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&I$&& Addition of titanium enolates of 2-pyridyl thioestsrs to chiral imines derived 
from alkoxy aldehydes occurs with good diastereofacial control, and opens 
a simple access to impofiant carbapenem antibiotics. 

We recently described 1 a high yielding , one-pot synthesis of p-lactams by condensation of imines with 

titanium enolates 2,3 of variously substituted 2-pyridyl thioesters These were easily generated 2~~ by 

addition of triethylamine (TEA) to a thioesteriTiCl4 adduct .4 We here report that extension of this b-lactam 

synthesis to a series of chiral imines 5 derived from alkoxy aldehydes generally occurs with excellent 

diastereoseiection Same of the B-lactams obtained have been converted into advanced precursors of important 

carbapenem antibiotics 

The diastereofacial preference of imines l-3 5 was established by reaction with non-stereogenic 

titanium enolates derived from thioesters 6 and 7 (Scheme and Table 1) B-Lactams 11-17 6 were 

obtained in fair to good yields , With the only exception of the reaction of 2 with 6 , a-alkoxy substituted 

imines 1-3 gave very high excess of a Configurated compounds 11s , 12s , 14s , and 15s over their 

m counterparts a (see below for stereochemical assignment) ,7 a-Methyl-b-alkoxy imine 5 reacted less 

stereoselectively to afford a moderate excess of & products 16a and 17a 3 

The reaction was then extended to stereogenic thioesters 8-10 , that were condensed with imines 1 and 3 to 

give azetidinones 18-22 (Scheme and Table 2) In the best conditions a completely diastereofacial selective 

process was shown to occurr in good yields , affording only syn products The fi-lactam C-3/C-4 Uan!.~/& 

ratio g largely depended on the stereoelectronic nature of the RI substituent : a large group (Pr-i) favoured 

m products , a coordinating ligand (BnO) led to !& isomers j-lo Structural assignment was obtained by 

correlation of 18t and 19t with known compounds 1 while 20~ (m.p. 91.93°C , lit.5f m.p. 92-93’6 ) has 

been reported Lactams 18i and 19t were converted into their NH analogues , that were shown to be identical 

( by 300 MHz ‘H NMR ) to the compounds recently prepared 5a and transformed 5a into carbapenem 

antibiotics (+)-PS-5 and (+)-PS-6 The COnfiQUratiOn of 22c ( [aID +106.3 , c 0.5 in MeOH ) was 
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10 R’=BnO; R2=H 

11 R=TES; R’=R’=H 

13,16 R=Bn; R’=R*=H 
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12 R=TBS; R’=R’=Me 

14, 17 R=Bn; R1=R2=Me 

18t-20t lSc-2oc 21t-23t 21c-23c 

18 R’=Et 19 R’=Pr-i 20 R’=BnO 

21 R, R=Cy: R’=Et 22 R, R=Cy; R’=BnO 23 R=R=Me; R’=BnO 

TBS=SiMezBu-t Bn=CH,Ph Cy=-(CH& PMP=4McOPh Py=2-pyridyl 

a For compounds 11-17 only major isomers are shown 



1115 

inferred from that of known 23c ( m.p. 119.120°C ; [a]~ +107.5 , c 0.4 in MeOH ; lit. sd m.p. 120C ; 

[a]~ +109.2 , c 0.541 in MeOH ), that we prepared (34% ) as a single isomer from 4 and 10 , on the basis 

of the reasonable assumption that the slightly different dial protection should not affect the stereochemical 

resultt 1 

Table 1 Synthesis of B-lactams II-17 from imines l-3 , 5 and thioesters 6 , 7 

lmine a Ester b Product 

lls,a 42 

12s,a 66 

13s,a 54 

l4s,a 80 

15s,a 52 

16s,a 71 

17s,a 62 

Yield % C Diastereoisomeric ratio d 

s : a 

z-98: 2 

92: 8 

65: 35 

>98: 2 

s98: 2 

29: 71 

20: 80 

a Prepared from the corresponding aldehyde and p-anisidine , and used as crude product 

b Ester : TiCI4 : TEA : imine molar ratio was 2:2:2:1 except for imine 5 (ratio 1:l:l:l ) 

The equimolecular ratio did not affect the stereochemical result and gave slightly lower yield. 

C Overall isolated yields after flash chromatography The excess of thioester can be removed by 

1M KOH hydrolysis ( THF , RT , 3h). 

d As determined by 300 MHz 1 H NMR spectroscopy on the crude and confirmed on the purified 

products. 

Table 2 Synthesis of 5-lactams 18-22 from imines 1, 3 and thioesters 8-l 0 .a 

lmine Ester 

8 18t,c 

8 18t,c 

9 19t,c 

10 2ot,c 

10 201,c 

8 211,c 

10 21t,c 

Product Yield % 

50 

59 

70 

34 

64 

74 

82 

Diastereoisomeric ratio 

t : c 

70: 30 

67: 37 

298: 2 

10: 90 

4: 96 

54:46 

2:>90 

a See Table 1 for reaction condition.ln the case of imine 3 a 1:l:l :l reagent ratio was used 
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Comparison of 1H NMR data for 22~ and 23c supported this hypothesis The u configuration of 

products 18-20 , 22 , and 23 was therefore extended to the major isomers of II-15 , and to 21t,c .I 2 

The very high diastereofacial preference shown by imines l-4 can tentatively be rationalized by a chelation 

controlled 13 addition of the titanium enolates to the imines .5a However , the fact that some experimental 

results do not fit nicely in this picture ( ‘4 and the uncertainity about the nature of the titanium species 2,4 

do not allow at this stage the proposal of a consistent model of stereoselection 
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