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Abstract-Acylation of the N-substituted diethyl aminomalonates 3a-3d with diketene furnished the ring 
tautomers firdd of the expected acetoacctyl derivatives 5. By treatment with iodine and sodium ethoxide 
compounds 6a-6d are smoothly converted into the fi-lactam derivatives 204. Deethoxycarbonylation of the 
ethylene ketaW?a-7d ofthelatter furnishes mixturesof the~~es~ndingdi~te~me~cmon~te~8and 10. 
Theethoxycarbonyl groupsofthe transesters8aremore reactive than thoseofthecisisomers l&This permits, 
under appropriate conditions, selective alkaiine hydrolysis and NaBH* reduction of the tratxf esters 8 in the 
presence of the cis esters 10. Reduction of the cis ester 1oC under more forceful conditions furnishes the mans 
hydroxymethyl derivative 1 le. 

In view of the recent active interest in carbap&em 
antibiotics, in general, and those members of this 
family, in particular, which contain a simple or O- 
substituted l-hydroxyethyl group attached to position 
6 of the carbapenem nucleus, i.e. in compounds 1,’ we 
were interested in the elaboration of an independent 
method of synthesis for this class of compounds. It 
appeared to us that compounds of type 2, containing an 
acetyl group in position 3 (which could serve as the 
precursor of the l-hydroxyethyl group of the target 
compounds 1) could be suitable starting compounds 
for this purpose. For the synthesis of the type 2 
compounds a novel method, based on the reaction of 
diethyl (subst aminomalonates 3a-3d with diketene, 
and ring closure of the resulting products by treatment 
with sodium ethoxide and iodine was developed. 

the presence of triethylamine, the method of partial 
debenzylation of the diethyl N,N-dibenzylamino- 
malonate 4a3 proved to be a more efficient method. 
Similarly, selective debenzylation of 4b furnished %I. 
Compounds 3a-3d were smoothly acylated by diketene 
in refluxing acetic acid. The resulting products were 
shown by their ‘H-NMR and IR spectra to exist in 
chloroform sofn solely, and in the crystalline state at 
least partly as the ring isomers &--&I of the desired 
acetoacetyl derivatives 5a-!%I. 

Simultaneous addition of ethanolic sodium ethoxide 
and ethereal iodine soins to the ethereal solns of 
compounds 6a-4 furnished the desired fl-lactam 
derivatives 2a-2d. 

All attempts at partial deethoxycarbonylation of 2 by 
Krapcho and Lovey’s method4 resulted in the 

SR 

‘CUOH 
1 

fR=H,Na03S-, 

R’=: /Y_/NHl, fiNHAc, 

2 
Ip R=Ph 

b R= C&,0&-4 

C R=CHIPh 
,/‘+/NHAc s) d R = CHIC~H&Xie)l - 2,4 

The arylaminomalonates 3a2 and 3b were obtained formation of tarry products. Therefore 2a-2d were 
by allowing diethyl bromomalonate to react with converted into their ethylene ketals 70-76 which were 
aniline and p-anisidine, respectively. Although com- subsequently subjected to partial deethoxycarbony- 
pound 3c could be similarly obtained by allowing lation to furnish mixtures of the trum (8) and cis 
diethyl bromomalonate and benzylamine to react in monoesters (10). Although chromatographic separ- 
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and the 2+dimethoxyhenzyl group, respectively; multipli- 
citieslisted in the descriptions of the ’ 3C-NMR spectra refer to 
the off-resonance spectra. IR spectra were obtained with a 
Spektromom 2ooO instrument (Hungarian Optical Works, 
Budapest). 

A mixture of 2,4dimethoxybenzaldehyde (50 g, 0.30 mol), 
benzylamine (33.6 g, 0.31 mol), dry toluene (300 ml) and p 
toluenesulphonic acid ( 1 g) was refluxed for 8 hr, continuously 
removing the water formed with the aid of a water-separator. 
The solvent was distilled off under reduced pressure and the 
oily residue was dissolved in dioxane (120 ml). NaBH, (3.2 g) 
was added with external ice-cooling and continuous stirring. 
The mixture was stirred for 2 hr and then another portion of 
NaBH, (3.2 g) was added as above. The mixture was kept for 3 
days at ambient temp and diluted with water. The resulting oil 
was taken up in ether, the ethereal soln was dried (MgSO,). 
Part of the solvent was distilled off, and anhyd ethanolic HCl 
was added with ice-cooling and continuous stirring to obtain 
59 g (67%) oft he title compound, m.p. 156 157” (from EtOAc). 
(Found: C, 65.63; H, 7.30; Cl, 11.69; N, 4.72. Calc for 
C,,H,&lNO, (293.78): C, 65.41; H, 6.86; Cl, 12.07; N, 
4.77X.) 

(a) A mixture of diethyl bromomalonate (23.9 g, 0.1 mol), 
and panisidine (24.6 g, 0.2 mol) was stirred for 2 days at 
ambient temp. The resulting mixture was triturated with ether 
(100 ml), and the anisidine hydrobromide was filtered off and 
washed with a small amount of ether. The combined ethereal 
filtrate and washings were evaporated to dryness, and the 
residue was triturated with dil AcOH to give 13.2 g (47%) of 
diethyl (pmethoxyanilino)malonate (3b}, m-p. 64-65” from 
EtOH. (Found: C, 59.99; H, 6.97; N, 5.25. Calc for 
C,~H,~NO~(281.3l~;C,59.77;H,6.8l;N,4.~~.~ ‘H-NMR 
(60 MHz): b 1.23t + 4.209 (J = 7.2 Hz, 2 x OEt), 3.67s (MeO), 

4.1-4.5 br (NH), 4.62s ($--H), 6.55+6.70 (AA’BB’, J = 9 
Hz, ArH’s). 

(b) Benzylamine (24 g, 0.21 mol) was added by drops to a 
mixture of diethyl bromomalonate (59.2 g, 0.25 mol) and Et,N 
(23.3 g, 0.23 mol) with continuous stirring and efficient external 
icecooling to give a thick paste which was stirred for 1.5 hr and 
triturated with ether. The crystalline product was filtered off 
and washed with ether. To the combined filtrate and washings 
anhyd ethanolic HCl was added by drops to obtain 23 g (37%) 
of 3e*HCl, m.p. 146-148” (de@, identical with an authentic 
sample of the salt, obtained by partial dehnzylation of 4a 
hydrochloride.3 

(c) A mixture of ~nzyl~2,~dimethoxy~nzyl~ine (175 g, 
0.68 mol) (liberated from its hydrochloride which was 
obtained as described above) and diethyl bromomalonate 
(89.6 g, 0.38 mol) was stirred at ambient temp until a very thick 
paste foxmed and further stirring became impossibie. The 
mixturew~t~turat~~thetherandthehydrobromideofthe 
excess starting amine was filtered off and washed with ether 
(95% recovery). The combined filtrate and washings were 
evaporated to dryness, and the oily residue was triturated with 
EtOH to obtain 114.5 g (81%) of db, m-p. 62-63” from EtOH. 
(Found : C, 66.58 ; H, 7.09 ; N, 3.43. Calc for C,,H,,N06 
(415.47): C, 66.49; H, 7.04; N, 3.37x.) IR (KBr): 1750, I725 
cm-‘, 

(d) A mixture of 2,~imethoxy~~ldehyde (109.7 g, 0.66 
mol), benzylamine (70.5 g, 0.66 mol) and MeOH (660 ml) was 
stirred for 20 min at ambient temp. NaBH, (13.2 g, 0.33 mol) 
was added in small portions to the resulting clear soln with 
~ntinuoussti~ng~dextem~ ice-cooling. When theSchiffs 
base produced in the first step was completely reduced (TLC; 
Kieselgel G ; benzene-acetone, 9: t), the mixture was 
evaporated to dryness at reduced pressure. The residue was 
taken up in water (200 ml) and ether (500 ml), and the aqueous 
phase was extracted with ether (2 x 200 ml). The combined 

ethereal solns were dried (MgSO,), diethyl bromomalonate 
(156 g, 0.66 mol) and Et,N (67 g, 0.66 mol) were added, and the 
mixture was stirred at ambient temp for 2-3 days. The 
resulting Et,N l HBr was filtered off and washed with ether. 
The combined ethereal filtrate and washings were worked up 
as described in (c) to obtain 197 g (72%) of recrystallized 4b, 
m.p. 62-63” from EtOH. 

(e) Catalytic hydrogenation of4b(61.7 g, 0.15 mol) in EtOH 
(500 ml) in the presence of an 8% Pd/C catalyst (20 g) at room 
temp furnished, after conventional work-up 47.1 g (97%) of 3d 
as an oil which was used without further purification in the 
reaction with diketene. IR (film): 3250,1730,1720 em- ‘. HCl 
salt, m-p. 122- 124” from EtOAc. (Found : C, 52.51; H, 6.77 ; Cl, 
10.30; N, 4.09. Calc for C,6Ht4ClN06 (361.82): C, 53.11; H, 
6.69 ; Cl, 9.80; N, 3.87x.) 

N-Substituted diethyf 3-hydr~xy-I)-methyl-5-oxopyrtiolidi~e- 
2,2-dicarboxyfates (6) 

(a) A mixture of 3s2 (38 g, 0.15 mol), freshly distilled diketene 
( 15.3 g, 0.18 mol) and AcOH (38 ml) was refluxed for 30 min and 
evaporated to dryness at reduced pressure. The oily residue 
was triturated with ether to g,ive 36.5 g(72%) of 6a, m-p. 98-99” 
from EtOAc-light petroleum. (Found: C, 60.83; H, 6.15; N, 
4.43. Calc for Ci,HZ,N06 (335.35): C, 60.88; H, 6.31; N, 
4.18x.) IR(KBr): 3350,1760,1750,1700cm-‘. ‘H-NMR(60 
MHz): 6 l.O2t+ 1.3Ot (J = 7.2 Hz, both)+4.m.45 m (2 
x OEt), 1.60@-Me),2.8Os(CH,CO),3.6 br(OH),7,2Os(Ph). 

(b) Compound 6b,m.p. 136-l 37” from EtOAc, was similarly 
obtained in 720/, yield from 3b (I 1.2 g, 40 mmol) and diketene 
(4.0 g, 48 mmol) in AcOH (15 ml). {Found : 58.98 ; H, 6.90; N, 
4.04. Calc for C1sHZ3N07 (365.38): C, 59.17; H, 6.39; N, 
3.83%) IR (KBr): 3600-3000, 1760, 1740, 1685 cm-‘. ‘H- 
NMR(~MHz):~ l.O7t+ 1.28t+4.1Oq+4.27q(J = 7.2Hz;2 
x OEt), 1.58s (C-Me), 2.76s (CH,CO), 3.64 br (OH), 3.76s 

(MeO), 6.70+ 7.00 (AA’BB’, J = 9 Hz, 4 x ArH). 
(c) Compound SC, m.p. 85-86” from EtOAc-light 

petroleum, was similarly obtained in 63% yield from k(33.3 g, 
0. I25 mol) and diketene (12.8 g, 0.15 moi) in AcOH (40 ml), 
(Found: C, 61.74; H, 6.78; N, 4.30. Calc for Cr,H,,NO, 
(~9.3~:C,61.88;H,6.63;N,4.Ol%.)IR(KBr):3~br, 1755, 
1725, 1685 cm-‘. ‘H-NMR (60 MHz): 6 1.12t (J = 7.2 Hz) 
+3.65-4.25m (5H ; 2 x OEt +OH), 1.51s (C-Me), 2.68s 
(CH2C0), 4.70+4.82 (AB, J = 14.5 Hz)+7.2Os (Ph). 

(d) Compound &I, m.p. 106-107” from EtOAc-light 
petroleum was similarly obtained in 60% yield from 36 (39.6 g, 
0.12 mol) and diketene (12.3 g, 0.15 mol) in AcOH (80 ml). 
(Found : C, 58.79; H, 6.33 ; N, 3.34. Calc for CzoHz,NOs 
(~.43)~~,58.67;H,6.65;N,3.42%.)IR(KBr~:3~,17~h, 
1730,171o em-‘. 1 H-NMR (60 MHz): 6 l.lO+ 1.17 (2 x t, J 
= 7.2 Hz, both) + 3.80-4.15m (2 x OEt), 1.52s (C-Me), 2.65 
br s (4CH2) 3.75s (2 x OMe), 4.7 br s (N-CH,-Ar), 6.25 
6.45m (3”-H + 5”-H), 7.1 m (6”-H). 

N-Substituted diethyf lacetyl4oxoazetidine-2,2-dicarbaxyl- 
ates 2 

(a) An anhyd ethanolic (250 ml) soln of metallic Na (10.2 g, 
447 mmol) was successively treated with 6r (50 g, 149 mmol) 
and an anhyd ethereal (200 ml) soln of I, (37.9 g, 149 mmol), 
When 6r was completely consumed (TLC), AcOH (8.5 ml), 
water (200 ml) and ether (100 ml) were added The aqueous 
phase was extracted with ether (100 ml). Conventional work- 
up of the combined ethereal solns furnished an oily product 
which was crystallized from i-PrOH (50 ml) to obtain 31 g 
(626/,) of 2a, m.p. 55-56”. (Found: C, 61.38; H, 5.89; N, 4.24. 
Calcfor C,7H19N06(333.33)C,61.25;H, 5.75; N,4.20”/,.) IR 
(KBr): 1770,1740, 1720 cm-‘. ‘H-NMR (60 MHz): 6 1.12t 
+4.25q (J = 7 Hz; 2 x OEt), 2.30s (AC), 4.75s (3-H), 7.0-7.6 m 
(Phi. 

(b) To an anhyd ethereal (50 ml) suspension of 6b (9.1 g, 25 
mmol) soIns of metallic Na (1.72 g, 75 mmol) in anhyd EtOH 
(30 ml), and of I (6.35 g, 25 mmol) in anhyd ether (50 ml) were 
rapidly and simultaneously added with continuous stirring 
and external ice-cooling. The mixture was poured into sat 
NaCl aq (100 mt). NaHSO, (2 g) and AcOH (2 ml) were added. 
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Conventional work-up by extraction with ether furnished an 
oily product which crystallized when triturated with i-PrOH 
to yield 6.2 g (68%) of 2b, m.p. 70-7 1 0 from EtOH. (Found : C, 
59.04; H, 5.84; N, 4.08. Calc for C,gH2,N0, (363.38): C, 
59.SO;H,5.82;N,3.85%.)IR(KBr) 1760,1735,1720cm- l_ ‘H- 
NMR(6OMHz):6 1.2~+1.22t+4.17q+4.19q(J = 7.2Hz,2 
x OEt), 2.33s (Ac), 3.70s (MeO), 4.70s (3-H), 6.70+ 7.30 
(AA’BB’, J = 9 Hz; 4 x ArH). 

(c)Startingwithdc(lOg,28.6mmol),metallicNa(1.97g,85.8 
mmol) and I (7.26 g, 28.6 mmol), 2c was obtained as an oil 
which crystallized from i-PrOHI-light petroleum to give 8 g 
(800/,) of 2c, m.p. 5$_56”. (Found : C, 62.27; H, 5.70; N, 4.08. 
CalcforC,sHZ:,NO6~347.36):C,62.24;H,6.09;N,4.03%.)IR 
(KBr) : i 745,1720,1705 cm - ‘. ‘H-NMR (100 MHz): S 1.09t 
+ 1.23t(J = 7Hzj+3.~.4m~2xOEt),2.32s~A~~,4.~+4.80 
(AB, J = 15.5 Hz; N-CH,-Ph) 4.80s (3-H), 7.28s (Ph). 
‘%-NMR : S 13.6 1 q + 13.75q + 62.47t + 62.68t + 166.18s 
+ 166.3 1 s (2 x COOEt), 30.08q + 197.42s (AC), 46. I3t 
(N-CH,-Ar), 65.74s (C-2), 68.68d (C-3), 127.74d + 128.37d 
+ 128.54d+ 135.54s (aromatic C atoms), 162.57s (C-4). 

(d)Sta~ing~th~(20.5g,5Ommol),met~licNa(3.45~ 150 
mmol) and I(12.7 g, 50 mmol), 2d was obtained as an oil which 
was crystallized from i-PrOH (30 ml) to give 10.9 g (54%) of M, 
m.p. 84-85”. (Found: C, 58.99; H, 6.04; N, 3.57. Calc for 
C&H,,NOs (407.41): C, 58.96; H, 6.19; N, 3.44x.) IR (KBr): 
1780,1740,1710cm-‘. ‘H-NMR(l~MHz~:~ l.l2t+ 1.21t(J 
= 7Hz)+3.8-4.2m(2 xOEt),2.31s{Ac),3.76s(2xOMe),4.53 
+4.63 (AB, J = 16 Hz; N-CH2-Ar), 4.69s (3-H). 6.3-6.4 m 
(3”-H+ 5”-H),?.07d(J = 8Hz;6”-H), ‘3C-NMR :6 13.7+62.2 
+ 62.6+ 166.2 (2 x COOEt), 30.7 + 197.9 (AC), 40.7 
(N-CH,-Ar), 55.3 (2 x OMe), 65.2 (C-2), 68.4 (C-3), 98.1 
(C-3”), 103.7 (C-5”}, 115.2 (C-l”), 130.7 (C-6”), 158.4+ 160.7 
(C-2” + C-4”), 162.1 (C-4). 

Preparation of the ethykne ketals 7a-7d 
(a) BF,diethyl etherate (36.5 g, 255 mmol) was added 

dropwise with continuous stirring and external ice-cooling to 
a mixture of 2a(28.5 g, 85 mmol), dry dioxane (90 ml) and dry 
1,2_ethandiol(21 g, 34Ommol). The mixture was stirred for 2 hr 
at ambient temp, neutralized with sat Na,C03aq,diluted with 
water (100 ml), and worked up by extraction with ether to 
obtain an oily product which crystallized when triturated with 
ether to furnish 28.5 g (90”/) of 7a, m.p. 59-61” from gasoline. 
(Found: C, 60.74; H, 6.21; N, 3.79. Calc for C,9H23N07 
(377.38): C, 60.47; H, 6.14; N, 3.71x.) IR (KBr): 1770, 1740 
cm- ‘. ‘H-NMR (60 MHz): S l.l8t+ 1.24t(J = 7.2 Hz)+4.1- 
4.4 m (5H; 2 x COOEt +3-H), l.Sls @‘-Me), 3.92 m (4’-HI, 
+ 5’-Hz), 7.2 m (Ph). 

(b) Similarly obtained was, starting with 2b (6.0 g, 17 mmol) 
and 7b(6.0 g, 89x), m-p. 82-83” from EtOH. (Found : C, 58.70 ; 
H, 5.68; N, 3.63. Calc for C,,H,,NOs (407.43): C, 58.96; H, 
6.18; N, 3.44x.) IR (KBr): 1740 cm-‘, broad. ‘H-NMR (60 
MHz): b 1.!7t+ 1.25t (J = 7.2 Hz)+4.w.2 m (5H; 2 
x COOEt + 3-H), 1.5Us @‘-Me), 3.7s (MeO), 3.9 m @‘-Hz + 5’- 
H,), 6.67 -t- 7.34 (AA’BB’, J = 9 Hz ; 4 x ArH). 

(c) 7c and 7d were obtained similarly but no attempts were 
made at their isolation in pure form. Instead, the crude 
products were used for the subsequent conversions. The 
preparation of the crude 7c and 7d is described below in 
conjunction with the preparation of the vans llc and of the 
diastereomeric monoesters 86 and l&I, respectively. 

trans and cis Ethyl 1~2,~di~thoxybenzy~3~Z-met~y~-l,3- 
dioxolan-2-y~oxoazetidinecarboxylates &I and 1od 

(a) BF,diethyl etherate (206 gt 1.45 mol) was added 
dropwise with vigorous stirring and external ice-cooling to a 
mixture of 2d (179 g, 484 mmol), l&ethanediol(l20 g, 1.94 
mol) and anhyd dioxane (500 ml). The mixture was kept for 1 
day with occasional stirring at ambient temp. tool, of NatC03 
aq (154 g, 1.45 mol) was slowly added with continuous stirring 
and ice cooling, and the mixture was stirred for 15 min. Ether 
and water (11 of each) were added, the layers were separated, 
and the aqueous phase was extracted with ether (500 ml). The 
combined ethereal solns furnished crude 76 in quantitative 
yield as an oil. 

(b) A mixture of the above crude 74 NaCl(33.9 g,O.58 mol), 
water (17 ml) and DMSO (220 ml) was stirred at 180” until 76 
was completely consumed (TLC; Kieselgel G; benzne- 
EtOAc, 6: 4; about 15 hr), and poured into sat NaCl aq (1100 
ml). Extraction with ether (1 x 1000+2 x 500 ml), treatment 
with charcoal, drying (MgSO& concentration of the ethereal 
soln to about 200 ml and chilling to 0” of the concentrate 
furnished 59 g (35x, overall) of trans &I, m-p. 91” from heptane. 
(Found: C, 60.37; H, 6.74; N, 3.83. Calc for C19H2SN07 : C, 
60.14; H, 6.64; N, 3.69%-j ‘H-NMR (100 MHz): 6 1.25t 
+4.15q (J = 7.0 Hz; COOEt): 1.40s (2’-Me), 3.4Od (J = 2.4 
Hz;3-H),3.78+3.80(2xs,2xOMe),3.8Od(J = 2_4Hz;2-H), 
3.9-4.05m (4’-H, + Y-H,), 4.22 f4.62 (AB, J = 14.8 Hz; 
N-CH,-Ar), 6.35-6.5m (3”-H + 5”-H), 7.15d (J = 9 Hz; 6”- 
HI. 

(c) In another experiment the ethereal soln, obtained as 
described in (b), was evaporated to dryness to give an oily 
mixture of the title compounds (75% yield). 11.7 g of this 
mixture was separated into its components by column 
chromatography (Kieselgel 60, 0.063-0.200 mm; benzene-* 
benzene-acetone, 9: 1). The first fraction consisted of the 
trans 8d (6.4 g), identical (‘H-NMR) with the product 
obtained as described in (b), the second of a mixture of the two 
diastereomers (3 g), and the last of the oily cis 1W (0.85 g). lOd, 
‘H-NMR (100 MHz): 6 1.31t+4.25q (J = 7.1 Hz; COOEt), 
1.43s (2’-Me), 3.64d (J = 6 Hz; 3-H), 3.76+3.79 (2 x s, 2 
x OMe), 3.85-4.1m {4’-H, + 5’-Hz), 3.92d (J = 6.0 Hz; 2-H), 
4.22 + 4.70fAB, J = 14.4 Hz; N-CH,-Ar), 6.35-6.5m (3”-H 
+ 5”-H), 7.1 Id (J = 9 Hz; 6”-H). 

1 - S~stit~ted trans - 3 - (2 - methyl - 1,3 - dioxolan - 2 - yl) - 4 - 
oxoazet~i~-2-c~~o~y~ic acids 9 

(a) A mixture of 7a (28.5 g, 75 mmol), DMSO (44 ml), NaCl 
(5.6 g) and water (3 ml) was stirred at 175” until the starting 
compound was completely consumed (TLC; Kieselgel G; 
benzene-EtOAc, 6: 4). The resulting soln was poured into sat 
NaCl aq (200 ml). After conventional work-up by extraction 
with ether, a mixture of the diastereomeric esters & and 1Oa 
(16.4 g) was obtained as an oil. 

(b) An aqueous (30 ml) soln of NaOH (2.15 g, 54 mmol) was 
added with continuous stirring and external ice-cooling to the 
ethanolic (100 ml) soln of the above crude ester mixture. The 
mixture was stirred for 30 min, diluted with water (150 ml), and 
extracted with ether (3 x 20 ml). The aqueous phase was 
acidified (pH 1) with cone HCl. Conventional work-up by 
CH,Cl, extraction furnished 9a as an oil which was 
crystallized from benzene to obtain 12 g (56x, overall) of %, 
m.p. 165”. (Found: C, 60.64; H, 5.72; N, 4.99. Calc for 
&H,,NOS (277.27): C, 60.64; H, 5.45; N, 5.05x.) IR (KBr): 
3X0--2700,1770,1730cm- I. OH-NMR(~MHz):~ lSOs(2’- 
Me), 3.694 {J = 3 Hz; 3-H), 4.Om @V-H, + S-H?), 4.426 (J = 3 
Hz; 2-H), 7.3m (Ph), 7.55 (br s; COOH). 

(cj Starting with 7b( 11 g, 25 mmol), a mixture of 8b and IOb 
(6.0 g) was similarly obtained. 

(d) Hydrolysis of this ester mixture with aqueous ethanolic 
NaOH and similar work-up as described in (b) furnished 4 g 
(54x, overall) of 9b, m-p. 13 l-l 32” from benzene. (Found : C, 
58.40; H, 5.80; N, 4.66. Calc for C, SH, ,NO, (307.32) : C, 
58.63 ; H, 5.57 ; N, 4.560/,,) IR (KBr): 3400-2700,175O cm- ’ 
(br). ‘H-NMR (100 MHz): 6 1.50s (2’-Me), 3.67d (J = 2.7 Hz; 
3-H), 3.76s(MeO), 3.8-4.2m(4’-Hz + S-HZ),4.39d (J = 2.7 Hz; 
2-H), 6.87+ 7.29 (AA’BB’, J = 9 Hz; 4 x ArH), 8.75 br s 
(COOH). 

(e) An aqueous (60 ml) soln of NaOH (5.2 g, 130 mmol) was 
added with continuous stirring and external ice cooling to a 
suspension of the truns &I (41.2 g, 109 mmol) in EtOH (50 ml). 
Stirring was continued until a clear soln was formed (about 20 
min). Water (100 ml) was added and the soln was extracted 
with ether (100 ml). The aqueous phase was acidified (pH 1) 
with~ncHClandrapidlyextract~~thCH~Cl~(1 x 100+2 
x 50 ml). Conventional work-up of the combined CH2Cl, 
solns furnished an oil which was crystallized from toluene- 
light pc!roleum to obtain 35 g (92%) of the trans W, m.p. 117- 
118” frdm toluene. (Found : C, 58.17 ; H, 6.30 ; N, 4.24. Cafe for 
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3.37x.1 IR (K&j: 1740, 1340, 1160 cm-‘. ‘H-NMR (100 
MHz) : d i.39s(2’-Me),Z.94s(meylj, 3.28d (J = 2.4 Hzj, 3.6Otd 
(J = 4.2,4.2,2.4 Hz; 4-H), 3.80+ 3.82(2 x s; 2 x McGj, 3.95m 
(4-H,+ S-H& 4.2-4.35m (CH,Oj, 4.22+4.54 (AB, J = IS 
Hz; N-C&-Arj,6.4-6.55m(3”-H + S’-Hj,7,23d(J = 9Hz; 
6*-H). 

‘%-NMR : S 23.26 @‘-Me), 37.50 (mesyl), 39.45 (N-CH,), 
52.12 (C-4), 55.43 (2 x McO), 60.05 (C-3), 65.06 +65.26 (C-4 
+C-5% 67.54 (CH,O), 98.61 (C-3”), 104.72 (C-5”). 107.33 (C- 
2’). 116.08 (C-l”), 131.10 (C-6”), 158.58 (C-4”), 161.02 (C-2”j, 
165.32 (C-2) 

(c) A mixture of I2d (2.0 g, 4.8 mmolj, K,SzG, (2.6 g, 9.6 
mmofj, Na,HPt&* 2 Ha0 (3.4 g, 19,2 mm&), aoetonitrite (25 
mlj and water {15 ml) was refluxed for 7 hr. The mixture 
remained heterogeneous throughout. After separation of the 
twophases,theaqueousphasewasextractedwithcther(3 x 30 
ml). The combined organic solns were evaporated to dryness, 
and the residue was taken up in CHCI, and water (30 ml each). 
The oily residue of the CHCI, soln crystallized, when 
triturnted with ether (20 ml), to give 0.6 g (47/o) of 12e, m.p. 
llO”, IR(KBrj: 32aO,1750,1730,1345,1165cm-‘. ‘H-NMR 
(100 MHz):6 1.44s@‘-Me), 3.06s(mesyl), 3.27d (J = 2.5 Hz; 3- 
H), 3.88ddd {J = 6.5, 3.9, 2.5 Hz; 4-H), 4.Om (4-H, + 5-H,), 
4.27i4.42 (ABX, J,, = I I Hz J,,, = 6.5 and 3.9 Hz, 
respectively: CH-CI-Ir-Oj, 6.22 br s (NH) 

I30NMR : 13 23.26 @‘-Me), 37.67 (mesylj, 48.98 (C-4), 61.22 
(C-3),65.12i-6536fC+‘+C-5’). 70,06(CH,O), 106.99(C-2’j, 
165.94 (C-2). 

tram - 4 - JodomethyI - 3 - (2 - methyl - 1.3 - dioxoian - 2 - yl) - 
azetidin -2-ones 1*13e 

(a) A mixture of 12c(7.5 g, 21 mmol), NaI (12.6 g, 84 mmol) 
and dry acetone(5Oml) was reguxed for 4 hr with continuous 
stirring, and evaporated to dryness. Water (50 ml) was added 
to the residue. Extraction with CH,Cl, (3 x30 ml) fur- 
nished 7.7 g (94ynj of 13c as an oil. IR (K&j: 1750 cn-i. 
‘H-NM~(i~ MHz): 6 1.4%(2’-Me), 3.2Od(J = 2.2 Hz;3Hj+ 
3.19 + 3.29 (ABX, J,,, = 10.5, J,,, = 5.8 and 4.0 Hz, respec- 
tively; CHCH,I), 3.45ddd (J = 5.8, 4.0, 2.2 Hz; 4-H}, 
3.95-4.lm (4‘-H,+S-H,j, 4.14+4.77 (AB, J,, = 15.5 Hz; 
N-CII,--Ph), 7.33s (Ph). 

(b) A mixturcof &I(5 g, 12 mmoI),NaI (7Sg, 5Ommol)and 
dry acetone (20 ml) was refluxed for 4 hr with continuous 
stirring, and evaporated to dryness. The residue was triturated 
with water, and the insoluble crystalline product was 
recrystalhzed from EtOH toobtain4.5g(84~~ofI3d,m.p. 84- 
85”. (Found : i, 28.33 ; N, 3.27. Calc for C, ,Hz,INO, (447.27) : 
I,28.37;N,3.13~~jlR(KBrj:1745~-1.;H-NMR(l~MH~ 
a~toned~)~~l.3~~~-Mej,3.12d(J = 2Hz;3-Hj,3.3&3.65m 
(CHCHrIj, 3.81+3.87 (2 x s; 2 x OMej, 3.9-4.&n (4’-H, +S- 
H?), 4.13+4.45 (AB, J = 15 Hz; N-CH,-Ark 6.45-6.6m 
(3r:H + 5”.H), 7.24d (J = 8 Hz; 6”-H). -- 

‘3C-NMR: d 6.53t (CH,I). 23.71a Q-Me). 38.97t 
(N-CH,), 53.%d(C-4). 5537qi2; OMej,‘64:18d(d:3), 65.06 
+ 65.17 72 x t; C-4,&5’), 98.45d (C-j_), 104&d (C-S‘), 
107.33s (C-2’). 115.91s (C-l”). 130.89d (C-6”). 158.43s fC-4”). 
160.84s(C-2’;j, 16505s(C-2):’ ” ‘. 

fc) A mixtureof lZe(l.Og, 3.8 mmolj, Naf (2.Og 13.5 mmoij 
and dry aoetone(I0 ml) was refluxed for 4 hr, and evaporated 
todryness. ~ter(3~mIj wasadded to the residue. Extraction 
with CHCI, (3 x 30 mlj furnished an oily product which was 

purified by TLCf Kieselgel PFa,, f 3Q6 ; benzene-acetone, 7 : 3) 
to obtain 0.67 g (6@,?,?j of 130. m.p. 85-86” from EtOAc-I-fight 
petroleum. (Found: I, 42.45; N, 5.00. Calc for C,H,,INOs 
(297.10):.1,42.72;N,4.71%.) ‘H-NMR{lOOMHz):& 1.4%(2’- 
Me), 3.17d(J = 2.4 Hz; 3-H), 3.30+3.42(ABX,J, = 10.5 Hz, 
Jvto = 8 and 4.6 Hz, respectively; CHC&Ij, 3.81 ddd (J = 8.0, 
4.6and2.4 Hz;4H),3.954.15m(4’-H, + S’Hrk6.2br s(NH). 

tram - 4 - Cyanoniethyf - 3 - (2 - nte;hyi w I,3 - di~xdm - 2 - y/j - 
azetidinanes 14~ and Md 

(ajAmjxtumofI~(4.3g. 1 lmmol~NaCN{2.l5~~mmoi) 
andanhyd ~MF(lOmI)w~kept,wit~~ionalsti~~~for 
some days at O-5” untit the iodomethyl derivative was 
completely consumed (TLC; KieseIgel G, benzeneacetone, 
8:2). The mixture was poured into sat NaCI aq (60 ml). 
Extraction with ether (3 x 40 ml) furnished 2.9 g (90”/,) of Me, 
m.p. 64-65” from EtOAclight petroleum, (Found: C, 67.39; 
H, 6.40; N, 9.99. Calc for C,,H, sN209 (286.32): C, 67.1 I ; H, 
6.34;N,9.79%.)IR(KBr): 176ocm-‘. 1H-NMR(100MHz):6 
1.43s(Y-Me),251d{J = 5.6Hz:CHZCNj,3.29d(J = 2.4Hs3- 
H), 3.63 td (J = 5.6 and 2.4 Hz ; 4-H), 3.9-4.05m (4-H, + S- 
Hrj, 4.23 +4.71 (AB, J = 15.2 Hz; N-C&-Ph), 7.3% (Ph). 

(b) A mixture of 13d (1.0 g, 2.2 mmolj, NaCN (0.25 g, 5.1 
mmolj,and anhyd DMF(5mljw~stirr~~or24hrat ambient 
temp. Work-up was identical with that described in(a~ex~pt 
that the oily residue of the ethereal extract was purified by 
preparative TLC (Kieselgel PF,,, + a66 ; benzene-acetone, 
8:2) to obtain 0.46 g (59%) of l&l as an oil which slowly 
crystahizcd from an ether-EtOAc-pentane soln, m.p. 69-70”. 
(Found: C, 62.33; H, 6.74; N, 8.39. Calc for C,,H,,N,O, 
(346.38): C, 62.41; H, 6.40; N, 8.09x.) IR (KBr): 2270 (very 
weak) and 1755 cm-‘. ‘H-NMR (100 MHz): S 1.39sf2’-Me), 
2.52+2.58 (ABX, J,, = 17 Hz, J,i, = 5.8 and 4.7 Hz_ 
respectively ; CHCH,CNj, 3.24d(J = 2.3 Hz ; 3-H), 3.55ddd(J 
= 5.8, 4.7 and 2.3 Hz; 4-H). 3.80+3.82 (2 xs; 2xOMe), 
3.9-4.Om (4’-H,+S-H& 4.22+4.52 (AB, J = 15 HE; 
N-C&-Arj, 6.4-6.55m (3”-H+S‘-H), 7.2Id (J = 9 Hz, 
6=-H). 
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