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Abstract - TiCl 
li 

mediated additlon of sllyl ketene acetals 
derived from N- ethylephcdrlne esters to various aldehydes 
and ialnes was used as the key-step in the enantlo- and 
dlostcreo-controlled synthesis of d-lactams. 
Thus 3.4-w and m substituted-2-azetldinones were 
synthesized in good yield and hlgh enantiomcrlc purily. and 
transformed by uslng established methods to known 
precursors of carbapenem antibiotics. 

Since the discovery of a ncv j-lactam antibiotic, thienamycln, by the Merck 

research qroup ln 1976, more than 40 carbapenem and carbapenam antlbloilcs have 

been isolated from microorganisms. 
1.2 

The unlque broad spectrum activity of these 

antibiotics and the low fcrnentatlon yields have stimulated a great deal of 

interest for the total synthesis of this family of compounds. tloreover, as 

naturally occurring carbapenems are extremely sensltlve to renal dlpeptldase-I, an 

enzyme responsible for thr metabolic inactivation, only a fev semi-synthctlc 

carbapenem drugs are avallalle for clinical use at present. This unfortunate 

circumstance has generated considerable dctlvlly directed tovard the total 

synthesis of carbapenem analogs possessing enhanced chemlcdl and metabolic 

stability. 
3-14 

In the synthesis of carbapenem antibiotics, the control of the 

relative and absolute stereochemistry of the contiquous chlral centers, and the 

enantloselectlvc construction of the 

tasks. l5 
$-lactam ring reaaln dlf! icult synthetic 

Organosillcon chealstry has been largely used ds .A tool for the solut.lon of these 

problems. Fleming dnd Kllburn 
lb 

used d d-sllylenolate ln an aldol reaction to 

assemble three contiguous stereocenters vith high selcctlvity. After being used to 

control stcreochcalstry the phenyldlmethylsilyl group vas converted to a hydroxy 

group vlth retention of configuration. A known precursor of thlenamycin vas then 

synthesized using conventional chemistry (Scheme 1). 

S11yl ketene dcetdls and sibyl enol ethers vere used by several research groups 

in the Levis acid-catalyzed addition to 4-acetoxy-2-axetldinones. 17-37 
By the use 

of this method, the proper side chains vere added to various 4-acetoxy-2- 

dzetldlnones vith good 3,4-tranp stereoselectlvity. In Hart’s synthesis of PS-5,35 

starting from a 2:l mlxture of 4-acetoxy eplmers (1) only the 3,4-m $-lactaa 

(2) vas obtained in 63% yield (Scheme 2). 

Follwlng the pioneering work of Ojlma, 
38.39 

ally1 ketene acetals vere also used 

by several research groups lo the Levis acid-catalyzed addltlon to lmlne-type 
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Asymmixnc syntbcsis of &lscums 6223 

In this paper we report our studies in thls field, regarding the cnantio- and 
dlastcreo-controlled synthesis of b-Iactams using sllyl. kctene acetals derived from 

@-methylephedrine esters.47’48 We recently introduced an asymmetric variant of the 

“Mukaiyama reaction” uslnq TlC14 as a stcrcocherlcaI template and silyl ketene 

acctsIs derived from &-•ethylcphedrlne esters: 49 by this route ag&$ a-methyl-s- 

hydroxy esters, 
50 3-bentyloxy-2-•ethylpropionaldehyde, 51 and a-amino- and o- 

hydrazinoaclds 52 vere synthesized ln hlqh enantloneric excess and good cheolcal 

ylcld. 

Our flrst approach to chlral #-lactams was based on our enantfoselective Levis 

acid-mediated aldol methodology 49.50 rn corblnation vith the Miller hydroxalrate 
procedure for R-I; cyclisatlon 93 (Scheme 5). 

(51 
anti-syn 6:4 

(6) 
anti-syn 6:4 
R- Me, CH,Ph 

(71 (8) 
cis-trans 6:4 cis-trans 6:4 
H= ?4e, CH2Ph R- CH2Ph 

(9) 
cis-trans 6~4 

ref.35 
. (1) * (23 . 13) (+I PS-5 

Scheme 5 

(lS,ZR)-kJ-Hcthylephedrlne Butyrate ws treated vith LDh and the enolate trapped 

with HejSICl to give the E silyl ketene acctal (4) in quantltatlve yield. Addition 

of I l ol.equlv. of the sflyl ketene acetal in methylene chloride to 1 l ol.equfv. of 

TlC14-cinnaaaldchyde complex at -78 deq C In CH2C12 gave the aldol condensation 

product (51 as a mixture of two epimers at the C-OH stereocenter t--Py~ 6:4) in 

70% yield. As usual, while the silyl ketent scctal *-facial selectlvlty is very 

hiqh (>,50:1 I, the aldehydc n-faclal selectivity Is poor, and there 1s only A 

moderate preference 16:41 for the a& vs. the m lsomor. 49.50 However this 

is not AS unfortunate as it looks. because the eplmetlc stereocenter is to undergo 

demolitton and stereoselectlve reconstruction further ln the synthetic sequence 

(vidc infra). Displacement af the chlral auxlllary Iron (51 to give the hydroxaaatc 

(6) VAS achieved in good yield (80%) vithout detectable epinerioatlon using the 

aluminum amlde reaqent derived from bcnxyloxyamlne tor oethoxyaolne) hydrochloride 

and trftthylaluminw f3 eguiv. of each. 0 deg C, ‘IWFt.54 

trlphenplphosphlne and DUD53 

Cyclltatlon with 

gave g-lactam (7) in good yield (80%) with inversion 

of chlrallty at c-4. The & and w isomers could be separated at thls stage by 

siaple flash-chromatography end their enantlomerlc excesses uere shown to be >96? 

by ‘H NCIR spectroscopy in the presence of the chiral shift reagent Eu(hfc13. 

Oxldstlve cleavage of the double bond vlth catalytic osrtum tetroxldc and sodium 

periodate 55 
yielded an aldchydc, which was further oxidized without purfffcatfon 
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(14) (15) (16) 
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R*._ Ray&; i-:-_ 
(17) (18) (19) 

(20) 

! m 
HO 

-IT 
(21) 

Scheme 7 

The minor isomer detectable by 200 P!Hz-~H-N~~R spectroscopy in the crude reaction 

mixture was m-(17) Ca_aL1-(15)/~-l17) ratioalO:lJ, while antl-(lS) was present 

only in traces Canti-(lS)I~-(l8)b3S:lJ and z-(19) could not be dcl.ected. An 

authentic mixture of the four stereolsomers was synthcslted by LDA enolizatlon of 

OS,2R)-N-nethylcphedrlne proplonate (W-HktpA, -78 deg C) and subsequent addition 

to benzylldencanillne. 
59 

The enolate addition in ‘IWF (without WA) gave lw yields 

of the cls d-lactam (e.e. 30%). 
59,60 

together with a mlxture of the SJVJ adducta 

(17) and (19) (ratio 5.25:1), and the bls-adduct (20) as a single diastereolsoaer 

(+I. 13C Nt4R). The absolute conflguratlon was proved by hydrogenolysls (HZ, PdC12, 

AcOH) of the product mixture derlved from the TiC14 -mediated reaction to give the 

kncwn acid (21). 61 The same nixture was cycllted with LlN(THS)2 ln TW to give, 

after flash-chromatography, rfsns (I-lactam (161 in 79% yield and 95t c.e. C>3S:l 

by 1H-NPlR-Eu(hfc)3J, which could be obtslned optically pure by single 

recrystallization. 

The same TlC14-mediated condensation was attempted with several different lmlnes 

and imlne-dcrlvatlvcs ulth either no results (22-30) or low yields (31) (Scheme 8). 

128) R= Ph-CH-CH- 

(23) R- Ph-CR-CR-; R’- Ph 
(24) R= Ph-; R’= CH2Ph 
(25) R= Ph-CH-CII- ; R’= p-HeO-C H - 
(261 R= Ph-CH=CH-; R’= O(o=)CP k4 R H 
(27) R= Ph-CH=CH-; R’= OCH2Ph Y 

(29) R= n-Pr; R’- Ph 

130) R- Ph-CH-CH-; R’= Ph 
(31) R-R’- Ph 

Scheme 8 
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Asymmctrtc synthtus OF f?-lac&ams 4227 

EaBERX~AL SECTION 

RI ( 1 N -he ., _ 

tt:3;,J=?.1 Hzf e 1.06 rd.3H,Jf6.6*Ht) 
drine buty ate E&ID *42.2 fCHC13, c 1.21; *H NHR (CDC1.1& 

( t.4-1*9 fr,2 HI, 2,2-2.5 ti,ZHI, 2.3 
ff,6Hr, 2.87 (dq*1HrJ=5.4,6.6 Hz,, 5.95 $d,lH,J=5.4 Hat, 7.30 (s,SHf. 

C NHR tCIX1 I&9.4?, 13.63, tS.37, 
128.18, 140.3%, lf2.50. XR [liquid 

36.56, 41.30, 63.67, 75.17, 126.31, 
filrl 1740, 1493, 1455, 1135, 340, 695 127.+ cm 

{selected valuesf. Anal.Ca1cd. for CIS)t23H02 : C,72.28; )t,9.23; Ne3.62. Found: 
C,72.20r Hfi9.30; N,5,58\. 

fi; Sflvl kcttne arce~J41 fror flS,2Rf-N-RethufePhedrrnp butyrate. A tolution of 
diisoprapylarine (1.45 ai, 10.2 naoX) in TW (20.5 ~1) was treated with n-B&i C1.S 
N in n-htrane, 6.8 r1,10.2 uoll, at 0 detg C under nitroqctn, with stirrIng. After 
3Q min at 0 dec C, the solution was couied to -78 deg C, and a solution of 
t+f-N-nethplcphedrtne butyratc t8.5 mrrol) fn TiiF ti7.0 al) was slcrwiy added, After 
1 h at -78 deg C, ‘lMSC.1 (1.29 ~1, 10.2 nmol) was slauly added. After 1 h at -78 deq 
C the mixture was slowly warmed-up to rcml tenpcrature tdurlng 1 h). The mixture 
was then evaporated and Pumped. The residue <TW)’ freg_;l was taken-up in aethygttne 
chloride (8.5 ml,, and the 0.8 ?l soXutian so aktained could be stored at -20 deg C 
far several weeks and used as stock solution. 
ct,3H,J76*9 HZ), 1.03 rd,Bi,3~6.-? Hzl, 2.05 fm,ZHf, 
ft,fH,3=6.9 H~t,~5.25 Id,lH,JTQ.O Hrr, 
95%; E-Z ratio I W NMRI&95:5, based on 
L~NWQZ~!~ as base instead of LDA. 

Afdol condensat$on PI-&LEE CS). A saiutfm of cfnnamafdehyde t9 anaft kg6 aethytene 
chlarfde 427 1111 was treated with a 1.0 !JI salutfun af TiCX in aethylene chloride 
(9 aft, At -78 deg 6, under nitrogen, with stfrrfng. Iamdfateiy after, d 0.8 ?I 
solutton of sflyl ketcne atet;si (4) in nethylcne chloride (11.25 ml) wafr slowly 
added at -78 deq C. After 2 h at -78 deg C, 
and f-5 N N&H aqueuus salutton and filtered 

the mixture was gucnchcd with 5% NaHC03 
through Ceffte.. The aqueous pttasc was 

extracted with methylene chloride and the coabined otganlc extracts were dried and 
evaporated. me crude product was then filtered through silica gel (CH Cl -HeOH 
97:31 to five the aldol condensation prtxlfuct Xn 30% yield as a 6~4 antf-s$n 
Rf XtWre?. H NWfZ ICDCI )I 0.9-3.13 In,6H,anti+lyn), 1.5-1.9 fm,2H,anti+syn!, 2.32 
(s,CiH,syri), 2.30 (s,6~,antf), 2.60 tm,lH,antl*syn), 2.90 in,lH,anti*synt, 4.43 
tddd,lH,anti,J=8,3,6.7,0,7 H;tt, 4.58 (ddd,lH,syn,J=3.85,5.20,t,3 Hzt, 6.0-6.3 
td,lH,anti*syn!, 6.20 (dd,l~,anti,J=16.0,6,7 Hz), 6.25 (dd,lH,syn,J~i6.0,S.20 Hzl, 
6.67 cdd,lH,~Rtf,J~X6.0,~.7 Hz!, 6.67 fdd,lH,syn,J~16.0,~.3 t+zI, 7.27 
(s,lOH,antt+syn>. 

Hydroxarratc r6l. A suspension of benzyfoxyaainc tar aethoxyaainel hydrachloride 
(3.45 fkuml) in dry THf 17 1~11 WAS treated at 0 dec C under nitrogen , with 
stirring, wfth a 1.9 M solution of Et Af in taluene cf.83 mf, 3.45 aaolt. After 30 
nin a solution of ester 151 to,44 g, 1.15 alrolf in TW 0.15 101) was slowly added 
LL~ 0 deg C. After f. h at 0 dcg C the mixture was acfdlfied with diluted HCf to pH 
4.5, extracted with EtBAc, and worked-up as usual. Flash-chromatography 
fn-hexancfEt0Ac SS:45f gave the hydroxanate 46) in 80% yield as a 6~4 anti-syn 
mixture, H NM? (6,R=CH Ph)(CDCl 14 0.92 (t,33(,3=6.6 Hz,anti*syn), 1.5-2.2 
ca,ZH,anti+synI, 2.6-3-s <~,M,dti*syn>, 4.4 tr,lH,enti+synl, 3.87 <s,2H,syn,, 
4.89 fs,M,antiI, 6.l2 fdd,lH,J=B.S,1S.S Hz,antit, 
6.62 (d,lH,3~15.8 Hz,lantf), 

6.15 fdd,iX,3:6.36,fS.8 Hz,aynl, 
6.63 fd,tH,J=i5.8 tfz,syn), 7.3 (r,lOH,anti+syn), 8.3 

(b.s,lH,antf+aynI. 
fm,2ff,antf+synf, 

H NW? t6,RGkWXC13)6 0.96 (t,3H,J~6.7 Xz,anti+synb, 1.5-2.3 
2.4-3-O fm,lH,anti+synf, 3.75 fs,3H,anti*syni, 4.35-4.55 

fm, lH,ant i*syrlI, 6.14 rdd,fH,3=6.40,16.25 Wz,antiI, 6.18 (dd,lH,J-:6.49,16,25 
Hz.synj I 4.64 fd,lH,J=16.23 Wz,mtZ+syntr 7.3 ta,SH,a;ntltsyn,, 8.6 
fb.s,lH,antf+synt. 

$-kactam $31. A solution of hydaruxamte r6> (0,465 g1 
was trCAted with PPh, (0.378 9, 1.44 rrol1, 

1.44 onaitr in dry TKF f18 ml) 
and then with DEAD rO.226 rl. 1.44 

nmalI.After 1.5 h at~room temperature the solvent WAS evaporated and the crude 
mixture uas flash-chronatographed fn-hexane-EtOAc 95:25) to give (71 in 80% yield 
as a 6:4 cis-tram alxture. The cia and trans fsomcra were separated by flash- 
fhraaatography tn-hexane-Et0Ac 85~151 and analfzed separatslp. 

H NCO\ U,RKW2Ph,cfstfCDCl 14 0.95 tt,3H,J=7.S Hz), 1.55 (a,2H), 2.9 (r,lHI, 4.2 
(dd,lH,JT8.8,2.6), 4.92 (s,jH), 5.93 (dd,lH,Jzl6.0,8.8 Hz!, 6.5 <d,lH,Jyl6.O Hz), 
7.35tm,1OHl. H NM? CCRC1 
150% CH20,st: opttcally xt s 

+ Eurhfc13f raceatc 
ttve 

:d 6.6 150% CH2Q, AR systeaf; 6.4 
: 6.6 (1008 CH 0, AR ayste~!. 

C NHR (7,R=CH Ph,cisqfDCl 1 d 12.3,~9.0,51.~,63.~,?8.0,16t.Q selected values. 
fR’c?iC’ 1 uax.hw cu cir = +76.7 4~s 1.6,CHCl ). 
H NW? 77,R=CH Ph,tFAnSfth tULW It,33(,5=?.2 &t, I.7 fm 2H1, 2.63 

cddd,lH,J~z.t,~.o,s.l Hz), 3.a Idd,lH,J=8.6,2.1 Hz), 4.93 ts,;Hf, 5.91. 
~dd,lW,J=“6.“,“.6 Hz), 6.49 td,lH,Jslb.O Hz), 7.30 (s,5HI, 7.32 (s,SHI. 
H NHR tCMl1 

ygtically Lee ;? 
+ Eu( hf cf 31 raceric 

dve 
: 12 6.60 f5Ot cH20,sL 6.64 tSO% CH2tt,sI; 

: 6.64 (100% CH 0,s). 
C NHR c7.R~CH2Ph,transllc~~3~~ ~2.Q,21.2,54.4,66.2,~S.O~~66.4 selected veplucts. 

fR (CHC1 > ~urx.=l770 CR 
It NKR ~+,R=He,cislfCDC1 1; I.O’i! ft,3H,J=f.S Hz, 

fcr3 = -34.3 tc I.2,CHC13f. 
1.70 tm,2HI, 3.0 Ir,lH$ 3.8 

is,3H!, 4.56 tdd,lH,J++a,5.33 Hz,, 6.19 (dd,lH,;=l6.0,8.0 Hz,, 4.76 rd,lk,J=l6,0), 





1 H NW? (ll,anti)(CIXl 1~ 1.02 
2.80 f#,tHI, 4.25 Iq.sH,f* 7.0 

(t.3H,Js 7.3 HZ), 1.28 1t,3H,J=7.0 Hz), 1.7s (a,2H), 
Hz,, 4.30 (d,lH,Jt 3.85 Hzl, 5.0 (b*s,ZH). IR tneatjr 

max. 3100-3500, 1740 CD . 

8s u A solution of acid (111 (1.3 gI 6.28 uol) in 5.2~1 THF-uater (62 
1~11 was treated with U-benzylhydroryl~fne hydrochlorfdc (1.5 gf 9.42 urol) at pH 
B.S. A solution of water-soluble csrbodilmide EN-ethyl-N”-C3-~dimclhylarlnotpropyl 
Icarbodilmidc1 t2,4 (I* 12.6 rroll fn water f41.9 rt1 was then added an4 the pH 
raintatncd at 4.5. After 3 h stirring, the mixture was extracted vfth ethyl 
acetate. ‘Ihe ccrrbfned orgsnic extracts were uaakad with water, dried (sodfur 
sulfate), and evaporated. The cruds product was flash-chromatagraphf (methylem 
chloride-?&OH 9ftJI to give the hydroramate in 70% yftfd (1.37 91. H NM? 
fCfX1. li;synld 0.90 (t,3H,J= 7.5 Hz), 2.30 ft,3H,J-7.0 Hz), 1.65 fa,2H), 2.45 
(r,lH;1, 4.20 (q,ZH,Ja 7.0 Hz), 
(b*a,lH) * IR fCXC1 

4.30 fb.s, IHi 4.fO is,2HI, 7.40 as,SHI, 8.5 
1 VW. 3090,1730,X685 ~1. 

(t,l)H,J= 7.5 Hz), jt.28 ft,3H,Js 7.0 Hz), 1.70 ;*.2m, 
H NKR ICIXX3)(anti)d 0.95 

2.45 fr,lHI, 4.20 fq,TLX,Je 
7.0 Hz) t 4.25 (d,lqifL 4.87 (s,2NI, 7.40 ta,SH1, 8.5 (b.a,lHB. SR KHC131 *~jlr. 
3400,1740,1680 cm . 
The hydroxaratc il.37 g) was cyclized with triphcnylphosphlne and DEAD in TWF using 
a modification of the procedure described far the prcparatton of (71 : the mixture 
was stirred at room ttqerature far 7 h. Flash-chrorratography (n-hexane-EtOAc 
1S:ZSI gave $-lactalr (12) in 808 yield. 

Ii NHR (CDC131(f? tram16 0.98 ft,3H,JT 7.5 Hz), f.29 (t,3H,J= 7.3 Hzt, I.65 
(n,;lHI, 2.88 ~dddzlH,J+2*4c6.3,8.01, 3.78 (drl!i,J=2*4 Hzly 4.19 tq,ZH,J= 7.3 Hz), 
!j*OS r$,2Ht, 7.35 Is,SHt. U? UXCl3, W-X,= 1740,178O CR . 

H NMR (CIICl ,(12 clsld 0.98 (t,3H,Jz 7.5 Hz,, f.30 (t,JHIJ:t*3 Hz), 1.65 ca,ZHt, 
3.06 [dt,lH,& 5.9,?.S Hz), 4.20 Cd,fH,J= S.9 Wzl, 4.21 (q,2H,J= 7.3 Hz), 5.1 
(3,2M), 7.3s rs,sn,. IR KtK13) Y ru~x.- 1740,178O. 

Compound (12) was reduced with hydrogen and Pd-C as described for 
of (91 to give the N-hydraxy compound in quantitative yield. 

NWR (CDC13)(N-hydroxy corpmmd,trans) 61.0 (t,3H,J= 6.7 Hz), I.30 (t,3H,J=7.0 
HZ), l.?S fa,2HI, 2.88 fddd,lH,J= 2.2,6.0,8.0), 4.02 (d,lH,Js 2.2 Hz), 4.23 
iq,2H,J= 7.0 Hz), S.7 (b.s,lHI. XR (WC1 1 rmax,- 3X00-3500, 1780,175O c11 e 

H NM? $CDC13>(N-hydroxy compound,cief 48.98 ft,3H,J* 6.7 Hz,, 1.30 ft,W,J= 7.0 
MZ), 1.60 (a,2H), 3.12 Idt,lH,Jz 7.80,5.60~, 4.22 (y,ZH,J= 7.0 H~l,~4.45 (d,lH,Jz 
S.60 Hz>, 5.7 (b.e,lHI. XR fCHCf f *max.= 3100-3500, 1780, lfS0 CI 
The H-hydtcrxy compound was ceducad with titanium trichlaride AY dcsciibed far the 
preparation of (91 to gfvc $-iactaa $13) in 70% yield as a 6~4 cfs-tram nlxture. 
ltle two fsoaers were separated by flash-chromatography In-hcxane-EtOAc 1:l). 

H lWR ~l3,cisIfr X.05 (t,3H,J= 6.7 Hz,, 1.29 tt,3H,J= 7.2 Hz), 1.60 (a,2Hf, 3.40 
(ddt,lH,J= 5.78,0.95,7.90 Hz ), 4.21 Iq,‘ZH,Jn 
rb.a,ltff. IR rCHCi f *uix. 

Q2 Hz), 4.22 cd,lti,J: 5.78 Hz)+33 

+ Euihf& 
c 3415,~76S,f740 ci = *31.6 (c f WC1 ) 

NHR CCDC1 3 tacemlc * 6 6.70 (SO8 CH,d;Jr::% Hz), 6.90 CS;>% CH,&&S:78 
#+I: optf 2 afly activ ;! : 6.70 &.5t CH,d,J=S.78 Htl * 6.80 f4.51; CH,d,JzS.?B Hz>. 

H NMR fl3,trans) b 2.05 rt,3H,Jm 6.9 Hz), 1.30 ct,3H,J* 7.2 Hz), 1.80 (r,ZH), 3.20 
tm,m,, 3.83 rd,lH,J= t*!QizL 4.22 tq,2H,J= 7.2 Hz), e.2 fb.s,lfff. IR fCHCl 1 y 
#i&X* = 3415,~76S,i?40 ca . co3 * +8.8 (C 1, Cm1 1, H NM? ECDCl * EuIhfc133 
racentc : 6 S.SO tSO% CH.dj. S.8SDfS0t CH,dI; optically active : 5.30 (158 Cdl, 
5.85 f8S% CH.dI* 

ffS,2R)-f4,-N-sethulcahed Ine PC pi nate, Ca3 
L.05 td,3H,J= 6.7 Hz), l.fS (t,3&5:7*7 Hzf 

*46*3 tCHC1 
9.25 (3 6H, 

, c 1.2); ‘H NM? XIXX3’~ 
t.381$q,2H,J= 

2.88 Idq,lH,J=5.4,6.7 Hz), 5.94 (d,lH,J=54’Hz), 7.2; t&HI. 
7.7 Hz), 

9.021 9.36i, 27.95, 41.11, 63:73, 75.00, t26.13, L27,+ 
c WR mCl3)b 

128.07, 140.12, 172.81. IR 
fC!WJ, 2980, 2940, 1735, f4bB, 1450, 137S, 118s cr t selecttd values). Anal. 
Calcd. f ot Ct4H21N02: C, 71.4s: X,9.00: N,S.95. Found: C,71.30; H,9.11; N,5.87* 

F Silvl kcttne accta;l (141 from (iS,ZR)-N-rcQg&&4rine ~ropim~te The reacticrn . 
uus ry under the same txPmfrtntaf conditfona described for the preparation of 
(41. H Nf+R tCDC1 Id 0.00 ts,9HI, 1.10 (d,JH,J= 6.7 Hz), 

2.80 (dq,~H,J=4.0,6.7 Hzf 
1.5s (d,3H,J.6.7 Hz,, 2.30 

(s,frHf + 
(a,SHi. Spectroscopic yfeld tlH &R) 

3.48 fq,lH,3=6.7 Hrf, t.29 (d,lH,J=l.O Hz,, 7.27 
: & 9S8; E-Z ratio t H NHR>>95:5, based on an 

authentic E-Z rtxturt obtained using LiN<Sitfe3t2 as base instead af LRA. 

Cmdmsatfan vfa #fly1 kctenc acctal tl4t. h sulution of benzylideneaniXine 415.6 
atoll and of sflyl kctene metal tl41 (lS.6 mral) in rethylcne chloride (62.8 al) 
ws slocxly added iduring 1 hf to a 1 !I solution of titaniur tetrachfarfde in 
methylenc chloride (31.2 alf at -78 deg C, tier nitrogen, with stirring. Afttr 1. h 
at -78 deg C, the mixture WBLI slowly wareed up to -40 beg C fduring 2 hf, then 
quenched and worked-up as described for the preparation of (5). Filtration through 
silica gcf frethyltne chloride, then 97r3 rcthylenc chloride-XtOHf gave the 
fondensation product (15,17,181 in 758 yield. 
H NHR ICDcl 

2.15-2.40 (mtlH> 
+ D201ir 0.96 td,3H,Jr6.7 Hz), I.22 Cdr3H,J=6.9 Hz,, 2.21 fs;,dHf, 

, 2.88 {dq,lH,J*6.7,5.2 Hz), 4.47 (d,lH,J=?.OO Hz, imater anti-15, 
89.281, 4.83 (d,lH,J=4.66 Hz, facmar syn-17, 8.511, 4.51 [d,fH,J=?.S6 Hz, fawer 
anti-la, 2.381, 5.88 (d,lH,J*S.2 Hzf, 6.3-6.7 (r,2H), 6.9-7.4 (~,13H), 

s via s . A solution of dilmpropylaminc 10.45 l 1,3,2 r+olf, 
in dry THF f6.4 ml1 VBS treated at 0 dcg C, mder nitrogen, with attrrfng with a 





d-.krfnlzrrcid (36). A solution of the condensation product (35) (1.5 g,3,275 ~rol) in 
lQ:t methanol-formic acid (35.75 sl1 was treated with 10% Pd.4 to.695 91 m&r 
nitrogen, with stirring. After 5 h the catalyst was ffltexed off, washed with ware 
ntthanol, and the mfrturc wks evaporated in vacua, The resulting crude prodsrct w(t3 
flash-chromatographcd lrethylenelchlorfdr-WcOH 97:3) to give the p-aethoxy amina 
acid (II & 7~1 syn-ant.9 mixture. H WMR [CDCl lb 0.99 ttt3HtJ-7.3 Hz, anti), 1.01 
tt,3H,J=7.3 Hz, ayn), 1.19 (t,SH,J= 7.5 Hz, &MI, 1.20 tt,3H,J=7.5 Nz, ayn), 
1.6-1.9 fa,2Ht, 2.80 lm,lH&, 3.73 ts,3HI, 4.15 fq,?H,J* 7.5 Ml, 4,2S Id,W,3=5.65 
Hz), 6.3 rb.s,lH), 6.65-6.80 (AA’BB’,IH). A solution of p-rethoxy amino acid (0.917 
9, 3.11 rprral.1 in CH CN t77.8 1~11 vgs treated with a sohutfon of CA!4 $5.1 gc 9.31 
maof) bn water (Il.3 rli at -25 deg C, under nitrogen, with stirring. After 10 mfn 
the two phases were separated, and the organic Phase wfs uashed with vater. The 
combined aqueous extracts were passed through a column of Duwex WW-X8. The coZum 
was eluted with water and then wfth 5% aqueous NH OH. The resulting 5% NH OH eluate 
was then evaporated inlvacuo to gfve $-aainoacfd’l361 in 82% overall yiefd as a 
7~1, syn-anti mixture. if NMR (D Oti36,synB ho.73 rt,sH,J=?.O Hzt, 1.0s <t,M,J= 7.0 
Wzf, 1.37 fa,2Hr, 2.43 rar,lH), 3 .94 fa,M), 4.05 (q,2H,Jx 7.0 Hz). 

d-lactaa CL;tl. A solution af $-aminoacid (36lrO.596 g1 
f3l5.5 ml) was treated with 2-chlaro-l-methylpirldiniur 

3.155 mm011 in dry CH3CN 
iodide (0.887 gt 3.47 rrotl 

and then with a 1 tI solution of triethytamtne in CH3CK $6.94 ml> jrt reflux 
temperature, under nitrogen, vith stfrring. After 7 h at ireflux, the solvent was 
evaporated in vacua and the crude mixture ws flash-chraratographed (n-hexanc-EtOAc 
f:lI to give b-lattam (131 as a 8:l cla-trane mixture {from adduct 341 or 7:t 
cfs-trans mfxture (from adduct 351 in 85-87% yield. Cia #-lactaa (131 was isolated 
by flash-chromatography (n-htxane-EtOXc 1~11 and the enantiomeric CXC~JS (50% from 
adduct 34 and ?S% from adduct 35 respectfvely) was determined as described 
previously. 
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