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Abstract: Addition of the titanium enolates of 2-pyridylthiocstcrs to imines featuring easily removable chiml auxiliaries 

affords fl-lactams in a highly steroosclective fashion. 

We recently reported1 a convenient one-pot synthesis of P-lactams by condensation of titanium enola@s2 

of 2-pyridylthioesters with imines. Starting either from chiral alkoxy aldehydes or from a thioester obtained 

from (R)-3-hydroxybutanoic acid, enantiomerically pure compounds were obtained.4 However, this approach 

is limited to the preparation of those B-lactams that feature particular substituents at the azetidin-Zone nucleus. 

A more general synthesis of optically active compounds would require the introduction of a chiral auxiliary on 

one of the reaction partners. Preliminary results on the use of chirdl imines are here rep~rted.~ 

In order to define the best chiral auxiliary, (S)-amines 1-5, that feature an easily removable nitrogen 

substituent.~*d.s.k+~ were screened (Scheme 1). They were reacted with benzaldehyde to give the corresponding 

(@-imines, that were condensed with non-stereogenic 2-pyridylthioisobutyrayrate 6 to afford, in poor to good 

overall yield, fl-lactams 7a,b-lla,b as mixtures of two diastereoisomers.6 As can be seen from the results 

collected in Table 1, the reaction proceeded with excellent stereocontrol in the case of imines derived from 1,2, 

and 5. Diastereoisomeric ratios were determined by 300 MHz IH NMR spectroscopy on the crude products, 

generally exploiting the N-a(R)Ar signal. The 4s configuration of the major isomer of compound 7 (7a) was 

unambigously established by comparison of its ‘H NMR data with those reported in the literature.sj The 

common pattern of IH NMR signals shared by compounds 7a and 8a suggested the reasonable extension of the 

4s configuration also to 8a. Chemical correlation starting from lla ( 11s to enr-7a: thiocarbonyldiimidazole, 

1,2_dichloroethane, reflux. 4h; then tributyltinhydride, AIBN. toluene, reflux, 5h, 52% overall yield. lla to 

9a: NaH. benzylbromide, THF, RT, 15h, 63% yield; lla to.lOa: t-butyldiphenylsilylchloride, imidazole, 

DMF, RT, 24h, 80% yield), allowed the attribution of configuration reported in Table 1. 
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Table l.Synthesis of p-Lactams 7-11 by Reaction of Thioester 6 with the Benzaldehyde imines 

Derived from Amines l-5.a 

Amine R Product Yield?@ a: brad@ C-4 Configuration 

1 Ph 7 80 96: 4 s 

2 a-Naph 8 79 95: 5 S 

3 PhCH2 9 33 80 : 20 R 

4 t-BuPhnSi 10 13 74 : 26 R 

5 H 11 50 >98: 2 R 

*The reactions were run on a 0.5-5.0 mmol scale in CH2C12 with a 1 .O: 1 .O: 1.1: 0.5 ester: TiCld: EtsN: 

imine ratio. Reaction times and temperatures: complexation: 5 min, -78’C; enolization: 30 min, -78Qc. 

condensation: 5 h , The reaction quenched by of sat. the mixture 

filtered through the organic was separated, and concentrated vacua, and crude 

product by NMR b Isolated after flash C Determined 

the crude by 300 *H NMR d Of major isomer. A single was 

detected by tH t3C (75.4 NMR analysis. 

the basis the data in Table amine Q-l was selected as the chiral auxiliary that seems to 

promote the p-lactam synthesis with both good chemical yield and high diasteteoselectivity.7 Different imines 

derived from (S)-1 were therefore reacted with 2-pyridylthioesters 12 ( Rt = Et), 13 ( Rt = i-Pr), and 14 (Rt 

= i-PrsSiO), to give 8-lactams 15-20.6 The results are collected in Table 2. 
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Table 2. Synthesis of 8-Lactams 15-20 by Reaction of Thioesters 12-14 with the Imines Derived 

from Aldehydes RCHO and Amine (S)-1.a 

1 

R ,k 
0 SPY 

RCHO + Q-l - 
12-14 

N-TMe 

Me 
TiCI4 / Et3N 

Ph Ph 

15-20 

R R’ Product Yield%b mn.slcis ratio= diastereoisomeric rati@ 

RWns cis 
Ph Et 15 79 9317 80/20 _d 

Ph Pr-i 16 62 9317 911 9 W48 
Ph TIPS@ 17 90 62l38 90/10 84116 
C(Me)=CHPh Pr-i 18 35 >98/ 2 911 9 _d 

CH20TBDPSf Pr-i 19 42 8Ol20 89/l 1 88/12 
Wll-c Pr-i 20 60 >98/ 2 911 9 _d 

a< See Table 1. d Undetermined.= TIPS = i-PgSi. f TBDPS = t-BuPhzSi. 

In principle four products can be obtained from each condensation: two frart.r and two cis p-lactams. Tram 
and cis compounds were easily recognized on the basis of the HC-3/I-K-4 coupling constant value (Jrronr : 1.5 

2.0 Hz; Jcjs : 5.0-5.5 Hz). In agreement with previous observations, 1,4 the translcis ratios seemed to increase 

with increasing steric requirement either of the thioester Rt group or of the imine R substituent. For the 

predominant trans 8-lactams the extent of stereocontrol exerted by the chit-al auxiliary was constantly 

satisfactory, while for the minor cis ones it was in some cases clearly lower, and in general less predictable. The 

absolute configuration at C-3 and C-4 of the major isomer of compound warn-15 was established as 3S.4R. 

as before by comparison of lH NMR data.sj 

The preference for the attack of the enolate on the Re face of the (E)-imines derived from Q-1 can be 

tentatively rationalized by a model of stereoselectionts4 as A, in which the the imine nitrogen is coordinated to 

the titanium atom, the H substituent at the stereocenter points toward the enolate, and the Ph group lies in the 

less sterically crowded position. Attack on the Si face of the imine as in B should be disfavoured by steric 

interaction between the Ph group and the pyridine ring of the thioester. Involvement of (2) and (E) enolates 

would account for the formation of major isomers of rrans or cis 8-lactams. respectively.8 
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All new compounds gave salisfactory analylical and spccual data. Optical rotations ([a]D23, c 0.5 in CHC13): ‘la, + 91.0; 

9a, - 100.8; lOa, - 42.1; 119, - 120.9. 
The prOauct of lhe -lion of (a-5 with bcnxaldchydc is a > IO:1 mixture of tbc imine and of the corresponding 
oxaxolidine ( see for instance: Fulop, F.; Pihlaja, K.; Neuvoncn. K.; Bcmatb, G.; Argay, G.: Kalman, A. J.Org.Chem. 
1993.58, 1%7; Miao, C.K.; Sorcek, R.; Jones, P.-M. Tetrahedron Len. 1993,34,2259). This material gave a single 
Iraw product in the condensation with thiccstcr 13 in 75% yield. Howcvcr. the reactions of other thioeaters with lhis 
imine occurred in very low yields. 
I1 must be noted lhal the major products 9a-1 la of die rcacdon of lhiocster 6 whh the bcnxaldchyde imines derived from 
amines 3-S have lhe same 4R absolute configuration. Since 3-5 fcaturc OR groups of very dilTen?nt chelating 
ability, addition of Ihe enolate on a chclatcd conformation of lhcse imincs seems unlikely. For an example of a highly 
slemoselcctive cnolate addilion to a chehucd imine dcrivcd from (03 sea ref. 5e. 
The existence of the co-ordination belwcen die pyridinc nhrogcn and lhe thanium atom has been demonstrated 
specuoscopiudly ; the impormncc of this co-ordination in dctcrmining rhe enohue geometry and the stemochemical 
outcome of the ma&n has also been csmblishcd (see rcfcrcncc 4). 
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