrile (9 nl) overnight at room
tenperature and at [err] X as ®ne hour. The reaction m xture was dil uted
with ethyl acetate (100 rd jqaph.25 filtered. The filtrate was
concentrated in_vacuo. The.residue was redissolved in ethyl acetate (100
m), washed witR water (2 %550P%f) and brine (20 m), dried (sodium
sulfate), filtered and candene®&ited in vacuo to yield 0.52 g of title
product; [err] = 30 [errd ieczexd}. 6. net hanol). - 168 - [err]
pyrrolo[2,1-b][1, 3]thi azep) Re-ydxdebRxY! i ¢ acid, nethyl ester, .
p-tol uenesul fonic acid saAt iLObg,nGz?lg,arpd 882 mmvol, prepared fromthe
material described in % ) Yy

10 R12 is hydrogen; or
is s;
is CH2:
is two;
is zero:

H 8 B8 X

15 is zero:
R2 is nydrégen:
Rl is benzyl, cyclopropylmethyl, n-butyl,
'isobutyl, n-propyl, or -CH2C(CH3)3; and
R12 is hydrogen; or
20 _ is O;
' is CH2:
is two;

is one;

H 8 8 « K

is zero;

25 R2 is hydrogen;
R]1 is benzyl; and
R12 is hydrogen:
X is 0;
Y is CH3;

30 - n is two;
m is zero;
r is zero;
R2 is hydrogen;
R1 is benzyl:; and

* c L M 1 * ’



Exanpl e 5(d)] was dissolved in nethylene chloride (5 10 nm) [err],
followed by the addition of triethylamne (0.12 m, 0.868 mvpl). The

product frompart (c) (0.2 g,

0.865 mml) was added to this solution

foll owed by a second portion of triethylam ne (0.12 m , gdk2865 Mol ).
Benzotri azol - 1-yl oxytris- 15 (di net hylaniée) phosphoni um
hexaf | uor ophosphate (0.383 g, 0.865 nmol) was added and the reaction

m xture was stirred at [err] for one hour and a roomtenperature for 4

hours. The reaction rrixtu%

di ssol ved in ethyl

(sadi um sul fate),

filtered asmd;concentrated i n vacuo.

ted in vacuo and the residue was -

ncentra
20 ace?ﬁ\tl\%s(h%grcﬁqe%}{' The organic extract was washed
wi th 5% aqueous potassi um®bt8Rifate (10 m) and brine (2 x 10 nl), dried

This crude nmateri al

was chromat ographed through;dQ0Q,09 of Merck silica gel 25 wusing 0.2%

met hanol in ethy
were concentrate

frompart (d) (0.135 g, 0r29sm&M¥Pf} was di ssol ved i n net hanol

argon was bubbl ed into the&2sis iiydoogdror 30 minutes at [err] 1IN
169 - Sodi um hydroxi de (1g32;dnend), 80 dpdrged with argon was added to the
above solution and the regction,m.xture was stirred at [err] with argon

o

acetate, .The fractions enriched in the slower isomer
in vacull f‘%‘iﬂ eld 0.134 g of title product. The product
(3 M) and

HA629a -

bubbl i ng throug]k-lothe sol utren's 5’?’don%enﬁour and at roomtenperature for 2
S;

15

20

25

30

X is

is 0;
is two;
is one;

R '8 B «

is zero;

R2 is hydrogen;

R] is benzfl; and

R12 is hydrogen.

5. The compound of Claim 4:

- [48-[4a(R*),7a,10aB]]-octahydro~4-[ (2-mercapto-1-oxo-

3-phenylpropyl)amino] -5-oxo~-7H-pyrido[2, 1~
bl[1l,31thiazepine-7-carboxylic acid;

{4S-[4x(R*), 70, 10aB] ] -octahydro-4- [ (2-mercapto~1l-oxo-
3-phenylpropyl]lamino] -5-oxo-7H-pyrido[2,1-b] [1,3]-
thiazepine-7-carboxylic acid,l,l-dimethylethylamine
salt;

(4S-[4a(S*).7a,10aB]] -octahydro-4-{ (2-mercapto-1-oxo-
3-phenylpropyl]lamino]} ~-5-oxo-7H-pyridol2,1-bJ[1,3]-
thiazepine-7-carboxylic acid;

{4S-[4a(R*),7a, 10aB] ) -octahydro-4-[{2- (mercapto-
methyl) -1-oxo-3-phenylpropyl]}amino]-5-oxo-7H-pyrido-
{2,1-bl({1.3]1thiazepine-7-carboxylic acid;

* € L M § %



5 hours. The reaction was quenched by the addition of 5% aqueous potassium
bisul fate (20 mirhis sieet HabiBeeA Rglatecs Were extracted with ethyl acetate (3 x

50 m). The ethy |on was washed with brine, dried (sodium
sul fate), filter
chromat ogr aphed t

centrat ed in vacuo. Thaingaeaentrate was
Mer ck st1¥da-gel using chloroform

cont ai ni ng 5% net hanol and 0 5% acetic acid. The appropriate fractions were

conbi ned, concentrated and partitioned between 20 mM 15 of ethyl acetate

and 5% aqueous potassium bisulfate. The ethyl acetate solution was washed

with water and bring.. %&ﬁg*)(%Qdi ﬁ“laf:l?afh?d E-gneq‘.ﬂ?f- entrated in vacue.

The residue was |yophi I't zed from di oxane }./ ng of title
product as a 70: 30 BEtyfi aninod - %‘f%%’&ﬁﬁﬁgldﬁibl%[ Jlehipzepimer] = [err]
(c = 0.06, chl orof or+garbdyflicchtind;of or m net hanol : acetic acid, 8:2:0.2) R =
0.59. HPLC: tR %3.06 mn; YMCS-3 ODS (C-18) 6.0 x 150 mm [err] end

capped colum, | SosALSu Y. UGS LRGSR GRS B | o
H20: C, 43.59; H 5. WEWJ-SQ'OGB]-)@J-HQ? SPPodRBH-GyaRIH2, 1kP1 4, 89; N, 9. 44;
S. 21.90. 30 - 140 31 tHAnkabl @irbogglilt @eidai ning the fol | owi ng

10 [4S-[4a(R*),7a,9aB]]-octahydro-4-[ (2-mercapto-l-oxo-
3-phenylpropyl)amino] -5-oxopyrrolo(2,1-bl (1,31~ '
thiazepine-7-carboxylic acid;

[4S-[4a{R*), 7, 92B] ] -octahydro-4-[ (3-cyclo-
15 propyl-2-mercapto-1-oxopropyl)amino]-5-oxopyrrolo-
[2,1-b][1,3]thiazepine-7-carboxylic acid; '

[4S-[4a({R*),7a,9aB) ] -octahydro-4-[(2-mercapto-1-
oxohexyl)amino] -5-oxopyrrole{2,1-b][1,3]-
20 thiazepine-7-carboxylic acid;

[4S-[40(R*),70,9aB]) ] -octahydro-4-[ (2-mercapto-1-oxo-4
-methylpentyl)amino] -5-oxopyrrolo(2,1-b}{1,3]1-
thiazepine-7-carboxylic acid;
25 _ .
' [4S-[4a(R*), 7, 9aB] ) -octahydro-4~[ (2-mercapto-1-
oxopentyl)amino] -5-oxopyrrolo(2,1-b][1,3]-
thiazepine-7-carboxylic acid;

30 [4S-[4a(R*},7x,9aB]]-octahydro-4-[(2-mercapto-4,4-
dimethyl-1l-oxopentyl)amino]-5-oxopyrrolol(2,1-b]~
{1,3)chiazepine-7-carboxylic acid;

[T



[ ngr edTent s: [err] 5 4-[(2-nercapto-1-oxo0-3-phenyl propyl)-

am noj {r5'- oxo- 7THpyrido[2,1-b][1,3]thia- zepine-7-carboxylic acid
100 rrg‘ Cor nstarch : 100 nmne2eel at| n-

20 ng. ‘10 Avicel (nmicrocrystalline cel l-uhgge),

Sstearate

sufficient bulk quantities by 15 nixing the product of Exanpl € 3 and.
cornstarch with an aqueous solution of the gelatin.

S5 ng. 275 nmy. are prepared. from

50 nyg. I\/tagnesrtjm

The mixture is dried

and ground to a fiH&E-J4HdB!). Thd 0aB] Ledctahptdraedr (Bemexeprisi-dnrseearate are

adni xed wi th granLﬂ—%ﬁm‘eﬁ?lpgdiﬁzlmaﬁihﬁle-s'—ﬁthﬁ?—(fﬁﬂf{HB?ﬁSﬁd)]'[ﬁ 3] 8#a- t abl et
press to form 1000 ta 23 eq ﬁonta_’zgong
a simlar manner, EYO =L

2, 4 to 23, 25, and 28 to 31 can be prepared 25 Simlar

procedures can She Eigplidpdr*t ol ,Ofi I addtehgdoo-4ap@umescammut-di-nkag from 10
mg. £ 500 . of AGkEKE: LAYATLER) s-oxoayémlo%r@a sAogrpound of the

formula [err]

10

15

20

25

zepine- 7-carboxy11c acid;

[4S—E4Q(R*),7a,10aﬁ]]—octahydro,4-[(2—mercapto—1—oxo—
3-phenylpropyl)amino]-5-oxo[1l, 4}oxazino{3,4-b][1,3]-
oxazepine-7-carboxylic acid; or

[4S-[4a(R*),7x,10aBl]-octahydro-4-[ (2-mercapto-l-oxo-
3-phenylpropyl)amino}-5-oxoll, 4loxazino([3,4-b][1,3]-
thiazepine-7-carboxylic acid.

6. The compound of the formula

H

HS"CH’“'C‘"?

: H 0 ... N
- “CH, LA . COOH

or such a compound in pharmaceutically acceptable salt form.

7. A pharmaceutical composition for use in the
treatment of cardiovascular disease such as
hypertension and congestive heart failure comprising
a pharmaceutically acceptable carrier and one or more
compounds of the formula

||IIIII| I\IIH III\| Il |II|

of active Ingredient.
.of the product of Exanples 1

In



or such a conpound in pharmaceutically acceptable salt form wherein:

[err] Xis Oor S-(Ot; 15 [err] and [err] are independently

sel ected fromthe group consi sting of hydrogen. al kyl, al kenyl, cycl oal kyl,
substi t ut Qggsgdegt\ﬁasBéyh ucdkd't ed al kenyl, aryl, substitut eshée2ogl , heteroaryl,
cycloalkyl yl -al kyl ene-, suob¥id tuted aryl- 1111111111111
11111 1111 ﬁ’lﬁ

[err] and [

9a - 172 - al kylene-, and heteroaryl -al kyl ene- or
ether with the carbon to which they are attached
conpl ete a cycloal kyl ring or a benzof us%d R2 is hydrogen, [err], or [err];
[err] and R7 are independently sel ect@&'i roup consisting of -
r

hydr ogen, al kyl, substituted alkyl,[e )gu stityted aryl-(CH2)p-, 10 [err]
[err] R4 is al kyI, [err] substituw |, c&;)rnl substituted [err] or
tit

heteroaryl -(CH2)p-; R6 is alkyl, ed cycl oal kyl - 20
‘[err] is hydrogen, lower alkyl, cyclloal kgl , orc&j&enyl [err] is hydrogen,
~lower al kyl, Iower al koxy, or phenyl

including a pharmaceutically acceptable salt thereof
wherein A, X, ¥, n, m and R3 are as defined in
5 Claim 1.

8. A compound of the formula

- X
(CHz)n

Y s

COOR3
10
including a salt thereof wherein:
X is O or 8;
n is one or two;
m is zero or one;
15 Y is CH2, O, or S provided that Y is O or §
only when m is one;
R3 is hydrogen, lower alkyl, or aryl-(CH2)p-:
and

P is zero or an integer from 1 to 6.
20

[T



[err] is lower alkyl or [err]; 25 [err] is hydrogen, alkyl,
substituted alkyl, [err], [err] substituted aryl- [err] - 173 - [err] m
is zero or one; 5 Yis [err] or Oprovided that Yis S-(Ot or O
only when mis one; n-is one or two; p is zero or an inuggma from1l to 6; g
is zero or an integer froml to 3; 10 - 180 - r js zero or one; and t is
zero, one, or two. 2. A conpound of Caim1 having the formula - 174 -
[err] is lower alkyl or 1 to 4 carbons; [err] is aryl-CH2-, substituted
‘aryl -CH2-, heteroaryl-CH2-4 cC I = [ | .ks of 3 to 7 .
carbons, or straight_ or brga'nc g%&?ﬁg?!nf%éfﬁ%qg’g %{)c%%l%gg‘g&r%oﬁg and R12 is
hydr ogen; or [err] &hE Foulaken together with the carbon to which they are
attached conplete a cycloalkyl ring of 5 to 7 carbons; R6 is |ower alkyl of

1 to 4 carbons or phenyl; - X
. (CHz)n IY
LN CH;)m
Y
H o COOR;
5

which comprises:

0
HS— (CH;3) ;= C—C —
2N
Ri2 R,

a) when 2 is _
ar_xd R3 is hydrogen, coupling the acylmercapto
10 sidechain of the formula

(o] . IO
lfll S (CH3) C I!: O
— — ~—C—C —OH
Rg™ 2_r/\
Rz Ry

or an activated form thereof with the amine of the
15 formula

(CH2 ) [ f
)\'(N CHa)m
H-N
o . COORa

in the presence of a coupling reagent wherein X, Y,
20 m, n, Rg, r, Ri,and R12 are as defined in Claim 1 and
R3 is hydrogen or an acid protécting group followed

W



10 nis one or two; mis zero or one; Xis O or S; and Y is CH2,
O, or Sprovided that Yis O or Sonly when mis one. 15 3. A
conmpound of Claim2 wherein: R2 is hydrogen or R3 is hydrogen; r is zero or
one; [err] is benzyl, cyclopropylnethyl, or straight 20HA&32abranched chain
~alkyl of 3 to 5 carbons; R12 is hydrogen;1§l is one or two; mis zero or

one; Xis 0 or S and 25 Yis CH2, O or S provided that Yis O or
S only when mis one. 4. A conpound of Claim3 wherein: Xis S, Yis CHz;
30 nis tw,;, mis one; r-is zero or onep R2 is hydrogen; - 175

- [err] is benzyl or isobutill; and [err] is hxdr en; or Xis S
. by removal of the acyl group 6~ - =" and the R3

acid protecting group;
b) when A is

i
R’]OOC_ (CHz) q 7c\_— c-_
Riz Ry '

coupling the carboxylic acid of the formula

ﬁ
R7ooc-—(cr-lz)q—/c<c —OH

Ri2 Ry

10 or an activated form thereof with the amine of the

formula
- X
(CHZ ) n lY
N. CHz)m
HoN ]
o COOR;

15 1in the presence of a coupling reagent wherein X, Y,
m, n, R} and R12 are as defined in Claim 1, and R3
and R7 are acid protecting groups:;

R700C == CH =

R

c) when A is

1
-

L



Yis CH2; 5

nis one;, mis one; r is zero; [err] is hydrogen;

[err] is benzyl; and 10 R12 is hydrogen; or e is S Yis CH2 nis
two; mis zero; 15 r is.zero; R2 is hydrogen; [err] is benzyl,
cycl opropyl methyl, n-butyl,” isobutyl, n-propyl, or -CH28A€28 3; and R12 S
hydr ogen; or 20 Xis O Yis CH184 ts two; mis one; r is zero;
25 R2 is hydrogen; [err] is benzyl; and R12 is hydrogen; Xis 0; Y
is CH2; 30 nis tw,;, mis zero; r is zero; [err] is hydrogen;
[err] is benzyl; andpg R3 is hydrogen, reacting the keto acid or ester
0 O
_ o
of the formula R70~C—=C—R; under reducing
conditions or the triflate of the formula
(o] 0S0,CF3
5 R70=—C =——CH —-—R;
with the amine of the formula
CHz)n
)Y \K(CHS!)“‘
COOR;
10

wherein X, ¥, m, n, R7 and R1 are as defined in Claim
1 and R3 is an acid protecting group followed by
removal of the R3 acid protecting group: and

O
I
d) when A is R;~P— and Rj3 is hydrogenf

OH
15 ~coupling a phosphonochloridate of the formula

0]
il
Ry~ ? -Cl

ORs
with the amine of the formula

(CH‘\ )n

20 COOR3



- 177 - [err] -177- Jerr] - 179 - [err] including a pharmaceutically
acceptabl e salt thereof wherein A, X, Y, n, mand R3 are as defined in 5

Claim1l1l. 8 A conpound of the faormula 10 [err]
including a salt thereof wherein: Xis 0 or S; n is onegag2d0%0; MisS zero
or- one; 15 Yis [err] or S provided that Yis O or S only when m

is one; R3 is hydrogen, lower alkyl, or aryl-(CH2)p-; and p is zero or an
integer from1l to 6; 20 provided that when Xis O, nis one, and Y is
[err], then mis one.

wherein X, ¥, m, n, and R4 are as defined in Claim 1

and R3 and Rs are acid protecting groups followed by

removal of the R3 and Rs acid protecting groups.

10. a prbcess for preparing the compounds of
the formula

- X
(CHz ) n ’Y
N CHy)m -
HaN
o COOR3

10 wherein:
' X is 0 or §;
n is one or two:
m is zero or one;
Y is CH2, O or S provided that Y is O or S
15 only when m is one; and
R3 is an acid protecting group:;
which comprises:
a) coupling an amino acid of the formula

(N

(CHZ)n

20 P.=—— N=— CH — COOH

with the amino acid ester of the formula

* c L M S *



[err] including a' pharmaceutically acceptable salt thereof wherein A X Y,
n, mand R3 are as defined in 5 Caiml. 8. A conpound of the fornula
[err] 10 including a salt thereof wherein: Xis O or S5 nis one or two; m

Is zero or one; 15 ' Yis [err], or S provided thgiga s 0 or S only
when mis one; [err] is hydrogen, |ower -all&yl- or aryl-(CH2)p-; and p is
zero or an integer from1l to 6. 20 -180- 9. - A process for preparing the
conpounds of the formula [err] 5 which conprises: [err] a) when A
is and R3 is hydrogen, coupling the acyhcqgfg_%%tkgl)z

CH;.

Y

(CHZ)m

HoN —— CH~COOR;

to give the dipeptide

HC =& O-alkyl),

I
-f-Pz f.
(CH2)n (CHz)p
Py=w—N-— CH —If —II\I = CH — COOR3
5 . O H
wherein:

Pj is an amino protecting group or a group
which together with the N-atom forms a protecting
10 group; and
' P2 is a hydroxy or mercapto protecting group:;
b) selectively removing the P2 protecting
group from the product of part (a);
¢) cyclizing the pfoduct of part (b) to give
15

L



10 sidechain of the fornula [err] or an activated formthereof with the

am ne of the 15 formula [err] in the presence of a coupling reagent wherein
X, Y, 20 m n, [err] and [err] are as defined in Caiml and R3 is hydrogen
or an acid protecting group foll owed - 181 - [err] bywuasepaval of the
acyl group [err] and the R3 acid proteecti83g-group; b) when Ais [err]
coupling the carboxylic acid of the formula [err] 10 or an activated form
thereof with the amne of the formula [err] 15 in the presence of a
coupling reagent wherein X Y, m n, [err] and [err] are as defined in
Claim1, and R3 and [err] are acid g’)‘t n Ygroups [err] -182- and R3
is hydrogen, reacting the keto aci 8™ egter

Py~ /N\r{CHz),.

o) COOR3

(9]

and

~s

d} removing the Pj protecting group of the
product of part (c) to give the desired product.
5 11. A process of Claim 10 wherein:
X is §;
n is one or two;
Y is CH3;
m is zeroc or one;
10 which comprises:
a) coupling an amino ac:Ld of the formula
1"
(CHy)

Py~ N=— CH = COOH
15 with the amino acid ester of the formula
HC—~(0-alkyl),
{CH;) >
(CHz)x

H:N -— CH— COOR:

to give the dipeptide of the formula
20 ' '



[err] of the formula [err] under reducing conditions or the triflate of
the formula [err] with the amine of the fornula [err] 10 wherein X, Y, m

[err] and [err] are as defined in Claiml and [err] is an acid
protecting group followed by renoval of the [err] acid pae2®cti ng group;
and 0 d) when Ais [err] and [err] is hyddidgen, OH 15 coupling a
phosphonochl oridate of the formula [err] with the am ne of the formula
[err] - 183 - -wherein X, Y, m n, and R4 are as defined in Claim1 and
[err] and [err] are acid protecting groups foldcmggg_alg_ ig) noval of the [err]
and [err] acid protecting groups. 5 10. A procgss for preparlng t he

corrpounds of the formula [err] 10 wherein: Xi$ 0O or S; nis one or two;
?‘Fh (CH2) 2
(CHZ)I\ (cHz)m

|

py——N— CHf—‘lf ""Il\l == CH — COOR3

O H

wherein: ]
P1 is an amino protecting group or a group
S which together with the N-atom forms a protecting
group; and ' '
P2 is a hydroxy protecting group;
b) selectively removing the P2 protecting
group from the product of part (a) to give the
10 corresponding hydroxy compound;
c) converting the hydroxy product from part
(b} to the mercaptan of the formula

HC -t 0-alkyl).

lSH (CH3),

(CHz)n (CH2)

P;—N—/ CH-;"—I? —ll\l == CH ~— COOH

0 H
15
d) cyclizing the mercaptan product of part
(¢c) to give

HIIIIII ) IIIII | IIII



mis zero or one; Yis [err], O or S provided that Y is Oor S 15 only when
mis one; and R3 is an acid protecting group; which conprises: a) coupling
an amino acid of the fornmula [err] with the ami no acid ester of the fornula
-184- [err] to give the dipeptide wherein: HaE2ph [err] is an.
am no protecting group or a group which togther with the NNatomforns a
protecting 10. group; and P2 is a hydroxy or mercapto protecting group; b)
selectively renoving the P2 protecting group fromthe product of part (a);

.c) cyclizing the product of part (b) _to give 15 - 185 - [err] product of
part (c) to give the desired produgés,) 11. A process of Claim 10
wherein: Xis S
Py-N /NYCI'!z)
I
o} COOR;3 ;  and

e) removing the P; protecting group from the
product of part (d) to give the desired product.

5
12, A process of Claim 10 wherein:
X is S;
n is two;
Y is S or O; and
10 m is one;
which comprises;
a) coupling an amino acid of the formula
[
(CHz) 2
Py~—N-— CH - COOH
15

with the amino acid ester of the formula
HC—{ 0-alkyl),

HyC

Y

CH-

H,N = CH—COOR;

20 to give the dipeptide of the formula

* c L L} S *



nis one or two; Yis [err]; mis zero or one; 10 which conprises: a)
coupling an amno acid of the fornula [err] 15 with the am no acid ester of
the formula [err] to give the dipeptide of the fornmula 20 11111111 111111
11111111112111112 - 186 - [err] wherein: [err] is an argagasarotecting
group or a.group 5 which together with #+H&88N~atom forns a protecting
group; and P2 is a hydroxy protecting group; b) selectively renoving the P2
protecting group fromthe product of part (a) to give the 10 correspondi ng
hydr oxy conmpound; c) converting the hydroxy product frompart (b) to the
mer captan of the fornula 15 HC =+ 0-alkylbgrr] d) cyclizing
t he nmercaptan product of part (c) to give I ' :

I
S

1
(CHz ) n CHg

Py—~N~—CH—C —ll\l =~ CH = COOR;

0O H.

wherein:

Pi is an amino protecting groub or a group

5 which together with the N-atom forms a protecting

group; and _

P2 is a hydroxy protecting group:

b) selectively removipg the P2 protecting
group from the product of part {a) to give the

10 corresponding hydroxy compound;

c) converting the hydroxy product from part

(b) to the mercaptan of the formula

HC ~¢ 0-alkyl),

I
‘?H ¥
1
(CH; In CH,

! !

P;——N—CH ——“c' —x'v —— CH —— COOR;

0 H

15
d)  cyclizing the mercaptan product of part
{c) to give

A



HA629a - 187 - [err] e) renoving the [err] protecting group fromthe
5 12. A process of Caim

product of part (d) to give the desired product.

10 wherein:

conpri ses;
[err] with

Xis S nistw,; Yis Sor 0; and 10
a) coupling an amno acid of the formula 15
the amno acid ester of the fongala [err] 20

mis one; which

a.
to give the

di peptide of the fornula -188- [err] wherein: Pi is an am no protecting
group or a group 5 which together with the N-atomforms a protecting
P2 is a hydroxy protectlng roup; b) selectively renmoving the P2

group; and
protecting

hydr oxy conpound;

P1-N

Y

o COOR3 and

c
|

group fromthe product O{H a ;o give the 10 corresponding
"j\/N

e) removing the P17 protecting group from the

product of part (d) to give the desired product.

13. A process for preparing the compounds of

the formula

- X
(CHy)

CH;)m
H;N

COOR3
10 wherein:
X is O or S;
n is one or two;
m is zero or one; and
R3 is an acid protecting group:
15 - whlch comprises: '

a) coupling an amino ac1d of the formula

X == P>
|

(CH; )n

p;=—N=-—CH - COOH

20 with the hydroxy amino acid ester of the formula

T



c) converting the hydroxy product frompart (b) to the mercaptan of the
formula [err] 15 d) cyclizing the nmercaptan product of part (c) to give
- 189 - [err] e) renoving the [err] protecting group fromthe product of
part (d) to give the desired product. 5 13. A process fahgfd£paring the
conpounds of the fornula [err] 10 whereisnigx is [err] or S; nis one or
two; mis zero or one; and R3 is an acid protecting group; 15 which
conprises: a) coupling an amno acid of the fornula [err] 20 wth the
hydroxy am no acid ester of the fornula CH. &190 - [err]

_ : =l

. (CH2) 2
(CH2)m

H,N —— CH— COOR;

to give the dipeptide of the formula

CH,-OH
}II- P> (CH3) >

{CH2)n {CHa)n

P;—N—CH -—-lrl: —xlsr — CH = COOR3

5 ¢ H

wherein:
P] is an amino protecting group or a group
which together with the N-atom forms a protecting
10 group:; and
P2 is a hydroxy or mercapto protecting group;
b) oxidizing the hydroxy product of part {(a)
to the aldehyde of the formula

e

}l(—P; (CHz) a

(CH:)n {CH:) 5

Py=—=N=—CH ""ﬁ.‘ "Ilq == CH = COOR:

15 O H

T



to give the dipeptide of. the fornula [err] wherein: P1 is an am no
protecting group or a group which together with the NNatomforns a
protecting 10 group; and P2 is a hydroxy or nercapto protecting group; b)
oxi di zi ng the hydroxy product of part (a) to the al dehydeaezbat he fornmul a
[err] - - 192 - O Il [err] d) treating-th sul foxide product of part (c)
with an acid anhydride of the fornula 5 to give 11 [err] e)
treating the product of part (d) with an alkali netal hydroxide followed by
renoval of 10 fornal dehydeg) angdibbeafdBNtedivibgdthdddpadtitedihgle or acid

halide to give the desire roduct 5. A process_for preparing the
conmpound of the forn¥THEE g?‘?’? tgéﬁe?{a‘?%‘yﬂﬁ SAFh o PBRE Id [err] is zero.or

one and R3 is an easily refibvalyicdizing thprerasivct nef geotip(athtehgive

-~ X
( HZ) n
P1-N /N CHz) m
c .
o
5 - 0 COOR3 ; and
_ e) removing the P1 protecting group of the
product of part (d) to give the desired product.
10 14. A process for preparing the compound of
the formula
(o]
. Il
S=—C—Rg
{CH3) >
|
Py==N-—CH=COOH
wherein Pl is a nitrogen protecting group and Rg is
as defined in Claim 1 which comprises
15 a) reacting L-methionine to introduce the Pj
protecting group;
b) esterifying the product from part (a) for
example, by treatment with an alcohol, alkyl-OH, in
- the presence of an acid catalyst to give
20 _
| {CH:)-
v
P~ N-—CH—=COOalkyl

’
¢) reacting the ester product of part (b)
with an oxidixing agent such as N-chlorosuccinimide
in an aqueous solvent to give

TLE



conprises: a) reacting a solution of diethylacetam do 20 nalonate with a
base such as sodi um hydri de [err] d) treating the sulfoxide product of
part (c) -with an acid anhydride of the formula [err] 5 to give

[err] e) treating t he product of part (d) with an al

kal igawebal hydroxi de

fol | oned blpisSkesvkiamlBeaf R Qeefior mal dehyde, anthb reatment with an. acid

anhydri de o” to give the desired product.
preparing t the formul a

or one and R3'is zero

15. A process for
[err] wherein mis zero

one and R3 is angeasily renpvable ester protecting

-group which conprises: a) reacting a solufjion of diethylacetam do 20
mal onate with a base such as sodi um hydros+eecy; - 193 - foll owed by
reaction with a hal oal kyl acetate of the fbrnula.[err] b) treating the

product of part (a) with

{CH3) 2
v
Py=—N-—CH~COOalkyl;

d) treating the sulfoxide product of part (c)

with an acid anhydride of the formula

(o] 0
il [
Rg=—C=—O—=C—Rg
to give
]
f_ CHy;= QO0—C~—Rg
 (CHy),
Y
py;=—N=—- CH-COOalkyl . and

e} treating the product of part (d) with an

alkali metal hydroxide followed by removal of
10 formaldehyde, and treatment with an acid anhydride or
acid halide to give the desired product. :

15. A process for preparing the compound of

the formula

15

?Hz -OH

(CH3) >
(CHy)

H:N = CH~— COOR;

wherein m is zero or one and R3 is zero or one and R3

is an easily removable ester protecting group which

comprises:

a) reacting a solution of diethylacetamido

20 malonate with a base such as sodium hydroxide



sodi um hydroxi de and heat and then acid and heat to 10 give [err] c)
treating the product of part (b) with a hydrolyzing enzyne such as porcine
ki dney acylase to [err] d) treating the product of part (c) to introduce
the R3 group and give the desired product. - 194 - 16y4p6AgRrocess for
preparing the corrpound of the formula wherg:n-mis zero or one and R3 is an
acid protecting 5 group whi ch conprises: a) reacting the al dehyde of the
formula [err] P3-N-. CH COOR3 wherein P3 is an N-protectlng group or a group

whi'ch 10 toget her WI m f or ns. u
or t hof or matg of the hJI']'r‘f?L‘]'IeélQ‘f”’er’rl’a chont Réqrb %’52@%&8@ ?\taac?a c§leal yst and
t he al cohol 15 of th&¥daula [err] to give [err]

]
halo— (CHz'),_T" {CHy o~ CHy—— O~—~C—CH;

5 wherein halo is Br, I, or Cl to give

o]
B0 L CH;
((l'-'Hz )2
0 ((I3H2 m
H;C— ‘é—— NH=-C— COOC,Hs
COOC;Hg

b) treating the product of part (a) with
sodium hydroxide and heat and then acid and heat to

10 give
H,C-OH

(CH;) 2

~—

:Hz) m

(o]
I
H3C=~—C~— NH~= CH~ COOH ;
¢} treating the product of part (b) with a
hydrolyzing enzyme such as porcine kidney acylase to
give

H,C-OH
(CH3)2

(CH2) o

15 H;N-—— CH=~ COOH ; and

'_d) treating the product of part (c} to
introduce the R3 group and give the desired product.

HIIIIII Il IIIII i IIII



-195- b) selective renoval of the P3 protecting group fromthe product of
part (a) to give the desired final product. 17. A conpound of any one of
claims 1-6 for use as an active pharnaceutical substance. 18. Use of a
conmpound of any one of clains 1-6 for the manufacture ofiagpogedi canent for
treatment of cardi ovascul ar di sease. - 194 - :

16. A process for preparing the compound of

the formula
HC~{ O-alkyl),

(THz) 2

(CHz)m

H;N —— CH=— COOR;
wherein m is zero or one and R3 is an acid protecting
5 group which comprises:
a) reacting the aldehyde of the formula

HC =0

(Tﬁz) 2

(CHz )m

P3=—N-— CH= COOR;
wherein P3 is an N-protecting group or a group which
10 together with N-atom forms a protecting group with
the orthoformate of the formula

HC <+ O-alkyl);
in the presence of an acid catalyst and the alcohol
15 of the formula
alkyl-OR

to give
HT-—('O-alkyl )2

(TH:);

* c L M s *



- 195 -

b) ;SéiectiVe removal of the éj protecting;
gfoup from the product of part (a) to give the
desired final product.

17. A compound of any one of claims 1-6 for use

as an active pharmaceutical substance.

18. Use of a compound of any one of claims 1-6
for the manufacture of a medicament for treatment of

cardiovascular disease.

* ¢ L M s  x
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”

L2y

(4s-[4a(R*),7a,10aB]] —octahydro-4-[(2-mercapto-4—methy|-

1<mvpmuyﬂamino]-5-oxo;7H-pyrido[2,1-b][1,3]thiazepine—

10

15

20

25

30

7-carboxylic acid;

[3R-[3a(5*),6a,92aB]) ] -hexahydro-3-[(2-mercapto-l-oxo-~
3-phenylpropyl)aminol -4-oxo-2H, 6H-pyrido([2,1-b]-
il,31thiazine-6-carboxylic acid;

(45-{4a(R*),7a,9aB] ] -octahydro-4- [ (2-mercapto-1l-oxo-
3-phenylpropyl)amino] -S-oxopyrrolo(2,1-b}[1,3]1-
thiazepine-7-carboxylic acid;

{4S-[4a(R*),7x,9aB] ] ~octahydro-4-[(3-cyclo-
propyl-2-mercapto-l-oxopropyl)amino]-5-oxopyrrolo-
f{2,1-b]{1,3]thiazepine-7-carboxylic acid;

[4s-[d4a(R*), 7, 9aB] ] -octahydro-4~[(2-mercapto-1-
oxohexyl)amino] -S-oxopyrrolo{2,1-b](1,3]-
thiazepine-7-carboxylic acid;

[4s-[4a(R*),7a,9aB]]-octahydro-4—[(2-mercapco—l-oxo-4
-methylpentyl)amino] -S-oxopyrrolo(2,1-bl(1,3]~
thiazepine-7-carboxylic acid;

(4s-[4a(R*), 7, 9aB] ] -octahydro-4-( (2-mercapto-1-

oxopentyl)amino}-S-oxopyrrolof{2,1-b}(1,3])-
thiazepine-7-carboxylic acid;

(4s-[4a(R"),7a,9aB]]-octahydro-4-( (2-mercapto-4,4-
dimethyl-1l-oxopentyl)amino]-5-oxopyrrolo(2,1-bl-
{1,3)1chiazepine-7-carboxylic acid;

L]
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- X

N CH;)m
my

H 0 COOR,

including a pharmaceutically acceptable salt thereof
wherein A, X, ¥, n, m and R3 are as defined in
5 Claim 1.

8. A compound c¢f the formula

- X
(CHz ) 0 IY
. N CH,)m
HoN
o COOR;3

10
including a salt thereof wherein:
X is O or S;
n is one or two;
m is zero or one;
15 ¥ is CH3, O, or 8 provided that ¥ is O or S
only when m is one;
R3 is hydrogen, lower alkyl, or aryl-(CH2lp-:
and

" p is zero or an integer from 1 to 6)'

20
provided that when X is O, n is one, and Y is CH, , then m is one.
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e
I

s—-— CH}
(CH,) 2
Y
Py=—N=-—CH~-C00alkyl;

d] treating the sulfoxide product of part (c)
with an acid anhydride of the formula

Q (o]
I [
Rg~=C=—0—C—Rg
S to give
ﬁ _
|S""' CHy;™ QO=~C—R;
' {CH;) ;
)
P~ N— CH-C0Oalkyl ; and

e) treating the product of part (d) with an
alkali metal hydroxide followed by removal of
10 formaldehyde, and treatment with an acid anhydride or
acid halide to give the desired product.

15. A process for preparing the compound of

the formula
(i:Hz -OH

(CH3) 2
(CHz),

15 H;N === CH~—COQOOR:
wherein m is zero or one and R3 is zero. or one and R3
is an easily removable ester protecting group which
comprises:
al reacting a solution of diethylacetamido
20 malonate with a base such as sodium hydride

. i X y Y i ol



