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Absrmrt: T&e emltrres derived from 2.pyrtdyithiuesters by lrewmenf wtiir i?Ci3.&+2S and 

enantiomericallypure aminoalcohols react wrth aromatic and hereroarmnatrc rrmnes IO afford p- 

lactams in a conveniem one-pm procedure and rn up IO 78% e.e. The amrnoolcohol can be 

employed both as rhe me&l ligand and as the base 10 generafe rhe enolate. Among several 

aminoalcohols tesred. N-melhylephedrine turned ou: IO be the more efficieni in ferms of 

stereoselecriviry. 

Optically active fi-lactams are generally prepared by reaction of non-racemic reagents featuring covalently 

bound stereogenic groups capable of stereocontrolling the azetidinone nucleus formation. For instance, in an 

enolate/imine condensation1 the stcreogenic groups present in the reaction partners cad either be maintained in the 

target noiecule,2 or can be removed from the reaction products, thus acting as chiral a~xiIities.3 

Obviously, there is another and more appealing possibility to obtain enantiomerically enriched p-lactams, 

namely the use of an enantiomerically pure ligand for the metal of the enolate as the only element of 

stereocontrol. To the best of our knowledge, only two papers in the literature describe this kind of process. 

Corey and co-workers reported a synthesis of p-aminothioesters promoted by a chiral diazaborolidine that occurs 

in excellent diastereo- and enantioselectivity.4 Yamamoto and his group prepared /3-aminoesters by a highly 

selective chiral Lewis acid catalyzed addition of a silylketeneacetal to chiral imines. Both of these methods, 

however, require p-aminoester ring closure to produce the desired azetidinone. 

Over the last few years we have described a convenient one-pot synthesis of @-lactams by the condensation 

of the enolate of 2-pyridylthioesters with mnnes 2h.2j.31.6 The enolates are generated at low temperature in 

C&Cl2 by addition of trifthylamine IO the 2-pyridyithioesters activated by a hQX4 Lewis acid ( M = Ti, Sn; X = 

Cl, Br )? However, despite several attempts no appreciable stereoselection was observed when a variety of 

chiral metal ligands were used to control the absolute stereochemistry of this reaction. This is likely due to the 

multiple co-ordination modes of the octahedral Ti(IV) and Sn(IV) species, that cannot bind mono-dentate 

ligand$ in a single and stereodetermining way. To solve this problem we turned our attention to the use of 

boron halides as the ester activators, on the assumption that these Lewis acids can co-ordinate a Lewis basic 

ligand exclusively in the tetrahedral geometry.gJo 
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The effectiveness of BC13 in promoting the reaction was easily demonstrated by the experiments collected in 

Table 1, Addition of triethylamine (1 mol equiv) to a cooled (-78’C) mixture of 2-pyridylthioesters l-5 (1 mol 

equiv) and BC13.Me2S (2 mol equiv) in CH2C12 resulted in the formation of the boron enolate, that condensed 

with imine 6 (0.5 mol equiv) to afford the corresponding p-lactams in fair to good yield and moderate trans/cis 

stereoselectivity.ll 

Table 1. Synthesis of 8-Lactams 7 and 8&c-llt,c from Thioesters l-5 and Imine 6 in the presence of 

BC13.MeZS and Et3N. 

R’ R* 

Y 

1) BC13’Me2S 
t 

0 SPY 
2) Et,N 

l-5 3) phi, 
N, 

PMP 
6 

Thioester R’ R* Product 

1 Me Me 7 

2 Me H 8t,c 

3 Pr-i H 9t,c 

4 PhCH,O H 10t,c 
5 CH,COO H 11t,c 

7, St - 11t 8e - llc 

( PMP = 4-methoxyphenyl ) 

*zld 
57 
43 
60 

63 
37 

tram : cis 
ratio 

75 : 25 
85: 15 

70 : 30 
70 : 30 

’ Isolated yields after flash chmnatography. 

With these results in hand, we were faced with the problem of selecting suitable chiral boron ligands for our 

reaction. To this end we first established that the boron species must feature two chlorine substituents to be 

sufficiently Lewis acidic to activate the pyridylthioesters toward enolization .l* Prompted by a literature report13 

concerning the use of the boron reagent obtained from BBr3 and (S)-N-methyl diphenylprolinol 12 as chiral 

catalyst for Diels-Alder cycloadditions, we tested this Lewis acid in the condensation of thioester 4 with imine 6, 

using Et3N as base. From this reaction p-lactam 10 was obtained in 50% yield as a 65 : 35 mixture of racemic 

tram (t) and cis (c) isomers. Similarly disappointing were the reactions carried out in the presence of 

compounds 13-15 reported in Chart 1, using the synthesis of p-lactam 7 as mode1 reaction.r4 

A less discouraging result was obtained using (-)-(lR,2S)-N-methylephedrine 16 (NME). With the boron 

species derived from this aminoalcohol and BC13,MeZS, azetidinone (-)-7, [a]~*~ - 34.0 (c 1, CHC13), m.p. 

140-141°C was obtained in 70% yield and 38% e.e. l5 It is interesting to note that the use of (lR,2S)-ephedrine 

17 and of (lR,2S)-N,O-dimethylephedrine 18 afforded (-)-I in lower e.e. (< 3 and 28%, respectively), thus 

showing the importance of both the unprotected hydroxyl function and the tertiary amino group.tu 

The influence of different enolizing bases on the stereoselectivity of the synthesis of 7 carried out in the 

presence of the [BC13.MezS+(lR,2S)-161 adduct was then studied.The results are reported in Table 2. Although 

an improvement in the e.e. was observed with some achiral bases (entry 3,4, and 6), only the use of (lR,2S)- 

16 as the ligand & as the enolizing base led to a satisfactory level of stereoselection (entry 8-10). A variation of 

the conditions for preparing the [BClyMe2S+(lR,2S)-161 adduct gave (-)-7 in best yield and e.e. (entry 10). 
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Chart 1. 

@;; FOH q>Me 
Me 0 

(S)-12 
Me0 

(q-13 

G, 
R3’ R* 

(IR,2S)-16 R’=H, R2=R3=Me 

(lR,2S)-17 R’=R’=H,R’=Me 

(lR,ZS)-18 R’=R2=R3=Me (lSJR)-16 (lR,2R)-21 (lS,ZR)-22 

(lR,2S)-19 R’=H, R’=Me, R3=h-i 

(lR,2S)-20 R’=H, R2=R3=PhCH2 

Ph/?i NM.q “TM1 
HO- Ph 

2 NMe2 
OH 

(R)-23 (S)-24 (Q-25 
(R)-26 R’=R3=H, R2=Bu-1 

27 R’=RZ=R3=H 
28 R’=H, RZ=R3=Me 
29 R’=Br, R2=R3=H 

Table 2. Influence of Different Enolizing Bases and Reaction Conditions on the Stereoselectivity of the 

Synthesis of P-Lactam 7 promoted by the [ BC13.MezS + (lR,2S)-161 Adduct.a*b 
Me 

Me Me l)[ BC13.Me2S + (lR,2S)-16 ] Me 
,H Ph 

M 2) Base 3) 6 -F N 
0 0 SPY ‘PMP 

1 (-1-7 

EnW Base Yield % e.e. % 

1 E13N 70 38 

2 Quinuclldme 61 45 

3 DABCO 31 65 
4c DABCO 60 65 
5 DBU 37 40 

6 Pyridme 32 57 
Id EI~N 43 58 

8 (lR,2S)-16 41 78 

9c (IR,2Sj-16 72 72 

10’ (IR,ZS)-16 14 78 

11% {lR.ZS)-16 55 75 

12h (IR,ZS)-16 55 76 

13’ (lS,ZR)-16 70 c3 
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In order to simplify the process, (lR,2S)-16 was used only as the base to enolize the [BCl3.Me2S+l] 

adduct. In these conditions p-lactam (-)-7 was obtained in lower yield, but, remarkably, still in good e.e. (entry 

11 and 12). Finally, (lS,2R)-16 was used as the base in combination with its enantiomer (lR,2S)-16 as 

boron ligand (entry 13). From this reaction racemic 7 was obtained, thus indicating the possibility of an 

exchange between the aminoalcohol used as ligand and that used as base.16 

Having established that NME-16 is a suitable chiral promoter for our reaction, the influence exerted on the 

stereoselectivity of the synthesis of 7 by a modification of the structure of NME-16 was examined.The amino- 

alcohols 19-29 employed in this study are reported in Chart 1, the results in Table 3. 

Table 3. Stereoselective Synthesis of p-Lactam 7 in the presence of Aminoalcohols 16, 19-29.a 

Me Me 

Y 

It[ BCh Me2.S + Ligand ] 

oA SPY 2) Base 3) 6 

1 

Entry Ligand Base 

lb 

(IR,2S)-19 (IR,ZS)-19 

none (lR,2S)-19 

3c (lR,2S)-20 Et3N 

4 (lR.2S)-20 (1 R,2S)-20 
5b none (lR,2.S)-20 

6d ( 1 R,2S)-20 (lR.2.Q16 

7 (lR,2R)-21 (IR,2R)-21 

8b none (lR,2R)-21 

9b none (lS,2R)-21 
10 CR)-23 (R)-23 
11 ($24 (S)-24 
12 (S)-25 (S)-25 
13 (RI-26 (R)-26 

14c CR)-26 EtjN 

15d (R)-26 (lR,2S)-16 

16d CR)-26 (lS,2R)-16 
17d 27 
1ad 

(lR,2S)-16 
28 

19d 
(lR.Z!S)-I6 

29 (lR,2S)-16 

Yield % 

44 

44 

36 

32 

50 

59 
45 

31 

28 
48 

16 
32 

48 
62 
60 
61 
52 
41 

Me 
Ph 

PMP 

7 

Configuration 

WI 

CR) 

CR) 

(RI 

(RI 

CR) 

w 

w 
(9 

CR) 
no reaction 

(RI 
(S) 
CR) 
W 
W 

e.e.% 

72 

62 

28 

57 

64 

67 
20 

22 

16 
<3 

c3 
15 

13 
69 
63 
17 

66 
61 

The data indicate that no improvemenr in stereoselection is achieved either by increasing the size of the 

nitrogen substituents (entry l-6), or by changing the relative configuration at the stereocenters (entry 7, 8). 

Removal of one of these is detrimental (entry lo- 12), as it is the use of a “bulkier” aminoalcohol like 22 (entry 

9). Stimulated by the result of entry 6 of Table 2, pyridine derived alcohol (R)-26 was tested. This however 

turned out to be too weak as a base (entry 13), and unable to improve the stereoselectivity of the reaction when 
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used as boron ligand, either in combination with Et3N or with (lR,2S)- and (lS,2R)-16 as bases (entry 14-16). 

The condensations carried out with achiral 2-pyridinemethanols 27-29 as ligands (entry 17-19) confirmed the 

limited influence of this class of compounds on the stereoselection. 

The extension of this methodology to other thioesters and imines was then studied. The results are collected 

in Table 4. Truns : cis diastereoisomeric ratios and e.e. were determined as described above.11J5 

Table 4. Stereoselective Synthesis of P-Lactams 8t,c-10&c, 35&c and 36-38 from Thioesters 1-4 

and 30 and Imines 6 and 31-33 in the presence of (~R,~S)-NIVIE-~~.~ 

R* R2 

M 

1) [ BClx’Me2S + (lR,2S)-16 ] t 

2) (lR,2S)-16 

0 SPY 3) R3 

‘II 

R2Lfl, ‘LfIp 

1-4, 30 
K PMP 6, 31-33 Xt-llt, 35t, 36-38 8c-llc, 3% 

Thioester R’ R? Iminc R3 

2 Me H 6 

30 Et H 6 

3 Pr-i H 6 

4 PhCH20 H 6 

1 Me Me 31 

1 Me Me 32 

1 Me Me 33 

Ph 

Ph 

Ph 

Yield 

9Lb 

60 

55 

25 

8t,c 

35t,c 

9t,c 

Ph 50 10t,c 

4-McOPh 42 36 

2-Fury1 52 37 

Z-Thienyl 39 38 

Product t:c e.e.% 

ratioC (t) (cl 

75125 38 20 

77 : 23 64 45 

65 : 35 15 51 

75 : 25 74 14 

62 

51 

68 

a Reaction conditions of entry 10, Table 2. b Isolated yields after flash chromatography. ’ As determined on the crude 
products. 

The reactions of thioesters 2-4 and 30 with imine 6 afford p-lactams St,c-lOt,c and 35&c with moderate 

mm selectivity that does not depend on the nature or on the bulkiness of the C-2 substituent of the thioester.1’ 

The e.e. do not exceed that observed in the reaction of 1 with imine 6 carried out in the same conditions. With 

the exception of B-lactam 9c, the cis isomers are obtained in lower e.e. with respect to the trunk ones. Other 

thioesters such as S-2-pyridylthioacetate, S-2-pyridylthio-a-phenylthioacetate, and N-acetyl- S-2-pyridylthio- 

glycinate were also tested without success. 

The possible variations of imine structure were rather limited. Indeed, only aromatic and heteroaromatic 

imines such as 31-33 could be successfully employed in the reaction with 1. The use of imines derived from 

cinnamaldehyde, a-methylcinnamaldehyde, n-butanal, and cyclohexanecarbaldehyde mainly resulted in imine 

decomposition. In the case of p-lactams 36-38, the e.e.were lower than the best observed for compound 7. 

The absolute configuration of some of the products was established by comparison of their sign of optical 

rotation with that of known compounds, and by the correlation experiments described in Scheme 1. 

Compound (-)-(3R,4S)-St, [aJD23 -20.0 (c 1, CHCl3), m.p. 97’C, e.e. 38%, was converted into the 

known l* compound (-)-(3R,4S)-39, [a]D 23 -17.9 (c 1, CHCl3), m.p. ll?-118’C, [Lit.:18 [a]D22 -39.0 (c 1, 
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CHCl3), m.p. 118-12O”C, for a sample of e.e. >95%) by reaction with Ce(NH,$j2(N03)6.t9 C-3 Methylation of 

(-)-(3R,4S)-St gave (-)-(R)-7, [a]D 23 -37.0 (c 0.3, CHCl3), m.p. 140-142’C, e.e. 40%. (-)-(R)-7, [a]$3 

-29.2 (c 1.3, CHCl3), m.p. 13Y-141°C e.e. 25%. was also obtained by methylation of (-)-(3S,4S)-SC, [a]D23- 

43.0 (c 0.5, CHC13), m.p. 112°C e.e. 23%. This series of experiments demonstrate that (-)-8t, (-)-SC, and (-)- 

7 share the same ligand disposition at C-4. 20 The (3R,4S) configuration was also assigned to compound (-)-3% 

on the basis of its transformation into compound (-)-(3S,4R)-40 of known absolute configuration.2t On the 

basis of the reasonable assumption that the sense of imine enantioface discrimination is maintained in the 

reactions of thioesters 1-4 and 30 with imines 6 and 31-33 carried out in the presence of (lR,2S)-NME-16, 

the absolute configurations indicated in Table 4 was assigned to o-lactams 9, 10 and 36-38. 

Scheme 1. 

Me, , Ph 
F- 

Me.,,, 
CeU-%MNOd6 

5-l I, N. 
0 0 

(-)-(3R,4S)-39 (-)-(3R,4S)-Xt 

Et,% 

F 

Ph , c~(NH&(N03)6 Et +,, Ph 

N. 
0 PMP * yl N. 

0 H 

(-j-(3R,4S)-35t (-)-(3R,4S)-40 

Several factors must be taken into account in attempting a rationalization of this p-lactam synthesis. These 

include: i) the activation of the thioester by the boron species; ii) the structure of the [BC13,MezS + NMB-161 

adduct; iii) the role played by the enolizing base; iv) the stereoselectivity of the enolate formation; v) the geometry 

of the transition state; and vi) the origin of the imine enantioface discrimination. A 300 MHz ‘H NMR study was 

undertaken to clarify some of these factors (Table 5). 

A marked downfield shift is observed for the pyridine and the aliphatic protons of thioester 1 upon addition 

of 1 mol equiv of BCl3.Me2S. Since the boron atom cannot co-ordinate simoultaneously two Lewis basic sites,9 

the adduct seems to be the result of a rapid exchange between the two species 41 and 42 (Scheme 2) in which 

BC13 co-ordinates the carbonyl oxygen or the pyridine nitrogen. This phenomenon also occurs in the presence of 

a two fold excess of BCl3.MezS. 

The spectrum of the boron reagent obtained by reaction of BC13,MeZS with NME-16 shows the presence of 

a broad signal at 6 9.70 ppm, likely due to a proton bound to a quaternary nitrogen.13 This suggests 43 as a 

possible structure for this adduct. 

The spectrum of the species obtained by mixing thioester 1 with the [ BC13,MeZS + NME-161 reagent is 

very complicated. However, co-ordination of the boron species to 1 is evident from the observed chemical shift 

values reported in Table 5 (also in this case an equilibrium between two or more species is possible). It is 

important to note that in this adduct the proton bound to the quaternary nitrogen resonates at 6 10.5 ppm, thus 

further downfield with respect to 43, as if interacting with the lone pair of a heteroatom on the thioester (either 

the carbonyl oxygen or the pyridine nitrogen). 

No enolate signals can be detected in the ‘H or in the 75.4 MHz 13C NMR spectrum of the [l+BC13] adduct 
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upon addition of different bases. In this case, the signals of two species were observed in the ratio of 66 : 34 

(EtjN), 85 : 15 (DABCO), and 89 : 11 (pyridine). The major one is likely to be a new boron complex of 1 (from 

its lH NMR); the minor one features signals very similar to those of the starting [l+BC13] adduct. 

Table 5. ‘H NMR Chemical Shift Values of Thioester 1 and of its Boron Adducts (CD2C12, -78’C). 

Species HC-2 HC-3 Ho HP W H6 

1 2.87 1.25 8.60 7.28 7.59 7.74 

[I+ BC13 ] 3.26 1.49 9.95 8.06 8.55 8.06 

l+ [BCl3 + 16 ] 3.26 1.50 9.15 8.30 8.76 8.30 

3.10 1.43 8.84 7.60 8.05 7.80 

[l+ BC13 ] + base 3.25 1.48 9.95 8.08 8.56 8.15 major minor 

[l+ -a BC13 ] 16 1.42 8.80 7.40 8.06 7.80 major + 

-a 1.48 9.95 -a 8.55 8.20 minor 

a Undetermined because of peak overlap. 

When NME-16 was used as base to enolize the [ l+BCl3] complex, two adducts were obatined in a 60 : 40 

ratio. They have thioester derived signals almost identical to those of the two [l+BCl3]+achiral base species. 

Also the signals of NME were similar to those of the [BCl3+NME] adduct, with the only remarkable difference 

of the proton bound to the quatemary nitrogen that is shifted way downfield at 11.35 ppm. 

The spectrum of the mixture obtained by addition of Et3N to the 1 + [BC13 + NME] adduct was less 

informative, since the intense signals of Et3N overlap with those of the aliphatic protons of 1 and of NME. 

Inspection of the downfield region of the spectrum indicates a situation analogous to that of the [l+BC13] + 

NME mixture.22 

Because of the impossibility to observe any enolate signal, NMR spectroscopy does not provide 

information about the geometry of the enolates derived from thioesters such as 2-5 and 30, that can exist as (E) 

and (Z) isomers. The scarce ?rans/cis stereoselectivity observed in the synthesis of j3-lactams 8-11 and 35 

suggests either a poorly stereoselective enolization, or the existence of stereodivergent transition states.23 In an 

attempt to clarify this point, thioester 2 was transformed into silylketene acetal (E)-44 [(E) : (Z) ratio > 20 : 1].24 

Reaction of (E)-44 with [BC13 + (lR,2S)-161 for 3h at O’C, followed by addition of imine 6, gave (86% yield) 

a 58 : 42 mixture of p-lactams 8t and 8c, in 50 and 24% e.e., respectively.25 Thus, this reaction occurs with the 

same sense and a slightly different extent of relative and absolute stereochemistry control with respect to that of 2 

with 6 carried out in the presence of [BC13 + (lR,2S)-161 as activator and of (lR,2S)-16 as base. Although the 

mechanism of the two processes can be different,26 it seems reasonable to propose that the enolate of 2 (and 

hence of 3-5 and 30) can react with imine 6 via different and stereodivergent transition states. 

AS the result of this complex situation, we tentatively propose a mode1 of stereoselection only for the BC13 
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promoted reaction of imine 6 with thioester 1, that can occur via a single enolate. To this end, cyclic models 

were considered, in agreement with the reported rationalizations of the addition of thioester boron enolate to 

imines.3e14,27 On the basis of others’ 5a and ours observations.28 we think that the transition state involves an 

(E) configurated imine, that does not isomerize in the course of the reaction. The presence of two methyls at C-2 

of the enolate should strongly destabilize a boat-like transition state, thus leading to a chair-like one as 45.29 

Substitution of either one of the two chlorine atoms with the NME residue should provide the element of imine 

enantioface discrimination.30However, the proposal of a model that rationalizes the stereoselectivity dependence 

Scheme 2. 

C13B,. 

I tie I 
Me BCl3 

41 42 

0 
,BC12 Me OSiMezBut 

A/ H - 

Me 
Ph ; H SPY 

+&MQ 
cl- 

(E)-44 

43 

1) 43 
2 

1) 43 
tit + tic (IS-44 8t + SC 

2) (lR,2S)-16 ratio 7.5 : 25 2) 6 ratio 58 : 42 
e.e.% 38 20 

3) 6 
e.e.% 50 24 

Ph 

Me ‘cl 

Me 
45 

on the structure of the aminoalcohols described in Table 3 is presently beyond our efforts. Indeed, although the 

results of Table 3 seem to indicate that the sense of the stereoselectivity of the reaction is determined by the 

configuration of the nitrogen bearing stereocenter of the aminoalcohol, we feel that many different competing 

effects combine to produce the observed stereochemical results, and they require much more experimental work 

to be fully elucidated. 

Experimental. 

lH NMR spectra were obtained at 300 MHz, and 1% NMR spectra at 75.4 MHz. Silica gel was used for 

analytical and flash chromatography. Organic extracts were dried over NazS04 and filtered before removal of the 

solvent. All the reactions employing dry solvents were run under nitrogen. CH2C12 was distilled from CaH2; 
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THF and Et;?0 from LiAIH4; Et3N from KOH. BCl3.MezS was used as commercially available 2M solution in 

CH2C12. 

Thioesters l-5 and 30 were known compounds. 2b The imines were prepared by stirring a CH2C12 solution 

of freshly distilled aldehyde and 4-methoxyaniline at rt for 12h in the presence of MgS04. Filtration and 

evaporation of the solvent at rt gave the crude products that were used as such. 8-Lactams 7,6d 8,6c 9,ac 35,6c 

LO,@ 11,6d 39,18 and 40,21 were known compounds. Aminoalcohols 15-17 and 27 were commercial 

products; compounds (S)-12, [~]~~~+56.8 (c 1.0, CHC13), {Lit.: 32 [a1~23+57.0 (c 1.0, CHC13)); (S)-13, 

]a]t+S0.6 (c 0.9, EtOH), (Lit.: 33 [a]~~*m50.7 (c 1.021, EtOH)}; (4S,5R)-14, [a]~~~-351.5 (c 3.0, 

CHCl$, (Lit.: 34 [a]$s-354.0 (c 2.98, CHC13)); (lR,2S)-18, [a]D23-71.5 (c 2.0, CHC13), {Lit.: 35 [a]~~~ 

-74.5 (c 2.5, CHC13)); (lR,2S)-19, [a]$-2.4 (c 1.0, CHCl3), (Lit.: 36 [o]D”-2.1 (c 6.0, CHC13)); 

(lR,2R)-21, [cx]$~-38.0 (c 3.0, MeOH), (Lit.: 37 [a]$o+38.7 (c 6.65, MeOH) for the (lS,2S)-enantiomer); 

(R)-23, [u]$3-72.0 (c 1.0, CHC13), [Lit.: 37 [a]D2’+74.1 (c 1.3, CHC13) for the (S)-enantiomer]; (S)- 

24.HC1, [a]~~3+30.6 (c 0.8, H20), (Lit.: 38 [~]o*~-30.8 (c 0.85, H20) for the (R)-enantiomer); (S)-25.HC1, 

[o.]~~3+11.7 (c 2.5, HzO), (Lit.: 38 [aID22 +I 1.9 (c 4.0, H20)); and (R)-26, [c~]D~~+40.0 (c 0.3, EtOH), 

(Lit.: 39 [a]~~~ +32.5 (c 1.2, EtOH) for a sample of 90% e.e.), were prepared as described, as were achiral 

derivatives 2g4e and 2941. (lR,2S)-2-Dibenzylamino-1-phenylpropanol 20 was obtained in 63% yield 

by treatment of commercially available (1 R,ZS)-nor-ephedrine in refluxing EtOH with 2 mol equiv of benzyl 

bromide in the presence of 3 mol equiv of anhydrous K2CO3. The product was purified by flash 

chromatography with a 70 : 30 hexanes : Et;?0 mixture as eluant. Compound 20 was a thick oil, [a]D23-38.0 (c 

1.0, CHC13). IR : 3425, 3030, 2800, 1480, 1450, 1050, 740 cm-l. JH NMR (CDC13): 6 7.19-7.38 (m, 15H); 

4.75 (d, lH, J = 6.4 Hz); 3.74 (A part of an AB system, 2H, J = 13.9 Hz); 3.51 (B part of an AB system, 2H, 

J = 13.9 Hz); 3.09-3.13 (m, 1H); 1.18 (d, 3H, J = 6.7 Hz). Anal. Calcd for: C23H25NO: C: 83.34; H, 7.60; N, 

4.23. Found: C, 83.10; H, 7.84; N, 4.51. (1S,2R)-2-Dimethylamino-1,2-diphenylethanol 22 was 

obtained in 92% yield by treatment of the corresponding commercially available N-unsubstituted aminoalcohol 

with an excess of 35% aqueous HCHO and 90% aqueous HCOOH 15h at rerlux. It was a solid, m.p.88’C ( 

Lit.:42m.p.88-89”C for a racemic sample),[a]D23+t()6.8 (c 1.0, CHCl3). IR (nujol): 3435, 3030,1475,1450, 

1050, 740 cm-l. *H NMR (CDC13): 6 6.75-7.25 ( m, IOH); 5.27 (d, lH, J = 4.7 Hz); 3.20 (d, lH, J = 4.7 

Hz); 2.33 ( s, 6H). Anal. Calcd for: Ct6HJ9NO: C, 79.63; H, 7.94; N, 5.80. Found: C,79.90;H, 8.04; N, 

5.71. 

General Procedure for the Synthesis of P-Lactams. To a stirred 0.1 M solution of thioester (1 mol 

equiv) and of the boron reagent (2 mol equiv, see footnotes of Table 2 for its preparation) in dry CH2C12 cooled 

at -78°C the tertiary amine (1 mol equiv) was added either as such (Et3N, pyridine), or dissolved in CH2C12 (for 

all other bases). After 30 min stirring at -78°C the imine (0.5 mol equiv) was added dissolved in CH2Cl2. The 

reaction was allowed to warm-up to rt, and then kept at that temperature overnight. The reaction was quenched 

by addition of a sat. aqueous solution of NaHC03, and the resulting mixture was filtered through celite. The 

organic phase was separated, washed with water, dried, and concentrated to give the crude product. This was 

dissolved in THF and treated with a two fold excess of 1 N aqueous KOH to hydrohze the unreacted thioester (I- 

Sh; this procedure was not followed in the case of compound 11). Et20 was then added, and the organic phase 

was separated, washed with brine, dried, and concentrated. tH NMR analysis of the residue was then performed 

to evaluate the trundcis ratio if necessary. The product was then isolated by flash chromatography with a 70 : 30 

hexanes : Et20 mixture as eluant. The e.e. were detemrined generally exploiting the signals of the Me0 or of the 
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gem-dimethyl group. Compound 3% had m.p. lOl”C, [a]$3-35.2 (c 0.8, CHC13); compound lot had m.p. 

124-125”C, [a]$3-20.2 (c 0.6, CHCl3); a-lactams 35c, 9t, 9c, and 1Oc were obtained only as isomeric 

mixtures; for compounds 7, St, and SC optical rotations and m.p. are reported in the text. 

3,3-Dimethyl-1,4-di-(4-methoxyphenyl)azetidin-2-one 36, had m.p. 97’C, [a]D23-52.0 (C 1.0, 

CHC13). IR (nujol): 1750 cm-I.lH NMR (CDC13): 6 6.80-7.25 ( m, 8H); 4.72 (s, IH, HC-4); 3.74 ( s, 6H, 2 

MeO); 1.48 and 0.83 (2s 6H, 2 Me at C-3). Anal. Calcd for: CI9H21N03: C, 73.29; H, 6.80; N, 4.50. Found: 

C, 73.12; H, 6.88; N,4.51. 

3,3-Dimethyl-4-(2-furyl)-l-(4-melhoxyphenyl)azetidin-2-one 37, had m.p. 13O’C (dec.), 

[a]D23-44.5 (c 0.8, CHC13). IR (nujol): 1750 cm-l.lH NMR (CDC13): 6 6.24-7.40 ( m, 7H); 4.37 (s, lH, HC- 

4); 3.75 ( s, 3H, MeO); 1.48 and 1.07 (2s 6H, 2 Me at C-3). Anal. Calcd for: C16H17NG3: C, 70.83; H, 6.32; 

N, 5.16. Found: C, 70.66; H, 6.29; N, 5.27. 

3,3-Dimethyl-l-(4-methoxyphenyl)-4-(2-thienyl)azetidin-2-one 38, was a low melting 

material, [a]D23-41.0 (c 0.5, CHC13). IR (nujol): 1750 cm-r.lH NMR (CDCl3): 6 6.80-7.26 ( m, 7H); 4.96 (s, 

lH, HC-4); 3.75 ( s, 3H, MeO); 1.48 and 1.01 (2s 6H, 2 Me at C-3). Anal. Calcd for: CIeHI7NG2S: C, 

66.87; H, 5.96; N, 4.87. Found: C, 66.71; H, 6.04; N, 4.82. 

Chemical Correlations. P-Lactams 39 and 40 were obtained from compounds 8t and 8c, respectively, 

by Ce(N&)2(NG& promoted degradation of the 4-methoxyphenyl group. This was accomplished following 

precisely the procedure described by Georg, et al. ta Compound 39 (75% yield) had m.p. 117-l lVC, [a]D23- 

17.9 (c 1.0, CHC13); compound 40 (82% yield) had m.p. 72-73’C, [a]D23-35.8 (C 0.4, CHC13). Both 

products were purified by flash chrmatography with a 50 : 50 hexanes : Et20 eluting mixture. g-Lactams 8t and 

SC were converted into compound (-)-7 by the following procedure. To a stirred 0.1 M solution of St or SC (0.5 

mmol, 0.133 g), in anhydrous THF (5 ml) cooled at -78°C a 0.1 M solution of LDA (0.55 mmol) in THF was 

added via a cannula. The solution was allowed to warm-up to -40°C and was kept at that temperature for 30 

min. Me1 (1 mmol, 0.062 ml) was then added, and the reaction was stirred overnight at rt. A sat. aqueous 

solution of N&Cl was then added, the organic phase was separated, dried, and concentrated. The residue was 

purified with a 80 : 20 hexanes : Et20 eluting mixture to afford (-)-7 in 72% (from 8c) and 20% (from 8t) 

yield, respectively. From the methylation of St, the starting material was recovered in 75% yield. 
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