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Abstracf: The rca~t~on 01. the titanium cnolatc 01 a ?-pyridylthioester dcrivcd from (R)-3- 
hydroxyhutync actd with chiral immcs allords 3,3’-anti-3,4-trans configurated p-lactams in a highly 
selective fashion. The methodology has hccn apphcd to the synthcvs of a precursor OT the carbapencm 
antibiotic lp-methylthicnamyclrl, 

We recently reported’ a synthesis of b-lactams by the mild and efficient, one-pot condensation of the 

titanium enolates2.3 of 2-pyridylthioesters with Imines. Extension of this methodology to the reaction of (R)-(S- 

2-pyridyl)-3-[(t-butyldimethylsilyl)oxy~-thiobutyrate 1 with achiral imines lb (Equation 1) afforded with good 

stereoselectivity p-lactams 2 featuring the 3,3’-unri-3,4-rruns configuration required for their conversion into 

some of the carbapenem antibiotics of the thiensmycin family.‘,” 
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In order to improve the stereoselection of this process we decided to investigate the reaction of the titanium 

enolate of thioester (R)-I with a series of chiral imines derived from (R)- and (S)-1-phenylethanamine, that has 

already proved to be an efficient chiral auxiliary for the condensation of achiral titanium enolates.” The results 

of this study are here reported. 

The matching5 combination between the configuration of (R)-1 and of the chiral residue on the imine was 

established using benzaldehyde derived imine (S)- and (R)-3 (Scheme 1). The reaction of (R)-1 with (S)-3 

afforded a 66 : 34 mixture of the 3,3’-anri-3,4-rruns compound 4a and of its 3,3’-syn -3,4-rrans isomer 4b in 
30% yield (see Eq. 1 for numbering). On the other hand, the condensation of (R)-I with the enantiomeric imine 

(R)-3 gave compound 4c as a single product in 65% yield. The diastereoisomeric ratios (d.r.) were determined 
by 300 MHz ‘H NMR analysis of the crude reaction products. The configuration of these compounds was 
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determined as follows. 

First of all, the 3,4-rruns stereochemistry wa:, assigned to aaetidinones 4a-c on the basis of the value of the 

HC-3/HC-4 coupling constant, The configuration at C--l (and hence at C-3) was determined by ‘H NMR 
following an empirical rule,6 the reliability of which has been recently confirmed.tf,7 On these bases, to fl- 

lactams 4a, 4b. and 4c the (I’S, 3’R, 3S, 4S), (I’S, 3’R, 3R, 4R), and (l’R,3’R,3S, 4s) configurations were 
assigned, respectively. 

Scheme 1. 
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From these results it has concluded that the (R)-l/(R)-3 combination represents the matching pair,” while the 

(R)-l/(S)-3 is the mis-marchln$ one. It ia al\o worth mentioning that the common stereochemistry at C-3 and 

C-4 featured by the major isomers of 2, and by 4, and Ic clearly qgests that the thioester overrides the imine 

in determining the seme of the stereoselectivit! elf the reaction.h 

Having established the amine chiral auxiliary configuration that secures the best stereocontrol in the 

condensation with compound (RI-I. we extended our reactIon to the aromatic, heteroaromatic, unsaturated, and 

ahphatic imines CR)-5 I(R)- I1 to give Is-lactam\ 15 24 (Scheme1 and Table I).” The diastereoisomeric ratios 

were determined as described above. The configuratIonal assignments were based as before on NMR evidence10 

in the case of 4-aryl and -1.hetcroaryt substltutcd azetidlnones 1.5 - 21, and on the reasonable extension of the 

observed trend of stereoselectivity in the case of compounds 22 24. 

As can be seen from the data reported in Table I, the reaction occurs In low to good yields, and affords 

virtually a single 3,.~‘-unr~-3,4-rr(1,2.s product 111 all cases. with the only exception of the condensation involving 

the linear aliphatic imine 14 Icadlng to [j-lactvm 24. It IS in:eresting to note the marked difference in the 3,3’-anti 

/ 3,3’-syn ratio observed for the trczns and the L’L\ ison~er of 24: the rruns product is produced in a highly 

selective fashion (d.r. 96 : 4). while for the ci.1 one show5 no htereoselectivity is found (d.r. 50 : SO). 

A tentative ralionalizatlon of the stereochemical result can be based on a model of stereoselection that 

combines the model propased for the reaction of thloester (R)-1 with achiral imines’b with that used for the 

condensation of achiral thloesters with imInes featuring the same chiral auxiliary present in 3.” In this model 
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Table 1. Synthesis of P-Lactams 1.5-24 from Thioester (R)-1 and Imines (R)-5 -(R)-14. 

(R)-5 - ;:,-14 
15 - 24 

Imine R” Product 
Diastereoisomeric ratioC 

YieldQh 
3, 4trunstcis 3, 3’.antiisyn 

5 Z-MeOC,H, 15 x3 >9X/2 >98/2 

6 2-BnOC,H, 16 65 >98/2 95/5 

7 2-AlIOC,H, 17 h-l >98/2 >98/2 

8 2-BnO-3MeOC,H1 1x 47 >98/2 >98/2 

9 3-Bn0-3MeOC,f17 19 63 >98/2 ~9812 

10 ?-Fur\1 20 6 I >9X/2 29812 

11 2.ThlcnyI 21 54 >98/2 >98/2 

12 C,fl, ,-c 22 45 >98/2 >98/2 

13 (E)-PhCH=CMe 23 30 94X/2 >98/2 

14 TBDMSO(CH2)> 24 37 76/24 96Md 

aAbbreviatmns: Bn = PhCH:; All = CH2=CH-CH2: ‘l‘tll)MS = L-BuMc2Si. h Isolated yields after flash 

chromatography. ‘A\ dctcrmmcd hy ‘H NMR analy.\ls 01 the crude products; only the major 3,3’-unfi- 

-3.4lruns lbomcr ot [~-Ixxu~s IS-24 IS shown lor wnplxi~y. ‘I Of the iruns isomer; d.r. of the cis 
Isomer wit? X/SO. 

(Fig. 1) the (Z)-enolatelb,lJ and the (E)-imine’~~‘r~‘~ approach each other placing the small H substituent at their 

stereocenter in the sterically more congested position, i.r. inside the core of the transition state. Attack on the 

opposite face of the enolate (Icading to 3,3’-sin compounds) appears to be hindered by the methyl group at the 

thioester stereocenter,lh while attack on the opposite face of the imine should suffer from destabilizing 

interactions between the phenyl group at the imine stereocenter and the pyridine residue.1f,14.15 

The reaction was then applied to the synthesis of an advanced precursor of l~-nlethylthienamycin16 

(Scheme 2). Thus, imine (R.R)-2.5 was condensed with the titanium enolate of (R)-1 to give a single Frank 

product 26a in 23% yield.‘; Scarce stereoselection and an even poorer yield (7%) were obtained in the 

condensation involving (R.SJ-25. that gave two truns isomers 26b and 26~ in a 70:30 ratio.18 

Compound 26a was converted into the known lg-methylthienamycin precursor 27 (Scheme 2)t6a.bby 

reaction with Na in liq. NH? I9 (74% yield), followed by BudNF (1.0 mol. eq., THF, 10 min, RT) promoted 

partial desilylation.?“This transformation confirmed the indicated stereochemical assignments to compounds 

26a. In analogy with the above mentioned rationalization. the completely stereoselective synthesis of 263 can be 
explained by model B of Fig. I. In this model the (R)-stereocenter at the carbon atom of imine (R,R)-25 can 
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Figure 1. Proposed model of stereoselection for the synthesis of 4c and 26a. 

TBDMSO 

Me 

Ph 

A R=Ph 
4c 

I 

B R= Me, 
rL- OSiPh,Bu-t - 26a 

H 

Scheme 2. 

27 

1) TiCIJEt,N Me 
(RI-1 

2) Me 

r5 

OSiPh,Bu-t 

Me.,, ri 

. v~B;;yq 

Me 

I 

OSiPh2Bu-t 
Ph 

Ph (K,S)-25 26b, c 

adopt a sterically convenient conformation, placln g the small H substituent toward the approaching enolate. 

Experimental 

(ieneral procedure for the synthesis of p-lactams: The synthesis of 3-[l-[[(l,l-dimethylethyl) 

dimethylsilyl]oxy]ethyl]-~-phenyl-l-[(R)-~l-phe~~~letl~yi)]-2-a~etidinone 4c is illustrative of the 

procedure. To a stirred 0.1 M solution of (R)-1 (3 I I mg, I mmol) in CH2C12 cooled at -78’C was added a l.OM 
solution of Tic14 in CHzClz ( ImL. 1 mmol) dropwise. After 5 min of stirring at -78”C, Et3N (0.140 mL, 1 

mmol) was added over a 1 min period. After 30 min of stlrring at -7X”C, a CH2CI~ (5 mL) solution of crude 

imine CR)-3 (prepared from 1 n~mol of freshly distilled benzaldehyde and I mmol of (R)-l-phenylethanamine in 
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the presence of anhydrous MgS04) was added over a 5 min period, and the mixture was stirred while the 

temperature was allowed to raise to 0°C. After Sh the reaction was quenched by addition of saturated NaHC03 

solution and the mixture was filtered through celite. The organic phase was separated, washed with water, dried, 

and concentrated. The unrescted thioester was removed by hydrolysis with IN KOH in THF. This procedure 

was shown’ not to alter the diastereoisomeric ratios, and greatly simplified the NMR analysis of the crude 

product. This was then purified by flash chromatography with a 60 : 40 hexanes : Et20 mixture as eluant. 

Compound 4c was an oil, lczl$ -22.3 (c 1.67. CHCIJ). IR: 1745 cm-l. Selected NMR data are collected in 

Tables 2 and 3. Anal. Calcd. for C25H35NO?Si: C. 73.30; H, X.61; N, 3.42. Found: C, 73.18; H, X.66; N, 

3.38. For p-lactams 15-24, and 26 hexanes : Et20 eluting mixtures are reported in parentheses after the name of 

the compound. All products were thick oils or low melting materials. Yields and diastereomeric ratios are 

reported in Table 1 or in the text. Selected NMR data are collected in Tables 2 and 3. 

3-[l-[[(l,l-Dimethylethyl)dimethylsilyl]~xy]ethyl]-~-(2-~neth~xyphenyl-l-[(R)-(l-phenyl 

ethyl)]-2-azetidinone 15 (70 : 30) had lr~jt)~z -X.7 (c: 2.24, CHCI;). IR: 1745 cm-*. Anal. Calcd. for 

C26H37NO$i: C. 71.03: H, X.4X: N, 3.19. Found: C. 70.94; H, X.52; N, 3.2X. 

3-[l-[[(l,l-Dimethyleth~l~din~~th~lsilyl]~xy~~thyl]-~-(2-ph~nylmeth~xy)-phenyl-l-[(R)-(l- 

phenylethyl)]-2-aLetidinone 16 (70 : 30) had Icrl$! -5.X (c 2.16, CHCI3). IR: 1745 cm-t. Anal. Calcd. 

for C32H4tNO3Si: C, 74.52: H, X.01: N, 2.72. I-ound: C. 73.59: H. 7.92; N, 2.77. 

3-[1-[[(l,l-Dimethyleth~l)din~ethylsilyl]oxy]ethyl]-~-[2-(2-propen~I-l-oxy)-phenyl]-l-[(R)- 

(I-phenylethyl)]-2-azetidinone 17 (60 : 40, had jn]r~?? -7.3 (c 1.00, CHCI3). IR: 1745 cm-l. Anal. 

Calcd. for C28H3gN03Si: C, 72.21; H, 8.44: N, 3.01. Found: C, 73.09: H, 8.40; N, 2.97. 

3-[l-[[(l,l-Din~ethyleth~l)dimethylsilyl]~xy]ethyl]-4-(3-~~eth~xy-2-phenylmeth~xy)-phenyl- 

l-l(R)-(l-phenylethyl)J-2-azetidinone 1X (70 : 30) had /a]~!? 15.1 (c 1.64, CHC13). IR: 1745 cm-l. 
Anal. Calcd. for Cj3HJ3NOdSi: C, 72.62; H. 7.94. N. 2.57. Found: C. 72.50; H. 7.99; N, 2.62. 

3-~~-~~(1,~-Dimethyleth~l~dirnethylsilyI]uxy]ethyl]-~-(3-n~ethoxy-4-phenylmethoxy)-phenyl- 

I-L(R)-(l-phenylethyl)]-2-azetidinone I9 (70 : 30) had [r~]$~ -28.0 (c 2.16, CHCl3). IR: 1745 cm-l. 

Anal. Calcd. for C33H43NOJSi: C. 72.62; H, 7.94; N, 3.57. Found: C, 72.66; H! 7.90; N, 2.67, 

3-[~-[[(1,~-Dimethylethyl)dimethylsilyI]oxy]ethyl]-~-(2-furyl)-l-[(R)-(l-phenylethyl)]-2- 

azetidinone 20 (80 : 20) had jn]~?? +2.2 (c 1.69. CHC13). IR: 1750 cm-t. Anal. Calcd. for &H33NO$i: 

C, 69.13; H, 8.32; N, 3.50. Found: C, 69.02: II. X.40: N. 3.47. 

3-~~-~~(~,~-Dimethylethyl)diniethylsilyl]~xy]ethyl]-~-(2-thienyl)-l-[(R)-(l-phenylethyl)]-2- 

azetidinone 21 (X0 : 20) had Itxl$? -2.5 (c 1.05, CHCli,. IR: 1750 cm-‘. Anal. Calcd. for C23H33N02SSi: 

c, 6h.46: ti 8.00: N, 3.37. Found: C. 66.55; H. X.0X; N, 3.44. 

3-~l-~L(1,1-Din~ethyleth~l)din~ethylsilyl]~xy]ethyl]-~-cycl~hexyl-l-[(R)-(l-phenylethyl)]-2- 

azetidinone 22 (60 : 40) had l~~l$ -3X.7 (c 0.X5. CHC13). IR: 1750 cm-l. Anal. Calcd. for C25H41N02Si: 

C. 72.23; H, 9.94; N, 3.37. Found: C. 72.21: H. 10.01: N, j.43. 

3-~~-~~(~,~-Dimethyleth~l)din~ethylsilyl]~xy]ethyl]-~-[(E)-(l-methyl-2-phenyl)ethenyl]-l- 

t(R)-(I-phenylethyl)]-2-asetidinone 23 (80 : 10) had ~~~~~~~ +4.S (c 0.66, CHCl3). IR: 1750 cm-l. 

Anal. Calcd. for C?gH?gNOzSt: C, 74.78; H, X.71: N, 3. Il. Found: C, 74.86; H> 8.86; N, 3.03. 

3-~~-~~(~,~-Dimethyleth~l)din~ethylsil~l]~xy]~~h~l]-~-[2-[[(l,l-dimethylethyl)dimethylsilyl]- 

oxylethyll-l-I(R)-(l-phenylethyl)]-2-azetidinwe 24 (60 : 40). The IR spectrum and the elemental 
analysis were obtained 011 the diaztereoisomeric mixture. lR: 1735 cm-t. Anal. Calcd. for Cz7H49NO3Si2: C, 
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65.93; H, 10.04; N, 2.85. Found: C. 66.06: H. Y.Yh: N. 2.93. 

Table 2. Selected ‘H-NMR Data of ji-Lactams 4, 15-24, and 26 

Product HC-3 HC-4 HC-3’ HC-1’ MeC-3’ MeC-1’ ‘3.4 ‘3.3’ 

4a 2.95 
4b 3.08 

4C 2.96 

15 3.15 

16a” 3.11 

16bh 3.03 

17 3.12 

1X 2.92 

19 ‘.Yh 

20 3.30 

21 3.12 
22 2.:4 

23 2.YZ 

24a” 2.72 
24bh 2.XX 

23c’ 3.07 

24d’ 3.0x 

26a 2.90 

26b” 2.YS 

26ch 2.X7 

4.4x 4.24 

4.10 4.1 I 

4.40 4.14 

‘I.81 4.16 

5.16 4.22 

5.0x 4.17 

4.98 4.20 

S.l 1 4.23 

4.36 4.16 

3.3x 4.20 

3.7 1 4.10 

3.34 4.02 

4.05 4.12 

3.65 4.10 

33X 3.10 

3.53 4.25 

3.75 1.17 

3.72 4.11 

i.6Y 4.11 

3.63 4.06 

4.41 1.14 

3.YS 1.18 

4.90 1.10 
4.78 1.11 

3.85 1.07 
4.73 I .06 
4.x1 1 .OY 
4.65 I .os 

4.77 1.12 
4.YO 1.10 

3.xx 1.13 
3.60 I.17 

4.x.3 I.15 

4.14 1.16 

4.x0 1.15 

4.7’) 1.37 

3.70 1.33 

3.N 1.17 

3.50 I.16 

3.56 1.20 

1.72 2.2 4.0 

1.33 2.1 4.5 

1.34 2.7 4.0 

1.33 2.0 4.5 

1.40 2.3 2.9 

1.30 2.6 2.6 

1.36 2.2 3.6 

1.40 2.0 4.0 

1.43 2.0 4.5 
1.30 2.2 5.0 

1.42 2.2 6.0 

1 .hS 2.2 6.0 

I.58 2.3 6.0 

1.63 2.0 4.6 

1 .hO 2.X 4.0 

I .62 5.5 2.5 

I .70 6.0 x.0 

1.56 2.3 5.0 

I.61 2,s 5.0 

1.5X 2.5 3.0 

3-[l-[[(l,l-Dimethylethyi~di~~~thylsil~l]~xy]~thyl]-~-[2-[[(l,l-di~~~ethylethyl)diphenylsilyl]- 

oxy]-l-methyethyI]-l-(l-phenylethyl)-2-a~etidi~~~~~e 26. 26a (80 : 20) had IcL]D~~ -22.5 (c 1.5, 

CHClj). IR: 1745 cm-‘. Anal. Calcd. for C3XH.iSNOjSiz: C, 72.34; H, X.80: N, 2.22. Found: C, 72.29; H, 

8.86; N, 2.33; 26b and 26~ (X0 : 20) were obtainrd ah a diastereoisomeric mixture. IR: 1745 cm-l. Found: 

C, 72.34; H, 8.92; N, 2.1X. 

3-[l-[[(l,l-Dimethyleth~lJdimethylsil~l]~~~]ethyl]-~-(2-hydr~xy-l-methylethyl)-2-a~etidin- 

one 27. Na metal (23 mg, I mmnl) was added in small pieces to a stirred solution of 26a (100 mg, 0.16 mmol) 

in THF (5 ml) and liq. NH3 (4 ml) cooled at -7XT Aftrr 30 min stirring, the reaction was warmed up to room 
temperature and NH1 was evaporated. A sat. solution of NHJCI was added, the organic phase was separated, 

dried, concentrated, and the residue was purified by flash chromatography with a 50 : 50 hexanes : Et20 mixture 

as eluant to give the product in 74% yield. Thlj v.;is reacted with BudNF hydrate (31 mg, 0.12 mmol) in THF 

(3 ml) at room temperature for IO min. After :lddition of water, extraction with Et20, anhydrification, and 
concentration in vacuum. the residue was purified by flash chromatography with Et20 as eluant to give 27 in 

53% yield. It had m.p. XJ-WC. [~I]D~~ -21.0 (c 0.3, CHCIIJ. lit.thh: m.p. X6-88°C. [a]D2’ -21.4 (c 1.01, 
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CHC13). IR: 1755 cm-t.]H NMR: 6 6.35 (bs, IH); 4.15 (dq, IH, J=6.2, 8.SHz); 3.55 (dd, lH, J=4.6, 

11.8Hz); 3.47 (dd, lH, 5=X.4, 11.8Hz); 3.28 (dd, IH, J=2.0. X.SHz); 3.13 (dd, lH, J=2.0, 8.6Hz); 1.70- 

1.90 (m, 1H): 1.35 (d, 3H. J=6.2Hz); 0.92 (s, 9H); 0.90 (d, 3H, J=7.0Hz); 0.14 and 0.12 (2s, 3H each). 

Table 3. Selected ‘%-NMR Data of b-Lactams 4, 1.5-24, and 26. 

Product C-3 c-4 C-3’ C-l’ &I& 1’ &C-3’ 

4a 

4b 

42 

IS 

16a” 

17 

1X 

IY 

20 

21 

22 

23 

24a” 

21cb 

24dh 

26a 

26b” 

268 

66.7 65.5 19.3 22.5 

66.7 66.0 18.0 20.6 

66.7 65.6 19.7 22.6 

65.6 64.9 19.2 22.4 

6S.Y 64.9 19.8 22.2 

65.3 65.2 1Y.6 22.3 

66.9 64.7 20.1 22.1 

06.5 65.6 19.9 22.6 

AS.0 63.0 18.5 22.4 

67.5 65.4 19.3 22.4 

hS.0 60.3 20.1 23.0 

65.Y 61.5 19.0 22.6 

65.4 9.1 20.5 22.6 

0.3.4 5X.X 20.0 23.4 

65.5 59.4 19.0 23.2 

65.7 58.6 19.2 22.x 

65.X s9.0 IX.8 22.x 

66.2 Sh.0 20.1 20.9 
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(1 1). For experimental support of the pyridinr t~~trog~nititaniuni co-ordination, of the cyclic nature of the 
transition state, and of the indicated enolate and imtne configurations see ref. 1 b> le, and If. 

(12). A similar conformation has been proposed to rationalize the TIC14 promoted addition of the silylketene 
acetal derived from ethyl (R)-3t-butyldimethytsilyloxybutyrate to aldehydes: Shirdi, F.; Gu, J.-H.; Nakai, 
T. Chem. Letr. 1990, 1931. 

(13). See for instance: (a) OJIIII~, 1.; Inaba, S.Terruiledron Left 1980, 21, 2077. (b) Shibasaki, M.; Ishida, Y.; 
Iwasaki, G.; Iimori, T. ./. Org. C/Tern. 1987, j2. 3489. (c) Mori, M.; Kagechika, K.; Sasai, H.; 
Shibasaki, M.Tetrahedron 1991,47, 53 1. 

(14). This destabilizing interaction is also present in the mis-matched reaction of (R)-1 with imines derived from 
(S)-1-phenylethanamine, leading to 3.3’-unri compounds. 

(15). The cis isomer of 24 ian derive from (2).enolate attack on the linear aliphatic imine in the (Z) 
configuration. For a discussion about the influence of the imine C=N configuration on the p-lactam 
transicis stereochemistry in this reaction see ref. le. 

(16). For recent syntheses see: (a) Kawabata. ‘I‘.: Krmura, Y.; lto, Y.; Terashima, S.; Sasaki, A.; Sunagawa, 
M. Tetrahedron 1988, -II, 2149. (b) Kitamura. M.: Nagai, K.; Hsiao, Y.: Noyori, R. Tetrahedron Lett. 
19Y0, 31, S49. (c) Gurjar, M. K.: Bhanu. M. N., Khare. V. B.; Bhandari, A.; Deshmukh, M. N.; Rao, 
A. V. R.Tetrahedron 1991. 47, 7117. (d) Murayama, T.; Yoshida, A.; Kobayashi, T.; Miura, T. 
Tetrahedron Lett. 1994, -j-i, 2271. (e) Choi. W-B.: Churchill, H. R. 0.; Lynch, J. E.; Thompson, A. 
S.; Humphrey, G. R.: Volante. R. P.; Rcidrr. P. J.: Shinkai. I. Tetrahedron Lett. 1994, 3.5, 2275. (f) 
Tsukada, N.; Shimada, T.;Gyoung, Y.S.: Asao, N.; Yamamoto, Y. J. Org. Chem 1995,60, 143. (g) 
Kondo, K.; Seki, M.: Kuroda, T.; Yamanaka, T.: Iwasaki, T. J. Org. Chem. 1995,60, 1096. 

(17). The yield did not improve and the diastereosetection did not change when (R)-1 was reacted with the 
analogue of (R,R)-25 featuring the Ph3C- instead of the t-BuPh& protecting,group. On the contrary, the 
use of the 0-benzyl protection increased the yteld but depressed the stereoselecttvity of the condensation. 

(18). Although the low yield of these reaction makes the interpretation of the results an exercise in speculation, 
we can consider the (RI-1 and (R,R)-25 the matching pair. Two ancillary experiments supported this 
hypothesis. First, the reaction of (R)-lwtth imtne 25 prepared from (R)-1-phenylethanamine and racemic 
3-(diphenyl-t-butylsilyl)oxy-2-methylpropanal gave exclusively 26a in 12% yield, thus showing that, 
when kinetic resolution is possible, thioester (R)-1 reacts faster with (R,R)- than with (R,S)-25. Second 
when (R)-1 was condensed vvith the PMP imine derived from (R)-3-(diphenyl-t-butylsilyl)oxy-2- 
methylpropanal a 63 : 37 mixture of one trun.s and one cis isomer was obtained. The truns isomer was 
converted into compound 27 after PMP group degradation with Ce(NH4)(NO& (see ref. 4a), and partial 
desilylation. This shows the importance of the contribution of the (R)-1-phenylethyl residue at the imine 
nitrogen in determining the stereoselectivity of the condensation. 

(19). Mori, M.; Kagechika, K.: Sasai, H.; Shibasaki, M. Tetru/~edron 1991, 47, 531. This reaction led to 
partial reduction of the phenyl groups of the t-BuPhzSi moiety. The product was not purified, but 
transformed as such into compound 27. 

(20). For other examples of \urvival of the t-BuMc~Si protection at OC-3’ under desilylation conditions in 
related fi-lactams see ref. lhc and: Knga. IH.; Knbayashi. S.; Ohno, M. Tetruhedron Len. 19X9,30, 113. 
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