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he field of biological activity T Ing to
enzymatic and simlar specific chenical, breakdown of angi otensi nogen by
scission to angiotensin-1, then to angibtensin-ll, whi ch engages recept-ors
initiating biological activity as is well known. It is long known to use

conmpounds of simlar chem cal properties and general stereo- chemni.cal
conformation either as substitutes for activators to produce positive
effects or to block specific receptors to prevent negative effects. I.n
practice despite massive advances in know edge of conformatlonal structure
of chem cal conpounds, neither the-exact conforma- tion of a particular
conpound, nor its chem cal synthesis, nor its biological properties are
confidently predictable. In the present invention the conpounds envi saged
are inportant internediates for the manufacture of prototype

Reni n-inhibitors. Renin inhibitors prevent the production of

angl ot er8yinthesis of f in fntibitoes or and therefore are potent

anti hypertensi ves. The basic action of renin is as shown hereinafter,
wher ei n angi ot ensi nogen is first cleaved to provide a specific fragnment
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act i vi-t yspecific chemical breakdown of angiotensinogeRdyisgission to angiotensin-|, then to
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It is long known to use compounds of similar chemical properties and geheral stereo-
chemical conformation either as substitutes for activators to produce positive effects or to
block specific receptors to prevent negative effects. In practice despite massive advances in
knowledge of conformational structure of chemical compounds, neither the exact conforma-
tion of a particular compound, nor its chemical synthesis, nor its biological propefties are
confidently predictable. In the present invention the compounds envisaged are important
intermediates for the manufacture of prototype Renin-inhibitors. Renin inhibitors prevent the
production'of angiotensin-ll, a potent vasoconstrictor and therefore are potent
antihypertensives. The basic action of renin is as shown hereinafter, wherein
angiotensinogen is first cleaved to provide a specific fragment (angiotensin 1), then
subcleaved to a second specific fragment (angiotensin If), which engages the appropriate
receptor to initiate biological activity:

. 'Renin

l

Asp-Arg-Val-Tyr-lleu-His-Pro-Phe-His-Leu-Val-leu-Va-leu-His- - - - - - - - -

l Angiotensin convertting enzyme
Asp-ArgVal-Ty-lleuHis-Pro-Phe-Histou

l
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Bi ol ogi cal activity The present invention contenpl ates novel

stereosel ective chemical synthensis of coppounds as of the general fornu)a
Il [err] Al t hough the invention will be described and referred to
specifically as. It relates to such conpounds and their processes of
principlie |nv are equal ly applicable to simlar conpounds
and proces H ELQE&%V rﬁﬁ%&h @it will be understood that the invention.s
not limted to such gonpounds and processes. BACKGROUND & PRI OR ART  The
background is that of stereospecific synthetic organic chemstry a

. vol um nous and ever xpandingfield In which it is afull tine occupation

to keep abreast of g n trends esgem n arieas relating to human
medi cal application. AE’ IS n @e’lpéc prior art related to
the specific subject matter descrl bed herein.

The present invention contemplates novel stereoselectlve chemical synthensns of
compounds as of the general formula |

().

- Although the invention will be described and referred to specifically as it relates to such
compounds and their procesSes_ of principles of this invention are equally applicable to
similar compounds and prdce's_ses_ and accordingly, it will be understood that the invention is
not limited tcS_ such compounds and processes.

BACKGROUND & PRIOR ART

The background is that of stereospecific synthetic organic chemistry, a voluminous and ever
expanding field, in which itis a full time occupation to I_<eep abreast of general trends,
especially in areas relating to human medical application. '

Applicant is not aware of any prior art related to the specmc subject matter described
herein.

A principal object of the invention is to develop novel c_omp,oundS suitable as prototypes for
renin inhibitors. it is a related principal object to synthésize said hb’vel compounds by novel
chemical processes. It is a subsidiary obiect to devise practical synthetic schemes to
prepare the novel compounds. It is a further subsidiary object to prepare the novel com-
pounds as sterecisomerically pure as practicable. It is a further object to characterize all the



* A principal object of the Invention is to devel op novel conpounds suitable
as prototypes for renin inhibitors. It Is a related princi ' to
synt hesi MO 8¥2M5hovel conpounds by novel cheni cal processe@ﬁl@?%ga

® subsidiary object to devise practical synfhetic schenes to prepare the
novel conpounds. It is a further subsidi'aty object to prepare the novel-
com pounds as stereol sonerically pure as practicable. It is a further
object to characterize all the
PCT/ | B95/ compaunils Ssoprepared as fully as possible. Other objects would be readily apparent to 3 -

conpounds (RY; b readily
appar et ee@ LA et 1R AP ot sppbiich hisped s, afa
speci f i cataccompanyingschemesanddigusesd acconpanyi ng schenes and flgures.
DESCRI PTI ON OF | NVENTI ON In one broad aspect the invention is directed
to a chemical conpound having the structure [err]’ : where n is 0-3
i ncl usi ve DESGRIPTEONIQF INMENTIONIr ogen atons or together are a single
carbon- nitrogen bond, R err] is hydrogen, or hydrocarbyl carboxy wherein
t he hydrocarbyl entity is selected fromthe group consisting of al kyl of 1
to 6 car bdmoné broaduspactthls yvenfiorYistdiretiedee alehemivabcompddndhalingibe Sirgotude or
I ndependently al kyl of 1 to 4 carbon atons, Rerr] is alkyl of 1 to 6
carbon atoms or- a substituent of aliphatic character, R err] is selected
fromaromatics, substituted aromatics and heteroaromatics, substituted or
unsubstituted cycl oal kyl s, cyclfal k@thesRhaving 3 to 8 carbon atons, with
~substituents selected from aly kox¥_of yggt 0 10 carbon atoms and al koxy
derivatives, prinmary and secondaf ' ‘al kyl deri va{ | ves. Al kyl

derivatives of primary agd s€dgndary am dos are, for exanpVe, primary

R R

where n is 0-3 inclusive, A are either both hydrogen atoms or together are a single carbon-
nitrogen bond, R, is hydrogen, or hydrocarbylcarboxy wherein the hydrocarbyi entity is
selected from the group consisting of alkyl of 1 to 6 carbon atoms or aralkyl of 7 to 10
carbon atoms, R, and R or independently alkyl of 1 to 4 carbon atoms, R, is alkyl of 1 to 6
carbon atoms or a substituent of aliphatic character, Rs is selected from aromatics,
substituted aromatics and heteroaromatics, substituted or unsubstituted cycloalkyls,
cycloalkenes having 3 to 8 carbon atoms, with substituents selected from alkyl, alkoxy of 3
to 10 carbon atoms and alkoxy derivatives , primary and secondary amides and alkyl
derivatives. Alkyl derivatives of primary and secondary amides are, for example, primary
and secondary carbamoytalkyt groups. Preferably nis 0.

Substituents of aliphatic character are, for example, butyl, 2-morpholinoethyl or 2-
carbamoy}-2-methyl-propyl. Alkoxy derivatives are, for example, alkoxyalkoxy groups such
as 3-methoxy-propyloxy.

Both A taken together may form a single carbon___nitrogen bond. In one variation R, is
preferably alkylcarboxy and the alkyl group has 1 to 6 carbon atoms. A preferred compound
 is (1'S,28,3R,3'R,58)-5-[(3"-Butylcarbamoyl)-1'hydroxy-butyi}-3-methyl-2-phenyi-pyrrolidine-



and secondary carbanoyl al kyl groups. Preferably n is O. Substi tuents. of
aliphatic character are, for exanple, butyl, 2-norpholinoethyl or 2-
carbanoylg&§ thyl - propyl . Al koxy derivatives are, for exa 95/00257 _
al koxyal k &§?6 ps such as 3-net hoxy- propyl oxy. Bot h taken toget her
may forma single carbon nitrogen bond. Lg.one variation Rlerr] is
preferably al kyl carboxy and the al kyl group has 1 to 6 carbon atons. ‘A
preferred conpound is (1
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. PCT/ | B95/ OB@tgiéarbamoyl)-1'hydroxy-butyl]-3-methyl-2-phenyl-pyrrolidine. - 4- ' :

1-carboxylic acid tert-butyl ester..Another preferred compound is
(1828 3R 3' R 59)-5-[(3"- Butylcarbarroyl) 1
' hydr oxy- bmta/édcoadrvahauﬂnﬁ, rpeémrabm/é myrcdrbaﬁy and tHéhrarkﬁ@i&rWna@r t@io on

Rlerr] is preferably aral kyl carboxy a

carbon at °’Aa toms: & preteried compound is (1'3 2§-3R 3'R 5§ '5%(3' B'atylcarbamoyl)-

(1'S, 2S, 3Ry -h(rﬁethgf-’é h&?’l Mine-1-carboxylic aci ester,
1' hydr oxy- bu lget hyl - 2- E -pyrrolidine- xyl-car oxy Ic acid benzyl
ester. Both A may be hydrogen when Rlerr] is preferably alkyl carboxy
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2, 7- di met H¥carbopiatams. A)pmrreﬂ conepaundiisi(2R, 4§5§c7ﬁ)-59lbbﬂ mewlarlmy)mr-

comound | coriyon a7 Pl dande el i Aidter 8RR 0 ¢
pr ocesses compoupdds &ﬂ.éﬁ,ﬁ@‘,?ﬁ)—ﬁ-amo-ﬂnwI7-d|meﬂlylra¢heﬂyl:nctamotctaoxi biityt r ]
amide.

in another broad aspect the invention is directed to processes of preparation of a first
chemical compound of structure

0

- where n is 0-3 inclusive, A are either both hydrogen ato_ms orfom a __single carbon-nitrogen
bond, R, is hydrogen, or hydrocarbyloérboxy wherein said hydrocarbyl is selected from the
group consisting of alkyl of 1 to 6 carbon atoms or aralkyi of 7 to 10 carbon atoms, R, and
R are independently alkyl of 1 to 4 carbon atoms. Re is alkyl of 1 to 6 carbon atomsora

- substituent of aliphatic character such as, for example, butyl, 2-morpholinoethyl or2-
carbamoyl-2-methyi-propyl, Rs is selected from aromatics, substituted aromatics and
heieroarorhétids, subStituted or unsubstituted cycloalkyls, cycloaikenes having 3 to 8 carbon
atoms, with substituents selected from alkyl alkoxy or 3 to 10 carbon atoms and alkoxy

- derivatives such as 3-Methoxy—propyloxy, pnmary and secondary amrdes, alkyl derivatives.
The processes include a step se_lec_ted from the group consisting of (a) hydrogenolysis of a -
second compound of the above formula wherein both A together form a single carbon



“where nls 0-3 inclusive, A are either both hydrogen atons or forma single
carbon-nitrogen bond, R err] is hydrogen, or hydrocar byl cgﬁ Wrei n

sai d hydWeIaR2MsP i s sel ected fromthe group consisting of @@@0 1to6
carbon atons or aralkyl of 7 to 10 carbggﬁ_atoms, Rlerr] and Rl err] are

i ndependently alkyl of 1 to 4 carbon atofts, R4 Is alkyl of 1 to 6 carbon
atons or a substituent of aliphatic character such as, for exanple, butyl,
2- nmor phol i noet hyl or 2- carbanoyl -2-nmet hyl -propyl, R err] is selected from
ar omat i csnitregen bond and Raimwlemgowhef einsaishalivhbas d 40 6 carhon atems.dn dhe

bsti l,s, N ith
cUbst t uehleBEn G AAHIG: (6 FiaRReHREE of Witir) Gorhebind of Rl BBByE enfibla, | |
deri vat i vehesirchothsA gkthen fonn-sioghel carbon nitrogenarbondrandRyde atalkylcachaxyes

al kyl der| b ' [ LDl e IO - p
consi sti n&‘l'g#e"ilgéd ﬁ%%g@ggﬁay3@3’3&&5@@5@%@%@3%%&%&??’(é'#éﬁaéggg@%rrul a
wher ei n bdicarbanategwhérein Hoth said dicanppnatealkyl groups are idabtic:s an8 bade 1 to 6 carbon
PCT/ 1 B95/ 57 . : . ' -5- ni t rogen
bond and ga%ﬁ' f‘“ﬁ‘éc)éﬁa}'f‘e&‘B%%%m%‘?‘ﬁ\dd‘w&"%ﬁﬁz‘%‘“fﬁas 1 to 6 carbon atons,
in the presence of Pd(OH)[err]/C, (b) hydrogenolysis of a third conpound
of the above fornmula wherein both A together forma single carbon nitrogen
bond and R{err] is aral kyl carboxy whereirysaid aralkyl has 7 to 10 carbon
atons, in the presence of Pd(PH)[err]/C, fand di al kyl di carbonate wherein
bot h sai d di carbonate al kyl gr%?.lps ar entical and have 1 to 6 carbon
atons; and (c) treating aRf ourtJu co "havi ng the structure [err]

5 ’IRS M

(CH,),

where n is 0-3 inclusive, R, is hydracarbylcarboxy wherein said hydrocarbyl is selected from
the group consisting of alkyl of 1 to 6 carbon atoms or aralkyl of 7 to 10 carbon atoms, R,
and R; are independently alkyl of 1 to 4 carbon atoms, with FhNHAlMeg where R, is alkyl of
1 to 6 carbon atoms. Preferably n is zero, in both formulae. A preferred process of claim 14,
comprises the step of hydmgeholysis of said second compound. Another preferred process,

" comprises the step of hydrogenolysis of said third compound. A further preferred process
comprisés the step of treating said fourth compound, where in a preferred step R, is alkyl-

| carboxy, said alkyl group having 1 to 6 carbon atoms. Altematively Ry may be aralkyicar-
boxy, said aralkyl having 7 to 10 carbon atoms. '

BRIEF DESCRIPTION OF THE APPENDED FIGURES AND SCHEMES
Scheme 1 indicates a first synthetic route of the invention;
DESCRIP:'HON OF THE PREFERRED EMBODIMENTS

The chemical formulae of some compounds of the invention are depicted hereinafter:



where n is 0-3 inclusive, R err] is hydrocarbyl carboxy wherein said

hydr ocarbyl is selected fromthe group consisting of alkyl of 1 to 6 carbon
atons or aral of 7 to 10 carbon atons, R2 and R3 are in ﬂﬁﬂ?@ Y aIkyI
of1toﬁ@%%%@mm,WtthH]MWMﬂaH MHERMH%asa #7

to 6 carbon atoms. Preferably n is zero, é” both fornul ae. A preferred .
process of claim 14, conprises the step of hydrogenol ysis of said second
- conpound. Anot her preferred process, conprises the step of hydrogenol ysis
of said third conpound. A further preferred process  conprises the step of
treating said fourth c d, where in a preferred step Rerr] is alkyl-

carboxy, said al k¥-| vi ng 1 to 6 cadd . natively R err] |
may be aral kyl cafd N/ [ - ‘

i ndi cates g AN #(C ic ipute of the inventiYon;/ TH DESURI PTI ON OF THE
PREFERRED éi;ﬁlINE S The chem cal fornulagpof;sone comfounds of the
i nvention ssgetlepi & ed hdvdaxnetivensr : 29150 )
PCT/ | B95/ 00257 - . lsostere . -6- [err] '
' ] ] : , R=Boc; 2b, Cbz
hydrophobic domain . : _ 2¢, R=H
_ _ 3b,R=H
The chemical formula of a first and a second compound of the invention are deplcted

hereinafter:

The detailed stebs ofa synthetic route frdm (S) methyl mandelate 4 to starting precursors
(28,3R)-3-Methyi-5-oxo-2-phenyl-pyrrolidine-1-carboxylic acid tert-butyl ester 12, and
(@S, 3H)-3-Methyl-2-phenyl~3 4-drhydro-2H-pyrroIe 14 are as follows:

Oy o m @w L

4,R=H
E 5, R =Bom, [a] D+1 19° (c=1.24) [a]D+85° (c=1.55) 96:4 drastereomenc ratio

nllo



“The chemical fornmula of a first and a second conpound of the invention are
depicted hereinafter. [err] The detail ed steps of C route
from (S) WePHIMNSPandel ate 4 to starti Ng precursors Foioes)

*(2S, 3R) - 3- Met hyl - 5- ox0- 2- phenyl - pyrrol i di ne 1 -carboxylic acid tert-butyl
ester 12, and (2S, 3R)-3- Met hyl - 2- phenyl - 374-di hydro- 2Hpyrrol e 14 are as
fol | ows: : [err] WO 95/ 29150 _
PCT/ | B95/ 00257 -7 - Jerr]

8 Ew R=0Me, [od) -164° (c=1.27)
_ 13,R=H, [o], -205" {c=1.33)
lo] . -4° (c=0.88) _
1;
R - |
A .
N0 Ny
Me Me
14

12,R=Boc, [0]; 4.6°(c=0.835), mp=74-75°C
13,R=H, [0 .27°° (c=1.055), mp = 105-106° C
a) PhCH2OCH_C! {(Bom-Cl), i-Pr.EtN, CH.Cl,, , 100 h, 83%;
(b) i, DIBAL?H, toluene, -78° C, 3.5 h; ii, MeOH, -78° C, 30 min; iii, methyl
triphenylphosphoranylidene acetate, rt, 20 min, 75% trans, 6% cis;
(c) Me,Culi; .3TMSCI, THF, -78° C, 2H;
d) TMSBr, ChyCl;, -23° C to rt, 72% for steps (c) and (d); .
e) i, 0.5N NaOH, MeOH, 0° C to 1t, 2 h; ii,1N Hcl; iiiCH2N2-Et.0, EtOAc, 0° C, 98%;
f) (PhO),P(O)Ns, DEAD, PPhs, TH, 0° to tt, 16 h, 89%;
g) 1,3-propanediol, i-Pr,EtN, MeOH, tt, 18 h, 86%;
h) (Boc)z0, i-PrEtN, DMPA, CH;Cl, 1t, 24 h, 99%;
'i) i DIBAL-H, toluene, -78° C, 1 h, ; ii, MeOH, -78° C, 20 min, 77%;
j) PPhg, toluene, 16 h. |

This route starts from methyl mandelate 4, wherein the hydroxyl is protected by forming a
Brom (benzyloxymethyl) acetal 5§ in 83 % yield. The carbon chain is then extended to give
the phenyl trads-2-butenoic acid 6 homolog by effective insertion of a trans double bond, in
75 % vyield, with 6 % of cis isomer 6 was then methylated to give 7 unpurified as a mixture
of 94:6 of the diastereoisomers inbluding 5 % of the deconjugated product crude yield
approximately 96 %. Crude 7 was cyclized to lactone 8, phenyl methyl'dihydrofuranone, in
72 % yield (from 6). 8 was converted to the equivalent hydroxymetriyl ester 9 by hydrolysis



14 12, R = Boc, [err] 4.6_[err] (c=0.835), mp = 74-75[err] C 13, R =

H [err].27[err] (c=1.055), np = 105- 10[err] C a) PhCH err]OCH err]C
- (Bom Q) u d’ﬁglglfr]EtN CHerr]dJ[err],, 100 h, 83% ( HCTABIDD@RASL - H,
t ol uene, g 3.5 h; ii, MOH, -78 C, 30mn iii, methyl :
tri phenyl phosphor anyl i dene acetate, rt, _20 mn, 75%trans, 6% cis,; (<)
~Me[err]CuLi[err] .3TVMsCl, THF, '-78[.err] . 2H; d) TMSBr, Ch[err]d[err],
-23 Cto rt 72% for 'steps (c) and (d); e) i, 0 5N NaCH, I\/EC]-I Oferr] C
tort, 1i, 1 N-Hcl; iiiCHerr]Nerr]-Et[err]O EtOAc, Oferr]C 98%
f) (PhO [@idrrppmampem b8 mgld[ rLean the egvalent aEGi%s[l in 89 %)

T St i G e oy

tol uene, plmybpyrmpmpna in8o e yinlsldellowm by prqtecalonz:tbtha aminpvhydroger) with

whor of . 1 EBRYRDEA ot Br & oiva,12 T80 3 O, g et WU s EBAGB 1

acet al 5 equi\&'l?erﬁ’tﬂzldel-dder“w'lde 134N 791% gieid, thérecyiclized toiminedddniethyphenyl ~ the

phenyl rll_Pute oi'c.acid 6 homol og by effective insertion of a trans
. doubl e b %yleld with 6 %of cis isomer 6 was then net hyl at ed
to give 7 unpurlfled as a mxture of 94:6 of t he di astereoi soners

i ncl udin % of the, deconj ugat ed roduct cr de, yield proximately 96 -
ot o SRS Sipbh 8 SopeaLaR: oo (RASHSTAIRYT .,

72 %yiel | ester
9 by hyd rl(!;nlnglefstllﬁ Séihé:\y)c&b&ﬁ% aﬁﬂﬁz gqﬁﬁﬂom mne:aweaah@:m obUAAGIR REIBU

PCT/ | BO5/ ajoids Ba are depicted hereinafter. -8 and nethylatior
in 98 %yigld. 9 was converted to the equiyal ent, azido ester 10 in 89 %
yield as P ' %Pfe avenue is cyclized to

| actam 11 v hynheﬁyl pyrrolidi none | . %0 eIdo fol | oned by

prot ecti on Of o- hydrogen w th carboxXout ™ esterté) gi ve 12 in 99 %
yield. In an al jemhte avenue 80 pas converted Jof he equi-vakent

azi do- al dehydgygl3 in 77 %yield, then cyclizgg to inmne 14, nethyl phenyl

17a, [}, -188° (c=1.55) " 18a, R = H, [0],-49.6° (c=1.015)
‘mp 150-151°C 8 [ mp 123-125°C
19a, R = Me, [0],-31.7° (c=0.85)

- -mp143-144°C

2, [0],79.9° (c=1.015) . 3a, (0, 17.1° (c=1.47), mp 83-84°C



.Detai | ed steps of a subsequent synthetic route starting from12 to
(2R 4S,5S, 7R -5-[[1, 1-
D net hyl ewWo9829t5 bonyl | am no] - 4- hydr oxy- 2, 7- di et hyl - 8- phgﬁwm%ségoéﬁoi C

acid butyl am de 3a are depicted hereinafter. J[err] WO 95/ 29150
PCT/ 1 B95/ 00257 ' -9- -9- a), 4,
DI BAL-H, toluene, -78 C, 4 h; ii, MeOH, -78 C, 30 min, 72% b) CSA MOH,

rt, 1 h, 100% <c) 2-(trinmethylsilyloxy)furan, BF[err]Et[err]Q

CHerr]d £ § . J.LQi SV =Pk % d) 10% Pd-C,
H[¢[arr]](1[5{'%?'3@?%&3@&%&' M‘?-‘%@nﬁ”%“i?é‘?"rﬁ&f'[‘iw i THE, -78[err]C,
40 min; iib) B4, MeDB, @, 190100%; -50 C, 1 h; iii, AcOHTHF, 67% f)
BUNHAI Ve[ €Ly 3 seei : errl, v 6 %o 0h B flagoH €rrl;
(56 poi) - Loyl ¥ puck Chgl foe 3 e RGRAM SR Jomol,

pr ot ect ed dpt@%MdiQ, Hy{loatm)aEtQAe; aat ho38%; i s ef fectively reduced to

hydr oxyl t g, hem.am,na ° J0.XEUre 2p angd.J Qt ABL S, 0
yrel . i & LEMSENERTHE, 1 < 30l ML 7B2ETRE M 2001 € ERG Aesth Fiorrer s
in 100 % yé®egd. This conpound was then treated effectively '
di spl aci ngjr, ' oXY, M1 the substituted furan, to form an
unsgturatg ‘fm g’r#@z'?%7é‘r%é‘2'i7a, in 98 %yield of 6:1 thereo:erythro
| soneric rg)y20% PdiOHY; PLY(56psi) IEIOHIBIOAD (239) ot | 4826 F3% a mi xture of

rotamers. 17a was.hydrogenated saturating the double furan/lactone bond to
give 93 %yield of 18a as a m xture of two rotaners. The saturated | actone

ring of 18Fnhigasuterstdns witteprotéctedfactant 1 WiRse bAMddBEBony! Rdfiektively ?bdu%éld to15d%

of the dinethyl |actone were obtained. Crystalline 19a was X-ray_ anal yzed.
The | act onBydroxy toaemiaminald Sgy as amiiureanomers pad Fiamersdn’d & yigldyThis was i n

oy ey, hepiiefyll BUNCIGE'HRE nbdide BGUEKOBRF INIOF EYIE, T GoriBodet ™7,

to 3 are dwpsthantreated effectivetlyrdisglacing/replacing methoxy, with the substituted furan, to form
an unsaturated lactone ring, to give 17a, in 98 % yield of 6:1 thereo:erythro isomeric ratio.
Pure erythro 17a was crystallized as a mixture of rotamers. 17a was hydrogenated
saturating the double furan/lactone bond to give 93 % yield of 18aas a mixture of two
rotamers. The saturated lactone ring of 18a was methylated, 67 % of the desired mono-
methyl 19a, and 15 % of the dimethyl lactone were obtainéd. Crystalline 19a was X-réy
analyzed. The lactone ring was opened by formation of the butyl amide to give 2a in 76 %

yield. Then the pyrrolodine ring was hydrogenolyzed to give 3a in 73 % yield.

Detailed steps of a subsequent synthetic route starting from 14 to 3 are depicted
hereinafter: |

9 b|_15b,R=H
' | ) |—» 16b, R=Me
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-10- [err] a) i, PhCHerr]C(OC, toluene, -78[err]
C, 1 h; flgﬂ -78 Ctort; 67% b) CSA MOH rt, lpérmsifass)
2- (trlrre y1'si ony)furan BF[err].Et[err]Q CHerr]CJ[err], -78 C, 2 h,

threo:erythro = 5:1, 78% d) 5% Pd-C Hygrr] (1 atm, benzene,- rt, 30 mn.
90% e) i, (TI\/IS)[err]NLl MeJd, THF, -78[err] C, 40 mn; ii, saturated
-NaHCO err], 57% f) BUNHAI I\/E[err] CHerr]CJ[err], rt, 2 h, 52% g)
(Boc)[err]O 20% Pd(CH) [err H[err] (60 psl), EtO—I/Et_OAc (2:3), rt, 72 h,
46% -  Thi ing with '

route is gecger Iy anal ogous to scheme 2, stgM

cyclized Z and Qt ecting the i ni tﬁb!gen MTK a car boxybenzyl
group rat butyl group, e h 67 A (fr;;rh13) of 15b as a
m xture of rsndﬁtarrersd Thereaft ' }EPSZ _ :
Me _ . Me .
17b, [0],-168° (¢=1.02) o 18b, R=H, [o]; -52° (c=0.86)

mp 157-158°C

19b,R=Me, [a]  -32° (c=0.71)

2b, [0} ,-80° (c=0. 99) - [c:z]D -17.1° (c=1 47) mp 83-84°C
a) i, PhCHzC(O)Cl toluene, -78° C, 1 h;ii, 2N HCl -78°C tort; 67%;
b) CSA, MeOH, it, 1 h, 89%;
c) 2-{trimethyisilyloxy)furan, BF;. Etzo CHzCJz, -78°C, 2 h, threo:erythro = 5:1, 78%;
d) 5% Pd-C, H, (1 atm), benzene, r, 30 mm, 90%; '
e) i, (TMS)2NLI, Med, THF, -78° C, 40 min; ii, saturated NaHCOa. 57%
f) BuNHAIMe,, CHzCla, t, 2 h, 52%;
g) (Boc).0, 20% Pd(OH)z; Hg; (60 psi), EtOHIEtOAc (2 3), n, 72 h 46%.

This route is generally analageus to scheme 2, starting with cycli_zed imine 14, and

protecting'the imino nitrogen with a carboxybenzyl group rather than a carboxybutyl group,

to yield 67 % (from 13) of 15b as a mixture of anomers end rotamers. Th'ereafter the steps

are closely similar giving 89 % of 16b, 78 % of 17b, as 5:1 threo:erythro isomeric ratio. Pure

erythro 17b was crystallized as a mixture of rotamers. Crystalline 17b was X-ray analyzed.

Continuing gave 90 % of 18b, 56 % of 189b, 52 % of 2b, which was directly converted to 3a,
_in 46 % yield.

EXAMPLES
(S)-(Benzyloxy-methoxy)-phenyl acetic acid methyl ester 5:



sare closely similar giving 89 %of 16b, 78 %of 17b, as 5:1 threo:erythro
Isoneric ratio. Pure erythro 17b was crystallized as a m xp&i/faosipods@t aners.
Crystal | i@%9#M5has X-ray analyzed. Continuing gave 90 %o 18b 56 % of
“19b, 52 % of 2b, which was directly convi ted to 3a, in 46 %yield.
EXAMPLES ( S) - (Benzyl oxy- net hoxy) - phenyl etic acid met hyl ester 5: -
PCT/ | B95/ 00257 WD 95/ 29150 ' - 11
- To the solution of 6.5 g (39.9 nmol ) of (S)-nethyl in 90 nL of :
anhydr ous ToHRe weluonatiés g @aca:rewl)\né(@-mem in90 (ngoofhaniyyrays THFPNQE added. 2

Buate - APpesssfRy Kl 6RRATBHRentaRThe IS il & defzilealiibnbnl

ML (23,0 retriandil 46 §1(8.65 mirEoINoEBUNS-. After tHeloa o was Stirtsd ajemrpltemperature
e at ukerigt 0 HE S GRYRAY of LR B 3k 2Pt TP B il ?@%&QPJ&“"P@@“‘#L
v s eyt e i e

excess. al k1-2mmE 3t EERERRade o fes mimoroltid alfiRudagan Wers BH3RER een
i e e s o St
concent Pateéﬂgsﬁfi]%]g‘i'm %Ferghé'%f‘é'lq @&@%W%%@W@ﬁ?%h{gﬁ fwates oo
gel, 15 %aﬁHQthEME@Ac The @ﬁﬁr wawiShedadittf 18 NeREE pH PpRAésphate

| orl 119 CHCl IR (thin fil
A JETAT AN U i e TRV A 1
[err] 7. 5QoKsumy cﬁrﬁhb ra y"{kihc&g&f’w % E Fdic/l'i’éi&h@& gévﬁzegctaé "/ﬁ%f tﬁé'%ster
quartet, 2H J= [err] O, 4. 69 and 4.59 f3 quartet,

OCH[err]Pr%asec?'oﬂt-'%ssmp OCH[err]) [err]C(CDCI[err] 75 M-lz) [err]l?l 1,

137. 3, 1394 D, 52.2;
exact mas caI ﬁf%atzg iirr ﬁ‘3@] ?errﬁt?#ﬁ%é§§ﬂgﬁfsggr‘l 05@71 130.
(2E, 4R) - H(WRZ(QWQ{@Q'[MHZ)}Q? 804FL2M{n,- 10, -AtHR, 1525 (sa.d Hol PhEiHD)| 4.92tand 484

of anhyar 4B duafeh 246 U 2 Barky. el 451K buditel AR, 7 riie APt 1

Min tolu 963H3’(3)0m4 ?CI(@D@{;WMHH sthﬁnl%ﬁOle(?-% 1’2837CWB31§8‘39W2?%

over a peri od of The reacti on was  stirred at -78[er r%C for anot her
3 h. Met hadddl7¢ 132%3m?3 %97%5? 2 exaciomess ealawiated fghenﬂ-h&eﬂ J2883#gfound
sol ution fdog.rred at -78C for 30 nmin. The cooling bath was renoved and

the reaction was allowed to warmto roomtenperature. Methyl
tri phenyl phosphor anyl i dene

(2E, 4R)-4-(Benzyloxy—methoxy)-4-phenyl but-2-enoic acid methyl ester 6:

To a cooled (-78°C) solution of 8.5 g (29.7 mmol) of the ester 5 in 100 mL of anhydrous
toluene was added a cold (-78°C) solution of DIBAL-H (33 mL, 1M in toluene, 33 mmol) in
anhydrous toluene (20 mL) via canula dropwise over a period of 30 min. The reaction was
stirred at -78°C for another 3 h. Methanol (3.6 mL. 89 mmol) was added dropwise and the
resulting solution was stirred at -78°C for 30 min. The cooling bath was removed and the
reaction was allowed to warm to room temperature. Methyl triphenyiphosphoranylidene
acetate (15.0 g, 44.8 mmol) was added to the reaction mixture and stirred for 20 min. The
alummum complex was filtered and the solvent evaporated Ether was added and the
insoluble PPh;O and excess reagent filtered. Solvent was evaporated and the residue
purified by ¢ column chromatography (smca gel 12 % EtOAc/hexanes), to yield 0.7 g (6 % for
'2 steps), of the cis ester and 8.5 g (75 % for2 steps) of the trans ester 6 as a colorless
syrup, [odo + 85° (¢ 1.55, CHCl,); IR (thm ftlm) 1710 1645 1440, 1290, 1260 1010 cm™;



acetate (15 0 g 44.8 mml) was added to the reaction m xture and stirred
for 20 min. The alum numconplex was filtered and the sol vent evapor at ed.

Et her was nd the insoluble PPh[err]O and excess re er ed. .
@Q@g,ga(g PEfidosiobisy

Sol vent W& rated and the residue purified by colum romat ogr aphy.
(silica gel, 12 % Et OAc/ hexanes), to yielsl 0.7 g (6 %for 2 steps), of.the
cis ester and 8.59 (75 %for 2 steps), of the trans ester 6 as a col orl ess
syrup; [err] + 85[err] (c 1.55, CHCI[err]) IR (thin film 1710, 1645, 1440,
1290, 1260, 1010 cn;[ J WD 95/ 29150

PCT/ | B95/ BONMR (CDCls, 3 MHz)8739-7 27 (m. 10H, ArH),70(dd H J= 5Hz,16_|22. CHC{-le}r] H

N'VR ( fgﬂzé qm&?o Mfg% %ﬁwwég 4@%{#”&%"&&%“ 3 7&% and 46-? AB
quar tet, and 456:(A3|ﬂilamﬂ”3“f=] BHz. QWP 3. 74 (363K ABCHa) MMH TSMHP Hz .
| v SR Sl G4 B o

127. 3, 120687 %1.8; ehacBmass cdiculafedior S1AGI0. B33 48084, ltb@rtdem:i 433,
Jerr]Herr] q err] 313.143984, found 313.1433. (3

4R) - 4- (Benzyl oxy- met hoxy). - 3- met hyl - 4- phenyl - butyric, aC|d met hyl ester (7)

ety | G, W4 Bansy Bl bt} S indtiyhaiohoh i@ 1 a1 © e

-78[err] ensi on. of "15. 54 nmL of “anhydrous -
THF. The Me lrtblumas 166 mbat Mﬁ in etheq, ¢63. Remm&was radded tonther-28°GH suspension

U o S04 BUP Bimb of 681 4ol BBt i, 178 ERY Bds Waled ° O,
g7 523 [7er2r ]mmc;. hel2d atrthgkiemper]a'rﬁtf fomx)e_ miin,. anilllae:srr reaooled)to ms%fgﬁifj muretl\\ﬁr_las ] O (
and sat uﬁgﬁag %Egﬁg Clilkﬁdnﬂ ?P‘ﬁ? ‘\% EPHB E%ELF '"éa @ﬁéﬂ'ﬁ@ﬁ'@gﬁ ﬁ& 6t he
reaction @@l 4933\/2¢ me&ariﬁbhﬁydréﬂ!ﬂ' HFngn%) The- reé@tloﬁ% M@CWBQ‘M(@@

m.) and et her (300 were then_ ad and the resulting m xture was

stirred uhen nuanmﬁ%g@h&émloefghm & anneous NHOH and satwated aqueeus NHsGhse were
obt ai ned. golitfon, Mhe 'cﬁﬁlﬁtébétﬁ WasTemaved and thbh@a@bﬁ%‘lbﬁe@mmro%ﬁ hed wi th

wat er, brine, dried over 2‘8804 and concentrated to yield an I nseparable

mi xture dempesauee. Aqueous 18 PeNHAH (50 mk) and ethes (300 ’ﬂb) weredhen gddediand theuct

65, ana Tt kil 6683 i g ?ghi&aea@@zﬁgs.ugga@s@ﬁm

quart et ZP'DBS@ Vtemlpbmq Jihe[twn)layers werq separated; the grganicmhasewas washed witha H,

?nc']"[ err]) p o dgnsdlgbfrﬂt@"@ﬁﬁgﬁwsﬂ?ﬁequmﬁaﬁéﬁle fitkiGre 497 aga 42

CH err ] C®4:6 djast§reomplic mixtes gnil theidecanjugated poae (5:% by 'HAMMR)E S NMBmM n1 e

Cre Coor denCis Fon e Bz 3BT 2L i ioH ack AIGH A L4888 Bphebe Bty 2, 70

reaction ©8+H;0),%.67 and 4.58 (AB quartet, 2H, J = 7Hz, OCH,Ph), 4.42 (d, 1H, J = 8Hz, PhCHO),
3.67 (s, 3H, OCHs), 2.73 (dd, 1H, J = 5Hz, 15Hz, oneofCFlzcoaCHa), 2.42 (m, 1H, CHCH),
2.24 (dd, 1H, J = 9Hz, 15Hz, one of CHzcozcm). 0.83 (d 3H, J =7Hz, CHCHs), mass
spectrum m/e 329 (M* + H). :

.(4R 5R)-4-Methyl-s-phenyl-dlhydro-furan-z-one 8 .

To the cooled (-23°C) solution of the unpurified ester 7 trom the above reaction (8.55 g,
theoretical yield 26. 1 mmol) in 260 mL of anhydrous CH,Clz was added 10.3 mL

(78.3 mmol) of TMS-Br and the solution was gradually allowed to warm to room temperature
overnight. The reaction was diluted wnth more Cchlz (1 00 mL), washed with saturated
aqueous NaHCOa (2x 50 mL), water, brine, dried over MgSO, and concentrated. The
residue was punﬁed by column chromatography (srlrca gel, 24 % EtOAc/hexanes), to yield
3.45 g 72 %for 2 steps)of8as a crystalline solld mp 53-54°C; [odaes -4° (¢ 0.88, CHCl5); IR



“theoretical yield 26.1 nmol) in 260 nL of anhydrous CHerr]([err] was added
10.3 nL (78.3 mmol ) of TMS-Br and the sol ution was gradual 55{,@

warm to ¥ P&oer at ure overni ght. The reaction was dil ute Wi m)r

"CH err]C[err] (100 nlL), washed with sat rat ed aqueous NaHCJ err] (2x 50
m.), water, brine, dried over MpSOH4 and '€sncentrated. The residue was -
purified by colum chromatography (silica gel, 24 % Et OAc/ hexanes), t

yield 3.45 g 72 % for 2 steps) of 8 as a crystalllne solid, np 53- 54[err]C;
[[C_er; r] 94E(60(I)-|2(3I3)(10’80 280, €50, [1605 kiri™'; IHRICOCls, 300 M8 202.88-7.27 (m, 5H, ArH), 4.95

PCT/ | B95

(CHA [err(]d)"i?‘éﬁ 8Hzp BRCHD) 281 (dshdH, 7 Tz, ]‘"‘?e?'ﬁ?ﬁ ?&9@)[% P](""gb‘o MHz)
[err]7 44c171c?|Z) éra(dthHArH)mHé ﬁmidneércﬂgeo I1i221 hﬁﬁiQ 6&28¢H0d-l-1) 1H =
THz, one of err] é errB 3 (dd, 1 H J=
10Hz, 17&6(@9@@75 2é5r1]7®©) 1371821 qenzm 88.0; BHt$Beexact massr | C

(CDCI[err eM'gr) 125.8, 88.0, 39.7, 37.1,
16. 3; exaé%cur?éss ca u1°b% 55' ‘ﬁf’l}?ﬂ err] 177. 091555, found

177.0909. (3R 4R) - 4- Hydroxy 3 met hyl - 4- phenyl - butyric acid nethyl ester’

o 19 P AER S s B o b ), 1 L 2

war med t ng mmm(ed PQY srfhﬁtiongui 243 ¢ ga?i fmiol)aof lthe faleton@8dh nvethaniot (40 ml) ivas
vacuo an ut e 1 W { wat er e reaction m xture
o ool Catdka AL R Sl auscis NeH- TS resclonar HeBnes BePodEMPAr S SN
added andstirfed fot zhumbwmmnmwormm\é fssifieadifed to I1uowmwﬂvst racted

wi th Et OAc \gb Q&fﬂ The conbi ned organic | ayer was.washed w t r| ne,
dri ed oveWa@ ﬁﬁp piure was cqolediapd thepid adi taidusing, thi anye L and
met hyl at egolm N&Nﬂ@dﬂﬁ&ﬁﬂ%é ﬂ'liﬂhféeéllowgﬂ Q@ﬁhﬁﬁ Id’i%oﬁf teHHérﬁ%VﬂWasaf for ded

2.82 ¢ of the hydroxy ester was used I n the next step

wi t hout f @ftm@d \M!n Emaeaog rml- xR JMlWﬂ%OW@@WQBﬂaiVRS‘WN‘%M%O

i\rlzl)o, 1020 Q%G‘ﬁﬂﬂd%ﬂW@%*‘ ue”%%f@ﬁf %VA%& i\ , J_
5Hz, 15 szntb dngmemapenm ptber. Evaparation of the seivest afforded;2.82ig (981%), obthes ( m
SR, CHOM frby ectorSwhiifiabaen s digbmnS0ttuiter RGP 1)
(3R, ﬁR) 43600-32603 174017254 1460; 111 70,U1020i o héH dumwpcheanwmpa 7.37-7.27 (m,
(13756 Bty ARS. e, i ofs 28t i, A e 0 Gt paR 8840 sl fatle
~Olerr]C aﬁ\a %r@m SaH, Q)H}pmdé Y18 CHOH 2i28qda,drH,tJ 2 8Haf

G @

{omper ot Ul 8% e 55,8, ot 20 GHEHICTAER B9 U2 MG B

chr omat ography (silica gel, 12 % Et OAc/ hexanes), to yield 2. 89 (89 %, of

the (3R.4 R)-4-Azido-3-methyi-4-phenylbutyric acid methyl ester 10:

Triphenylphosphine (5.339,20.3 mmol) was added to the solution of 2.82 g (13.56 mmol)
of the hydroxyester 9 in 70 mL of anhydrous THF and cooled to 0°C. DEAD was added
dropwise followed by the dropwise addition of (PhO)zP(O)Na.. The reaction was gradually
allowed to warm to room temperature overnight. THF was removed and the residue purified

~ by column chromatography (silica gel, 12 % EtOAc/hexanes), to yield 2.8 g (89 %), of the
azido ester 10 as a 96:4 diastereomeric mixt_ure, [odo-164° (¢ 1.27, CHCly); IR (thin film)
2100, 1740, 1450, 1250, 1165 cm™; '"H NMR (CDClg, 300 MHz) § 7.42-7.26 (m, 5H, ArH),
4.48 (d, 1H, J=6Hz, PhCHNs), 3.65 (s, 3H, OCHs) 2.37 (m, 2H, CHCHj, one of
CH;CO.CHy), 2.09 (dd, 1H, J= 10Hz, 17Hz one of CH,CO,CH), 0.99 (d, 3H, J = 6Hz,
CHCHg); 1"C(CDC:I& 75 MHz) 3 172.6, 137.9, 128.5, 128.1, 127.1, 10.2, 51.4, 37.9, 36.0,
15.6; exact mass calculated for C12H1sN2O2 234.124252, found 234.125.



azido ester 10 as a 96:4 diastereoneric mxture, [err]-164[err] (c 1.27,
CHCl [err]); IR (thin film-2100, 1740, 1450, 1250, 1165 cnferr]; [err]H NMR
(CDO [errivosdieddiz) [err] 7.42-7.26 (m 5H, ArH), 4.48 (d,pcrmsesco2sy 6Hz,
PhCHN err]), 3.65 (s, 3H, OCHerr]) 2.37 (m 2H, CHCH er], one of
CHerr]CJerr]CHerr]), 2.09 (dd, 1 H J fl10Hz, 17Hz one of
CHerr]CJerr]CHerr]), 0.99 (d, 3H J = 6Hz, CHCH err]); [err]C(CDCI[err]
75 MHz) [err] 172.6, 137.9, 128.5, 128.1, 127.1, 10.2, 51.4, 37.9, 36.0,
15.6; exact mass calcul ated for. C[err]H[err]N[err]qerr] 234. 124252, found
234.125. WD 95/ 29150 _

PCT/ | B95/ O@@B>BS)-4-Methyl-5-phenyl-pyrrolidine-2-one 11 | S -14 -
e 11: To the solution.of 2.5

{10 73 torolg PesagHBnp 2 REFS nel e naopstzi inmethnl gLy oo e
was added temmeueyeias aaeedrhuéc‘éssw& TapaL gaof4a mﬁb[)%f f-bEEM aﬁéﬁ%ﬁ

(53. 65 nnD é q anedi t hi ol and stirred f
removed i rf :§gd'8m°9r?(§ paaeqithiol and stiread far 48 hEMé’*\@“O'I \!'aS/MQN&d mauatwq h
0.5 N

aquméﬁé!tbﬁéaiméd WitREOAYA s whéhé(%evdmf’o Sffﬂagdéfus% f8d s,

concentrated. The residue was. purifie

gel, 25 % watenbrpe.diiedoven 4|q1damacemmctd hegyesiduewas mﬂ%lqdebvrqo}umno

yisld %7F§°rr]"‘§‘@939"“¥8*“"‘4§% 28 ool iy S0 3oy ABIREHERTY

c g{ err] 1 e!dﬂ}aa g8 RrmdithelaclanBbbas/kicpldriess $olid, mp71057106°C; [oddR7°4cH).055;. ég
r, s,

(aa._1h £HeR 1R o) Saeoh 71014507 1odg oY v, G0 BT Pl (1

%Z §3H% gmsw)?rm &R (Hrgs, 1rf|;gm4md 1HHQH 8H2,1BHC 2]3875 (%4@?@%&@53 75

exact masd éﬁ'&u‘f ‘aﬁé& f@?“@f‘@ﬂfﬁ]ﬁﬁépg']m g’?‘é‘UQé??"'ﬁ dira OI‘PEPfﬂMQQ),OGﬁl
28 3R) - 34

(55 30 S = ey My oty S\ 5 LS, 9283 Gt 91 1ol

CH[ err]d [6§r5.]37(Q§4rﬂ;)16@lsxathm Qalmuasecforaiwism 135109972 rfounid 375 80029.17. 2

mmol ) of die tert-butyl dicarbonate in CHerr]df[err] (5 m), 3.4 n

(19.58 nmol) of i-Pr2EtN and 96 ng (0.78 mml) of .DVMAP and stirred at room
t enper at uf@SB&) &Memw-SMNafphetuPpwrdidhumboxyﬂaacidm -butyt12:e t urned dark

oot due. pu % paRte oL L3772l iR o fetibm: B aBEREYe CBLC I e Wen anes) .

to yield added gucchMalydhe solatiomofpav6e g (12.2 molalombtwﬂ-bﬂ dicarbOnatélin CH,Cl,

T i A8 P SR 1 e O AR o

7.38-7. 10 réom térniperditurp fofam 'l(ht initl ooioﬂe%kﬁad%ﬁéiﬁﬁhm% tﬁﬁreﬂraan&bbown at the
CHCH err]) ad 1 one of CI—IZ%)%W%Z 37 J=

12Hz, 17Hfhd&ﬁ§'eo \@o}wai r%vox%d Inypcuognd jhe wrmed hycamme 3H,
J= THe, chromatography (smoa gel, 30 % EtOA/hexanes), to yleld 2.12 g (99 %) of the compound

" 12 as a colorless solid, mp 74-75°C; [0jo-4.6° (¢ 0.835, CHCIs); IR (CHCl) 1780, 1740,
1720, 1460, 1340, 1150 cm™; 'H NMR (CDCls, 300 MHz) 3 7.38-7.10 (m, 5H, ArH), 5.10 (d,
1H, J = 8Hz PhCHN), 2. 75 (m, 1H, CHCH), 2.58 (dd, 1H, J = 8Hz, 17Hz, one of CH.CO), .

237 (dd, 1H, J= 12Hz, 17Hz, one of CHCO), 1.27 (s, 9H, C(CHa)a) 0. 69 (d\ 3H, J=T7Hz,
CHCHs); C CDCIa. 75 MHz) §174.3, 149.3, 137.0, 128.3, 127.6, 126.2, 82.5, 65.5, 38.8,
30.8, 27.5, 15.7; éxact mass calculated for Csz,NOa 275. 15213 found 275 15394

(28.3R,5H,5.5‘)-5-Hydroxy-a-methyl-z-phenyl-pyrrolidine-'1-carboxylic 'acid tert-butyl ester

15a:

To a cooled (-78°C) solution of 1.1 g (4 mmol) of the compound 12in10 mL of anhydrous
toluene was’ added DIBAL-H (4. 4 mL, 1Min toluenen, 4.4 mmol) dropwise and stirred for



‘CHCH err]); [err]C CDCl[err] 75 MHz) [err]174.3, 149.3, 137.0, 128. 3,
127.6, 126.2, 82.5, 65.5, 38.8, 30.8, 27.5, 15.7; exact ted
for qerrm%ﬁm]lﬂ!\lq err] 275.15213, found 275. 15394, %,ﬁ@é,&dik-ﬂ
128, 3R 5R, 59) - 5- Hydr oxy- 3- et hyl - 2- phenyl@f)yrrol I di ne-1-carboxylic acid
tert-butyl - ester 15a: To a cooled (-78[®1]C solution of 1.1 g (4 nmol)
of the conpound 12 in 10 nL of anhydrous toluene was added DI BAL-H (4.4
m.,, 1 Min toluenen, 4.4 mol) dropwi se and stirred for WO 95/ 29150

PCT/ | B95/ 0f BSMethanol (1.5 mL) was added and the reaction mixture stirred at -78°Clfor 30 mid. The
Met hanol (1.5 nl) was added and the reaction m xture stirred at -78[err]C

for 30 mi nfeaglien Mixiyrewaswammed ip £00p temparatre ard $Q Bi ¢f atharand @ dropef water
of ether apgrefadte@PTRE alififim mb@xmqmereﬂmxﬁmnmma e?hé’V%§|de'v$a°sr ed

and sol vent evapor ated. The residue was purif col um chr omat ogr aphy
(silica gepurified by,colume ehematagsgphy(silica wleQ%oEdee?@neg), taoyield 8904mg o

t f 1 NVR
(coa Tor ] 28R AAES aﬁ&‘f‘%‘“ 8 R, AR SigngBafirigthatengl. "
ArH), 5.940 NMR (€DCis 30 Msz)ﬂ? 8%7 ,4|eH 4»«Arﬂ)icwz (m.%anmsm {5:82>and

2 08" 2. 86 SAT SR AAYCHOM. 480 aﬁé by, v g picbladra gl
CH err] CHcm52 ahd3.2n(4 aabﬂ,a 41, &x OH, m—zssmﬁm-am](z iew,r4H, 4 :acmmnd 0.63

(25, 3% 5m 89 Aty 2o Glierd o a1 B2 s BB < BCHDnL B oo

tert- butyl(ze:saerzalaamz,lie:dm )| midsspedfrum #ive 280 ﬂ*%l-g\ml) of t he
hem am nal 5a, in 20 nL of met anol was ~added 3 133 mmmol ) of CSA

and sti rred at roomtenperature for 1 h. Et3N (10 drops) was added. and

met hanol r @R, Rs‘g}fg.%ﬁ%%@?\mgﬁ% E§g% ﬂE&rbBﬁy‘incl%fd tEft-gﬂ%loéster

col umm. chromat ography (stlica ge anes) to yie
(100 % ofl188a as an anonmeric and rotameric mixture of four isoners,

ot S o 7 Bt of o o Sl . eyl 2
* 'CHOCH| er ] ) addad@! figr(0-183 nimpl) of GSAtand stirred 2t tdom temperaturedox 1 RNEWN)(10 drm)

O e ) oo ol G rdmairpnfovkq e bt rosglee i sud heshufiog BT ) ¢

1. 44 and lcad@mpZhrorsatography (smca@(empas iEtPAchekgnes)) t6 yield ZBGHGANO0 %) of 168 x

Torol's, Jen & Snofetic S RhENRA R BT o AR JeER 560 vk 5 7.25-

-2-yl) - 2- phanyim, PZH] #kiAtHY)7-02 and 7.0 (2 x d, J = 8Hz 4 x ArH), 5.42 and 5.20 2 x d, 2H,
J=5Hz, 2 x CHOCH,), 5.26 (br. s, 2H, 2 x CHOCH, 4.92 (br, s, 2H, 2 x PhCHN), 4.88 and
4,78 (2 xd, 2H, J= BHz, 2 x PhCHN), 3.54, 3.48 and 3.43 (3 x s, 12H, 4 x OCH;), 2.93-1.63
(m, 12H, 4 x CHCH; and 4 x CH,CHOHCH;), 1.44 and 1.08 (2 x s. 36H, 4 x C(CHb)s), 0.67,
0.59 and 0.57 (3x d, 12H, J= 7Hz, 4 x CHCH,); mass spectrum m/e 290 (M* - H).

(25,2'S,3R,5S)- 3-Methy|-5-oxo-(5’-oxo-2’,5'-dihydro-fui'an -2-yl)-2-phenyl-pyrrolidine-1-
carboxylic acid tert-butyl ester 17a: . '

To a cooled (-78°C) solution of 740 mg (2.54 mmol) of 16a in 26 mL of anhydrous CH:Cl,
was added successively 0.64 mL (3.81 mmol) of 2-(trimethyisiloxy)-furan and 0.19 mL
(1.52 mmol) of BFs.E%,0 and the solution was stirred for 1 h. The reaction mixture was
quenched with 10 mL of 2 N aqueous HC! and warmed to room temperature. The mixture
was diluted with EtOAc, washed with water, bri'ne.' dried over MgSO, and concentrated to
yield 860 mg (98 %), of a 6:1 (by 'H NMR) of threo: erythro isomers. The pure threo isomer
17a was obtained, as a muxture of rotamers, by fractional crystalhzatlon from 30 %



T

carboxylic acid tert-butyl ester 17a: To a cooled (-78[err]C) solution of
740 ng (2.54 mmol ) of 16a in 26 nlL of. anhydrous CH err]C[err] was added

success 4 m. (3.81 mmol) of 2-(trinethylsiloxy)- fwﬂ? 26y 19 nL
(1.52 m‘%ﬁ*@?lﬁﬂerr] Et[err]O and the solution was stirred for 1 h The.
reaction m xture was quenched with 10 _.of 2N aqueous HCl and warned, to
- room tenperature. The mixture was dilutéd with Et OAc, washed with water,

brine, dried over MgSO4 and concentrated to vyield 860 ng (98 %, of a 6: 1
(by [err]H NWR) of threo:erythro isomers. The pure threo isomer 17a was

obt ai ned EtQAckhexangs, mp H50-1 5t Gufols-1883/(crin Hid, CHQL); I (GHGI) 17251 1685, 14500 30 %

VO 95 29 ot 5/ 0 '-
23201165, 1083 omi 1, ' MR (GG 300 Myz) & 7 68 ane 758 (G Ba, A PRFE ). |

g (c):glo IVI[-|§; moclﬂmé)ﬁzmﬂ;mg(m, B X m@tsmcxaﬂ 89t (@ xh; ey &VH)ZWRA(@;B %grz]m :
6H, 2 x R%a)ééﬂg( Hﬁ% gé‘i éj"’hd" ﬁéﬁ%‘ic‘)i%s @x‘ﬁ\ﬂ%ﬁ%% th 849 (2
é 28 2H(dt!1FI ZszHz@EHz, em),%d%ﬁ@h 715'(25?] gﬂ J7-]18Hli szPhéHm M(dtqi@

1 H, 8
PhCHN) J%@*{&HZ-PHN), 462 (my1H, Q#Ql) Z7Rpnd 2,352 b 2 CI@N)),2957‘78%HH 2 35

Sre Taneth SHEOHNI, W‘%J%oﬁ?ﬁﬁ“fﬁ?%ww&%w& 10 4 B3t
L 44 and one@tc(l-&cmbn 44 3Rd 120220( SHBEL 21X G(E@Hs)), 0.85 &% 0.58 (axaise(-lz.lp Hz, 6H
1oa 7 X GHEHTER (poi, kG 4§ SEEL 844, 154 YT |57 Bl 137t d Yhoh )

i 1%2734 7817, 66175 581038611} 82.6(127.6/ 15.Brexdctfrass balGiiatedlior G4MMR19, found ¢

(2S,2'S, %égﬁlg‘-f%’t‘%wgsﬁg - oxo- t et rahydr o- f uran- 2"yl ) - 2- phenyl - pyrrol i di

ne-1 -ca ’ etfaliyafo- -9 W.wm,\
(0.73 ng%?zgsRs%Me&@r-s ésual)i(?lctmc vva';o adde%ylgz%ehof 10 i% Pd/ C a,ﬁjgat g

m xture A& teRbuMesteRdR: a H err] at nosphere for 1 h. The catal yst was
flltered through a pad of celite and the sol vent evaporated to yield 230
ngy O/%H@gf 1 8a as a mxture of two-rotanmers, np 123-125C, [err% 49, 6
( 1. 015 ¢ selution of 250 wY0{78mmpl) of $7a inc¥ &L of EXQAC wes@dded 30ang of 19 %

LS4 R SR fiharg 58 el et & 5 gbhoilfbrd it A e &@f?’@%’ed? °
4 ’76 (2 shraugiy  pad pf celite,and the solventevaporgted tayield 280 mg (981%), pHo8a asm) , 4. 41

i oret iRy B Dlamgds g 163125, A6 (rlahe, EHERLIRTEHER 1760, 1675,

CHCH er r ]140@!1350 ]1%{) emr'] thMa{oucml Gw)MHi) & 2.31ghd17. zﬁ(mzsm x A]rB)'W @ (dk
C(CH[err] .58 and 0.56 err [err]C

(CD [er f\w)rf?ﬂ?(db?HHE 7‘—!!"2. Zh'z-%x CM?H? %%‘)354 76 ézsdz 82. 4,

]Zgr 4, 67 J0= aﬁ§ 2'x PREHN), £83{dd 33 v 232 THE/ RN .41 (IPXACY = "m‘zsc?-N)Cz' bat ed
(m 1H, CHCH), 2.68-2.22 (m, 4H, CH,CH.CO), 1.96-1.90 (m, 2H, GH,CHN), 2.86-1.79 (m,
7H, CHCHs, CH,CH,CO, CH,CHN), 1.42 and 1.05 (2 X, 18H, 2 X C(CHak), 0.58 and 0.56
(2xd, 6H, J=THz, 2 xchHa), **C (COCla, 75 MH2) § 177.0, 155.3, 141.5, 127.7, 1265,
126.2, 82.4, 79.4, 67.0, 58.7, 35.9, 33.4 28.3, 27.5, 24.6, 15.4; exact mass calculated for
CasHzsNO, 346.20184, found 346.20230.

(252S,3R4'A5S) 3—Methyl-5-(4'-methyl45'-bxo-tetrahydrq-furan-2-yi)-2-pheny|-pyrfolidine—
1-carboxylic acid tert-butyl ester 19a: | | :
Toa cooled (-78°C) solution of (TMS)zNLi (0.27 mL, 1Min THF 0.27 mmol) was added the
solution of 18a (85 mg, 0.25 mmol) i in 1 mL of anhydrous THF over a period of 3 min. via
canula and the solution was stirred for 40 min. Met (0.16 mL, 2.5 mmol) was added and the
solution was stirred at -78°C for 90 min, after which the reaction mixture was warmed to



¢ Cerr]Herr]NJgerr] 346. 20184, found 346.20230.

(2S5,2'S, 3R 4' R 5S)-3-Met hyl -5-(4"-nethyl -5'-oxo-tetrahydr E'Hffﬁ 222yl ) -2-ph
_enyl - pyr rvﬁq’?méﬁ .1 -carboxylic acid tert-butyl ester 192‘.’ ogjg&g%ol ed
“(-78[err]C) solution of (TM5)[err]NLi (0,27 nL, 1 Min THF, 0.27 mol) was
added the solution of 18a (85 ng, 0.25 ) in 1 nL of anhydrous THF over

. a period of 3 mn. via canula and the solution was stirred for 40 mn. Ml

(0.16 nL, 2.5 nmmol) was added and the solution was stirred at -78[err]C
for 90 m rR50°€X and sticredcfor amathercbbt Thareacticnumixtune wasqueschedovith a solMidB6f 29150
PCT/ | B95/ )

. . - - : -17, - -50C
o sti v SECF(O-15,81L) 0.4 - enfygious THE and alloyyed, e WATD 18 Semesratirg, than diuted
f oo O? i ?Sg: g_ﬁlsﬁfdevglﬂ) w:aieﬁ,(bEr?lengri washe _[Eriﬂ o@? germ*dtr' e ritie?t_mgdﬂot gr :
e er at ure | W , S | \Y
VGS0r and e PRSI S salir gridaodreey siieS Grices th FiAigianssl, alrsed, 1 £mg> "
h t ' g di Orveld: M f
e Lo b ot Tt i 1 e BOE M o B 08,
19a as a Wi , s ) §2, 341k HEelao1 459, y
CHd : 6 - ; ;
e Bl L o
6.98 (2 x an x-d74H, J 2 7kzA2 MyArH) At 3 (Bx (122K, J= 882, 1 PHGHN), 3.65
PhCHN), 4. t 4 I~ gt =4 Hz,
oo 4. & Wb S e, nplorof Ese (G816, TSz B! iy 45 6y, 1. e, BHE
(2.m94-12H62 QHMY), BI32 (8, 1>H[.0£8[1r arcﬂmpzo : fm;alasz(m, su:lﬁbwg]acacue ok he of | )e,r r_ zdgﬁ- 2.223
b of Bk RbHeS 5161a 20 finci ind o BB, 2o Biias set Fokpra Py 1. 51
and 1. 27 GHLCHN] 2 Bbhe dFthé ICHEHD)! .?DRJ!@?)-I?JLéi-gz,al'i!gﬁ.lao_'ﬁb;’?ﬁ@%)sﬂ.aﬁedﬁd 2 X

CH ,_ 0,54 d 0,57 (2 6H, J= 7Hz, : C
(o For 2P Koty L TRizaOAE HGEY 130 103 (26 0 BH, 210G o bt 4

16,0, 15 25RXe O P THe: S cHofy X (C00p T M R im0 180,000 n 2B

| 36ﬁ (erlgi _127.&, 12_6.8: 22?.3@8?7956.)6‘5?,(5%3,%%!35&!5, Bftm;cig.;n%.& 32.755?.3, 276,
Cert - but yi eS8 SxBEce ICUIRY for B iNOs S8 175, (BT “To2 (1 0. 0

E:IL—| of aglhyd;ous CH err] C: [err] \é\a?r?ngdt ngyHAI Mazegoi 28en}_6r0.7GE M il'ne

react | on RS AR SEEaEPcHbaos bR R ThRefyEL Shedirrimaide tro

then di| ¢atsbxykd dcidteptbutyvestérexy: Wi th brine, dried over Na[err]S(err] and

concentra tion of _the bgﬁ%due bg col um chr omat %graphy silica

gel, 10 % 293@? gﬁ@'ﬂfebé??@mq (0. 156mmel of 193 in RS mLrof aphydrous GhiClrwasaddedas a
syrup. [ e'BuNHAIMS, (0:24 nfL] 0.6 Wid EH;GY, 0.2 mintdi driatirred af fotiin tempitatiiOfor 7 h,
The i'ea_étion mixture was cooled to 0°C and quenched with 2 mL of 1 N aquéou_s HCI, then
diluted with EtOAc, washed with brine, dried over Nazso. and concentrated. Purification of
the residue by colunin chromatography _(s_ilic_a gel, 10 % acetone/CHCls), afforded 51 mg
| | (76 %), of the amide 2a as a syrup. [0Jo-79.9° (¢ 1.015 CHCl,); IR (CHCls) 3480, 3500-3300,
1665, 1465, 1415, 1155 cm™; 'H NMR (CDCl, 300 MHz) 3 7.30-7.19 (m, 3H, ArH), 6.98 (d,
2H, J = THz, ArH), 6.0 (br, t, 1H, J = 5Hz, NH), 4.78 (d, 1H J=6Hz, OH), 4.71 (d, 1H, J =
' 8Hz, PhCHN), 4.12 (t, 1H, J = 8Hz, CHN), 3.50 (m, 1H, CHOH), 3.35-3.15 (m, 2H, CHNH),
2.74-2.49 (m, 2H, CHCHa, CHCH,CO), 1.94-1.70 (m, 3H), 1.54-1.21 (m, 5H), 1.17 (d, 3H,
'J=7Hz, CHCH;CO), 1.06 (s, 9H, C(CHs)s, 0.93 (t, 3H, J = 7Hz, CH,CHs), 0.55 (d, 3H, J =
~ 7Hz, CHCHs); ®C NMR (CDCls, 75 MHz2)  176.1, 158.0, 141.0, 127.8, 126.6, 80.3, 74.5,
63.4, 40.9, 38.9, 37.1, 35.7, 32.9, 31.7, 27.7, 20.0 18.5, 15.0, 13.7; mass spectrum m/e 433
(M* + H).



1665, 1465, 1415, 1155 cnferr]; [err]H NMR (CDO [err], 300 MHz) 87.30-7.19

(m 3H, ArH), 6.98 (d, 2H, J= 7Hz, ArH), 6.0 (br, t, 1H, J= 5Hz, NH), 4.78

(d, 1HJ%56%§ 4.71 (d, 1H, J 8Hz, PhCHN), 4.12 (t, lpcrhpSdibeestHM

3.50 (m 3.35-3.15 (m 2H, CH[err]NH) 2.74-2.49 (m 2H,

CHCH err],- CHCH err]CO, 1.94-1.70 (m 3%, 1.54-1.21 (m 5H), 1.17 (d, .3H,
[

J = 7Hz, CHCH[err]CO), 1.06 (s, 9H, C(cH'err])[err], 0.93 (t, 3H J = 7Hz,
CHer]CHerr]), 0.55 (d, 3H J = 7Hz, CHCH err]); [err]CNl\/R(CDCI[err],

75 MHz) [err]176.1, 158.0, 141.0, 127.8, 126.6, 80.3, 74.5,  63.4, 40.9,

38.9, 37.1, 35.7, 329 31.7, 27.7, 20.0 18.5, 15.0, 13.7; mass spectrum

gf C1e'/ f%SS / 8%’[?%79 és 7r5-[[1,1- Dimemeﬁﬁfxg)%amonyl]ammo]-4-hydroxy-2 7-dimethyl-g- é)henyl-

(2R, 4S, 5S,0ctanoic acid butyl amide 3a:

CE) oL L BB 5 A5 ] A i S of a0 RN T

am de 2a iadded D mg of BeatrienscAapaL (20:6 Pdeoam) and the suspBesion was'stirredt al yst

braseur e ABbe65G s ARfsdror R, The Betbi e e atd Bl sifert Barihlofl

Puri fi cat iRumificationhaf thesesluue ushmmg‘l‘ml(m tolacetormiC O afiokdeder mp)of iraf Startingd 4

IS A gt 11 bR e,

1660, 1500 34@6—&0011‘711) %‘ser fdoo Bsm ]1H7b"¥l%'§@ﬂrjmooc@%dwm)éwelns(m.
7.29-7.15 (m_ 5H, { br err

NHBoc), 35 Achl;_’é Qaﬂbr.zﬂcﬂwm4 75:1(#4 e%- 8'313@3:!61. G1Hm, CH, EHOM))

255130 hatinds, 18097 AR SR an 4 B o AL 46T, 1 2

2H, J= 6IGHCHCO) 226x8d( hhl, S+)9HZ] 13Hz,(ane o RhCEL) H8Sr (], )1H: CHGH,), 168 (1 Z-l

3= 7re,  crkrpil o Eebim penadnse §4. i 28 ok ﬁ@izﬁ*&%ﬂiﬁ%ﬁ?“

129. 1, 12@!-&.1.1'2152 @Hzé%)lo S?leaHilzin%H@%ﬂ@chntﬂa ¥5 mzysn%m 615634, 9.
31.6, 28. ;. mass spectrumne 43

(3R, 49)- 41A211d62§~1né%?b 135 ﬁh‘bﬂm 7q3!|-t§9rbl VA0, £9:1, 384, §7v(§®§l'@d 167888,
sol ution q§982g%1@5b ﬁémeésﬁe&lhﬁrﬁ md gﬁel n 35 nL of anhydr ous
e

tol uene was added DIBAL-H (3.9 ni, 1 Min toluene, 3.9 nmol) dropwise via
canul a over a period of 15 mn and was stirred for another 45 m n. Methanol

(Ot o ) cRARSS G fanpeBedpbubilpsiasiisen 1 L00e, Lol 2

t enper at urTe aombledl (+Z8°CG)rsblutiodrof 820 g (Geﬂzemmub ok thecoderpbund 1O i85 mlnaim corrpl ex

was filter eﬁygrous ?éih&?e”%ag X&é’e& S}Belﬂ. HYQ% esf ﬁHn toiva uene, 3.9 mmol) dropwise via
canula over a period of 15 min and was stirred for another 45 min. Methanol (0.43 mL,
10.6 mmol) was added and the reaction mixture stirred at f78°c for 20 min. The reaction
mixture was allowed to warm to room temperature and ether and a drop of water were
added. The aluminum complex was ﬂltered and solvent evaporated The residue was
purified by column chromatography (silica gel 1% EGN, 14 % EtOAc, 85% hexanes), to

| yield 550 mg (77 %) of 13, [cdp-205° (¢ 1 33 CHCIs) IR (thin film) 2100 1730, 1450,

1245 cm™; '"H NMR (CDCIs, 300 MHz) 5 9. 66 (s. 1H, CHO). 7.4-7.26 (m, 5H, ArH), 4.46 (d,
1H, J = 7Hz, PhCHN3), 2.48 (m, 2H, CHCHs, one of CHgCHO) 2.22 (dd, 1H, J=9Hz, 18Hz
one of CH,CHO), 1.02 (d, 3H, J = 7Hz, CHCH:); C (CDCls, 75 MHz) 5200.9, 137,7, 1287,
128.3, 128.2, 70.4, 47.4, 33.9, 16.1; mass spectrum m/e 103 (™). |

(2S,3R)-3-Methyl-2-phenyl-4-dihydro 2H-pyrrole 14:

b



¥ purified by coI um chromat ography (silica gel, 1 %Et[err]N, 14 % Et OAc, 85

% hexanes), yield 550 nmg (77 -% of 13, [err]-205[err] r‘c? 9,]7(&2?\7
CH([ err] 0?5ﬁ9§§°h|n film 2100, 1730, 1450, 1245 crmjerr]; Jerr MR

(CbC[err], 300 MHz) [err] 9.66 (s, [err1] H CHO, 7.4-7.26 (m 5H, ArH)
4.46 (d, 1H, J= 7Hz, PhCHN[err]), 2.48%¥n 2H, CHCH err], one of
CHerr]CHO, 2.22 (dd, 1H, J= 9Hz, 18Hz one of CH[err]CHO) 1.02 (d, 3H, J
= 7Hz, CHCH err]); [err]C (CDCl[err], 75 MHz) [err]  200.9, 137,7, 128.7,
128. 3, 128righenyiphosphinet (758. rﬁg'_m inmoljasas aqdedtto the solwtioh@s 5WiRg (2.6 mmol)

Igé? / ?Eg S?B%‘% bﬂidoald%pl%y jl 3in h[%rf gnl%}a'r&y rtE:Rxleﬁe %ﬁd stirred foWPb‘ %5/ lSegriLﬁl%

Tri pheny! pactigrnwas judged complete Bﬁthumda)nmaimna%abdve wdsmsedlmltha]nexb’stdﬁﬂ ny

(2.6 mml) of the azidoal dehyde 13 in 36 nL of anhydrous t ol uene and
stirred for 16 h when the reaction was judged conplete by the exani nation.

The above(2&,SA, l-51Hybmxm%emweaaphenyl-pyrmlidine-1 -carboxylic acid benzyl ester 15b:
ine-1 -carboxylic acid

(2S, 3R 5R 59) - 5- roxy rrolid
benzyl - oT6 e Shave sapton e MeTune OitBHeoH e BTG wap AP PoraybLRORoTIaIS 7oC
was added( L, 28 hRlo fd?n&’&ﬂ-r@d ddrq 2 Thilreaciof vﬂ&h% dwa ?di%ﬁ@éqded&s

The reactlon was quenc ed by ad 2 N aqueous towarmto

r oom t enpHEhand ellowecbtoweqm tpdﬁomtqmmrem hei reaction 'W‘lufﬁ was divted Withhed wi t h
unsat urat i

resi due ngb&s ihed in Uit b ‘5‘3%3%‘28?‘53??% PP 95807 RhA Softinuiy R 26
% Et OAc, mmuéiesi thcolumrmmo-amgr@hy&sl icegehr1 % lahré.ng %EtQAC: 70 9

A égha["'e? ?i‘e’@%a"" ?&??“f%@"i%f@" by 2 RGNS kil 15a 3 Al bBeric and
g )7(7AE I;) Xr(ﬂalﬁeﬁc Biiktine, HINMR QCDGH)SDOMI‘M & . 4-'%1‘6 (rﬂ‘18HH'I2,X Arh;), A3AH7.05(M5 and -
201 2 102 Rikeesh 0B ¥ ymiAft 2 % b, 2. P e, X ey 5 a5 17 B

CJerr] C"'BEZH,] .PQBH255I32 Zﬁﬁél-bl-l)ls 68 (QiHaDd 741295 x((?H@Il-_lR 'ﬁﬂaﬁd SQE; 5.68.and-
13Hz, 2 x 8 and 4 x_ PhCHN) ,

4. 95 and ﬂgﬁdz z‘lB(QHaft%—ﬂHdJ 1§HZ 2Pﬁ?@sﬂf’zpm §@2aa1\d(§1135@7 %!Fﬁj4§3i%"(4 X
?r e ‘7‘? BAqdén@l*)4§|HJZ4P.§-lf‘%éo?§ &Q@aﬁ&ﬁgg'(g‘i[&égl g=93-|z°-' rﬁéHﬁgd
= 7Hz, 4 4% 4588]3xdnaBsJ5rﬁb‘(ZK 1438, 3lﬂ)3(ﬂaanq)326(4xbr,s,4H 4'x OH),

Egﬁzif{ cop A B LR 2 A a1 001D G 6B PROACHGNS
15, i n_ 9085, 016Araric (163 (3 wais12Hicie TH2 4 X GHOHs) Fiassrspbptnu (WA OGMEH)! 1 o0

at roomtenperature for 1 h. Et3N (10 drops) was added and net hanol
renmoved under reduced pressure. The residue was purified by

(25,3R,5R,5S)-5-Methoxy-3-methyl-2-phenyl-pyrrolidine-1-carboxylic acid benzyl ester 16b:

* To the solution of 540 mg (1.74 mmol) of the hemiaminal 15b, in 8 mL of methanol was
added 18 mg (0.078 mmol) of CSA and stirred at room temperature for 1 h. Et:N (1'0 drops)
was added and methanol removed under reduced pressure. The residue was punfled by
column chromatography (suhca gel, 20 % EtOAc/hexanes), to yield 502 mg (89 %) of 16b as

~ a mixture of anomers and rotamers, "H NMR (CDCls. 300 MHz) § 7.37-6.98 (m, 36H, 4 x
ArH) 6.82 and 6.6 (2 x d, 4H, J=7Hz, 4 x ArH), 5.46 and 5.30 (2 x d, 2H, J = 5Hz,
CHOCH,), 5.34 (br, s, 2H, 2 x CHOCH), 5.18 and 5.08; 5.02 and 4.82 (2 x AB quartet, 8H,
J=13Hz, 4 x CO.CH,Ph), 4.96 and 4. 91 (2xd, 4H, J= 7THz, 4 x PhCHN), 3.56 (br, s, 3H,

- OCHj), 3.52, 3.50 and 3.53 (3 xs, 9H, 3 xOCHa). 2.99-1.66 (M, 12H, 4 X CHCHa, 4 X
CH,CHOCH), 0,68 and 0. 61 (2 X d 12H, J 7Hz, 4 x CHCH-_.). mass spectrum m/e 324
(M'-H)



col um chr omat ography (silica gel, 20 % Et QAc/ hexanes), to yield 502 ng (89 '
% of 16b as a mixture of anoners and rotaners, [err]H NI\/R (CDCI[err] 300

VHz) [err%&”%bﬁ) 98 (m 36H, 4 x ArH) 6.82 and 6.6 (2 X - 257 'Hz, 4 .,
X ArH) 5.30 (2 x d, 2H, J = 5Hz, CHOCHerr]), 53 s, 2H, 2 =

X CHOCHerr]), 5.18 and 5.08; 5.02 and 4&2(2xAB quartet, J— 13Hz,

4 X CCIerr]CH[err]Ph-) 4.96 and 4.91 (2 Xd, 4H, J= 7Hz, 4 x PhCHN) 3. 56
(br, s, OCH err]), 3.52, 3.50 and353(3xs 9H, 3xOCH[err])

2. 99- 166ém 12H 4 x CHCH err], 4 x CHerrlw Berr , 0,68 and 0.61 (2
x d, 12H, (38.2/$@R. SShieMetiyt quP'5 -9%e2' &'qu: -2y ‘;?aphqnv[-eyrrqlwme-v WO
95/ 29150 carboxylic acid benzyl ester 17b: PCT/IBQS/ 00257 :

- 20
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ot on drasstsbessivalfn e v 3 ERidY of o imep sy Rt atd f3Tmley o 11
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war med t o wadditeIWith EtOAES, waShed Withiweter, briRe, ddied @vem?st)haﬁa %ﬁ‘cen%fdaﬁd
with water, brine, dried over w O&Mnd concentrated 0 ield 452 gg é
( meLer

% of a 5Yield 52 mg (78 Y6hrk8 5Jr }9‘tth'ie8 ‘angpradsamensy, the puee thraod

17b was obyt7aiviigrobtained, 48 é(hﬂitﬂreoéf rbﬁh%i@ftgfrdéﬂoﬁal égfstamﬂﬁoﬁfrdﬁlt al l'i zat ' 0”
from Et OAc/ hexanes, np 157-158C;: l IR (t

film 175FOAchexanes mp 152458°%) IdodfB2(a | 02.[Q*r|$|};)srlmmn(f@tjl'{é& fp9 0-315190 (
MHz) , 6 -1 . 2

) L6 6 eRo” pfo'yn 2 i e, 300 midys TR 20, o i i 2B

5. 48t (e ?t 7244-6.54 (A1116H5 Bz Ark),6.6/(6)4H, 3 < BH2, Rix Arlg7608 (@a, mnw;rimz ngx J,f\B
Aart St Bhapod)E s e S Ehe 2 A Ebp, 818 el sBb A8 @y )
md2H6H2 AL ewﬂr).éﬁé%ﬁzlzﬁhdi Pﬂ)"AS’Safndl‘lbﬂzch"bDi J -8z, zwlr%ﬁﬁ ), (2

- 154 4, 14T @3‘52'# ﬁfﬁ*egtusp )3 2741%1%)4é (2xm- 2H 2xC)-ICH[a)e5 J2-1 61 (m,
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exact mass cC ted for err err err] 378 1 found 378. 1681
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m Xt ure wdsursd 878.¢68under a H2 at rmsphere for 1h. The catalyst was filtered
through a pad of celite and the sol vent evaporat ed to y| eld 190 ng (90 %,
of a rotanerc

(2S, 2'S,3R 4S)-3-Methyl-5-(5'-oxo-tetrahydro-furan-2' yl)-2-pheny|-pyrrolldme-1 -carboxylic
acid benzyl ester 18b:

To the solution of 210 mg (0.56 mmol) of 17b in 4 mL of benzene was added 20mg of 5 %
PYC and the mixture was stirred under aH, atmosphere for 1 h. The catalyst was fiitered
through a pad of celite and the solvent evaporated to yleld 190 mg (90 %), of a rotameric
mixture of 18b asa syrup. [odp-52° (0.86, CHCI:.). IR (thin film) 1780, 1700, 1400, 1340,
1160 cm™; 1H NMR (CDCIs. 300 MHz2), 3 7.33-6.96 (m, 16H, 2 x ArH), 6. 66 (d, 4H, J=7THz,

 2XArH), 5. 1 (AB quarte_t 2H, J=12Hz, COzClePh), 4.97 (d, 1H, J= 8Hz, PhCHN), 490-
4.68 (m, 5H, 2 X OCH, PhCHN, CO.CH.Ph), 4.58 (m,'1H CHN), 4.48 (t, 1H, J=7Hz, CHN),
2.88-1.83 (m, 14H), 0.58 and 0.57 (2x d, 8H, J="7Hz, CHCH,); ™°C NMR (CDCls, 75 MH2)
' 5176.9, 156.0, 140.6, 135.8, 128.2, 128.0, 127.4, 127.3, 1269 1262 81.8, 66.9, 66.6,

59.3, 36.3, 32.9, 28.5, 24.7, 15.5; exact mass calculated for C2sHsNO, 380.186184, found
380.1822. '
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m xture of 18b as a syrup, [err]-52[err] (0.86, CHCl[err]); IR (thin film
1780, 1700, 1400, 1340, 1160 cnferr]; [err]H NI\/R(CDCI[erpyl. z%Hz
[err] 7. 39058810 16H, 2 x ArH), 6.66 (d, 4H, J= 7Hz Pﬁm 1 (AB
quartet, 2H, J= 12Hz, CJerr]Cl H[err]Ph% 4.97 (d, 1H, J= 8Hz, PhCHN), 490-
4.68 (m 5H, 2 x OCH PhCHN, CJerr]CHeYr]Ph), 4.58 (m 1 H CHN), 4.48
(t,1 H J = 7Hz, CHN), 2.88-1.83 (m 14H), 0.58 and 0.57 (2 x d, 6H, J=
7Hz, CHCH err]); [err]C NWR (CDCl [err], 75 MHz) :[err]176.9,156.0, 140.6,

-135.8,128. 2, 128.0, 127.4,127.3,126.9, 126.2, 81.8, 66.9, 66.6, 59.3, 36.3,
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hr ot o VISR coloBiatbiiCAldntil 169 rebiibellyRbicifh hrofBicgfibhy Gilica gel,

t he nonofRBt ﬁ@ﬂdaepamcaﬁon_md 46mg (56 %)uofdhe monomethylated pmdu]:t Mma] (c
hw‘ég’( conMitite 8Ptk otz ThsoGRERE 3Rt il 1785 Yezp fudt s+ 41 L™

2 x182%em’ ‘5'I-®V~IMRI$CBCI§23(XONNZ)AB7C3% Qstm, ﬂsﬂ 2Jx ArH)?BiBS él—l aH, J 7Hz.
CCIerr]CH[err )0 4.97 and 71 and
4 62 (2 7 apdidc§2 (24x AB quaeet 4H, J&'—1%ﬁz2 X@@QPHthM(Q“f!ﬂﬂSU?x TH,

0 55 (2 X % %l,'l7Jg§Hz1—§|397PhéHﬁ)74m%rﬁ%¥? err g%f;ﬂ*%%%\ﬁz and

179.9, 1G8MN), 4840 181, JS=8BHg CHNB 2:8-1.74a, GZH 2274q.nnze1a 2 Xdo uJ:eQHGHaGe).g

OO0 5 7y 5o G, B 570 B S O TS M 5, 98 i

g ZﬁéﬁRfaOBF 385. 85?%%2 ma,a?amamw );26.‘1 ; 80.0) 66:9,-86.8,\59)8, 3608318 33. sut o
of 45 my 380 153,184 Sxact ussS caltilaed for B PtV se4e 18 JPind-8pA 20288 aded
BuNHAI I\/E[err] (0.33 i, 0 67 Min CHerr]Cl[err], 0.22 nmmol) and stirred
at roomt gbure for . The reaction m xture was ‘aool ed to 0C and

quenched (LPe- A 55)-51@35}43146%@311@') Teimyekionrbulyl -3 mathyi -2-=pheeyl-pyEalidine- «
brine, dchffbxiCacidbdr@yldsiéloer 11 and concentrated.

To the solution of 45 mg (0.11 mmol) of 19b in 0.5 mL of anhydrous CH,Ci, was added
BuNHAIMe,, (0.33 mL, 0.67 M in CHCl,, 0.22 mmol) and stirred at room temperature for

2 h. The reaction mixture was cooled to 0°C and quenched with 2 mL of 1 N aqueous HCI,
then diluted with EtOAc, washed with brine, dried over Na,SO, and concentrated.
Purification of the residue by PTLC (10 % acetone/CHCI,), afforded 22 mg (52 %), of the
amide 2b as a syrup, [0Jo-80.0° (¢ 0.99, CHCIy); IR (thin film) 3500-3300, 1710, 1670, 1550,
1410, 1340 cm™; 'H NMR (CDCls, 300 MHz), 5 7.4-6.96 (m, 8H, ArH), 6.63 (d, 2H, J= 7Hz,
ArH), 5.9 (br, s, 1H, NH), 4.85 (d, 1H, J= 7Hz, PhCHN), 4.89 (AB quartet, 2H, J= 13Hz,
CO.CH,Ph), 4.63 (br, s, 1H, OH), 4.17 (dt, 1H, J=2Hz, 9Hz, CHN), 3.56 (dt, 1H, J=2Hz,
9Hz, CHOH), 3.36-3.17 (m, 2H, CHNH), 2,75-2.51 (m, 2H, CHCH,, CHCHSCO), 1.96-1.72
(m, 3H), 1.55-1.23 (m, 5H), 1.19 (d, 3H, J = 7Hz, CHCH;CO), 0,93 (t, 3H, J = 7Hz, CH.CH),
0,57 (d, 3H, J = 7Hz, CHCHy); °C (CDCL), 75 MHz) § 176.0, 158.3, 140.2, 135.8, 128.1,



Purification of the residue by PTLC (10 % acetone/CHCO [err]), afforded 22 .

my (52 %9, of the amde 2b as a syrup, [err]80.0[err] (c 0.99, CHC [err]);
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v CLAI V5. 1. A process of preparation of a first conmpound having the

formul a | [errJ@ where n is 0-3 inclusive, Aareg@rm%th
hydr ogenWR %1% t oget her are a single carbon- nitrogen bond, err] is

* hydrogen, or hydrocarbyl car boxy wherein the hydrocar byl Ty S Sefecte
fromthe group consisting of alkyl of 1235 6 carbon atonskﬂ“'ﬂnmwmlﬂmﬂ“l
to 10 carbon atons, R err] and R err] or independently al
carbon atons, Rerr] is alkyl of 1 to 6 carbon atons or a stbstitueMt &f *
al i phati cClicAimMSact er such as, for exanple, butyl, 2- norpholinoethyl or
2- car banoyl - 2-net hyl -propyl, Rlerr] is selected fromaronmatics, substituted
aromati cs and heteroaromatics, substituted or unsubstituted cycloal kyl s,
cycl oal kengsploaess\ef prepdrafiors of et cdmpdundavinghé fdrinulaant s sel ected from
al kyl, al koxy of 3 to 10 carbon atons and al koxy derivatives such as
3- net hoxy- propyl oxy, primary and secondary am des, " al kyl derivatives,
conprising a step selected fromthe group consisting of (a)
hydrogenol ysis of a second compoun@Hof Rf he above fornula wherein both A
together forma single carbgagitragenYoonguand Rerr] is al kyl carboxy
wherein said alkyl has 1 to 6 c4gBomv4atoms, I the presence of
Pd(OH)[err]/C, (b) hygrogem)l ypi-s of ailthird conpound oflt he above
formul a wherein both A todgeth forma sibhgl e carbon nitrogen bond and
Rlerr] is aral kyl carboxy eregn said aral kyl has 7 to 10 carbon atons, in
the presence of Pd(OH)[erry/C, #&nd dial kyl dicarbonate wherein both said
di carbonate al kyl groups are identical and have 1 to 6 carbon atons; (c)
treating a fourth conmpound having the structure ' '

where n is 0-3 inclusive, A are either both hydrogen atoms or together are a single carbon-

nitrogen bond, R, is hydrogen, or hydrocarbyicarboxy wherein the hydrocarby! entity is
selected from the group consisting of atkyl of 1 to 6 carbon atoms or aralkyl of 7 to 10
carbon atoms, R. and R; or independently alkyl of 1 to 4 carbon atoms, R, is alkyl of 1 to 6
carbon atoms or a substituent of aliphatic character such as, for example, butyl, 2-
morpholinoethyl or 2-carbamoyl-2-methyi-propyl, Rs is selected from aromatics, substituted
aromatics and heteroaromatics, substituted or unsubstituted cycloalkyls, cycloalkenes
having 3 to 8 carbon atoms, with substituents selected from alkyl, alkoxy of 3 to 10 carbon
atoms and alkoxy derivatives such as 3-methoxy-propyloxy, primary and secondary amides,
alkyl derivatives, comprising a step selected from the group consisting of

(a) hydrogenolysis of a second compound of the above formula wherein both A together
form a single carbon nitrogen bond and Ry is alkylcarboxy wherein said alkyl has 1 to 6
carbon atoms, in the presence of Pd(OH)./C;

{b) hydrogenolysis of a third compound of the above formula wherein both A together form
a single carbon nitrogen bond and R, is aralkylcarboxy wherein said aralkyl has 7 to 10
carbon atoms, in the presence of Pd{OH)./C, and dialkyl dicarbonate wherein both said
dicarbonate atkyl groups are identical and have 1 to 6 carbon atoms;

(c) treating a fourth compound having the structure
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- 24 - [err] where nis 0-3 inclusive,. Rerr] is

hydr ocar J y -wherein said hydrocarbyl is selected fr up
consistiﬁébgﬁhgﬁﬁyl of 1 to 6 carbon atons or aral kyl of 79?gh§%m@%?bon
atons, R2 and r[err] are independently yl of 1 to 4rtarbeﬁ—a%ensT_mLLh_
Rl err] NHAI Me[err] where Rlerr] is alkyl"™©f 1 to 6 carbon T
process of claim1, where n is zero, in both fornul ae.] ”mﬂmm,"',ﬁm,jgmf
claim2, conprising the step of hydrogenol ysis of saiq setorfd conmpourd. »

4. The process of claim11, conprising thegstep of hydrogenol ysis of said

t hi rd. conpound. 5. The proceas of aim 1, conprising the step of
treating said fourth conpound. |+ 6.. rocess of claimb5, wherein Rlerr]

i s al kyl carboxy, said al kyl grh 4, 10 6 carbon at ons. 7. The
process of claim5, wherei’ al Ryl car boxy, sg@p aral kyl having 7
to 10 carbon atons. 8. A conpoundWHthe formul a conpou havi ng the
structure ' (CHy), ' '

where n is 0-3 inclusive, R, is hydrocarbylcarboxy wherein said hydrocarbyl is selected from
the group consisting of alkyl of 1 to & carbon atoms or aralkyl of 7 to 10 carbon 'atoms. Ra
and rs are independently alky! of 1 to 4 carbon atoms, with RyNHAIMe, where R, ié alkyl of 1
to 6 carbon atoms. ' o | :

2. The process of claim 1, where n fs zero, in both formulae.

3. The process of claim 2, comprising the step of hydrogenolysis of said second compound.
4, The pr&ceé_s of claim 1, qompriéing fh; step ;f hydrogenolysié' of said third compohnd.

5. The process of claim 1, comp.rising'the stép of treating said fourth compound.

6. The process of claim 5, whe_reih R, is alkyicarboxy, said alkyl group having 1 to 6 carbon
atoms. '

7. The process of claim 5, wherein R, is aralkylcarboxy, said aralkyl having 7 to 10 carbon
atoms. | | S o

8. A compound of the formula compound having the structure

(1n).

!

‘ .



i [(23r5r] Me\r/\g 25{ ggéSg i nclusive, R umm m,"lwwgmyrg/rg;;}ggé:; n said

hydr ocar BYP 93¥18%| ect ed fromt he group consi sting of al kyl to 6 carbon
“atoms or aralkyl of 7 to 10 carbon ato R2 and Rl err] are independently
alkyl of 1 to 4 carbon atoms, and R[erY 5‘|s sel ected fromaromatics,
substituted aromatics and heteroaromatlcs substituted or unsubstituted
cycl oal kyl's, cycl oal kenes having 3 to 8 carbon atons, with substituents

sel ect edwhemm isl0¢§ inclusiveo Ry istiydiocacbyldarinayiwherein sald hydrozarbytiisrselested fesm

al koxy of_ 3 (o] t hox ri a
secondar {}‘eﬁﬁ%g’ﬁ%“g qg?ﬁ&g% @%‘Pﬁf@éﬂ 218&% °'%¥l v ?’F}Z%i&gmg‘% An"ﬁ%ryﬁ?ounds
accor di ngnd Bs al'eaindeﬁeﬁumtlyl glkylrof 1fto r4mdrlaon atoms] and R; isGelebéteriingo aralsatics,
accordi ngubs?tu(ietf1 'arrgrrg3 tllég\éng Si’leEerllgarfor(r)Ira CS, b;t’fute& or unsubstituted cycloalkyls,
cycloalkenes having 3 to 8 carbon atoms, with substituents selected from alkyl, alkoxy of 3
to 10 carbon atoms alkoxy derivatives alkoxy of 3 to 10 carbon atoms such as 3-methoxy-
propyloxy, primary and secondary amides and alkyl derivatives, or a salt thereof.

9. A compounds according to claim 8 having the formula




