;e3e.r26T./#] WO 00/03981 PCT/ US99/ 14957 Preparation of | S1-2-Am no-6
6- Di met hoxyhexanoi ¢ Acid Methyl Ester Via Novel D oxolanes 5 Background of
the Invention Robl in U S. Patent 5,508,272 discloses conmpounds of the
formula , X ( CH2 ) n N / ( CHz ) mA 1l H O COCRS 10 mhereln A ajl be O Il
Rz-S- ( C:I-lzwpon/e398CR12 \Rl X can be S, Y can be CH2, mcan S’E/Uc‘ﬁ? P2nd n
can be two as 15 possessing neutral endopeptidase and angi ot ensi n
converting enzyme inhibition act|V|t .. Among these conpounds
[4S-[4oc(R*), 7ocRrenaralioneofn st 52280 p L E e LRSS ~opyl - ami no
] - 5-0xo0-7H pyrido[ 2, 1- b] [ Me? | B2 ! oxoxamek which is currently
under goi ng clinical 20 eval uation. This conpound is reported in the
literature as BMS 186, 716 and as omapatrilat. Robl di scloses that the am no
| act am por®i on of BV 186, 718ackagountyof Lhe Ipyentions _ _ gt nyr VO
00/ 03981 PCT/US99/1495? can be prepared by coupling

(S)-2-am no- 6, 6-di net yhe cid est el ith th ot ected
amno acid ~.. P2 ( %%f) r?)ﬁa% ﬁﬁ r%&#u 3 %I n J1ics°m§r? aﬁlsn%g
protecting graup fodmPAis a sulfur protecting group to give the dipeptide

of the fornul a
_X
(CH2)n T

N (CH2) m

.
x ®

10 H 0 COOR3

wherein A can be

]
Ry §— (CHy) =0 C—
Riz Ry

X can be S, Y can be CH2, m can be one, and n can be two as

15 possessing neutral endopeptidase and angiotensin converting
enzyme inhibition activity. Among these compounds is
[4S-[40(R*),70,10aP] }~octahydro-4-[ (2-mercapto-1l-oxo-3-
phenylpropyl-amino] -5-oxo-7H-pyrido[2,1-b] [1,3]thiazepine-
7-carboxylic acid which is currently undergoing clinical

20 evaluation. This compound is reported in the literature as
BMS 186,716 and as omapatrilat.

Robl discloses that the amino lactam portion of BMS
186,716, i.e. the intermediate

s_H

HaN c

H
05 0 COOQOCH;

AN

*159150*

1. L

*G00002*




-PHCG(OCH3 ) 2 ~2 (;H2 ) 2 0H2 ) 3 P1- N ~ i - N CH COOCH3 OH 10 '
Renoval of the P2 protecting group, followed by acid catal yzed cycli zati on,
and renoval of the Pl protecting group gives [4S- (40G lot, 10a3) ] -

-oct ahydro ?&, 5 oxo- 7H-pyrido[ 2, 1-b] [ 1, 3] t hi azepi ne- 711,5 car box 5¥I iC

aci d, nethy ester Robl di sci oses preparing CT/USI9/145

(S) - 2- ami no- 6 cGdi BBt e eodl thy m%t)hyLaﬁﬁ@rs L genverting

N- pr ot ect ed L- F drox nor.l euci.ne to .its nmeth ester, oxidizing to the
al dehyde of tfiX nfd Gest (r&ﬂé})@l PSPSY ‘KFtl"CI-'F scBopretesteden
reacting wthamnnme@cwl orthoformate in the presence of a strong acid

catal yst, and renoving the P3 protecting group. 2 WO 00/03981

PCT1US99/ 14957 Summary Of The Invention Téig invention is directed to an

i nproved chem cal synthesis of (S)-2-am ny -6 6- di met hoxyhexanoi ¢ aci d;

met hyl ester and novel dioxol ane internegh %\s fromthis 5 synthesis.
According to the process of this |nvent| e glycinam de of the formul a
(1) CH3H GQH H2ZN-CH2-C (N-~-;~ Ip @t-BNH—t@Hcom{eacted wi th the dioxol ane of

he f I 2 h d
E)rgrmor rlné gl (k% (? oy P (?gy%‘go?gaér{@yl sﬁ%ﬁ%okﬁ#%x@r?%a\é{r&epgﬁlggg?3?%&%%2 Icn? ?he

f or mul a (|||)pcpt9ct1ng group to give the dipeptide of the formula
T_P?‘ HC—{OCH3) 5

(CHz) 2 (CHa) 3
Y Y
P;—N—CH— I(ll‘- 1}]— CH~ COOCH;
O H
10
Removal of the P2 protecting group, followed by acid
catalyzed cyclization, and removal of the P1 protecting
group gives [4S-(4a,70., 10aP)]-octahydro-
4-amino—5-oxo—7H-pyrido{2,l—b][1,3]thiazepine—7—
15 carboxylic acid, methyl ester.

Robl discloses preparing (S)-2-amino-6,6-
dimethoxyhexanoic acid, methyl ester by converting
N-protected L-e-hydroxynorleucine to its methyl ester,
oxidizing to the aldehyde of the formula

20
HC=0
(CHp) 3
P3—N—CH~COOCH;
then reacting with trimethyl orthoformate in the presence
of a strong acid catalyst, and removing the P3 protecting
group.
25



(1IH2)3 (~ IiHB HOH  H2N1 CHCN G CCH3 H' 20 The di oxol ane of fornula
1l is treated under aqueous refluxing conditions to give the di oxol ane
pentanoic acid of the formula (1V) 0 O (1H2)3 H2ZN1 CH COOH . 25 -3

W' 00/ 03981 PCT/ US9911495'1 The di oxol ane pentanoic acid of formula IVis
t hen treat HOVY0¥change the di oxol ane acetal with a di met HoXYSRA&PAI _and
convert the carboxylic acid tq. the_ne y,f ester resulting in the desired
conpound 5 (S)-2-am no-6, & di ) thyl ester. This can
be achi eved by reactThig donpobhdn|ids witdectkiohy| ar Himprioyedi nphemidmhol or by
reacting CO”D&}KAE%és\isWotfh (8NDy ALtk 05 —8umbe Roxyeka8dd candi di NRtt
sulfite in methanol or b 5: s_ln situ .generatjon of HCl ?‘uch as by 10
reacti ng conpBerRF I"’\?‘ivi“f’ﬁe hPoPR IR A PEPPRE ST Te™aEPdSchl ori de such as
acetyl chlfori gentehebsidi.net hyl sulfite in nmethanol. Another aspect of this

invention is the pr I: r aplke ts ' Q). - m no6, 6 15
di met hoxyhexanoi c, a?ﬁ%{ m%'?l% Pgeg%‘gr&%‘%e%%r %I %ﬁ% %lﬁlté(lg%lt éh%an be
converted to g%xw%ioﬁet%%rfmq%te conversion to the desired product.
This affords agded flexibility in scheduling production runs and enabl es
different stages of the reaction to be (ﬁmglji egrout _at 20 different

manuf acturing facilities. De%%a%_!_e De cEqi_Q'i 0R O‘ I nvention

(S)-2- Ami no- 6, 6- di net hoxyhex I C i, HEEWA es 25 of the formula (X)

| CH3 H ~ -~OCH3 (~Hz)3 H2N~ CH i scHs@f ul as an internediate in the
preparation of [4S-[4a(R*), 7a, 10a(3]].-octahydro-4-[(2-nmercapto-1 30

oxo- 3- phet| pidpyaaeiachaith- bhe-die oP3, Eb%]]f%éﬂllahi azepi ne- 7- car boxyl i
c acid of the formula WO 001 03981 (XI)

(TT) o
L"-(CHz)z‘“< :]
O

wherein L is a leaving group such as iodo, bromo,

15 alkylsulfonyloxy, or arylsulfonyloxy to give the dioxolane
of the formula '
(III)

[\

) o)

T

(CHy)3 @

|

H, N CH—C — N—

&

O NN

e

o] _J

0 [@Llitites]
(")

s

20 The dioxolane of formula III is treated under
aqueous refluxing conditions to give the dioxolane
pentanoic acid of the formula

(IV)
O/__\O
(CH2) 3
HyNpw~ CH— COOH
25



SHII - ~CHS-HGCH O COOH CH2 as described by Robl in U S. Patent
5,508, 272. PCTNS99/ 14957 5 According to the process of this invention

- (S)-2am no- &, 6-di net hoxyhexanoi ¢ acid, nethyl ester of formula Xis ~

pr epar ed by‘g@ dolisddl cal synthesis that avoids the need ' fokc ngll ggtl on
reaction and for ‘an optical resolution. In this process, e ngm nam-de of
formula | is reactedThé d@idsivlidne ﬂtaﬁta’aca:rte afigf efn‘f’éﬁndla tIQf gisvenkihe

di oxol ane of tc%au{aa L loxc T’ EACIA AR5 ROLEOL P, LG, presence of

lithium d||sopro In af organic S GHRERXr an,
which is pref éFP %ﬁl%tqmafét AR ecanhoxyBicy aohdt try I thet methy2- estdyy|
tetrahydrofuraesumtlﬁl;l; Q!IIhy:lhelaegi_;P@;ﬂ .colppungaction is carried out at a
tenperaturg of out 67§C t?h ut 0C., The, cgl ycinam de of formula | is
pr epar ed as de8 r| b X " OufePsme exﬁé‘f’rlﬁh%‘d’r n ey ester. JFhigp. 4555
- 4558 (1995) Caaobqr@hmdngygre@@mg Totmpeunid 0RO vt ltaagﬁ_m of formula
Il can be an ahkylsae fﬁﬂm&&néyC&a@ ff%fat}%ﬁgsé% 0%y

on

aryl sul fonyl oxy, s a enesul or i ogo W th iodo

bei ng pr ef err@éh %ﬁ% (Sﬂchdflﬁ 2% difgle rﬂa§ éPglf@*Iﬁ%Hra’h pudfdtenbmn 25 in the
art or can bemptemaokdr bynmtbemiersial lggnavatiabl et mp@uaﬂsaslw exanpl e)
the di oxoi@nerggcéﬂgéng(glplohn}ygne ﬂ:}t éhﬁgkgggnﬁe?h ﬁ Ear ed by reacting

2- (3-chl oroprogi%l di oxo umi1o e of

sodi um bi car b6RLPELE Fuchyasaretol cicTideoand z:@methmesumm aime

i nternedi ate méthaviomtl a 111 is then treated under aqueous refl uxing
conditions to give t pent 0|c acid of forpula IV. The

di oxol ane pent anoi c %g?tg‘e(}ngggﬁﬁl aplt% FPRERT UL e FheoPE PR ation

(S) - 2- am no- 6°8- T AIFOBFRPRANBREE G ( SWEBMlIES{GeIG of formila X by
exchangi ntp t h&udetqm&yaﬁﬁaa@e&aécm t H\e%hg}nnEéM}b@%trﬁ\hléng c%dum ng the

nmet hyl ester %EXa oxQl ane pentanoi c_acl d ornmula V-
can be react eggfyfhcat% gnyngﬁ%ﬁ B:é’ i h ngf ing fPéaB%EH“aRF with
anhydrous HC CRENSr HSNHC® Hhe mmdrmtrhglhctsul fitie afiforddodddedr reacted
with HCL generpéethiieyl th Sesbadsiny prBaGLLI @gﬁcgﬁa%ﬂ&fé formil a 1V

wi th chl orotranﬂe%rﬁe %ne or gn aci d chloride such as acet <hloride and
di met hyl sul f§t thaAsE ¢ t&i@vgef"ﬁelﬁﬁ %Qer é’&rEbﬁﬁoﬂh‘d%ﬁ fornula X
These red® i oRtffenente mponfacuingt factdipbest ure of from about 40C to
about 45C. (S)-2-Am no- 6, 6- d| met hoxyhexanoi ¢ aci d, nethyl ester can be
converted to a storage 1 Thls Dr 0 i.des 20 added flexibility to
the overall process as € Proces: SR ’ . ’
(S)-2-am no- 6, 6-di net hoxyhexanoi ¢ aci d met hyI ester salt can be performed -
separately fromthe gyage f

(S) - 2- ami no- 6, 6di mtﬁxghéﬁlgﬁ%ﬁ%&ﬁl eEBB)\éﬁﬂ#%%tlgr 5t HASTHREh BS&eFi nal 25
product . e PertisEoFRYL3st abl e sal t refers to a salt of .
(S)-2-am no- 6{%- di net hoxyhexanoi ¢ aci d, nethyl ester which can be

mai ntai ned for a period of at |east ab 330 days under conditions of |ow
tenperature and the absence of noi stur and then converted to

(S) - 2- ani no- 6, 6- di net hoxy 30 hexanoi c |QF 3met hyl ester in high yields.
Salts of (S)-2-am no-6,6-di net hoxyhexa( }: acid, nethyl ester of fornula X
suitable for this purpose include the ic acid salts (1:1) and (2:1),

the di phenyl acetic acid salt (1: 1)HZNRfT(§—’Ht‘f'@Qﬂfbsphor| c acid salt (1:1). 35

The salt is tiaiseduli b8 @n bagRrikENa8s HP1@ES bih é}gr},a_:te to give the
(S)-2- ami no- 6; £ 4i4GRRAPYBEXMIANC AEh ) alBL I (£ merf@i Tl a X
30  oxo-3-phenylpropyl)amino]-5-oxo-TH-pyrido[2, 1-b]-
[1,3]thiazepine-7-carboxylic acid of the formula




-6 WO 001 03981 PCT/ US99/ 14957 As described by Robl in U S. Patent
5,508, 272, (S)-2-am no-6, 6-di net hoxyhexanoi ¢ acid; nethyl ester of formula

X can be coupled with the N-protected anmino acid of the formula 5 (v) ~' P2
(CH2)2 PI- N CH COOH to give the dipeptide of the formnul _H~
OCH3 (=H2 )W Y 3 Pl N-.CH .1ji- i -CH COOCH3 O H 10 mﬁ%ﬂ%‘%"&;? s an

am no protectigg group such as benzyl oxycarbonyl or t-butoxycarbonyl or a
group which together with the N-atom forns r¢ ecfi ng group such as
Pp-Su as 15 acetyl or
rably pgrformed in the presence of

benzoyl. This coupling reaction is pref
a coupling reagent such as

benzotri azol - 1-yl oxytri s(di net hyl agi no) p osphgm hexaf | uor ophosphat e,

et hyl - 3- (3-di met hyl am no) prRRYI~Ea o .C
nethanesulfonyloxybenzotriazoléi or di cycllbhexyl cooiodi i m de. The P2
protecting group is selectivel {Hzenovidd from“ he di peptide of fornula Vi
such as by treatnent with sodi ym nmet hoxi de in methanol or by treatnment with
g-toluenesulfonic acid in netheanQl. The resulting 25 nmercaptan conmpound is
t hen subjected to an acid cated cyclization reaction preferably by
treating with a strong acid swhas trifluoroacetic acid, g-toluenesul fonic
acid, nethanesul fonic acid, or a commercially avail abl e pol ystyrene

sul fonate pol yner type ion exchange resin such 30 as Anberlystl5. This
cyclization raacdesorited bg RODINAMNW.GI98at&(T /2SI, 22957 perforned in a

a0t b of T he. §or mui's VLTS h Kb N o B by d PUBERb (5 54ve The

amino-6, 6-dimethoxyhexanoic acid, methyl ester of formula X

is prepared by a chemical synthesis that avoids the need
for an oxidation reaction and for an optical resolution.
In this process, the glycinamide of formula I is reacted

10 with the dioxolane of formula II to give the dioxolane of
formula III. This reaction is performed in the presence of
lithium diisopropylamide in an organic solvent such as
tetrahydrofuran, which is preferred, diethoxymethane, tert-~
butyl methyl ether, 2-methyl tetrahydrofuran, or diethyl

15 ether. The reaction is carried out at a temperature of
from about -78°C to about 0°C.

The glycinamide of formula I is prepared as

described by Myers et al., Tetrahedron Letters, Vol. 36, p.
4555 -~ 4558 (1995).
20 The leaving group L in the dioxolane reagent of

formula II can be an alkylsulfonyloxy such as methane
sulfonyloxy, an arylsulfonyloxy such as
p-toluenesulfonyloxy, bromo, or iodo with iodo being
preferred. Such dioxolane reagents of formula II are known

25 in the art or can be prepared from commercially available
compounds. For example, the dioxolane of formula II
wherein 1. is iodo can be prepared by reacting
2-{3-chloropropyl)-1,3-dioxolane with sodium iodide in the
presence of sodium bicarbonate.

-5-



The lactamof fornmula VII is then treated to renove the P1 N-protecting
group and then reacted with the acyl nercapt oal kanoyl sidechain of the
formula to (vzzl) (s) R6- ICG'-S-CH IGOH CH2 15 wherein Rg is me’t’hyl
or phenyl giwing.bije conpound of the fornula (1X) ORs C S H 9$7 -
H O COOCH3 Thr's coupllng reaction can be performed in an organlc SO

such as nmet hyI ene Chh‘ﬁél deoRdhrien 1h|&€xﬂé&§£il§%f0ffoémﬁﬂ?é!piif‘ﬁsr %gggnt SUCh
as 1-ethyl - ﬁamn ropylgﬂg_grbonmgg|l 9’8 VO 00|

PCT/ US99/ 1495 TR FREHEL150 OB EATRF - 62 \ivey Ehes

(di met hyl ani n@lmxoéphenpwmm rgodophobphmitle, Ivar boiny | diidxeildagol e, or

1- prOpanephosrﬁwtbﬁo%l&lc;L&y&ﬂ lf%rﬁlamadfvdfs tehlehe eéété/&'tyo gg%

acyl mercap oaI anqi c_aci %’Lé) formula VII1 can e convert
acti vat ed Frof™ Pt "Iqlﬁ'@tgat‘fﬁh%’éa%caéﬁldcﬂp%ﬁﬂe esrﬁe%eéfanhydrl de,

symmet ri cal arﬂwdmﬂdex mtex:aiaadmgt the @ioxoldhe E&eﬁéprﬂt&pbl ng group can

be renoved fr il C r gy e treatrrent wth
10 hydrazi ne mnoﬁgaircgtée% %% tog??%le%m\g (Elill ﬁé‘{%_, ec??eTroPﬁg

pht hal i mi do grf&¥pesAr™Biet r r?éﬁﬁo f EWPFH’EPﬁWsﬂ aﬁm&apawm um on
carbon and hyd:reogeacw&mﬁh ithibanz yErriatdd @AY ine Bhakd tdze%TeBEEédW th

hydr ochl ogphC i r er ong aci

~, - but oxggar %ﬁﬁﬁl hﬂ?gepaé?ng{gﬁna%g ssé §%anf1§ %{mr%%théé lSBlFéFr%vJent he
acyl group R6 et nohn‘éift@%?@em-tbﬁécmelmﬂraesdemt&aztilheuchrbsxmlr| c acid
as shown in th@adeshge@hé i dbMpoRhadyet £ Smf1ar A ﬁleﬁk For exanple, when R6

is methyl, e g_men;_ %@é t hanol i ¢ sadi um dI’OXI de followed by
aqueous aci d f?’ PES-T HE® Sﬁggn&%o%(f ’r%e quchygs pReeYIR: ) |
7a,, 10a(3] ] chderafydansd 4gimethyl sulfite in methanol to give the

[ (2- mer capbo- keaxPed-hiesulr 8pY EbALNOL 5~ 9%85I PUd o2 8:h1 14, 3] thi azepi

ne-7- carboxyllc %CId ossesses 25 an |otenS|n converting enz and neutral -
endopept i dase PERRPHPEDrIT £ HTPEYATYe L dHoBuABOUS %\%‘1C| tgsa ?’ét

phar maceut i cal4l537Caccept able salts are useful in treati ng car di ovascul ar

di seases such as hyp g;_ej%@ma@dscaﬂgggﬁ f ot e_Robl
U S. Patent 5,508 27§ This 30 conpound d%g;e&ggé%‘? nalég %S%F%T e%?ﬁral i an
host such as can be converted to a storage stable salt, ThlS provides

20 added flexibility to the overall process as the process
steps leading up to the (S)-2-amino-6,6-dimethoxyhexanoic
acid, methyl ester salt can be performed separately from
the process steps for converting (8)-2-amino-6, 6- '
dimethoxyhexanoic acid, methyl ester to the desired final

25 product. The term storage stable salt refers to a salt of
(S) -2-amino-6, 6-dimethoxyhexanoic acid, methyl ester which
can be maintained for a period of at least about 30 days
under conditions of low temperature and the absence of
moisture and then converted to (S)-2-amino-6,6-dimethoxy-

30 hexanoic acid, methyl ester in high vields. Salts of
(8)-2-amino-6, 6-dimethoxyhexanoic acid, methyl ester of
formula X suitable for this purpose include the oxalic acid
salts (1:1) and (2:1), the diphenylacetic acid salt (1:1),
and the phosphoric acid salt (1:1).

35 The salt is treated with a base such as potassium
bicarbonate to give the (S)-2-amino-6,6-dimethoxyhexanoic
acid, methyl ester of formula X.

-6-



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 ng per kg of body wei ght per day.
The conpound is preferably adm nistered orally but parenteral routes and

topi cal 35 routes can al so be enployed. The daily dose ca i nj st ered
singly or CHAMHB9%® vided into twe:to.four doses adm nist e&e%%?%g out the

day. -9 WO 00/ 039 NS89, e; fallow a illustrative
of the invention. %% 8‘g';%'/l_\o Oo.él%;%%g%oﬁg%%'ﬁ'lfé%?ﬁ{aggﬁggLﬁfl (ocS- ~aR*
( 1S* 25 ) 1(S)-z-pRiRe- &6 (inargeEYheRanrih peidnheatret ' ester gfnet hyl - 1
3~i oxol ane- 2-fmiuaaari d&n e ddhpDEd-—M €h @HHN-Brotected amino acid of

2- (3-1odoprogyl) - %E%ﬁgéoxol ~ne Sodi um bi carbonate (4.0 g, 47.6 mml) and
sodi um i odi de“'(%é. g, 0.20 nole, 2.4 eq.) were added to a 10 sol ution of
2- (3-chl oPoprGPyl )-1, 3 dioxol ane (12.6 g, 83.66 mml) in acetone (90 ni).
The . reaction vessel was fitted with a igﬁ ex condenser/argon inlet and
briefly flushed with argon. The m xture s heated under argon in a 59C oil

bath. After heating for 15 24 hours, thdCHesulting mixture (gol den yellow

sol ution containing a white solid), \i\_/aﬁ_gl&_ggg to cool to roomtenperature.
The mixture was then concentrated dt TeducCe essure to renove the bul k of

the acetone. ttheikestHyedipsotide ofi eRedrdatuyeen heptane (about 400 m ) and
wat er 20 (abo 100 m). The organic fraction was washed with water (1 x 50

m)) 5~ sodiu isulfate (3 x 50 m, shaken ykgorously), 2N sodium
bi carbonate (1 x 50 m), and brine. After drgl g over magnesi um sul f ate,
the solvent was renoved at reduced pressur ent-e Qinse a colorless liquid 25
(16.76 g) which was distilled to giye216.24 of
2-(3-iodopropyl)-1,3-di oxol ane as acggplorles bi quid; b.p. 75C (0.3 mm of
Hg). TLCRf = 0.25 (silica gel, hex®ne: ethey, 'z 1). Anal. calc'd C6H11l02:
30 C, 29.77; H, 4.58; I, 52.RB~Fﬁm@H—cﬁ~?®T0®,-CPPCﬂa 61; |, 52.15.

O H

10
wherein P is an amino protecting group such as
benzyloxycarbonyl or t-butoxycarbonyl or a group which
together with the N-atom forms a protecting group such as
phthalimido and P2 is a mercapto protecting group such as

15 acetyl or benzoyl. This coupling reaction is preferably
performed in the presence of a coupling reagent such as
benzotriazol-1l-yloxytris (dimethylamino)phosphonium
hexafluorophosphate, ethyl-3-(3-dimethylamino)propyl
carbodiimide, methanesulfonyloxybenzotriazole, or

20 dicyclohexylcarbodiimide.

The P2 protecting group is selectively removed from
the dipeptide of formula VI such as by treatment with
sodium methoxide in methanol or by treatment with
p-toluenesulfonic acid in methanol. The resulting

25 mercaptan compound is then subjected to an acid catalyzed
cyclization reaction preferably by treating with a strong
acid such as trifluoroacetic acid, p-toluenesulfonic acid,
methanesulfonic acid, or a commercially available
polystyrene sulfonate polymer type ion exchange resin such

30 as Amberlystl5®. This cyclization reaction can be
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| ~ WD 00/03981 PCT/ US99/ 14957 b)
fas-faRf(1S*, 2S*) 11- a- Ami no- N- ( 2- hydr oxv- 1net hvl - 2- ~henvl et h~r 1) -i ~- et hyl -
1 3-di oxol ane-2-oentanamde 5 A 0.5 liter, 4-necked, round- botton1fla§k
equi pped Wity ?ﬂ, erhead stirrer, thernncouple; addltlon fpes %} .
ni trogen |nIet utlet was charged with 11.4 g of I|th|un1chlor|de ? ri-ed in
vacuo at 130C perfdineduia andot-herotdic $6146QC duh 18 heuhgi4ud or to use},

9.1 g of diiso ra drof ran ter_cooling to .
-78C, a 2.5 M‘%E) tl:a(?n%%f 8ﬂgo€9¥%% %’g%ﬁ A %exaa f’gpﬁlﬁ')f‘?ﬁgllédded over
about 20 ni nut E&%hi | e mai ntai ning the tenperature at |less than or equal to
-60C. This mxture 15 was allowed to stir at -78C for 45 mnutes. A

t et rahydrof uran sol uti on of
[R-(R*, R*)]-N(2- hydroxy-1-net hyl - Zpheny N et hyl - a- am noacet am de
nonohydrate [10 g., 0.04 nol, prepared as |descriped by Mers et al.) 20
Tetrahedron Letters, Vol. 36, p. 4555 - 4 58 (19p5)] was added over 50

m nutes while maintaining the tenp ratu/g s than or equal to -68C.
After the addition was conpl esen®he ture s stirred for an additiona
45 m nutes,. The sol ution was allomed t% war maoocahout OC and 25 hel d at

t hat tenpePature for 45 mnutes. The 2-(3-iodopropyl)-1, 3-di oxol ane (129)
frompart (a) was added as a tetrahydrofuran (10 m) solution in one

pgrtionbl Aftter 3 hourmer 2agtaR b Ifr&ma&aoﬁzTisCt%ﬁ' @fﬁ %&'%C g%gno
observabl e s a er a as a
quench. The tg%%%h dgp%ﬁégggﬁﬂ%gﬁ' aggd gF £ *ébﬁ&%he | ower
aqueous phase.aciimezgapboslHrayd \ﬁas'leehaira(dﬁed:hw Form®idyl ene chloride (4 x
10D m). Tbe ngidnthene chloride phases were conbined with the
tetrahydrofuran/hexane phase and wasbed with_ 180 m of 35 brine. After
drying over sodiumsulfate and filtrhtion, ¢Bhikent ration in vacuo (bath :
tenperature | ess than or equal tBVZDQT"é?TbIHEG_é%{O|I (9.57g9). The oil was
-12 WO 00/ 03981 PCT/ US99/ 14957 chromat ogrgahed over silica gel 60 (col umm
size: 3.5 cmx ' 21 cm eluting with 5~ trigthhylam ne in nethyl ene
chloride, collecting 100 m fractions. Frackions nunber 6 through 12 were
conbi ned and concentrated in vacuo (bath rature 5 | ess than or equal
to 45C) to afford an oil. This oil was di ed in toluene (100 m) and
concentrated to renove residual triethylant™ye and give 4.54 g of the
desired produchezeianrgiils ndtdlyl. o€apkenyl foak i 8tﬁ@”$€%bo% C 92, H,
8.35; N) 7.84 oun C 25.1.2; H, 8@21 %% & 4%3 Exanp AaCor efe
(S)-a-Am no- 1, %Q ane- 2- pent ar ~oi ¢ aC|d 15 A 250 n1 flask equi pped with
an argon inIeﬂIXMBgnetic stir bar and reflux condenser was charged with 5.9
g of the product from Exanple 1 and water e 20 reaction was
refluxed for seven hours and then all owed/to sti¥§-0vernight at room
tenperature. The reaction m xture was di i (220 M) and
washed wi th nethylene chlqggide (2 x 50 m met hyl ene chl ori de
| ayers were extracted oncdlwi th matﬁ 25 conbi ned aqueous
| ayers were concentr at Bg— G+ SrerQuie— C esi oncentrated in vaauo
from 100 ethanol (2 x 100 M) té& a so@&d Thegsol i d WEECHi ssol ved in mater
(15 M) and the solution was stifffed with a nagnetic stir bar as 100

et hanol (150 m) was added in ajslow stream

15
This coupling reaction can be performed in an organic
solvent such as methylene chloride and in the presence of a
coupling reagent such as

l-ethyl-3~(3~-dimethylaminopropyl)carbodiimide,



30 Stirring was stopped, and the mxture was allowed to stand for one hour
and then filtered. The solids were washed with 100 ethanol (2 x 25 m),
air-dried for 15 mnutes, -13 WO 00/ 03981 PCTI US99/ 14957 and then-

vol atil es were renoved under high vacuum overnight to give 2.0 of the
desired proW@Q003%1 3 white powder; mp. 224 - 226(deconp. )PCE(NQ?M“&SJI ¢ d

for C8HL5NOA4: 4.. H 8.18; N,
7.46. Exa-pl edg ?81‘?& :Z)glro%boéﬁﬁigg g%@qf:%ggél g y§°’@%tarrlé°'d according to
t'’he fol | owi ng (érl@eéan%@mm@@sphoalmclk@@fwgﬁahgéphm.f | ask, equi pped

wi th an over heagbshi/L8eimiddwylenceupl eprasididdnerphunie! acng c’éy@u%ogen

Lot r ahydr of ur SEYSTEeR; ) AietaRes SRR ot MlineReattenBetaid Bridr of r eshiy
titrated ~8-bfopmbilahVIES igarhdeanenver 7sl 7l:on1a)'1 wesivaldst fovi e@rimicntai ni ng

the tenperat urgughin céﬁéhzggzaﬁTQb§dn&ﬁidgfaéMa§1§E&O¥ﬁﬁbéfi&g'" at 21C for
45 m nutes and was t en coql ed to-5. 20 Thi's cool ed sol utiodn was added to

a tetrahydrof S¥ERSEFHeR 1 anhveiside I’u???“fﬁ‘te‘i ester, etc.
[ R- (R*, R*) ] - N- ( 2- hydTbgyP1 -Nreadepect iptegydun oan) RencehgvedcEram mbacet ami de

ronohydrate (50-@hnage biiiumyal) CELGEIE, By Mondiutyvacio

130C for or fror to use}’1 mai nt ai ni ng
t he tenpe?g ?‘é’%FﬁziLﬂ% ‘P%fff’g?é/d%?tf‘-ow‘?@ B (rqget Eragﬂf'lfl’i}'f? WaéteBnpl ete, the
m xture was Stfiokedaf ot iaddiot pooap 6w Wy aredtienB8Grith

2- (3- 1 odopr opyl ( 2 s ad d to t reactlon

m xture as a %‘LOEO% ’8‘9*% %?’g 3 gglﬂ%dltl on% \g)gr 7 a}ﬁcﬁﬁiyg]

agi tation. Thé’?‘FEagil bh %&ZYWFQH PR¥l P&y Sreptentyiith ¢ vvas

det er ni ned t ohigdroonpbeie {did Gnadbbysies)or Brberestiomy avbs guenached by the

addi tion 4 t he tetrahydrofuran/ hexane phase was 35
separ at ed'i)ﬁromt&’reﬁml1 rggrb%%g’&s phase and set aside. The pH of the aqueous

phase was adjusted fFben @sb}maunﬂlotfofamma Xyist heeadddttia)rremoveonhent rated
nydrochl oric aebd (i0pia,c16) - 4R 9 Q3801 PARLIRRMIASZ anctd s
extracted with {ene °ch orld}g1 i\% T(?llmethy ene chloride
phases were C(S:ﬁ’g,ﬁﬂﬁﬁ AN TEhEEnt 8‘E"éd“?rF 9&81 6t PaPGEecf ess t han
or equal to 4deymudaafiords [eéfégpl?o*ﬂ*er{BS*lSZ@‘ryhyl] trpagmend-with
(2-hydr oxyo 1. Rt gho: e wa}om@téwloemg fosglans 2epan soqe de as

an oil (60 g di ssQ vgd I n wat |ng and was

refluxed for f?ehgﬁ?%r%t‘iqmg"fmﬂa &Ibe conplete (HPLC anal ysi s).
After cooling, the 18Sr&s{Ron ¢, Maﬁé]mtmdmt%d wi t h et hyl ene

chloride (2 X[ %goggéa lt RSt bceh?@%ﬁggﬁ%g\?ss Queent rat ed in vacuo

to afford the cru g uct as a eyel ow Solid was
recrystal | i ze@YFi8Rl aghidduld St fhadFeRing o casbarylip sastigt @cssranes 500 ni)

and dried2bn wagtioténs i Wontertdng endimalesiar adupradusiacreptivhite
ﬁ;¥ﬁ5?|L;PgrSQBEleE%f?“%é%f%thS) %hfgnéE ﬁ%ugddége&e 2&?%@%~C}C aci d,
pharmaceutically acceptable salts are useful in treating
cardiovascular diseases such as hypertension and congestive
heart failure as note Robl U.S. Patent 5,508,272. This
30 compound can be administered to a mammalian host 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 compound is preferably
administered orally but parenteral routes and topical
35 routes can also be employed. The daily dose can be
administered singly or can be divided into two to four

doses administered throughout the day.



OCH3 20 COOCH3 A 50-m flask equipped with a magnetic stir bar was charged
w t h anhydrous nethanol (19 m) and cooled to OC. Wth rapid stirring
thionyl chloride (0.63 ml) was slowy 25 added to the nethanol. The ~

resulting s i was allowed to stir for 10 m nutes, PCT/US99/14957 -
(S)-a-aninog%ygw)g%xolane-z pentanoic acid (1.25 g) was addedp andgthe

reaction was stirredthe HOIDERIIRY texamPle6f At j0Qndensei{vavast atdeached to the
reaction flasﬁ: Th%icgld bat h was renoved, and the 30 reacti on was heated
at 40 - 45 for- 8 hours and then allowed to stir for an additional 12 hours
at roomtenperature. Triethylamne (4 m) was added. The reaction was
concentrated on a rotary evaporator in a 20C water -15 WO 00103981
PCT/ US99/ 14957 bath to a solid. The solid was dissolved in half-saturated
sodi um bi carbonate (25 nml), and the solution was extracted wi th nethyl ene
chloride (6 x 8 m). The conbi ned nethyl ene chloride |ayers were dried with
a mxture of potassiumb5 carbonate and magnesi um sul fate for 15 m nutes,
filtered, and concentrated on the rotary evaporator in a 20C water bath
(after the bulk of the solvent had been renoved, the residue was agitated’
on a rotary evaporator for an additional 20 m nutes). Crude product (1.25
g) was 10 isolated as a cloudy, yellowoil. TLC. Rf = 0.55 (silica gel, 90~
nmet hyl ene chl oride, 5~ triethylamne, 5~ nmethanol). Anal. calc~d for
C9H1gNO4 0.06 C2H603S 0.02CH2C12, C, 51.39; H, 9.15; N, 6.56 15 Found: C,
51.19; H 9.20; N, 6.52. Exanple 5 (S)-2-Am no-6, 6-di net hoxvhexanoi ¢ acid
nmet hyl ester 20 The product of Exanple 4 was al so prepared according to the
foll ow ng procedure. Under nitrogen, chlorotrinethyl silane (28.0 g) was
added to a slurry of (S)-a-am no-1, 3-di oxol ane-2-pentanoic acid (20.9 Q)
and dinethyl sulfite (12.0 g) in nethanol 25 (240 m) to afford a
honogeneous sol ution. Follow ng the

-10 -



observation of an exothermto 29C, the solution was heated to 40-45C,
stirred at that tenperature for 8 hours and at about 22C for up to 72
hours. Tn-process HPLC anal ysis showed that the reaction was conplete
(about 93 M~ 30 conversion to product) and the resulting solution was
cooled to -Q®039C. Wth stirring) the apparent pH of t h@GHUPYME nas
adjusted to 7.1.7 to 11.9 by the slow,careful., addition of 32~ (or 4.45 M
met hanol i ¢ pot assi um et hoxi de solutigﬁg%g%&ﬁ%) mai ntai ni ng the tenperature
S*AR S 2ghpdrexyakynethMINVR)
i ndi cated that the_ngu tdae product
slurry was exchanged y acetate by
first concentrating the thin slurry under_ vacuum at |ess than 30C to 300 m
vol ume followed by the addition of eth etate until the renoval of
met hanol was conpl eted as judged by in{progess GC analysis (less than 1 5
AP) . Upon conpl etion of the sol vent chadge, the batch vol une was adjusted
to about 400 M with ethyl acetate and the resulting slurry was filtered.
Pol y(acrylic acid co-acxyl am de), agghumerlt (3.0 to 3.2 g) and water
(30 - 32 M) were added to the fil fjrat Thez m § was 10 stirred for
about 35 mnutes and filtered. I 5 (acrylic acid
co-acrylam de), potassiumsalt treat 8an be T™epeated on the filtrate if
the quanti ®y of ethylene glycol exceeds 0%Hx equi val ents) as judged by
i n-process GC anal ysis. Follow ng in-process HPLC anal ysis, 17.4 g of 15

the title prodéHct was, _ t_il' &i,la,rllegh&ko%le ate solution in 80.8 M-
yield. exanple 6 (S)-2- =0, & dr metfloxvhexarol ¢ aci d, nethyl ester 20

oxalic acid salt |1: Spdbopsbi¢aderareCOOCPII, 47.6 mmol) and sodium
(S) - oc- Ami no- 1;3ridic0Xgbaneg 2-Pe et 8Ch ted 50 ware28a884 Nl (300 nl) and
di nmet hyl Rlﬁlfltgwé:ll.z % re}g;:harged ioﬁ 50 m, three neck flask

equi pped wi't h P WE¢REnPta "Qgﬁ SFPPTPRET hoeoupl e, heating mantl e,
condenser, ni tdicgedanel €12 ahdy v e3t.66Chnot bt in reteltphei (20eny)33. Thel) was

added to the resildicROvebsel Y& itheadifRatiddnuli Xbabsnvas Heahed at 40
to 42 C for about 8 hgu&s.%%fll weiegy stirring at _anbient tenpérature for
8 hours. Pot asstifih BREafbd ¥5éiﬁ§ eq” Wy CheRragny, r T8 TSI ARS (200 m)
cont ai ned i n chextdead endehr eegoecin fd &9RC -di7l bath'. 00A O8EB hdERMgSED4- 14957
and the rqacti iﬂ;ﬁ.ur U4 7 r l QL t Of
(S)-2-anigg-6f%? .ne%ho§§ﬁgﬂ%ﬂ%?%ggkﬁﬁﬁtﬁggh g@%é?g%ggbﬁgﬂﬁgéolzed by
adding it to tqﬂ?ﬁﬁépé§§iﬁdW?&?ﬁu%ﬁ%%Q@eW§Fu?¥g%Wﬂ% te RaPhtE® MNP t he pH of
the m xture abmmpetatbrélyFl Thd IixEuge aad therbuiopkenceitd® {4GRdIkraver e
added and the m I S a upder, v 76 Q.. of Hg) to
renove net hanoépﬁﬁ%lrg.%i ﬁ%’gﬁelen@gﬂgt %gq%{eﬁgeérﬁ %\%gég%‘gf heﬁ% >]<rtBeusrle@a1§el ow 30C.
tart-Butyl net¥Rd Reghériened PRjwesss hgpbere t e 4P0rkY) anf after cool ing
]Eol -5C, tlkm 10(asthits 100 mBy! r athie @iriga Fliwefﬁaclftﬁmxwasbw%ihéd rvﬁlﬂrl;pﬂaa@rérg thg
ilter cake was, washe ithy tart.-bu t t . _The conbi ne
filtrates wer eawzi{r %Lbdg%w 2€*t%°‘§$’%‘ Eﬁ)\é u?ﬁ%%n%fé‘p%?o&?h&%%&%?@
met hanol i ¢ ( 73Vigoroysilyi i ol o3odbbal kacasbenafichyldr #t 80(mb) 7 apd wadnadded
portionw se oveftekd G@boHy dvdeUagnBReumesultdtty ther E¥18ént was
(S)-2-an1no-6,6d|nethoxyhgéano c.acid ngth | _ester Ofa|I§faCL salt (1:1)
was agitated ForEhfhuf 8SUETH BEFFSHESn ?S%PEHGCFO&BE Y stY%zed by the
sl ow addi Z5on ©f6 t7r g9 buhy¢h reashydisgtifded (8OW@ive) 16AR&ey sfirring the
product slurrysf @i ;3@opropyl)-1,3-dioxolane as a colorless liquid; b.p.

75°C (0.3 mm of Hg). TLC:Rf = 0.25 (silica gel,

G n
Sodllin 7290

AN

in 35 the range ofL&s

hexane:ether, 4:1).
Anal. calc'd CgH11I02:

30 C, 29.77; H, 4.58; I, 52.43
Found: C, 30.00; H, 4.61; I, 52.15.

-11-



20 mnutes, it was cooled to O to 5C, held for at least | hour and
filtered. The wet-cake was washed with tart-butyl nethyl ether (2 x 300 nil)
and dried under vacuum (about 200 nm Hg) at no nore than 40C. The deSired
product G62, s isolated as a white, free-flow ng po

Anal yti cal ‘H§t°§a39 LC. Tr = 13.5 mn (W205 nm: Rockland é%sr?g/?‘gal es

Inc., Zorbax CN 5 mcron, 4.6 x 250 mm (product # 880952. 705) 85 v/v~

(0. 01 M pot as |)umph , ! s 15 v/ 10 microliter
i nj ection volune el a 5 es- found 30 to be
i near in the range RELIOIHE OOy behig) A iadio-uted with

nmet hanol or nobile p 2 I data 1H— NI\/R 300 WHz; CD30D: 8 1.3 -
1.6 (m 4H)) 1.8 - 2.0 (m 2%)1 33% s, 6H), 3.8 (s, 3H, 41(tr) 1H), 4.4
(tr, 1H and 5.1 (br s, 3H). 13CGNWR 75 MHz; 85 b 21.03, 31.29, 33.06,

53. 56, 53. 65 53. 89, A 105 N4 tetr664 489ecied, l’iibuﬁé-boﬂiSom AQsRO/ BgQ ﬁ%})ed

PCT/ US99I 1495Gi 5 chmOJe% A QS%%}%H% %ﬁoxv xanmg aci
ester x~~ic acid sal 51 #@&ﬁﬁl

(S) - cx- Ani no- &, BikFesas a}ﬁ’éﬁyﬁéﬁl%\‘hd{a@ sbryged 00ty 1lndt anml:(tﬂlz@ﬁl n) and
di met hy:j sul L theof ide 8(dﬁ1)ed\/\ﬁhev§8ﬁégw lt3(r?°@ £50 6”1hou§:Er 884 NE%N faltflsk

equi ppe t chanjcal agi.tat t her u eating mantle
condenserm %rsocgjgcgnf?n?gt ho‘éﬁ% Lg}"erﬂr &h}lﬁ?bt Péo tgﬁﬁ%sfilléﬁgp’(‘iw was
added to the Pedu$?imyg ofl hetyahvdreofuramsachEbar n¢odlitey was -lMest,ec at 40 to

42C for about28s hmusr&l.utflahl eﬂeﬂ—lﬁﬁﬁtlllrthhﬂﬂ ﬂﬁ r?éﬁan%@,t (BenRey afdy e for 8
hours to 15 aff %‘? a soI ﬁ g 6- di net hoxyhexanoi ¢ aci d,
met hyl ester, ﬂ§ oo o 5 tml e§s§’ mtﬁdﬁ&flg EBB8. 6 g) was

slurried in n‘éemmtl{nm@tnﬂ)?saonhm reed eimad Bo | +66°C .t hThes nenkudeask and

the reactjmn ﬁagtﬂmm ttlaeslemrgehlﬁobdfoﬁaM fnuleak: 2- M no- 6, 6 20
di met hoxyhexapoi ¢ .a ester was neutralized by addl ng it to the

pot assi um bi cﬁ?%ﬂ%%fluﬁ?‘?ygg]r‘b%%}" SFer 1.5 hours whil e maintaining the pH'
of the m xtur éRabRW,&R*0.]9N-Thehgdtargntl-abthjb-2-esul ting slurry was repl aced

with g-butyl 93@%&@&)1@&&% Sdianlﬁabheet&%é nBOnFAYEe apth 2p 30 to
400 rralntalnn BOt vqurreo Eout liters. After 2.25 liters 'of

~-butyl aceta ?FFPFEﬁ IR AOEd . B Myerfagtadled to t he
distill at?2®n t ivdlat |36n pass TEMt-i maed (DBY It JaiwaisNng a pot

vol ume of not ahgss dyan 3 %\&%@Eés il b8 dBSl CRR" EBRL 0 A e B0 STUrTY

super natant was I ess f han percen
PCT/ US99/ 1495%e5% HdafeORafgral et | - %§ |e%%tqmatﬂpe5aﬁéna;¢zwe~@a ea percent by

gas chromat ogeambete, Hexanaikdufe Wasnasiehaed ged o hhaleﬂ&&aht 1430 SI ur ry and

it was then c 0 - m xture for

filtered and l@#"%% I tTglrg c&:"a&‘ég%/\ofalzwwasﬁggowggh P& t{’zayo‘i%)owﬁl )dehe
resul ti ng¢thazhekd 1at é'—tl"étvvﬁ§mw=‘ﬂ§#ef ifrrededmimitaisf.or@ha clear filtrate. The-
clear filtrate-ymsicmpregyl p- 203¢d102c51aﬁé @12"55)'[ aeal b arﬁlgﬁy wis) solution

The rosult | notdith 1 o Cetrnrartindtl BISRLE Rl ake, SR aat AR hyl
ester) oxal i cABsH %é#oprézreycm dgmemaedO‘fQ)r TL8 hvalgsid iadiicentd
tenperature ansl aﬂb%r%@,q!ecgta\@@nfgohla%ewgl O&égefﬂt' sﬁ& watler P(1QQUGL ) Wet - cake

was washgﬁ)vm&,h acﬁemtrlleé %g qw dri_ed under vacuumag 15 45C
to afford 103"%° ¢ RE et Ié‘&’ pr ﬁcF Crpbydrofuraaf hepang phese: Tr =
10.0 min (W 208s mgparated from the lower aqueous phase. The aqueous

phase was extracted with methylene chloride (4 x 100 ml).

The methylene chloride phases were combined with the

tetrahydrofuran/hexane phase and washed with 100 ml of

356 brine. After drying over sodium sulfate and filtration,
concentration in vacuo (bath temperature less than or equal
to 40°C) afforded an oil (9.57g). The oil was

-12 -



Rockl and Technol ogi es Inc., Zorbax stable bond CN, 5 micron, 4.6 X 250 nm
85 v/v~ (0.01 M potassium di hydrogen phosphate solution adjusted to pH 7.5
with KOH): 15 v/v~ 20 acetronitrile 10 mcroliter injection volune el uted at

1.0 nmi/ mn. les were diluted with nmethanol or nobile p %ytlcal
data: 1H NMVAO ‘%6"M4z D6DVBO: $ 1..2 - 1.4 (m 2H) , 14%?&]5%&? 7

6 - 1.8 (m 2 t (tr,
11 and (5 5 (E'hromg’t a(ﬁhedGHirer 3]5113:§%e(1 I'60 é@:‘glu?f% 7s71(z% 2%5% 1@?04
52.39, S2.85, 2109My5e ‘ifa‘élgor’léhd59i7%“fﬁ§rhyl2@mev@Gﬁﬁ%@ﬁepelﬂmll 4957
Exanpl e 8 j S) €81 Petnimd, J&Odnﬂeifhmcxt/imeanomaacidns reiney Gstﬁf&:ugh 12

di phenyl acet i i d 4 HZN.,, g;&%:l—lﬁ cetl c acid
(6|.O48 é) was gl ggo{'jo , % ok %ﬁlro tgian ét h ace ag-'theDlt%Eg ¥?T€
anbi ent terh'peﬂﬁﬁﬁr’éhafArPreterWalaéét égé;’)t &Pt aﬁﬁ?’fﬁﬂ aretdill- effhés f(DI.Ll z»yaq 185

n) solution afséS)vea am neiGefedi nEs m»ytaa&aaeh@e@@ﬂatedn%hyémé@eester
(6.27 g) was %ddeguaf t he X{ihen Iaceél G aC| d.sol Utéqﬁ over our with

stirring. Crystar TSN AR TP (e i he Qﬁalfﬁ resul ting
thick slurry wagdwttmeedmmqlﬁ tart-butyl methyl ether (100 m) after about
65 mM of the gﬁanoe@gﬂ ' B Fot ¢ toR, ﬁ@l been added. The 15 addition of

t ent - but y] . net hyl er 0 ) p d after about 140 m of the
am noestei sol ution é:/aszlgé%edg1 ?V\%‘? al\ﬁd%'? n of the am noester solution
was conpl et e, Fohedr eGul25 A ;sHur BydhaN,sti.Afed for 1.5 hours, the product
was collected on a filter and air dried for 1 hour to afford 20 7.2.3 g of
the title conpound as a white crystalline _solid. Analytical data: 1H NWR
300 MHz; CD30OD: S 1.4 - 16(m 2H) %&éﬂp(l@&&zkl) 1.8 - 20(m 2H), 3.3
(s, 6H), 3.8 (s, 3H), (8 hmind-4]) » @ (m 10H).
OCH3 -21;5 WO 00l 03981 PCT/ U899/ 14957 Exarrpl e 9
(S) - 2- Ami no- 6, 6- di met hoxvhexanoi ¢ acid met hyj,ﬁster " phosphoric acid salt

(11) OCH3 H3P04 HZN~ ' COOCH3 A sol ution coffsi s\ing of 85~ phosphoric acid
(5.2 mM) dissolved in nmethanol (35 m) wasladdéd to a cooled (0 to 50
ethyl acetate/tert-butyl nethyl ether (372). €280

HoN COOH
A 250 ml flask equipped with an argon inlet,

magnetic stir bar and reflux condenser was charged with 5.9
g of the product from Example 1 and water (80 ml). The

20 reaction was refluxed for seven hours and then allowed to
stir overnight at room temperature. The reaction mixture
was diluted with water (120 ml) and washed with methylene
chloride (2 x 50 ml). The combined methylene chloride
layers were extracted once with water (50 ml), and the

25 combined aqueous layers were concentrated in vacuo. The
residue was concentrated in vacuo from 100% ethanol (2 x
100 ml) to a solid. The solid was dissolved in water (15
ml) and the solution was stirred with a magnetic stir bar
as 100% ethanol (150 ml) was added in a slow stream.

30 Stirring was stopped, and the mixture was allowed to stand
for one hour and then filtered. The solids were washed
with 100% ethanol (2 x 25 ml), air-dried for 15 minutes,

-18-



10 M) solution of (S)-2-am no-6, 6-di net hoxyhexanoi c acid; nethyl ester
(9.33 g) over 15 mnutes. Crystals of the salt precipitated i nmedi ately.
The resulting slurry was stirred for 30 minutes at 0 to 5C, the product was

collected o fer. washed with acetonitrile (50 ml) an Fs q under
vacuum f or {ﬂ'ga}hjc()%Jrss to afford 13.6 g of the title corrpoundiJ%];’ﬁsSg E

ﬂ] ys]E al i Ine ?Qh&dtheﬁzrolaﬂ@llg@?&g@]réﬁ(&% Laast %f&fiva%uu%hsv gHgf "
e or mul a -~ - - - .
2. The conpound %?V? %e G @r | he %s’fggf QFF?éP%t(?SI 13 vWRigegpoy

H2N1~CH- COOH m. PCTMJSQQ/ZPAS%Ge@omp‘\ Jor ocess for preparing the corrpound of

the O O ~~H2) Ankl. | dHBLH OO0 N -CC-( U ) /1 CH3 H 15 . which
conprlseskgeactl ng theolz_}cpor;(]gound of the formula (1) ~H3H CH H2ZN- CH2- CG N-;

with the %i neflof 7t he Mor fulfg - 23

Found: C, 50.84; H, 8.18; N, 7.46.

Ex 3

10 The product of Example 2 was also prepared according
to the following procedure. ’
A 0.5-1, 5-necked, round-bottom flask, equipped with
an overhead stirrer, thermocouple, addition funnel and a
nitrogen inlet/outlet was charged with diisopropylamine
15 (45.52 g) and tetrahydrofuran (175 ml). After cooling to
- -5°C, a 2.49M solution of freshly titrated n-butyllithium
in hexanes (176.7 ml) was added while maintaining the
‘temperature at -5°C to 21°C. This mixture was allowed to
stir at 21°C for 45 minutes and was then cooled to -5°C.
20 This cooled solution was added to a tetrahydrofuran (700
ml, -5°C) slurry of
[R- (R*,R*) ] -N- (2-hydroxy-1l-methyl-2-phenylethyl) -
N-methyl-o-aminoacetamide monohydrate (50 g) and lithium
chloride (57.21 g, was dried in vacuo at 130°C for 6 hours
25 and then at 100°C for 18 hours prior to use) maintaining
the temperature in the range -7° to 7°C. After the
addition was complete, the mixture was stirred for an .
additional hour at 0° to 3°C.
2-(3-Iodopropyl)-1,3-dioxolane (51.72 g) was added to the
30 reaction mixture as a tetrahydrofuran (50 ml) solution over
15 minutes with agitation. The reaction was stirred for 3
hours at 0°C until it was determined to be complete (HPLC
analysis). The reaction was quenched by the addition of
water (450 ml) and the tetrahydrofuran/hexane phase was
35 separated from the lower aqueous phase and set aside. The
PH of the aqueous phase was adjusted from about 11 to about
8 by the addition of concentrated hydrochloric acid (10 ml)
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Wi 001 03981 PCT/ US99/ 14957 (I1) O L-(CH2)3~ 0 wherein L is a |eaving group.
5 4. The process of Claim3 wherein: L is selected fromthe group
consi sting of iodo, brono, alkylsulfonyloxy, and aryl sul fonyloxy. 10°5. The

process of Claim4 wherein: L is iodo; and the reaction be X

glycinanidéWBPwﬁgghnu!a | and the dioxol ane of formula Il %@ﬁg%??érﬁed in

the presence giq thenl ekBbbet &l iy %ﬁhﬁ%ﬁ@-crﬁ%&ddﬁ@rm%@wr, preparing
2)3 H2N1~ CH. COOH 20 ich

t.he conpound of the_ formnul V). O 1

Conpr oo a) T AW eEH e SRS F RSP R TS R AR SheaH OH HON.  CHo-
C N C Cp &Hditwiatkdt e daoxo| @athotenberdtarmailes25thah)o® daa@HZ) 3- - <
wherein L is @a,|gpkhngo050Rp-40 give the conpound of the formula _2~ WO

O and O HBY IPtarg ehe) broctindb e Hef o1 L WA 0at or S under
refl uxi ng conzligheandetthyl) vie-mhdiehydedi, Bedicosnoiert-pentanamide 185 ah The
process of cjéqfn(%dNB?tei@ﬁe oil was dissolved in water (300 ml) with
heating and was refluxed for 12 hours until it was judged
to be complete (HPLC analysis). After cooling, the
10 reaction mixture was extracted with methylene chloride (2 x
250 ml) and the rich agqueous phase was concentrated in
vacuo to afford the crude product as a yellow solid. The
yellow solid was recrystallized from aqueous ethanol (water
75 ml, absolute ethanol 500 ml) and dried in vacuo to give
15 18.8 g of desired product as a white crystalline solid.

Ex e
-2-Amino-6, 6~-dim ic aci eth: er
CH,
OCH3;
20 HpN COOCH3;

A 50-ml flask equipped with a magnetic stir bar was
charged with anhydrous methanol (19 ml) and cooled to 0°C.
With rapid stirring thionyl chloride (0.63 ml) was slowly

250 added to the methanol. The resulting solution was allowed
to stir for 10 minutes, (S)-0O-amino-1,3-dioxolane-2-
pentanoic acid (1.25 g) was added, and the reaction was
stirred to homogeneity. A reflux condenser was attached to
the reaction flask. The cold bath was removed, and the

30 reaction was heated at 40 - 45° for 8 hours and then

' allowed to stir for an additional 12 hours at room
temperature. Triethylamine (4 ml) was added. The reaction
was concentrated on a rotary evaporator in a 20°C water
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L is selected fromthe group consisting of iodo, 10 brono,

al kyl sul fonyl oxy, and aryl sul fonyloxy. 8. The process of Caim7 wherein )
L is iodo; and the reaction between the glycinanide of fornula | 15 and the
di oxol ane of gd' 2 1l is perforned in the presence of |itdidiMoo/ 14057 - -
di i sopropyl am de.; A process for preparing (S)-2-am no ~

6, 6- di net hoxyheatadnaioc aaebllidnetthd sedtidar widi diseared $8shZ0Ftdfabhrggt he

conmpound of t l; 1 3 .to exchange th .
di oxol ane ace[]&fc{l [Hl%agb&?go%z(saﬁ Al dtr%%\?ert TPReW %%red%ictsgam dto
the nethyl est®th sethylenschieiises (6f><c$am1m 9 Viher epmbimed cwribyladeof
formula |V is dneatiad waybrs hianylarcbhowi e a m@&h&@net Oc4HMRm

(S)-2-amn hoxyRexanoi §.aci d - MO 00/ 0398 1
PCT/ US99/ 1 957':6 r%f’mgsl:ﬁe %r 0CESE Y cF&FFr?ng v%?etr g’l nmtlﬂ'ét‘?:%np%&r?&
formula IVis a@mwrataﬂmmrm reCarynevatorsttoyl inubf 20% matm’:t hanol

or is reacted wﬂm (la@%egeeﬁé abedk id¥ éhél émm %Ia&eba&gl m?tc{] vdf e

met hanol . 12. rocess rin am no- 6 oXyhexanoi ¢
acid, methyl. %e‘s‘tnl&“ev\HFEha%‘g%fﬁpcﬂé’? %o q a%e?é{apﬁga{ﬂﬁﬁ E¥rpsBund of the
formula (1) ~ ddHtAeEnA2N20CGhitds)l. Ner@de @Grodud® Kilwes hgt Reasdi oxol ane of

the formull® 15 ddilatel@ hs-a(cfdidy, Feliow 6il. WhgLei ﬁf'—-'@ % 1&g H‘é(':LE‘Q group

to give the conpound oftheforrmla(ll) OO ( ~ H2") ===
HON~~ "' C Nl 89% me?]eyi@qge ighloride, "5% tr1ethylam1ne, 5%

methanol) .
Anal. calc'd for C9H3i9NO4 + 0.06 C2HEO03S « 0.02CH2Clo
C, 51.39; H, 9.15; N, 6.56
15 Found: ¢, 51.19; H, 9.20; N, 6.52.

Ex 5
-2-Amino-6,6-dimeth anoic acid, me 1 er
20 The product of Example 4 was also prepared according

to the following procedure.

Under nitrogen, chlorotrimethyl silane (28.0 g) was
added to a slurry of (S)-o-amino-1,3-dioxolane-2-pentanoic
acid (20.9 g) and dimethyl sulfite (12.0 g) in methanol

25 (240 ml) to afford a homogeneous solution. Following the
observation of an exotherm to 29°C, the solution was heated
to 40-45°C, stirred at that temperature for 8 hours and at
about 22°C for up to 72 hours. In-process HPLC analysis
showed that the reaction was complete (about 93 M%

30 conversion to product) and the resulting solution was
cooled to -5 to -10°C. With stirring, the apparent pH of
the mixture was adjusted to 11.7 to 11.9 by the slow
careful addition of 32% (or 4.45 M) methanolic potassium
methoxide solution (70 ml) maintaining the temperature in

35 the range of -5 to 0°C. Analysis of the product slurry
(*H-NMR) indicated that the neutralizaiton was complete.
The solvent of the product slurry was exchanged with ethyl
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b) treating the product of fornmula Il wth water under refl uxing
conditions to give the conpound of the fornmula -26 WO 00/03981 (IV) 0O
(1H2) 3 H2ZN~ CH COCH ~ and PCT/ US99/ 14957 c) treating the compound of
formula IV to exchange the di oxol ane acetal with a di net hox acetal and
convert 5 tWOW®M3Bbxylic acid to the nethyl ester. 13. ThePhFYS¥EI¥s “q ai m

12 wherein: | ng I 0odo,., brono,

al kyl sul f onyl ox%}:g‘gé?}é?}l ?8 gngf&w%gg hgénp?g%re s BsE XRRm
wherein: L isatodBsst Hean eﬁbgl bR W\O sftlepw(la)nebétﬂ»\?e@vﬁd he ¢ihec ddit ten of
formula | andthétHYD)@&éﬂtﬂ:é)ﬁmf:anﬂh@ ﬂémdv%lpeffﬁéﬂ%dln whe the presence

of lithiumdiisoptQ a d, the reactiaon step ( conprj ses
treating the gorﬁ*a%uﬁ%é %Q ﬁ%p oY\ R %“ﬁ?soﬁ@ ala?iﬁ(ﬁlisd 1|eﬁsm§i’ﬁﬁn%l 15.
The proces8 oRPC.ai ApAr3 %mléutnonzqf Lthes sadgrentt Bychanas.i diei bastep (a)

bet ween t he gkygimanise £ijuseeauts dband ddvendi Meﬂ)aé@nﬁ fc%gelaa hg 1S
performedlntpl gres n.ce of, lithium ||soropyla£nwdﬂ thereactlonln
step (c) conprr§ebefy %’trf%gglf"ﬁéyﬁa%o’ﬂ]pltﬁﬁ&dof F8 %J\?CV\FFPI

chl or ot ri met hgbsatanbarsinik)di pethysisulddlite (Bnonebhamlg) Hnd Hapevcess for

preparing [4S. 40 R'ydre a?i@l“éd ,}Qaﬂ;g ﬂllﬁ%%@hydT]?ﬁ }L:h(l% Wé’i Lcapto 30

1- oxo- 3- pwinyl pr. opyl am noj - 5- oxo- pyri I'azepl ne- 7- car boxy
lic acid Wi cAteBRBA| £¥5 aBpRtr d3cPiPYFehendoApotiREeDf Qatd onediyl athe7

00103981 (1) pHiAd CitHANCHZidl bo-addkyiami@e), potassium salt treatment
can be repeated on the filtrate if the quantity of ethylene
glycol exceeds 0.15 equivalents, as judged by in-process GC
analysis. Following in-process HPLC analysis, 17.4 g of

15 the title product was obtained as an ethyl acetate solution
in 80.8 M% yield.

20 oxalic acid salt (1:1)
OCH;3

OCH;

» (COOH),
HyN COOCH;3 ‘

(8)-0-Amino-1, 3-dioxolane-2-pentanoic acid (50 g,

25 methanol (300 ml) and dimethyl sulfite (11.2 ml) were
charged to a 250 ml, three neck flask equipped with a
mechanical agitator, thermocouple, heating mantle,
condenser, nitrogen inlet and vent. Chlorotrimethylsilane
(83.9 ml) was added to the resulting slurry and the

30 reaction mixture was heated at 40 to 42° C for about 8
hours, followed by stirring at ambient temperature for 8
hours. Potagssium bicarbonate (104.3 g) was slurried in

methancl (200 ml) contained in a 2-liter three neck flask
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O CH3 Hwth the dioxolane of the formula 5 (I1) OL- ( CH2 ) 3'~ O
PCT/ US99/ 14957 wherein L is a |eaving group to give the conpound of the
formula (111) OO0 (iH2)3I1 IHB HOH' H2N1I~ CHC N C CO0 10 CH3 H b)

treating th t of formula I'll with water under refl uyj ,tions
to give thea'ég@g)g%ﬁgd of the formula 15 (IV) 0 ( CH2 ) 3 HZEI&IJP)—%S%&2 c)

treating the compewadrebctnsinyiacch¥et @o@&@ﬂﬁ!ﬂ@ﬁth@%ﬁﬁ%l@i@d@cﬁéﬂ: wth a
di met hoxy acetoa]J_ ( ngonver_t 26% t.he ﬁar b%(%al | ¢ _aci ddto e;tgne met hyl ester to .
gi ve (9S)-2-anito-6, 6 PR Ry é’s%g‘ﬁB ETPREL RIS e Y 19 BSEBHPYRRIg
(S} - 2- am no- 6,T@ukrAaLRes ye addiing ati to et Ipptassien middrkdmath prot ect ed
am no acid of JgrhOoLHYLE mGtaiNPngOdR398e JECEhYSRL LA LoV 7. P2 ( CH2 )
2r Pl- N CH gr In Pl‘i/s —?{1}1 a? no '%)rotectlonﬁ grou)ggand P2 is a
mer capt o pPot &84 ug b JUSTWEYS peprIthe (3P0 BLV 5ve%k maded ops poH3
I~ Pz H ~ OCHBiq( pRthre as idncedtPhted Gitdeld vatu@ht GBOEHY 190HR) of eNMovi ng
the P2 mercaptfy)piat eehiRg HtdaRoh Rl 1e maintaining the temperature of

the mixture below 30°C. tert-Butyl methyl ether (300 ml)

was added to the slurry and after cooling to -5°C, the

10 salts of neutralization were removed by filtration and the

filter cake was washed with tert-butyl methyl ether (50

ml). The combined filtrates were warmed to 20 to 25°C and

a warm (approximately 27°C) methanolic (73 ml) solution of

oxalic acid dihydrate (36.7 g) was added portionwise over

15 about 1 hour. The resulting slurry of (S)-2-amino-6,6-

dimethoxyhexanoic acid, methyl ester, oxalic acid salt

(1:1) was agitated for 30 minutes and additional product

was crystallized by the slow addition of tert-butyl methyl

ether (800 ml). After stirring the product slurry for 30

20 minutes, it was cooled to 0 to 5°C, held for at least 1
hour and filtered. The wet-cake was washed with text-butyl
methYl ether (2 x 300 ml) and dried under vacuum (about 200
mm Hg) at no more than 40°C. The desired product (62.5 g)
was isolated as a white, free-flowing powder.

25 Analytical data: HPLC: Tr = 13.5 min (UV 205 nm): Rockland
Technologies Inc., Zorbax CN 5 micron, 4.6 x 250 mm
(product # 880952.705), 85 v/v% (0.0l M potassium phosphate
solution) :15 v/v% acetonitrile, 10 microliter injection
volume eluted at 1.0 ml/min. The HPLC response was found

30 to be linear in the range of 0.16 to 1.5 mg/ml. Samples
were diluted with methanol or mobile phase. :

Analytical data: 'H-NMR: 300 MHz; CD,OD: & 1.3 - 1.6
(m, 4H), 1.8 - 2.0 (m, 2H), 3.3 (s, 6H), 3.8 (s, 3H), 4.1
(txr, 1H), 4.4 (tr, 1H) and 5.1 (br s, 3H). “C-NMR: 75 MHz;
35 & 21.03, 31.29, 33.06, 53.56, 53.65, 53.89, 105.74, 166.49

and 171.14.
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10 the dipeptide of fornmula VI followed by acid catal yzed cyclization to
give the lactamof the formula (VMII) SH/ NP1 N~ COOCH3 O 15 f) renoving
the P1 anmino protecting group fromthe |actamof fornula VII followed by
coupling with the acyl nmercapt oal kanoi c acid of the fornula III) R6- C S-
i H- G OWepgoss -29 WO 00/ 03981 PCT/ US99/ 14957 \/\herei'?‘féws”é“gﬁ%thyl or
phenyl to give the conpound of the f (5X) R6- G S-. CH-. GCHZ 5 H
N H O COOCH3 and c treat|no the cong%%# fornula TX to renmove t he

R6- C(O- group ahe g i b oLl eskberd and
yield the desired product | O b@g&ga@ﬁﬁﬁwr(zgggparl ng
[4S-[4a(R*), 7a, 10a(3] ] - oct ahydr o- 4- [ (2- mer capt 01- oxo- 3- phenyl propyl ) am no] -
5-ox0-7H pyrido[2,1-b][1, 3]thi boxylic acid which conprises: a)
treating the conpound of the ffornul a ]Q:CH(3I OO (I H)3 HZN~- CH COCH to
exchange the di oxol ane acetal/wth a di net hpxy acetal and convert the
carboxylic acid to the nethylf ester %Cglve
(S)-2-am no- 6, 6-di - met hoxyhekanoi c methyl ester; b) coupling

' ' id) methyl ester with the N- pr ot ect ed

(COOH) 5

(S)-0-Amino-1, 3~dioxolane-2-pentanoic acid (100 g),
methanol (1200 ml) and dimethyl sulfite (44.8 ml) were
charged to a 250 ml, three neck flask equipped with a

10 mechanical agitator, thermocouple, heating mantle,
condenser, nitrogen inlet, and vent. Chlorotrimethylsilane
(168 ml) was added to the resulting slurry and the reaction
mixture was heated at 40 to 42°C for about 8 hours,
followed by stirring at ambient temperature for 8 hours to

15 afford a solution of (S)-2-amino-6,6-dimethoxyhexanoic
acid, methyl ester, hydrochloride salt. Potassium
bicarbonate (208.6 g) was slurried in methanol (400 ml)
contained in a 5 liter three neck flask and the reaction
containing the hydrochloride salt of (S)-2-amino-6,6-

20 dimethoxyhexanoic acid, methyl ester was neutralized by
adding it to the potassium bicarbonate slurry slowly over
1.5 hours while maintaining the pH of the mixture above
6.9. The solvent of the resulting slurry was replaced with
n-butyl acetate by vacuum distillation (50 to 60 mm Hg and

25 30 to 40°C) maintaining a pot volume of about 2 liters.
After 2.25 liters of p-butyl acetate was distilled,
methanol (1.25 1) was added to the distillation vessel and
the distillation was continued, maintaining a pot volume of
not less than 2 liters, until the water content of the

30 slurry supernatant was less than 0.05 weight percent and
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WO 00/ 03981 PCT/ US99/ 14957 (V) ~_ P2 ( CH2 ) 2 P1- N CH COOH wherein Pl is
an am no protecting group and P2 is a nercapto protecting group to give
the dipeptide of the 5 formula (M) i CH3 i _P2 H~ OCH3 (:H2 ) 2 (~ H2) 3

P1-N-CH i 0 Hc) renoving the P2 nercapto pr@ gr.oup
from 10 thevelcf) p?itt;l de of formula VI followed by acid catal yzegfg%:d;//@%-lza{lon

to give thﬁ |gﬂie’iﬁﬂéﬂ’hahbe fevenilhvas( Yeky &hdh 45 I}Je:iat%\lvé %mf eh?® VI%,
renovin t he n ng e acC mo or '
fol l ovveg by co% @hr%mggﬁéf%%ﬂ acy;illr ggp ar?T lggnéﬁ’f'“é § ?’ag%# §hébeor nul a
(M11) (S) ~~ Wulct;lns- slyrry-amgH it Was2theBicoold@ @0/ 6593) REESI9/ 14957
wherein R6 is Mﬂﬂhgor:heh&m&uzteo Ve hber quaf’%edf;QitéH@c? i‘dk, (1X)

R6- C S—- 2 tre in ound of for 0 renove
the R6- C{OP- gﬁ’g}ﬁ aﬁa 80‘ﬁ r"t""‘sﬁl’ﬁéi %éf‘ﬂ erl?t g the I(%]a)rboi‘:}‘lel c acid and
yi el d the desiresthlpiodubazy 1fili&atA wasrpxgham dhlleesalit tofafford a .
(S) - 2-ani no-6, &%&fﬁ%ﬁ@;&gﬂ@%anﬂ&& Athd sIBtiNe %ﬁatts%arﬁ\%a E{gezosmr%%@ stabl e

salt of Caiml8 selec romthe group .consis
and a methanolic (1333 ml) solution of oxallc acid

dihydrate (33.3 g) was added slowly over about 2 hours.

10 The resulting slurry of (S)-2-amino-6,6-dimethoxy-hexanoic
acid, methyl ester, oxalic acid salt (2:1) was agitated for
18 hours at ambient temperature and the product was
collected on a filter. The product wet-cake was washed
with acetonitrile (4 x 100 ml) and dried under vacuum at

15 45°C to afford 103.2 g of the desired product.

Analytical data: HPLC: Tr = 10.0 min (UV 205 nm):
Rockland Technologies Inc., Zorbax stable bond CN, 5
micron, 4.6 X 250 mm, 85 v/v% (0.01 M potassium dihydrogen
phosphate solution adjusted to pH 7.5 with KOH) :15 v/v$%

20 acetronitrile 10 microliter injection volume eluted at 1.0
mL/min. Samples were diluted with methanol or mobile
phase.

Analytical data: 'H-NMR: 300 MHz; DDDMSO: & 1.2 - 1.4
(m, 2H), 1.4 - 1.6 (m, 2H) 1.6 - 1.8 (m, 2H), 3.2 (s, 6H),

25 3.55 (tr, 1H), 3.7 (s, 3H), 4.3 (tr, 1lH) and 5.9 (br s,
4H) . “C-NMR: 75 MHz; & 21.00, 31.77, 32.08, 52.04, 52.309,
52.85, 103.75, 165.01 and 173.09.
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(S)-2-am no- 6, 6-di net hoxyhexanoi ¢ acid, nethyl ester, oxalic acid salt
(1:1); (S)-2-am no-6, 6-di net hoxyhexanoic acid, nethyl ester, oxalic acid
salt (2:1); 20 (S)-2-am no-6, 6-di met hoxyhexanoi c acid, nethyl ester, '
di phenyl acetic acid salt (1:1); and (S)-2-am no-6, 6- d| met h c. aci d,
net hyl ~est eWO %P38bhoric acid salt (1:1). -32 COOCH3 H 0 P&‘—}O{]Eﬁ&ﬂ%’y

A 1. ASYlI.AS. . AY. AFALY. Al . A U2. AY. AQ ganb A 8A. Ayl | . AY.A@AY.AI.Ay.A.A@U.A.A
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0j e [ V] ca] ca] edkraden] ch} ctfhvd] esefatd cbllcafl¢apt ] denbetrateral cal cha
] cha] c”a] cMa] anakehp] Cé@&t%eﬂ/@ﬁtcaheﬁﬁgféﬂﬂﬁt ekhéy pki )W (1ea] sa) ca] c"a] caU

] ca] cal] ca] ca] CiL&xlﬁ% a} &;) S no] ga& C(?ilmetg]ocalugﬁg c?ijca]a%a] Ca]‘neta:llxcf] caj cal

ca] ca] ca] ca] c&P
01E\ dnzupk a[ ¥stal] ¢6] 22]wajwea] edied] ta]tds iabborlacdtial ealida] ca] ca] ca] ca]
caU] ca] ca] ca] ¢ah 6l 64l 5dLal GRlcakSEah CAl 64 ifly. < BRI Wals of the salt
precipitated immediately and the resulting thick slurry was -
diluted with tert-butyl methyl ether (100 ml) after about
65 ml of the aminocester solution had been added. The
15 addition of tert-butyl methyl ether (100 ml) was repeated
after about 140 ml of the aminoester solution was added.
After addition of the aminoester solution was complete, the
resulting slurry was stirred for 1.5 hours, the product was
collected on a filter and alr dried for 1 hour to afford
20 12.3 g of the title compound as a white crystalline solid.
Analytical data: 'H-NMR: 300 MHz; CD,0OD: & 1.4 - 1.6
(m, 2H), 1.7 (44, 2H), 1.8 - 2.0 (m, 2H), 3.3 (s, 6H), 3.8
(s, 3H), 4.4 (tr, 1H), 5.0 (s, 1H) and 7.1 - 7.4 (m, 10H).
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&' ()- s!10%5& ()- 1. The compound of the formula

(III)
OTO
<ICH2)3 ﬁ |CH3 g OH
H, N CH— C = N— C— é-—@
i A
5 CH3; H
2. The compound of the formula
(IV)
OTO
(fHN3
H, N CH—— COOH
10
3. A process for preparing the compound of the
formula
(II1)
OTO
(|CH2)3|(|) fHa H OH
H N CH—C — N— C— E—@
A A
CHy H
15.
which comprises reacting the compound of the formula
(1)
?H31;I OH
HyN— CHy— C—= N== CmeC
A A
CH3 H

with the dioxolane of the formula
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4. The process of Claim 3 wherein:
L is selected from the group consisting of iodo,
bromo, alkylsulfonyloxy, and arylsulfonyloxy.

10 5. The process of Claim 4 wherein:
L is iodo; and
the reaction between the glycinamide of forumula I
and the dioxolane of formula II is performed in the
presence of the lithium diisopropylamide.

15
6. A process for preparing the compound of the
formula
(IV) '
oTo
(CHy )3

HyNwe CH—— COOH
20 which comprises:

a) reacting the compound of the formula

(I)
(Hsf  OH
HpN— CHp— C—N— C— E:—@
[ A A
o) CH; H

with the dioxolane of the formula
25

(IT) o
L‘—(CHZ)3—< j
‘ O

wherein L is a leaving group to give the compound of the
formula

-24.
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a
) -
(
d

b) treating the product of formula III with water
b under refluxing conditions to give the desired compound of

formula IV.

7. The process of Claim 6 wherein:
L is selected from the group consisting of iodo,
10 bromo, alkylsulfonyloxy, and arylsulfonyloxy.

8. The process of Claim 7 wherein :
L is iodo; and
the reaction between the glycinamide of formula I
15 and the dioxolane of formula II is performed in the
presence of lithium diisopropylamide.

9. A process for preparing (S)-2-amino-
6, 6-dimethoxyhexanoic acid, methyl ester which comprises
20 treating the compound of the formula

(1v) -

0 0]

(CHy) 3

HoNew= CH—— COOH
to exchange the dioxolane acetal with a dimethoxy acetal .
and convert the carboxylic acid to the methyl ester.
25
10. The process of claim 9 wherein the compound of
formula IV is treated with thionyl chloride in methanol to
give (S)-2-amino-6,6-dimethoxyhexanoic acid, methyl ester.
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HyN— CHy— c— N~ G E—@
I A A
0 CHs H

with the dioxolane of the formula

15 (1I)

O .
L——(CH3)3 < :]
O

wherein L is a leaving group to give the compound of the
~formula
(III)
0]

0]

T

QB i
- I

(CHy) 3 ﬁ fH;;

HoNme CH—~——C—N—

I
W
4

20
b) treating the product of formula III with water

under refluxing conditions to give the compound of the
formula
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14. The process of Claim 13 wherein:
L is iodo;
the reaction in step (a) between the glycinamide of
formula I and the dioxolane of formula II is performed in
15 the presence of lithium diisopropylamide; and
the reaction in step (c¢) comprises treating the
compound of formula IV with thionyl chloride in methanol.

15. The process of Claim 13 wherein:
20 L is iodo;
the reaction in step (a) between the glycinamide of
formula I and the dioxolane of formula II is performed in
the presence of lithium diisopropylamide; and
the reaction in step (c¢) comprises treating the
25 compound of formula IV with chlorotrimethylsilane and
dimethyl sulfite in methanol.

16. A process for preparing
[4S-[40.(R*), 70, 10af] ] ~octahydro-4-[ (2-mexcapto-
30 l—oxo-3-phenylpropyl)amino]—5-oxo¥7H-pyrido-
[2,1-b][1,3]thiazepine-7-carboxylic acid which comprises:
a) reacting the compound of the formula
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, $10% () 10(wﬁé¥e1n L is a leaving group to give the compound of the

formula
(III)

[\

(0] 0

T

<CH2)3|° (l'-'HaIi OH
HZN—-CH-—c—N—-—E—E
A A ;
10 CH; H
b) treating the product of formula III with water

under refluxing conditions to give the compound of the

formula
15 {IV)

O\rO
(CHp) 3

HyNm= CH—— COOH i

c) treatihg the compound of formula IV to exchange
the dioxolane acetal with a dimethoxy acetal and convert
20 the carboxylic acid to the methyl ester to give
‘(S) ~2-amino-6, 6~dimethoxyhexanoic acid, methyl ester;
d) coupling (S)-2-amino-6,6-dimethoxyhexanoic acid,
methyl ester with the N-protected amino acid of the formula
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e) removing the P2 mercapto protecting group from
10 the dipeptide of formula VI followed by acid catalyzed
cyclization to give the lactam of the formula
(VII)

P1~-N T
0 COOQOCH;
15
f) removing the P] amino protecting group from the
lactam of formula VII followed by coupling with the
acylmercaptoalkanoic acid of the formula
(VIII) o o
i S
Rg=— C—8~—CH-C—OH
CH,
20
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5
g) treating the compound of formula IX to remove the
Rg-C(O) - group and convert the methyl ester to the
carboxylic acid and yield the desired product.
10 17. A process for preparing
[4S-[40(R*), 70, 10aB] ] -octahydro-4-[ (2-mercapto-
l—oxo—3—phenylpropyl)amino]—5~oxo—7H-pyrido—
{2,1-b] [1,3]thiazepine-7-carboxylic acid which comprises;:
a) treating the compound of the formula
15 (IV)
OTO
(CHz) 3

HyNme= CH—— COOH i

to exchange the dioxolane acetal with a dimethoxy
acetal and convert the carboxylic acid to the methyl ester
20 to give (8)-2-amino-6, 6-di-methoxyhexanoic acid, methyl
ester;
b) coupling (S)-2-amino-6, 6-dimethoxyhexanoic acid,
methyl ester with the N-protected amino acid of the formula
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P;— N—CH— COOH
wherein P1 is an amino protecting group and P2 is a

mercapto protecting group to give the dipeptide of the
5 formula

(VI)
CI)CH3
|S—P2 HC— OCH;
<$Hz )2 (CHp) 3

14
P;—N—CH— I(ll— II\I— CH— COOCH3
O H

c) removing the P2 mercapto protecting group from

10 the dipeptide of formula VI followed by acid catalyzed
cyclization to give the lactam of the formula
(VII)

P I COOCH
0 3
15
d) removing the P] amino protecting group from the
lactam of formula VII followed by coupling with the
acylmercaptoalkanoic acid of the formula
(VIII) o o
I Sh)
Rg— C—S— 1:}1— C—OH
Hy
20
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5
e) treating the compound of formula IX to remove the
Re-C(0O)- group and convert the methyl ester to the
carboxylic acid and yield the desired product.
10 18. A storage stable salt of (S)-2-amino-6,6-
dimethoxyhexanoic acid, methyl ester.
19. The storage stable salt of Claim 18 selected
from the group consisting of:
15
(S) -2-amino-6, 6-dimethoxyhexanoic acid, methyl
ester, oxalic acid salt (1:1);
(S)-2-amino-6, 6-dimethoxyhexanoic acid, methyl
ester, oxalic acid salt (2:1);
20 (S) -2-amino-6, 6-dimethoxyhexanoic acid, methyl

ester, diphenylacetic acid salt (1:1); and
(S)-2-amino-6, 6~-dimethoxyhexanoic acid, methyl
ester, phosphoric acid salt (1:1).
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