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(27) (46 mg, 0.07 “01) in 6 mt of DME was added and the final 
mixture refluxed for 1 h. The resulting residue was further 
p d e d  by chromatagraphy on a ailice gel column, 20% methylene 
chloride/petroleum ether being used for elution. The main 
compound was collected and recrystallized from methylene 
chloride/methanol to give 32 mg (72%) of the title dimer: mp 
199-200 OC; vis A, 347 nm (a 45600), 412 (ll8100), and 630 
(51610); NMR bH (ppm) 8.90,8.87,8.83,8.82,7.85, and 7.83 (all 
s , 6  mem H), 7.60 and 7.58 (both d, 2 H,, J = 15.1 Hz), 6.44 (dd, 

J2 = 7.2 Hz, Js = 3.0 Hz), 4.10 (m, 2 H, 8,8’-H), 3.88 (m, 2 H, 
7,7’-H), 3.25-3.57 (overlapping q, 24 H, CH2 of Et), 1.76 (over- 
lapping q, 8 H, 7,7’,8,8’-CH2 of Et), 1.46-1.68 (overlapping t, 36 

mle 1261.9 (100). Anal. Calcd for C,&N$lb C, 74.17; H, 7.66, 
N, 8.87. Found C, 74.20; H, 7.58; N, 8.88. 

trans ,trams ,trams - 1,6-Bis(b[ nickel(I1) beneochlorin]}- 
1,3,bhexatriene (67). The same general procedure was followed. 

and DME (10.0 mL) were used. After 2 h of refluxing, nickel(II) 
y(2-formylvinyl)octaethylbe~hlorin (14) (76 mg, 0.11 mmol) 
in 15 mL of DME was added and the final mixture was refluxed 
for 1 h. The resulting residue was chromatographed on a silica 

2 H,, J1 = 7.2 Hz, 5 2  3.0 Hz), 5.81 (add, 2 Hb, J1 15.0 Hz, 

H, CHs of Et), 0.98 and 0.93 (t, 12 H, 7,7’,8,8’-CHS of Et); MS, 

TiCls(DME)I.& (336 mg, 1.16 m o l ) ,  Zn-Cu (311 mg, 4.38 m o l ) ,  

gel column, 40% methylene chloride/petroleum ether being ueed 
for elution. The second least polar band was collected and re- 
crystallbed from methylene chloride/methanol to give 42 mg 
(56%) of the title compound mp 239-241 “C; vie k- 371 nm 
(a 54500), 434 (95700), 618 (28800) and 706 (42400); NMR 
(ppm) 8.66 (d, 2 benu, H, J = 8.1 Hz), 8.63 and 8.27 (8, 2 H each, 
4 meso H), 7.86 (d, 2 H,, J = 14.7 Hz), 7.68 (t, 2 benzo H), 7.60 
(d, 2 benzo H, J = 6.9 Hz), 6.35 (dd, 2 H,, J1 = 7.2 Hz, Jz  = 3.0 

3.27-3.55 (m, 24 H, CHz of Et), 2.77 and 2.32 (q, 4 H each, CH2 
of gem-EtJ, 1.56, 1.53, and 1.36 (t, 36 H, CHS of Et), 0.07 and 
0.04 (t, 6 H each, CH3 of gem-EM; MS, m/e  1334.5 (100). And 
Calcd for CMHwN8Niz-HzO: C, 74.56; H, 7.30; N, 8.28. Found 
C, 74.60; H, 7.36; N, 8.12. 

Hz), 5.55 (ddd, 2 Hb, J1 15.0 Hz, J2 = 7.2 Hz, Js = 3.0 Hz), 
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Preparation of appropriately substituted 3-alkyl @-lactams via the ketene (or equivalent)-imine cycloaddition 
reaction is described. The dehydrochlorination reaction of a-(pheny1thio)alkanoyl chlorides with triethylamine 
in the presence of imines derived from cinnamaldehydes and p-anisidine produced a high-yield formation of 
a-phenylthio &lactame, which upon desulfuration furnished a variety of %alkyl &ladame in a highly sterewlective 
fashion. In contrast, reaction between a-haloalkanoyl chlorides and cinnamylideneamines in the presence of 
triethylamine furnished the corresponding [4 + 21 cycloadducta as main producta. Preparation of highly 
functionalized a-alkylidene @-lactams through thermal decomposition of the corresponding @-lactam sulfoxides 
or by cycloaddition of aJ-unsatwated acid chlorides to imino eatem in the presence of triethylamine is also described. 
Addition of Flemming’s silylcuprate reagent to a-alkylidene @-lactams furnished the corresponding 34  l’-(di- 
methylphenylsily1)ethyl) @-lactams as (f )-thienamycin intermediates. 

Carbapenem antibiotics, such as thienamycin (I), 1-8- 
methylthienamycin (2), and the closely related structures 
PS-5 (3) and PS-6 (41, have attracted a great deal of in- 
terest from both a biological and a synthetic point of view.l 

1 R:H lMefwny& 3 R : H  ps6 
2 R : M  l+-Methykarbapenems 4 RMePS8 

Because of the inherent chemical instability of the bicyclic 
ring system, the main strategies toward their synthesis 
(Figure 1) usually involve the preparation of an appro- 
priately substituted monocyclic 3-alkyl8-lactam with the 
correct stereochemistry at  c& of the &lactam ring, 
followed by chemical manipulations at  N1 and C4 and 
subsequent ring closure to form the bicyclic carbapenem 
system in the last steps of the synthesise2 Of the existing 
methods to carry out an efficient ring closure, the carbene 
insertion reaction developed by the Merck groups for 
thienamycin synthesis (Figure 2) seems to be the most 
widely employed method for the construction of bicyclic 

(1) For review on B-hctam antibiotics, see: (e) Chemistry and Bi- 
ology of&Lmctam Antibbtk8; Morin, R B., Gonnan, M., E%.; Academic: 
New York, 1982; Vol. 1-3. (b) Recent Advance8 in The Chemistry of 
&Lactam Antibioticcr; Brown, A. G., Roberta, S. M. %.; The Royal 
Society of Chemistry: Burlingtan HOW, London, 1984. (c) Topics in 
Antibiotic Chemistry; Sammw, P .  G., Ed.; E b  Horwood: New York, 
1seO; VoL 3-4. (d) Southgate, R; Ebon, S. In Progrecur in The Chemistry 
of Organic Natural Productr; Hen, W., Grieebach, H., Kirby, G. W., 
Ta”, Ch., Eds.; Sprin er-Verleg: New York, 1985; 1. (e) 
Wrckheimer, W.; Blumbac%, J.; Latrell, R.; Sheunemann, K. !I. Angew. 
Chem. Int. Ed. Engl. 1986,24,180. 

0022-3263/91/ 1956-4418$02.50/0 

(2) For reviews on the synthwb of carbapenem, nea: (a) htcliffe, R. 
W.; Albers-Schonberg, G. In Chemistry and Biology of &Lactam Anti- 
biotics; Morin, R. B., Gormnu, M., %.; Academic: New York, 1982; VoL 
2, p 227. (b) Hoppe, D. Nachr. Chem., Tech. Lab. 1982, 90, 24. (c) 
Kametani, T.; Fukumoto, K.; Ihara, M. Heterocycles 1982,27,4&3. (d) 
Shibuya, M. J. Synth. Org. Chem. Jpn. 1983,41,62. (e) Labia, R; Morin, 
C. J. Antibiot. 1984,37, 1103. (0 Nagahara, T.; Kametani, T. Hetero- 
cycles 1987,25,729. (e) 1-&Methylcarbapenem: Shih, D. H.; Baker, F.; 
Cama, L.; Chriitensen, B. G. Heterocycles 1984,22,29. 

(3) Ratcliffe, R W.; Salpnann, T. N.; Chriatenaen, B. G. Tetrahedron 
Lett. 1980, 22, 31. 

Q 1991 American Chemical Society 
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Figure 1. 

1 

Figure 2. 
5 

@-lactama12 Thermolysis of diazo ketone 6 in the presence 
of rhodium acetate provides the cyclized &keto ester 5 in 
excellent yield, which can be convertad into thienamycin 
in three steps.' For this strategy, 4-(acyloxy)azetidin-Z 
ones of type 7 are recognized as the most useful interme- 
diates for synthetic work in &lactam chemi~try.~ The 
replacement of the acyloxy group by a variety of nucleo- 
philes provides an easy access to a wide variety of bicyclic 
fl-lactam precursors, including penems6 and related sys- 
t e m ~ . ~  Consequently, the development of short and highly 
stereocontrolled methods for the synthesis of 3-alkyl-4- 
acetoxyazetidin-2-ones or &lactams containing alternative 
leaving groups at  C4 position is of crucial importance in 
6-lactam chemistry. 

The most direct accB%B to 4acetoxyazatidin-2-0nes is the 
addition of chlorosulfonyl isocyanate (CSI) to the corre- 
sponding vinyl acetatea8 However, the lack of stereose- 
lectivity in the cycloaddition step0 and the reactivity of 
CSI toward several functional groupdo necessitated the 
development of new approaches to 3-alkyl-4-acetoxy- 
azetidin-Bones. Several groups have demonstrated that 
3-alkyl-4-styrylazetidin-2-ones are appropriate starting 
materials for a further chemical elaboration leading to the 
required precursors in a few stepse1A4 Following this 
strategy, we have recently described" a short synthesis of 
4-acetoxy &lactams by using the a-bromo ester-imine 
condensation as an approach to 3-alkyl-4-styrylazetidin- 
2-Ones. 

Among many other methods for the synthesis of /3-lac- 
tams,'a the enolate-imine condensationla and the hy- 

(4) For a recent review on the synthwt of thienamycin, see: Georg, 
G. I. In Studies in Natural Product Chemistry; Rahman, A-ur, Ed.; 
Ebsvier: A", 198% Vol. 4, p 431. 

(6) For comprehensive reviews, we: (a) refa 2c and 2f. (b) Davies, D. 
E, Storr, R. C. In Comprehemiue Heterocyclic Chemistry; Lwowski, W.; 
Ed.; Pegamon: New York, 1984; Vol. 7, p 237. (c) Mickel, S. Aldri- 
chimica Acta lW, 18,96. 

(6) For reviews, we: (a) Alpegiani, M.; Battiathi, C.; Bedeschi, A.; 
F r a n d ,  0.; Giudici, F.; Perrone, E; scaratile, C.; Zarini, F. Chem. Ind. 
(Milon) 1986,69, 70. (b) Frances&, G.; Alpegiani, M.; Battistini, C.; 
Bodmhi, A; Perrone, E.; zarini, F. f i r e  Appl. Chem. 1987,59,487. (c) 
Perrons, E.; hanceschi, G. In Recent Progress in the Chemical Synthesis 
oflntiliotics; LuLa& G., Ohno, M., EQ.; Spriuger-Verb Berlin, 1Bgo; 
p 613. 
(7) Brown, A. G. Pure Appl. Chem. 1987,59,475. 
(8) Ckus, K.; Gri", D.; Prorsel, G. Liebigs Ann. Chem. 1974,539. 
(9) Kametani, T.; Honda, T.; Nalrayama, A.; Fukumoto, K. Hetero- 

cycles 1980, 14, 1967. Remntly a highly etereowlective synthesis of 
1+3-methylcarbapnoma uing the CSI approach has been described, we: 
Ito, Y.; Kobayuhi, Y.; Teraahima, S. Tetrahedron Lett. 1989,30,5631. 
(10) For recent reviewr on CSI,, we! (a) D h ,  D. N.; Murthy, K. 5. 

K. Synthesis 1986,437. (b) Kamcu, A., Sattur, P. B. Heterocycles 1987, 
26,1051. 

(11) Palomo, C.; C d o ,  F. P.; Arrieta, h; Odrioaola, J. M.; Oiarbide, 
M.; Ontoria, J. M. J.  Org. Chem. 1989,M, 5736. 
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droxamate approach14 have received considerable attention 
in carbapenem synthesis. Surprisingly, the most widely 
employed method to construct @-ladams, the Staudinger 
reactionB or ita variant the acid chlorideimine 
has received very little attention within the context of 
carbapenem synthesis. This approach is potentially quite 
versatile since the needed substrates, acetic acids, and 
Schiff bases are easily accessible and therefore a number 
of @-lactams with functional groups at Nl and C4 positions 
can be prepared. Although from this method the steric 
course of the @-lactam formation does not appear to be 
predictable, it can be controlled by the experimental 
conditions used17 and by the choice of Schiff bases with 
bulky substituents.18 This approach has found wide ap- 
plicability in a-amino &lactam synthesis'8Jg or in &lactams 

(12) For recent reviews on the synthesis of &kctans, sea: (a) Muk- 
erjee, A. K.; Srivastava, R. C. Synthesis 1971, 373. (b) Bow, A K.; 
Manhas, M. S .  Lect. Heterocycl. Chem. 1976, 3, 43. (c)  beace, N. S.  
Chem. Soc. Reu. 1976,76, 181. (d) Mukerjee, A. K.; Singh, A. K. Tet- 
rahedron 1978,34, 1731. (e) Koppel, G. A. In Small Ring Heterocy- 
cks-Azetidines, t9-Lactam, Diazetrdines and Dkiridines; Ha", A, 
Ed.; Wdey New York, 1983; Chapter 2. (0 Haneeeian, S.; Sahoo, 5. P.; 
Couture, C.; Wyes, H. Bull. Soc. Chim. Belg. 1984,93,671. (e) Barrett, 
A. G. M.; Sturgeae, M. A. Tetrahedron 1988,44,5616. (h) Thoman, R. 
C. In Recent Progress in The Chemical Synthesis of Antibiotics; Lukaca, 
C., Ohno, M., W.; Springer-Verb Berlin, 1990; p 533. 
(13) For recent reviews, see: (a) Hart, D. J.; Ha, D. C. Chem. Rev. 

1989,89,1447. (b) Brown, M. J. Heterocycles 1989,2!2,2226. 
(14) For a review, we; Miller, M. J. Acc. Chem. Res. 1986, 19, 49. 
(15) Staudinger, H. Lrebigs Ann. Chem. 1907, W, 51. For a review 

on chiral control of the Staudinger reaction, see: Cooper, R. D. 0.; 
Daugherty, B. W.; Boyd, D. B. Acre Appl. Chem. 1987,69,486. For 
recent methods, see: (a) Hubechwerlen, Ch. Synthesis 1986,962. (b) 
Evana, D. A; Williams, J. M. Tetmhedron Lett. 1988,29,5086. (c) Wale,  
D. k, Card, G.; Chiang, J.; Monteleone, M. G.; Kurye, B. E.; Strohmeyer, 
T. W.; Hegde, V. R.; Manhas, M. 5.; Bose, A. K. J. Org. Chem. 1988,53, 
4227. (d) Thomas, R. C. Tetrahedron Lett. 1989,90,6239. (e) Ojima, 
I.; Komata, T.; Qiu, X. J. Am. Chem. SOC. 1990,112,770. (f) Rota, N. 
Chem. Phurm. Bull. 1990,38,1601. (e) Kobayaehi, Y.; Takanoto, Y.; Ito, 
Y.; Teraehima, S. Tetrahedron Lett. ISSO, 31,3031. 
(16) For recent reviews, see: (a) Olden, K. G. In Chemistry and Bi- 

ology of &Lactam Antibiotics; Mod, R. B., Gorman, M., Eda; Academic 
New York, 1982; Vol. 2, p 99. (b) Manhas, M. S.; Van der Veen, J. M.; 
W le, D. R.; Hegde, V. R.; Bed, S. S.; Ghoeh, M.; Kriehnan, L. Indian 

Ftajwwari, S.; Chandraeekaran, 5.; Premila, M. S.; Natajaran, S.; Pai, B. 
R. Heterocycles 1984,22,685. (d) Sandhu, J. S.; Sain, B. Heterocycles 
1987,26,777. 
(17) (a) Bow, A. K.; Anjaueyulu, B.; Bhattachqa. 9. K.; Manhas, M. 

S. Tetrahedron 1967,23,4769. (b) Boae, A. K.; Chmng, Y. H.; Manhas, 
M. S. Tetrahedron Lett. 1972,4091. 
(18) (a) Moore, H. W.; Hughes, G.; Srinivasachar, K.; Fernand=, M.; 

Nguyen, N. V.; Schau, D.; m e ,  A. J. J.  Org. Chem. ISM, 50,4231. (b) 
Arrieta, A.; k e a ,  B.; Palomp C. J.  Chem. Soc., Perkin !h~. 1 1987, 
W. (c) Aizpurua, J. M.; Cocieio, F. P.; Lean, B.; Palomo, C. Tetmhedron 
Lett. 1986,27,4359. For another discussion, we: Aldde, B.; Domingues, 
G.; Plumet, J.; Sierra, M. A. Heterocycles 1988,27, 1317. 
(19) (a) Arrieta, A.; Lecen, B.; k i o ,  F. P.; Palomo, C. J. Org. Chem. 

1988,53, 3784. (b) Burgemeister, T.; Dannhardt, G.; Mach-Bindl, M.; 
N&h, H. Arch. Pharm. 1988,921,349. (c) Brady, W. T.; Gu, Y. A J. Org. 
Chem. 1989,54,2838. 

J. ?h em. 1986, 25B, 1096. (c) Govindachari, T. B; C h i "  Y, P.; 
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Scheme Io 

Palomo et al. 

&Ph 
I t M . p P h  

NPMP 0 '*PMP 
+ 

8 R9:Me X : U  11 &:Me 
9 R I : M e X b  12 &:Ph 

10 &:Et X : C  13 R2:H 

14 X C I  &:Me 
15 X : C  R 2 : k  

"Reagents and conditions: (i) NEh, solvent, rt, 2b24 h; (ii) DBU, benzene, rt. 

bearing electron-withdrawing groups at C-3 position;20 
however, only a few reports have been appeared concerning 
the utility of this approach to the synthesis of 3-alkyl 
@-lactams.21-29 For example, Plumet and co-workersZ2 
reported the cycloaddition reaction of monoalkylketenes, 
generated from aliphatic acid chlorides, with imines de- 
rived from phenylglyoxal and then a Merck group em- 
ployed such an approach to the synthesis of (+)-thiena- 
mycin.= An analogous approach has recently appeared 
in which acetylketene, presumably generated from di- 
ketene, reacted with both imino esters and chiral imines 
derived from (S)-(benzy1oxy)propanals to provide carba- 
penem building blocks.24 Since it is well known that 
reaction between an acid halide and an imine in the 
presence of triethylamine to furnish the azetidinone nuclei 
only works well with electron-withdrawing substituents at 
the a-position of the acid halide,% these procedures seem 
to be limited in scope. 

Racently we have applied the Staudinger reaction to the 
synthesis of appropriately substituted 3-alkyl 8-lactams 
for the preparation of carbapenem building blocks.2s 
Herein, we wish to report full details of our preliminary 
work that demonstrate the synthetic potential of the acid 
chloride-imine methodology in carbapenem synthesis. 

Results and Discussion 
As mentioned above, dehydrohalogenation of simple 

aliphatic acid chlorides is fraught with potential diffidtiea 
that are probably associated with the inherent instability 
of monoalkylketenes.26 Therefore, we decided to explore 
an indirect general route to 3-alkyl 8-lactams that would 

(20) For wme new exam lee, see: (a) Burgemeister, T.; Dannhardt, 
G.; Mach-Bindl, M. Arch. h a r m .  1988, 321, 521, (b) Sharma, S. D.; 
Khurana, J. P. 9. Indian J .  Chem. 1988, B B ,  97. 

(21) Emest, B.; Bellus, D. DE 3620467AL, 1987; Chem. Abstr. 1987, 
106,176045q. 

(22) Alcaide, B.; Dominguez, G.; Escobar, G.; Parreno, V.; Plumet, J. 
Heterocycles 1986,24, 1679. 

(23) (a) Tschaen, D. M.; Fuentes, L. M.; Lynch, J. L.; Laswell, W. L.; 
Volante, R. P.; Shinkai, I. Tetrahedron Lett. 1988,29,2779. (b) Lynch, 
J. E.; Riseman, 5. M.; Laswell, W. L.; Tschaen, D. M.; Volante, R. P.; 
Smith, C. B.; Shinkai, I. J. Org. Chem. 1989,54, 3792. 

(24) (a) Kobayashi, Y.; Ito, Y.; Terashima, S. Bull. Chem. SOC. Jpn. 
1989, 62, 3041. (b) Kawabata, T.; Kimura, Y.; Ito, Y.; Terashima, S.; 
Sasaki, A.; Sunagawa, M. Tetrahedron 1988,44,2149. (c) Ito, Y.; Ko- 
bay&, Y.; Kawabata, T.; Takaw, M.; Terashima, S. Tetrahedron 1989, 
46,5767. (c) Obi, K.; Ito, Y.; Terashima, 5. Chem. Pharm. Bull. 1990, 
38,917. 

(25) (a) Sauer, J. C. J. Am. Chem. SOC. 1947,69,2444. (b) McCarney, 
C. C.; Ward, R. 9. J.  Chem. Soc., Perkin Trona. I1976,1800. (c) Lacey, 
R. N. In The Chemistry of Alkenes; Patai, S.,  Ed.; Interscience: New 
York, 1964. (d) Ward, R. S. In The Chemistry of Ketenes and Allenes 
and Related Compounds; Patai, S.,  Ed.; Wiley: New York, 1980; Part 
1, p 231. 

(26) Palomo, C.; Coee!o, F. P.; Odriozola, J. M.; Oiarbide, M.; Ontoria, 
J. M. Tetrahedron Lett. 1989, 30, 4677. 

16 X : C & : H  20 &:Me 
17 X:CI &:Me 21 b : P h  
18 X:Br b:k 
19 X: Br R: Ph 

involve the formation of &lactams bearing electron-with- 
drawing groups at the a-position of the &lactam ring able 
to undergo further reductive elimination.n 

It has been described that a-halopropanoyl chlorides% 
and a-(pheny1thio)propanoyl chloridea efficiently reacted 
with both imines and olefinic compounds in the presence 
of triethylamine to give the corresponding [2 + 21 cyclo- 
adducts in a straightforward manner. Consequently we 
thought that we could utilize this methodology for pre- 
paring valuable monocyclic @-lactams for carbapenem 
synthesis. Since a N-p-methoxyphenyl group in &lactams 
can be removed under mild conditions according to the 
Kronenthal method,30 the reaction was examined with 
imines derived from cinnamaldehydes and p-anisidine. For 
our study (Scheme I), we examined the behavior of a-ha- 
loalkanoyl chlorides 8-10 toward Schiff bases 11-13. When 
8 was allowed to react at room temperature with imine 11 
in methylene chloride in the presence of triethylamine, the 
expected @-lactam 14 was only produced in 40% yield 
together with the dehydrochlorinated [4 + 21 cycloadduct 
20 in 42% yield. Under these conditions a-bromo- 
propanoyl chloride (9) reacted with the imine 11 to produce 
the pyridone 20 as the main product. Similar results were 
found in all of the other cases teated, except in the reaction 
between a-bromobutanoyl chloride (10) and the imine 13, 
which under the above reaction conditions did not afford 
any of these cycl~adducts.~~ The relative stereochemistry 
at C3 and C4 positions in pyridones 16 and 19 was estab- 
lished on the basis of their nuclear Overhauser enhance- 
ment of the 'H NMR signal corresponding to the C4-H 
methine when the 3-methyl group was irradiated. The 
8-10% NOE observed could be attributed to a cis stere- 
ochemistry between the C3 and C4 substituents. Dehy- 
drohalogenation of these cycloadducts by means of 1,8- 
diazabicy~lo[&LO]undec-7-ene~ (DBU) gave the pyridones 
20 and 21, in agreement with the stereochemistry assigned 
for the above compounds. 
As previously described,% our finding is that the change 

of the halo group in the starting carboxylic acid by an 
arylthio group efficiently produced the expected 3-alkyl 
3-arylthio @-lactam in excellent yield (Scheme 11). Thus, 
reaction between a-(pheny1thio)propanoyl chloride (22) 

(27) For an application of this strategy to the synthesis of penem, see: 
Lombardi, P.; Colombo, M.; C~gnola, A.; Franceachi, G. OB 2144 419A, 
1985, Chem. Abstr. 1986,103, 53864m. 

(28) For a review on halogenated ketenes, see: Bradv, W. I. Tetra- - - .  
hedron 1981,37,2949. 

(29) Iehida, M.; Minami, T.; Agawa, T. J. Org. Chem. 1979,44,2069. 
(30) Kronenthal. D. R.: Han. C. Y.: Tavlor. M. K. J. Ow. Chem. 1982. , .  . _ .  

47,'2766. 

W. T.; Shieh, C. H. J. Org. Chem. 1983,48, 2499. 

76. (b) Volkoff, P. J. Org. Chem. 1982, 47, 1944. 

- 
(31) (a) Duran, F.; Ghoeez, L. Tetrahedron Lett. 1970,245, (b) Brady, 

(32) (a) Oediiger, H.; MBller, F. Angew. Chem., Int. Ed. EngL 1967,79, 
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Table I. Pramration of B-Lactams 25-28O 
'H NMR trans isomer, 

d lH NMR cis isomer, d 
compdb solvent yield, W d  cis:trans' (C-3)-CHs (C-4)-H (C-3)-CHs (C-4)-H mp, O O  

26 CH&& 97 m20 1.50 4.38 1.63 4.48 oil 

26' benzene 85 7426 1.51 4.49 1.65 4.55 S 1 0 0  

27 CHzC12 91 8515 1.47 4.36 1.63 4.48 132-135 
28 CH2C12 97 7921 1.47 4.38 1.60 4.46 104-107 

Reactions carried out at room temperature overnight and conducted on a 10-mmol scale by addition of the acid chloride to a solution of 
the imine and triethylamine. Yields based on weight 
of isolated material by column chromatography. eDetermined by 300 MHz NMR spectroscopy. 'Chemical shifts downfield relative to 
internal tetramethylsilane. 8 Cis isomer crystallized from EtOH. 

benzene 95 91:9 
CHBCN 80 7228 

CH& 60 6040 

All compounds are racemic. e Reaction carried out in refluxing benzene for 2.5 h. 

1 

I" 

32 &:Me 
33 R3:H 

Iii 

34 R2:Ph 

oFbagenta and conditione: (i), 11, 12, or 13, NEh, solvent, rt, 
20-24 h or reflux; (ii) n-BuanH, AIBN, toluene, reflux, 1.5 h. 

and the imine 11 in methylene chloride as solvent, under 
standard conditions,m furnished the desired p-lactam 25 
in 97 9% yield as a mixture of cis and trans isomers in a ratio 
of 80.20, respectively. In the case of imine 13 the reaction 
was carried out under reflux conditions to achieve high- 
yield formation of the desired P-lactam 26. Results of the 
cycloaddition of some (ary1thio)propanoyl chlorides to 
Schiff bases 11 and 13 are summarized in Table I. These 
results suggest that there is not a remarkable influence on 
the chemical yield and stereochemical outcome by the 
substitution pattern of the aromatic ring in the starting 
carboxylic acid. a-((4-Chlorophenyl)thio)propanoyl chlo- 
ride (23) and a-((4-methylphenyl)thio)propanoyl chloride 

4.48ppm 

1.63ppm o 

P Y P  

a-ds 
Figure 3. 

not dotrctd 

P h v  ppm 

l.50ppm jaC PUP 

25-1" 

not drtrctd 

H@ph 

O b  
PUP 

29 - tram 

(24) reacted with the imine 11 in the presence of tri- 
ethylamiie to produce the corresponding fl-lactams 27 and 
28 in yields and cis:trans ratios similar to those obtained 
starting from a-(pheny1thio)propanoyl chloride (22). 
Particularly noteworthy is that the change of the reaction 
solvent from methylene chloride to a more polar one like 
acetonitrile caused a loss of stereoselectivity, and the best 
results were obtained when benzene was the solvent of 
choice. 

The relative stereochemistry at C-3 and C-4 of the 3- 
methyl-3-(phenylthio)-2-azetidinones 25-28 was deter- 
mined by measuring the nuclear Overhauser enhancement 
of the 'H NMR signal corresponding to the C4-H methine 
when the 3-methyl group was irradiated for 15 a. For 
example, when the NOE experiments were performed on 
the crude mixture of cis- and trans-l-(4-methoxy- 
phenyl)-3-methyl-4-(l-methylstyryl)-3-(phenylthio)-2-az- 
etidinone (25) (Figure 3) by presaturation of the 3-methyl 
group of the major isomer, an 11% NOE was observed in 
the signal corresponding to the C4-H proton, whereas in 
the case of the minor isomer, no enhancement could be 
detected. The same results were obtained when NOE 
experiments were performed on @-lactams 26-28. There- 
fore, the cis stereochemistry was assigned to the major 
isomer in view of the minor internuclear distance between 
3-methyl and 4-methine groups. On the basis of this as- 
sumption, the signals corresponding to the methyl and 
methine protons of the trans isomer appear at higher field 
than those of the cis isomer. This assignment of cis or 
trans stereochemistry is also in agreement with the data 
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Sahems IIIo 

39 R1:Et 
40 Rl:  'Pr 

41 

35 R1:U 
36 R1:'R - R1fiph il 

O b  

X~ ,Ll * z#ph 
PMP 

I &:Me O ' I S  
b &:H PYP 
c &:Ph 

42 R1:Et 44 Rl:,EI 
4 R1:'Pr 45 Rq:'R 

a&ngenta and conditione: (i) 11-18, NEh, solvent, rt or reflux, 2&24 h; (ii) n-BuaSnH, toluene, reflux, 2-2.5 h; (iii) ref 11. 

reported by Agawa and co-workersB on relatad molecules. 
However, when imine 12, derived from a-phenylcinnam- 
aldehyde and p-anisidine, was used in the cycloaddition 
reaction, the product obtained was the pyridone 29 instead 
of the expected @-lactam. Similar results were obtained 
when the reaction was tested with acid chlorides 23 and 
24, and the corresponding pyridones 30 and 31 were ob- 
tained as a mixture of cis and trans isomers (Scheme 11). 
The relative stereochemistry at Cs and C4 positions in these 
pyridones was established by NOE experiments as pre- 
viously done in cycloadducta 17 and 18. 

At this stage we examined the reductive elimination of 
the phenylthio group to produce the desired 3-alkyl B- 
lactam. The reaction was examined by using tributyltin 
hydride under azobis(isobutyronitrile) (AIBN) catalysis 
in benzene as solvent under standard conditions.nsgs 
However, the reaction was more efficient when carried out 
in refluxing toluene, which gives the desired 3-alkyl8- 
lactams 32 and 33 in better yields. Under theae conditions, 
a 80:20 cis:trans mixture of &lactam 26 produced an 80% 
yield of compound 32 as a mixture of cis and trans isomers 
in a 92:8 cistrans ratio. Similarly compound 26 afforded 
the @-lactam 33 in 80% yield as a mixture of cis and trans 
isomers in a 80:20 ratio. The yield and cis:trans ratios did 
not vary either by using @-lactam 27 or 28 as starting 
materials. The high degree of cis stereoselectivity could 
be explained by assuming that the hydride attack takes 
place preferentially at the less hindered face of the starting 
a-arylthio B-lactam. Under similar conditions, compounds 
29-31, upon treatment with tributyltin hydride under 
AIBN catalysis, afforded the pyridone 34 together with 
traces of pyridone 21. The stereochemistry of @-lactams 
32-33 was established on the basis of their 'H NMR 
spectral data. Thus, the proton at C, in the corresponding 
cis isomer shows as a doublet at 4.60 ppm (J = 5.4 Hz) 
while the corresponding one in the trans isomer appears 
at 4.16 ppm (J = 2.4 Hz). In the case of &lactam 33, 
pimessing the styryl group at the C4 position, the proton 
at  C4 in the trans isomer shows a doublet of doublets at 
higher field than the corresponding CcH proton in the cis 
isomer. 

~ ~~~~~~~~ ~ 

(38) For recent rev& on tributyltin hydride, we: (a) Newman, W. 
P. Syntherb 1987,066. (b) Pereyre, M.; Quintard, J. P.; Rahm, A. h'n 
in Organic Synthesb; Buttarwortha: London, 1987. 

The established methodology was next extended to the 
preparation of valuable B-lactama for (f)PS-5 and (*)PS-6 
synthesis, starting from a-(pheny1thio)alkanoyl chlorides 
35 and 36 respectively, Scheme III. For example, reaction 
between a-(pheny1thio)butanoyl chloride (35) and the 
imine 11 in benzene as solvent in the presence of tri- 
ethylamine for 2&24 h furnished the @lactam 37a in 90% 
yield as a 91:9 mixture of cis and trans isomers. As ex- 
pected, the ratio of the cis isomer decreased when the 
reaction was carried out in a more polar solvent like 
methylene chloride or acetonitrile. The use of cyclohexane 
or mixtures of benzene and hexane did not increase the 
ratio of the cis isomer. Particularly, in the case of imine 
13 derived from cinnamaldehyde, the reaction might be 
accomplished in refluxing benzene to achieve a high-yield 
formation of the desired B-lactam 37b. In a similar way, 
reaction between 3-methy1-24phenylthio)butanoyl chloride 
(36) and imine 11 under the same conditions as those used 
for the preparation of 37a gave 38a as a mixture of cis and 
trans isomers in which the highest cis:trans ratio was also 
produced when benzene was the solvent. As expected, 
reaction between 35 and the imine 12, derived from a- 
phenylcinnamaldehyde, produced the pyridone 42 together 
with traces of the corresponding B-lactam 37c. The ster- 
eochemistry of all these B-lactams was determined by 
correlation of their spectral data with those obtained from 
the corresponding methyl analogues. From this correla- 
tion, the C4-H proton in a trans isomer appears at higher 
field than the corresponding C4-H proton in the respective 
cis isomer. The cis:trans B-lactam 37a, upon reductive 
removal of the phenylthio group by means of tributyltin 
hydride under AIBN catalysis, furnished the 3-ethyl @- 
lactam 39a in 97% yield as a mixture of cis and trans 
isomers in a ratio of 92:8, respectively. When the desul- 
furation was examined for B-lactam 37b, which incorpo- 
rates a less bulky group at C4 position of the @-lactam ring, 
the ratio of the cis isomer decreased to 76%. Under similar 
conditions as above, @-lactam 38a produced the expected 
3-isopropyl B-lactam 40a in 91% yield as a mixture of cis 
and trans isomers in a ratio of 8812, respectively. Simi- 
larly, 38b produced the corresponding cis and trans isomers 
of 4Ob in a ratio of 7327, respectively. These isomers could 
be separated by crystallization or by column chromatog- 
raphy and further elaborated to the corresponding (j4PS-5 
and (*)PS-6 carbapenems according to our method" or 
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Table 11. Preparation of @-Lactams 66-57O 
comdb R9 Rs solvent yield, %d cis:trand mp, '0 

Ma 
56a 
67a 
55b 
56b 
57b 
55c 
56c 
56c 
65d 
56d 
56d 
560 

PhCO 
PhCO 
PhCO 
COzMe 
COzMe 
COzMe 
P h C 4  
P h C 4  
P h C d  
P h C H d M e  
P h C H 4 M e  
PhCH=CMe 
PhCH==CH 

PMP 
PMP 
PMP 
PMP 
PMP 
PMP 
PMP 
PMP 
PMP 
CHzCOzMe 
CHZCOzMe 
CHzCOzMe 
CHzPh 

benzene 
CH2Clz 
CH2C1, 
CH& 
benzene 
benzene 
benzene 

benzene 
CHzC12 

CHZCl2 
CHzC1, 
benzene 
benzenee 

76 
95 
93 
96 
89 
74 
83 
82 
90 
64e 
7oc 
8P 
60 

2278 
1981 
991 

1486 
7:93 

17:83 
5-743 
2072 
6040 
8515 
81:19 
92:08 
65:35 

131-133 
138-140 
118-120 
66-67 
77-79 

129-130 
97-99 

i 

I 
85-87] 

I 
i 

Reactions carried out at room temperature overnight and conducted on a 10-mmol scale, by addition of the acid chloride to a solution of 
the imine and triethylamine at 0 OC. *All compounds are racemic. eReaction carried out under reflux conditions for 2.5 h. dYields based 
on weight of isolated product by column chromatography. #In these cases the corresponding imines were prepared in situ and not purified. 
/Determined by 300-MHz NMR spectroscopy. #Trans isomer crystallized from EtOH unless otherwise state. hCrystallized from hexane. 
'homers not separated. jCis isomer crystallized from EtOH. 

Table 111. Selected NMR Data of 3-Methyl-3-phenyl-2-azetidinonee 
cis isomer' trans isomer' 

compd Ra RS b(CH8) b(C4-H) NOE (%)' b(CH3) b(C4-H) NOE ( % ) b  

55a PhCO 4-MeOC6H4 1.88 5.39 23 1.38 5.09 2 
55b COzMe 4-MeOC6H4 1.65 4.52 37 1.55 4.34 6 
56c P h C 4  4-MeOC6H4 1.68 4.84 37 1.80 4.66 n.d? 
65d PhCH=C(Me) MeOOCCH2 1.65 4.38 14 1.40 4.25 n.d. 

O S i t z n a l  aseigned from mixtures of cis and trans isomers. bEnhancement observed in the signal corresponding to C4-H previous saturation 
of thimethylgroup. 'n.d. = not detected. 

by established protocols.M Although @-lactams 39c and 
48 could not be obtained through this methodology, these 
compounds were directly produced as a mixture of cktrans 
isomers in 83% yield and 85% yield, respectively, by using 
the cy-bromo ester-imine condensation" (eq 1). 

Ph 'IBr +Ph ZnlTYCS 

0 OM@ NPMP Dloxrnr + I  

46 R:M 1 2  
47 R: Et 

48 R : M e  
39c R: Et 

The structures of these 8- and &lactams were unam- 
biguously elucidated on the basis of their IR and MS 
properties. For instance, the cis @-lactam 48 showed a 
strong carbonyl absorption at 1735 cm-', whereas the IR 
C 4  band of &lactam 34 was detected at 1671 cm-l, 
corresponding to a less constrained six-membered cyclic 
amide. Moreover, the respective mass spectra were very 
different (Scheme IV). The base peak in the spectrum 
of 34 was the imine fragment 49, corresponding to an 
ma-Diels-Alder cycloreversion, whereas the base peak of 
fl-lactam 48 was the olefinic fragment 63, attributed to a 
well-knowna fragmentation of the &lactam ring, followed 
by a loss of methyl radical. As expected, the relative in- 
tensity of the molecular peak in the strained four-mem- 
bered ring 48 was lower than that in the case of 34. The 
same trends were observed in compounds 44 and 39 (R = 
Et) and 46 and 400 (R = iPr). 

(34) For recent methods, we: (a) Bodurow, C.; Can, M. A. Tetrahe- 
dron Lett. 1989,90,4081. (b) Palomo, C.; Aizpurua, J. M.; Coda, F. P.; 
Garcia, J. M.; Upez, M. C.; Oiarbide, M. J. Org. Chem. 1990,55,2070. 
For a recent review on PS-5 and PS-6 synthesis, see: Palomo, C. In 
Recent Progresr in The Chemical Synthesis of Antibiotics; Lukaa, G., 
Ohno, M., Eds.; Springer-Verb Berlin, 19w), p 565. 

(36) (a) Manhas, M. S.; Bone, A. K. Synthesis of Penicillin, Cepha- 
losporin C and Analogs; Bekker: New York, 1969; pp 23-26. (b) De 
Petin, 0. Org. Maau Spectrom. 1989,24,514. (c) Bcee, A. K.; Tabei, K.; 
Rqju, V. 9. Tetrahedron Lett. I990,31,1661. (d) Bourgeois, G.; Picard, 
J. P.; Codo,  F. P.; Palomo, C .  Adv. hfm.9 Spectrom. 1989, IIA, 876. 

lC3hc 
n 

Figure 4. 

61 
Figure 5. 

62 63 

Extension of this method to other imino compounds is 
shown in Scheme V and results are summarized in Table 
11. As shown from the data listed in the table, a variety 
of @-lactams bearing suitable functionalities at Nl and C4 
positions can be obtained in good to excellent yields. The 
assignment of the relative stereochemistry of the @-lactams 
66 was made on the basis of their 'H NMR spectra and 
the nuclear Overhauser effect detected in the signal cor- 
responding to the C4-H methine after saturation of the 
signal corresponding to the 3-methyl group of each isomer 
(Figure 4). As in the case of @-lactams 26-28, a significant 
NOE (14-37%) was measured for one isomer, whereas a 
very small or undetectable enhancement was observed for 
the other isomers. In the former compounds, both the 
methyl group and the methine proton at the C4 position 
were assumed to be in a cis relationship. Consequently, 
in the trans isomers that showed a smaller NOE, these 
groups are on opposite sides of the plane of the 8-lactam 
ring. The assignments made in this study are tabulated 
in Table 111. Inspection of the table reveals that the 
chemical shifts corresponding to the methyl groups of cis 
isomers are at lower fields than the chemical shifts of the 
methyl groups of trans 6-lactams, except in the case of 
j3-lactam 55c because of the deshielding effect of the triple 
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49 mh = 312 (100.0) 

48 R: Me d e  5 368 (13.0) 

4Oc R: 'Pr d e  = 398 (-1 
3oc R: Et d e = =  (-1 

50 de=220(75.8) 
51 mle=234(11.7) 
52 d e  = 248 (16.9) 
, 

*ih 
H 

53 d e  = 205 (100.0) 

Table IV. Reductive Daulfuntion of &Lactams &67@ 

compdb %I cis:transd (solvent) cis trans 
68b 95 7822 74-76 4.61 4.12 

68d 77 MA4 oil! 4.49 4.02 
69b 92 71:29 81-82 4.60 4.19 

69d 75 82:18 oil! 4.48 4.12 
6% 88 6832 oil! 4.15 3.73 
6Ob 78 72:28 119-120 4.58 4.22 

yield, mp, OC' 6 CH-4 6 CH-4 

(Et&-hexane) 

(cyclohexane) 

(cyclohexane) 
C- Reactions carried out in refluxing toluene and conducted on a 10- 

mmol scale. bAll compounds are racemic. 'Yields based on weight of 
isolated product by column chromatography. dDetermined by 300- 
MHz NMR spectroscopy. 'Cis isomer. !Isomera not separatd. 

bond. The assignment of cis or trans stereochemistry in 
8-lactams 56 and 57 was determined by correlating the 
corresponding C4-H chemical shifts with those assigned 
to 8-lactams 55. With the exception of 55a and 55c, all 
these @-lactams upon treatment with tributyltin hydride 
under AIBN catalysis afforded the expected 3-alkyl 8- 
lactams 58-60 in excellent yields as a mixture of cis and 
trans isomers,% and results are summarized in Table IV. 

The next question that we examined was the preparation 
of &lactams of type 61, which carry the 1'-hydroxyethyl 
side chain at C3 as precursors for the synthesis of thiena- 
mycin (1) (Figure 5). For this purpose, we focused our 
attention on the work of Fleming and KilburnU on the use 
of the dimethylphenylsilyl group as a masked form of the 
hydroxy group. We thought that addition of Fleming's 
silylcuprate reagent to @-lactams of type 63 should render 
the desired silyl 8-lactams 62. Compounds of type 62 have 

Table V. Jlo Coupling Constants of Trans and Cis 
&Lactams 66-6Pb 

6Sc R anti 68 syn66 anti67 syn69 
E PhCH=CMe 4.5 (5) 7.0 (78) 12.2 (17) 4.0 (-)d 
Z P h C H 4 M e  (61) (7) (1) (31) 
E COzMe 4.9 (23) 6.8 (60) 12.4 (12) (5) 
2 COZMe (64) (20) (3) (13) 
Determined by 300-MHz NMR spectroscopy. The number in 

parentheses indicates the ratio of isomers. ' E  and Z denote the 
stereochemistry of the 3-exocyclic double bond in the respective 
starting p-lactam 65. Not detected. 

also been prepared by Hart and co-workersW via the lith- 
ium ester enolate-imine condensation. However, this a p  
proach fails when imino esters are used as imino compo- 
nents in the reactiona Since the a-methylstyryl moiety 
at C4 of the @-lactam ring can be appropriately elaborated 
according to our protocol," the reaction sequence depicted 
in Scheme VI was first studied with @-lactam 65a. Com- 
pound 65a was prepared by following the method reported 
by Agawaa starting from 3-phenylthio &lactam 37a. Thus, 
oxidation of a 91:9 mixture of cis- and tram-&(phenyl- 
thio)azetidine-a-one (37a) with m-chloroperbenzoic acid 
(MCPBA) in methylene chloride at  0 OC gave the corre- 
sponding sulfoxide 64a without concomitant side products. 
The crude sulfoxide was directly subjected to vacuum 
thermolysis to give the desired 3-alkylidene &lactam 65a 
in 65% overall yield as a mixture of 2 and E isomers about 
the double bond in a 32:68 ratio, respectively. These 
isomers were separated by column chromatography and 
their stereochemistry was determined by measuring the 
nuclear Overhauser enhancement of the 'H NMR signal 
corresponding to the C4-H methine when the alkylidene 
methyl group was irradiated for 15 s. On the basis of this 
assignment, the vinylic proton in the 2 isomer appears at 
higher field than that in the E isomer. This assignment 
is ale0 in agreement with the calculated value following the 
Pascual equation.'0 

The E isomer was then allowed to react with Fleming's 
silylcuprate reagent at 0 "C in tetrahydrofuran as solvent 
to give after protonation a mixture of three of the four 
possible diastereomers 66a-68a in 90% total yield. These 
compounds were characterized by NMR spectroscopy from 
the coupling constants between H-3 and H-1'. Thus, in 
similar compounds the Jltz for the anti-cis isomer is greater 
than that for the syn-cis isomer and the Jig,s for the 
anti-trans isomer is lower than that for the syn-trans iso- 
mer.= According to this observation, compounds 66a-68a 
were produced in a ratio of 78:17:5, respectively. When 
the cuprate addition was performed on the 2 isomer, a 
mixture of four diastereomers 66a-69a was produced in 
78% yield. The relative stereochemistry of such isomers 
was determined as above and their relative proportions are 
listed in Table V. However, attempted conversion of these 
diastereomers to the corresponding (f )-thienamycin in- 
termediate by treatment with tetrafluoroboric acid-diethyl 
ether complexq1 and further peracetic oxidation3' to the 
desired 3- (1'-hydroxyethyl) @-lactam was unfruitful. 

In view of this result, we next examined the same se- 
quence with 8-lactam 65b as the starting material, which 
carrys an alkoxycarbonyl group at C4, suitable for an easy 

tram C i s  

(36) Reductive dwulfuration of 3-alkyl-3-arylthio B-ladams by tri- 
butyltln hydride has recently been reported to produce the inveree ratio 
of h m m ,  nee: Sugano, Y.; Naruto, S. Chem. Lett. 1989,1331. 

(37) Fleming, I.; Kilburn, J: D. J. Chem. SOC., Chem. Commun. 1986, 
1198. For a review, 9 , I. Atre Appl. Chem. 1989,60,71. See 
abo: Palomo, c.; AlzpG:>.; Urchegui, R. J.  Chem. SOC., Chem. 
Commun. 1990,1390. 

(38) Bumett, D. A,; Galluci, J. G.; Hart, D. J. J. Org. Chem. 1986,50, 

(39) Georg, G. I.; Kant, J.; Gill, H. S. J. Am. Chem. SOC. 1987,109, 

(40) Pascual, C.; Meier, J.; Simon, W. Helo. Chim. Acta 1966,49,164. 
(41) Fleming, I.; Hill, J. H. M.; Parker, D.; Watereon, D. J. Chem. SOC., 

5120. 

1129. 

Chem. Commun. 1986,318. 
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Scheme V" 

'Reagents and conditione: (i) NEh, benzene, rt; (ii) n-Bu3SnH, AIBN, toluene, 2.5 h, reflux. 

Scheme VI" 

- O.+,Ph 

I ii c 

37r 
56b 

66 1 
trans-syn 

Ill.  v 

70 

64 

+ + + 

67 

ci 8-on ti 

68 

trans-anti 

69 

cis-syn 

71 72 73 74 

8 flPhCH&Me 
b R:CQMe 

'Reagents and conditions: (i) MCPBA, CHzC1z, 0 "C; (ii) 160 0C/0.1-0.2 mmHg; (iii) (PhMe#i)&uCNLil, THF, 0 OC; (iv) HBF,(EhO)*, 
CHZClz, rt; (v) Ac08H, A&H, NE&. 

functionalization. @-Lactam 65b was prepared as degcribed 
for 6Sa, in 70% overall yield starting from 56b. Compound 
65b was produced as a mixture of E and 2 isomers about 
the double bond in a ratio of 4357 respectively, which were 
separated by column chromatography. The E isomer was 
then treated with Fleming's silylcuprate reagent, to give 
a mixture of four diastereomers 66b-69b in which the 
trans-syn @-lactam 66b predominates. Similarly, when the 
2 isomer of 65b was subjected to treatment with Fleming's 
silylcuprate reagent, the same mixture of diastereomers 
was produced. The assignment for syn and anti isomers 
was made according to the aforementioned observations, 
and their relative proportions are tabulated in Table V. 
As can be seen from the data listed in the table, the overall 
proportion of trans &lactams predominates over the cis 
8-lactams. Treatment of this mixture of diastereomers 
under the same conditions as those used in the case of 
65a-68a gave the desired 34 l'-hydroxyethyl)azetidin-2- 
ones 70b-73b in 90% yield. The relative stereochemistry 
of these compounds was determined by NMR spectroscopy 
by measuring J1,,* In 3-(l'-hydroxyethyl) 8-lactams, J1,,3 
for the anti-cis isomer is lower than that for the syn-cis 

isomer and J1:3 for the anti-trans isomer is greater than 
that for the syn-trans isomer according to the assignmenta 
made by Cainelli and Panunzio on related  compound^.'^ 
Separation of both anti 72b and syn 70b epimers was 
followed by conversion into their corresponding mesylatm 
75, and further stereospecific eliminationa provided the 
respective (2)-76 and (231-76 alkenes, thus confirming 
unambiguously the above stereochemical assignmenta 
(Figure 6). Although from this approach no great diast- 
ereoselection was produced, oxidation of the hydroxy group 
in these racemic B-lactams by means of an NDC-pyridine 
systemu leads to the thermodynamically more stable 3- 
acetyl @-lactam 74 in quantitative yield. Such compound 

(42) Cainelli, G.; Panuncio, M.; Bade, T.; Bongini, A.; Giammini, D.; 
Martalli, G. J. Chem. SOC., Perkin Tram. Z 1987,2637. 

(43) (a) Corbett, D. F.; Coulton, S.; Soutlqate, R. J.  Chem. SOC., 
Perkin Trans. Z 1982,3011. (b) Pecquet, F.; d'Angelo, J. Tetrahedron 
Lett. 1982, 23, 2777. (c) Palomo, C.; Aizpurua, J. M.; Urchegui, R. J.  
Chem. Soc.,Chem. Commun. 1990,1390. 

(44) Coeeio, F. P.; Mpez, M. C.; Palomo, C. Tetrahedron 1987, 43, 
3963. For the structure of NDC, see: Matikainen, J. K. T.; Kaltia, S. A 
A.; Hase, T. A.; Saundberg, M. R.; Kivekas, R. J. Chem. Rea., Synop. 
1990,150. 
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Melting points were determined on either Btichi SMP-20 or 
Mettler FP61 instruments and are uncorrected. Proton magnetic 
resonance ('H NMR) spectra were recorded on a Varian VXR 
300 spectrometer; chemical shifta are reported as 6 values (ppm) 
relative to internal tetramethylsilane. The nuclear Overhauser 
enhancement experiments were run at 300 MHz by preirradiating 
the desired signals for 15 s with the decoupler channel turned 
on at  20 db below 1 W and acquiring the spectrum with the 
decoupler turned off. A control experiment was created by setting 
the irradiation away from any signal. The acquisitions were carried 
out in groups of four for each irradiated signal, until 32 accu- 
mulations were performed. The FIDs, acquired with 16K (3o0O-H~ 
sweep width), were Fourier transformed with 32K (zero filling). 
The NO& were measured by integration of the signals resulting 
from the respective difference spectra. Infrared spectra were 
obtained on a Shimadzu IR-435 spectrometer. Mass spectra were 
obtained on a Shimadzu GCMS-QP2000 spectrometer operated 
at 70 eV and 250 OC. For new compounds, microanalytical data 
were obtained in these laboratories on a Perkin-Elmer Model 240 
C instrument. All compounds prepared in this work are racemic. 

Reaction between a-Ealoalkanoyl Chlorides 8-10 and 
Imines 11-13. General Procedure. To a stirred solution of the 
corresponding imine (10 mmol) and triethylamine (2.8 mL, 20 
"01) in benzene (25 mL) was added a solution of a-haloalhoyl 
chloride (15 "01) in the same solvent (10 mL) dropwise at  0-5 
OC. The reaction mixture was stirred overnight a t  room tem- 
perature and then was poured into water (25 mL), and methylene 
chloride (25 mL) was added. The organic layer was separated 
and washed with 1 N HCl(25 mL) and aqueous NaHC03 (25 I& 
saturated solution) and dried (N@O$. Evaporation of the solvent 
under reduced pressure gave a residue, which was purified by 
column Chromatography (silica gel, 70-230 mesh, CH2C12/hexane 
1:3 as eluent). 

Preparation of 3-Alkyl3-Arylthio Lactams. Procedure 
A. To a stirred solution of the corresponding imine (10 mmol) 
and triethylamine (2.8 mL, 20 mmol) in benzene as solvent (25 
mL) was added a solution of the corresponding a-(ary1thio)al- 
kanoyl chloride (15 mmol) in the same solvent (10 mL) dropwise 
at  0-5 OC. The reaction mixture was stirred overnight a t  room 
temperature and then was poured into water (25 mL). Methylene 
chloride (25 mL) was added and the organic layer was separated 
and washed with 0.1 N HCl(25 mL) and aqueous NaHCOS (25 
mL, saturated solution) and dried (Na#O$. Evaporation of the 
solvent under reduced pressure gave a residue, which was purified 
by column chromatography (silica gel, 70-230 mesh, CH2Cl2/ 
hexane 1:3 as eluant). 

Procedum B. To a stirred solution of the corresponding imine 
(10 mmol) and triethylamine (2.8 mL, 20 mmol) in refluxing 
benzene (25 mL) was added dropwise a solution of the corre- 
sponding a-(ary1thio)alkanoyl chloride (15 mmol) in the same 
solvent (10 mL). The reaction mixture was stirred under reflux 
for 2.5 h and then cooled at  room temperature and poured into 
water (25 mL). Methylene chloride (25 mL) was added and the 
organic layer was separated and washed with 0.1 N HCl(25 mL) 
and aqueous NaHC03 (25 mL, saturated solution) and dried 
(Na2S04). Evaporation of the solvent under reduced pressure 
gave a residue, which was purified by column chromatography 
(silica gel, 70-230 mesh, CH2C12/hexane 1:3 as eluant). 
3-Ethyl-l-(4-methoxyphenyl)-3-(phenylthio)-4-styryl- 

azetidin-2-one (37b). The title compound was prepared from 
N-cinnamylidene-p-anisidine (13) (2.37 g, 10 mmol) and a- 
(pheny1thio)butanoyl chloride (31) (3.22 g, 15 mmol), following 
procedure B. The crude title compound was purified by column 
chromatography to give a 77:23 ratio of cis and trans isomers of 
37b, yield 3 g (72%). Crystallization from ethanol gave the cis 
isomers of 37b mp 120-122 OC (EtOH); IR (KBr) Y 1741 cmd 
(c-0); 'H NMR (CDClJ 6 7.55-7.70 (m, 2 H, Ar), 7.44-7.24 (m, 
10 H, Ar), 6.85-6.77 (m, 3 H, Ar, =CH), 6.37 (dd, 1 H, J = 15.9 
Hz, J'= 8.4 Hz, =CH),  4.61 (d, 1 H, J = 8.4 Hz, CH), 3.75 (e, 
3 H, OCH3), 1.96-1.88 (m, 2 H, CH2), 1.08 (t, 3 H, J = 7.3 Hz, 
CH3). Anal. Calcd for CzeHzsN02S: C, 75.15; H, 6.06; N, 3.37. 
Found C, 74.88; H, 5.95; N, 3.33. 

3-Isopropyl- 1 - (4-methoxyphenyl)-4-( u-met hylstyry1)-3- 
(phenylthio)azetidin-%-one (38a). Procedure A was followed, 
star t ing from N-(a-methy1cinnamylidene)-p-anisidine (1 1) (2.51 
g, 10 mmol) and a-(pheny1thio)isovaleryl chloride (36) (3.43 g, 
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#Reagents and conditions: (i) NEh, CH2C12, 40 OC; (ii) DBU, 
benzene, 80 OC. 

could be transformed into the (*)-thienamycin precursor 
7 according to Merck's methodology.4 

At  this stage we envisaged alternative approaches to 
a-alkylidene @-lactams of type 63. In view of the easy 
epimerization at C3 of the 8-lactam ring in 3-acetyl 8- 
lactams, we reasoned that an a-vinyl @-lactam like 79 
(Scheme VII) could also be easily isomerized into an a- 
alkylidene &lactam, thus providing an alternative ap- 
proach to Agawa's method.= In fact, while our work was 
in progress, Manhas and co-workersM reported the same 
strategy to produce a-alkylidene /3-lactams4' like 6Sb and 
81, which were converted into the corresponding 3-alkyl 
@-lactams 41 as ( i ) P S - 5  and (*)PS-6 intermediates. 

Conclusion 
From the results reported here the cycloaddition reac- 

tion between a-(pheny1thio)alkyl ketenes, generated from 
their corresponding a-(pheny1thio)alkanoyl halides, and 
imines in the presence of triethylamine seems to be of 
general utility since a wide range range of structurally 
different imines could be used. The @-lactams prepared 
could be easily elaborated to carbapenem precursors and 
the method may be readily extended to further applica- 
tions not only in 8-lactam chemistry but also in chemistry 
that employs &lactams as starting materials. 

Exper imenta l  Sec t ion  
Commercially available compounds were used without further 

purification unleee otherwise noted. Hexane was purified by 
distillation. Tetrahydrofuran was distilled over sodium with 
benzophenone as indicator. Methylene chloride was shaken with 
concentrated HW,, dired over K&03, and distilled. Ozonization 
reaction6 were carried out on a Fisher 602 ozone generator. 

(46) bider, J. P.; Grabowrki, E. J. J. Tetmhedron Lett. 1982,29,2293. 
(46) M a n h ~ ,  M. 5.; Ghorh, M.; Bow, A. K. J. Org. Chem. I S S O , # ,  

675. Abo, ow: Pdomo, C.; Aizpurun, J. M.; L6pez, M. C.; Aurrekoetxea, 
N.; Oiarbide, M. Tetrahedron Lett. ISSO, 31,6425. 

(47) For other metho& to prepare a-alkylidene @-lactame, see: (a) 
Tufariello, J. J.; Pinto, D. J. P.; Milowrky, A. 9.; Reinhardt, D. V. Tet- 
rahedron Lett. 1987,28,6481. (b) Alcaide, B.; Plumet, J.; Rodriguez- 
Upez, J.; Sllnchez-Cantalejo, Y. M. Tetrahedron Lett. 1990,31,2493. 



3-Alkyl @-Lactams from Ketene-Imine Cycloaddition 

15 m o l ) .  The crude title compound was purified by column 
chromatography to give a 86A4 ratio of cis and trans isomers of 
38a as an oil, yield 4.30 g (97%). Crystallization from hexane gave 
the cis isomer of 38a: mp 111-112 "C (EtOH); IR (KBr) Y 1733 
cm-l (bo); lH NMR (CDClJ 6 7.66-7.63 (m, 2 H, Ar), 7.36-7.18 
(m, 8 H, Ar), 7.00 (d, 2 H, J = 9 Hz, Ar), 6.69 (d, 2 H, J = 9 Hz, 

2.67-2.54 (m, 1 H, CHI, 1.98 (s ,3  H, CHJ,1.41 (d, 3 H, J = 6.7 
Hz, CH3, 1.09 (d, 3 H, J = 6.7 Hz, CHI). Anal. Calcd for 
C&.&JO#: C, 75.81; H, 6.60, N, 3.16. Found C, 75.96, H, 6.63, 
N, 2.99. 
3-Isopropyl-l-(4-methoxyphenyl)-3-(phenylthio)-4- 

styrylazetidin-2-one (38b). Procedure A was followed, starting 
from N-cinnamylidene-p-anisidine (13) (2.37 g, 10 mmol) and 
a-(pheny1thio)isovaleryl chloride (36) (3.43 g, 15 mmol), using 
methylene chloride as solvent. The crude title compound was 
purified by column chromatography to give a 27:73 ratio of cis 
and tram isomers of 38b as an oil, yield 1.72 g (40%). The trans 
isomer was crystallized from ethanol: mp 123-125 "C (EtOH); 
IR (CH2Clz) Y 1739 cm-' ( (24 ) ;  'H NMR (CDClJ 6 7.67-6.66 
(m, 15 H, Ar), 6.30 (dd, 1 H, J = 15.9 Hz, J' = 8.3 Hz, =CHI,  
4.40 (d, 1 H , J  = 8.3 Hz,CH), 3.70 (s ,3  H, OCHS),2.62-2.49 (m, 

Hz, CHd. Anal. Cdcd for CnHnNOa: C, 75.49; H, 6.33; N, 
3.26. Found: C, 75.46; H, 6.32; N, 3.30. 
cfe -3-Isopropyl-l-(4-methoxyphenyl)-4-(a-phenyl- 

styryl)-3-(phenylthio)azetidin-2-one (384. Procedure B was 
followed, starting from N-(a-pheny1cinnamylidene)-p-anisidine 
(12) (3.13 g, 10 mmol) and a-(pheny1thio)isovaleryl chloride (36) 
(3.43 g, 15 mmol). The crude title compound was purified by 
column chromatcgraphy to give a 21:79 of 3& and 43, respectively, 
as an oil, yield 4.13 g (84%). The 8-lactam 38c was separated 
by crystallization from ethanol: mp 181-183 "C (EtOH); IR 
(CHC1,) Y 1742 cm-' (C-0); 'H NMR (CDCl,) 6 7.82-7.79 (m, 

1 H, CHI, 3.78 (a, 3 H, OCHJ, 2.02-1.93 (m, 1 H, CHI, 0.86 (d, 
3 H, J = 6.8 Hz, CHJ, 0.60 (d, 3 H, J = 6.8 Hz, CHJ. Anal. Calcd 
for C83Hs1NOzS C, 78.38; H, 6.18; N, 2.77. Found C, 77.73; H, 
6.19; N, 2.69. Compound 4 3  mp 116-119 "C (EtOH); IR (KBr) 
Y 1674 cm-' ( ( 2 4 ) ;  'H NMR (CDClJ 6 7.67-7.97 (m, 19 H, Ar), 

2.70-2.58 (m, 1 H, CH), 1.30 (d, 3 H, J = 6 Hz, CHI), 1.11 (d, 3 
H, J = 6 Hz, CHJ. Anal. Calcd for CaHI1N0a: C, 78.38; H, 
6.18; N, 2.77. Found C, 78.08; H, 6.15; N, 2.79. 

Tributyl Hydride Reduction of 3-Alkyl 3-Arylthio Lac- 
tams. General Procedure. To a stirred solution of the corre- 
sponding cktrans 3-alkyl 3-arylthio lactam (10 mmol) in toluene 
(10 mL) were added tributyltin hydride (3.23 mL, 12 mmol) and 
ezobie(isobutyronit) (0.16 g, 1 mmol), and the resulting solution 
was stirred under reflux for 1.5 h. Then, the reaction mixture 
was cooled at room temperature and poured into a mixture (large 
excess) of CuSO, (20 g) and KF (20 g) in water (50 mL). Diethyl 
ether (50 mL) was added, the organic layer was separated and 
filtered off through silica gel, the pad was washed with diethyl 
ether (3 x 50 mL), and the combined organic solutions were dried 
(NaBO,). Evaporation of the solvents under reduced pressure 
gave a residue, which was purified by column chromatography 
(silica gel, 70-230 mesh, CHzClz/hexane 1:2 as eluant). 

&Ethyl-1-( 4-methoxyphenyl)-4-(rr-methylstyryl)azetidin- 
2-one (39a). To a stirred solution of N-(a-methyl- 
cinnamylidene)-p-anisidine (11) (2.51 g, 10 "01) and triethyl- 
amine (2.8 mL, 20 "01) in benzene ae solvent (25 mL) waa added 
a solution of a-(pheny1thio)butanoyl chloride (35) (3.22 g, 15 "01) 
in the same solvent (10 mL) dropwise at  0-5 "C. The reaction 
mixture was stirred overnight a t  room temperature. After 
standard workup and isolation by column chromatography, the 
intermediate B-lactam 37a was obtained as a mixture of cis and 
trans isomere in a ratio of 91:9, respectively: yield 3.87 g (90%); 
'H NMR (CDClJ 6 7.78-7.15 (m, 12 H, Ar, both isomers), 6.86 
(d, 2 H, J = 9 Hz, Ar) and 6.75 (d, 2 H, J = 9 Hz, Ar), 6.54 (ab, 
1 H, =CH) and 6.36 (ab, 1 H, -CH) ,  4.50 (a, 1 H, CH) and 4.37 

(d, 3 H, J = 1.2 Hz, CHs, both isomers), 1.92-1.84 (m, 2 H, CHz, 
both isomers), 1.22 (t, 3 H, J = 7.3 Hz, CHS) and 1.07 (t, 3 H, J 
= 7.3 Hz, CHI). Thii mixture of isomers was dissolved in toluene 
(9 mL) and tributyltin hydride (2.9 mL, 10.8 mmol) and azo- 

Ar), 6.65 (ab, 1 H, 4 H ) ,  4.32 ( s , l  H, CH), 3.71 (s, 3 H, OCHa), 

1 H, CH), 1.39 (d, 3 H, J = 6.8 Hz, CHI), 1.09 (d, 3 H, J = 6.8 

2 H, Ar), 7.53-6.88 (m, 17 H, Ar), 6.60 (ab, 1 H, --CH), 4.80 (8, 

6.54 (s, 1 H, -CHN), 4.37 (s, 1 H, CH), 3.83 (8, 3 H, OCHJ, 

(8, 1 H, CH), 3.76 (8,  3 H, OCHJ and 3.72 (s, 3 H, OCH,), 2.05 
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bis(iaobutyronitrile) (0.14 g, 0.9 mmol) were added. Following 
the above general procedure a mixture of cie and tram isomers 
of 39a waa obtained in a ratio of e 8 ,  reapectively, yield 28 g (87% 
from 11,97% from 37a). The physical and spectroecopic prop- 
erties of the isomeric &lactams 39a agreed with the previously 
reported data." 

%Ethyl-1-( 4-methoxyphenyl)-dstlazetidin-2-one (39b). 
Following the general procedure starting from 37b (4.15 g, 10 
mmol), a mixture of cis and trans isomers of 39b was obtained 
in a ratio of 7624, respectively, yield 2.67 g (87%). The cia isomer 
could be separated by crystallization from ethauok mp 80-82 O C  

(EtOH); IR (KBr) Y 1727 cm-' (C-0); 'H NMR (CDCII) 6 
7.41-7.25 (m, 7 H, Ar), 6.82 (d, 2 H, J = 9.3 Hz, Ar), 6.76 (d, 1 
H, J = 8.1 Hz, 4 H ) ,  6.27 (dd, 1 H, J 15.9 Hz, J'= 8.1 Hz, 
=CH),4.72(ddd,1H,J=8.1Hz,J'=5.7Hz,Jf'=0.7Hz,CH), 
3.76 (a, 3 H, OCHs), 3.42-3.35 (m, 1 H, CH), 1.91-1.72 (m, 1 H, 
HCH), 1.69-1.62 (m, 1 H, HCH), 1.05 (t, 3 H, J = 7.5 Hz, CHJ. 
Anal. Calcd for CaHmNOz: C, 78.15; H, 6.89; N. 4.56. Found 
C, 78.69; H, 6.99; N, 4.62. 

3-Isopropyl-l-( 4-methoxyphenyl)-4-(a-methylstyryl)az- 
etidin-2-one (4Oa). Following the general procedure etarting from 
&lactam 38a (4.44 g, 10 mmol), a mixture of cia and trans isomers 
of 40a was obtained in a ratio of 8812, respectively, yield 3.05 
g (91 %). The phyaical and spectraecopic properties of the isomeric 
&lactams 40a agree with the previously reported date." 

3-Isopropyl- 1-( 4-methoxyphenyl)-4-styrylazetidin-2-one 
(40b). Following the general procedure starting from 38b (4.3 
g, 10 mmol), a mixture of cia and trans isomers of 40b waa obtained 
in a ratio of 7327, respectively, yield 2.86 g (89%). The physical 
and spectroscopic properties of the isomeric &lactams 40b agreed 
with the previously reported data." 

3-Et hylidene-4- (met hoxycarbony1)- 1 - (4-met hoxypheny1)- 
azetidin-tone (65b). To a stirred solution of the cis-trans 
mixture of the &ladam 56b (1.86 g, 5 m o l )  in methylene chloride 
(15 mL) was added dropwise at  0 "C a solution of MCPBA (0.90 
g, 5.2 "01) in methylene chloride (25 mL), and the solution was 
stirred for 1 h at  0 "C. The mixture was poured into water and 
the organic layer was washed with aqueous NaHSOs (2 X 30 mL, 
40% solution) and aqueous NaHCOI (2 X 30 mL, saturated so- 
lution), dried (MgSO,), and evaporated under reduced pressure 
to give 64b as oil: yield of diastereomer mixture 1.80 g (93%); 
IR (neat) Y 1750 cm-' (C-0); 'H NMR (CDClJ 6 (one diaste- 
reomer) 7.75-7.39 (m, 5 H, Ar), 6.85 (d, 2 H, J = 9.0 Hz, Ar), 6.70 

3.71 (a, 3 H, OCHs), 2.26 (m, 1 H, CH,Hh), 2.14 (m, 1 H CHJld, 
1.37 (t, 3 H, J = 7.4 Hz, CHJ; (other diastereomer) 7.75-7.39 (m, 
5 H, Ar), 7.26 (d, 2 H, J = 8.9 Hz, Ar), 6.84 (d, 2 H, J = 8.9 Hz, 
Ar),5.06 (8,  1 H,H-4),3.77 ( s ,3  H,OCHJ,3.55 ( s ,3  H,OCHJ, 

Hz, CHI). This mixture of isomers was subjected to thermolysis 
at 160 "C (0.2 mmHg) to give a mixture of E and 2 isomers of 
65b, in a &57 ratio, respectively, which were separated by column 
chromatography (silica gel, 70-230 mesh, CHzClz/hexane). Yield 
of E isomer 0.36 g (28% from 56b): mp 108-109 "C (EtOH); IR 
(KBr) Y 1741 cm-' (C-0); 'H NMR (CDClJ 6 7.26 (d, 2 H, J = 
8.9 Hz, Ar), 6.88 (d, 2 H, J = 8.9 Hz, Ar), 6.38 (dq, 1 H, J = 7.3 

for C14H16N04: C, 64.36; H, 5.74; N, 5.36. Found C, 64.23; H, 
5.87; N, 5.62. Yield of 2 isomer 0.48 g (37% from 56b): mp 
146-147 OC (EtOH); IR (KBr) Y 1736 cm-' ( ( 3 4 ) ;  *H NMR 
(CDClJ 6 7.28 (d, 2 H, J = 9.1 Hz, Ar), 6.88 (d, 2 H, J = 9.1 Hz, 
Ar), 5.93 (dq, 1 H, J = 7.2 Hz, J'= 1.2 Hz, CH-C), 4.82 (d, 1 

(dd, 3 H, J = 7.2 Hz, J' = 0.9 Hz, CHs). Anal. Calcd for 

N, 5.27. 
Preparation of &Lactams 66-69. General Procedure. 

(Dimethylphenylsily1)lithium ('I" solution, 4 "01) was added 
to copper(1) cyanide (0.18 g, 2 "01) at 0 OC under nitrogen, and 
the mixture was stirred at  this temperature for 0.5 h. The cor- 
responding &lactam 65 (2 mmol) wae added, and the mixture was 
stirred at  0 OC for 0.5 h, poured into a mixture of NKCl(25 mL, 
saturated solution) and NH40H (25 mL, 25% aqueous solution), 
and extracted with CHzClz (3 X 20 mL). The extracts were filtered 
off over Celite, dried (MgSO,), and evaporated under reduced 

(d, 2 H, J = 9.0 Hz, Ar), 4.56 (8, 1 H, H-4), 3.81 (8,3 H, OCHI), 

1.77 (m, 1 H, CH,Hb), 1.64 (m, 1 H, CHJYh), 1.26 (t, 3 H, J =  7.5 

Hz, J'= 1.6 Hz, CH-C), 4.96 (s,l H, H-4), 3.79 (8,3 H, OCHJ, 
3.78 (s ,3  H, OCHS), 1.87 (d, 3 H, J = 7.3 Hz, CHs). Anal. Cdcd 

H, J = 1.0 Hz, H-4), 3.79 (s,3 H, OCHd, 3.78 (s,3 H, OCHJ, 2.11 

CI~H~~NOI :  C, 64.36; H, 5.74; N, 5.36. Found: C, 63.92; H, 6.86; 
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pressure to give a mixture of diastereomera 66-69, which was 
purified by column chromatography (silica gel, 70-230 mesh, 
CH2C12/ hexane). 

t r a m  -3-Acetyl-4-(methoxycarbonyl)- l-(a-methoxy- 
phenyl)azetidin-2one (74). To a solution of &lactams 66b-6913 
(1 "01) in CH2C12 (5 mL) was added at  0 "C a solution of the 
HBFd-EhO (1.2 mmol, 85% solution in EhO), and the mixture 
was stirred at room temperature overnight. The mixture was 

NaCl (2 X 25 mL, saturated solution), and dried (MgSO,). 
Evaporation of the solvent gave the corresponding silyl fluoride 
as an oil, which was mixed with a 32% solution of peracetic acid 
in acetic acid (4 mL) at  0 OC. Triethylamine (0.16 mL, 1.2 "01) 
was slowly added, and the resulting mixture was stirred at room 
temperature for 3 h. The reaction mixture was diluted with 
CH&& (25 mL), washed with 2 N HCl(1 X 20 mL), 40% aqueous 
NaHSOs (3 X 20 mL, 40% w/v solution), and aqueous NaHC03 
(3 X 20 mL, saturated solution), dried (MgSO$, and evaporated 
under reduced pressure to give the corresponding 3 4  1'- 
hydroxyethyl) &lactams 70b and 72b as main producta and traces 
of 71b and 7 3 b  yield 0.25 g (90%); IR (neat) Y 3439 cm-' (OH); 
'H NMR (CDCld d 70b 7.25 (d, 2 H, J = 7.3 Hz, Ar), 6.87 (d, 2 

diluted with CHQ2 (25 mL), Washed with H20 (1 X 25 mL) and 

H, J = 7.3 Hz, Ar), 4.43 (d, 1 H, J = 2.4 Hz, H-4), 4.20 (qd, 1 H, 
J = 6.6 Hz, J' = 5.4 Hz, O-CH), 3.79 (8,  3 H, OCHs), 3.77 (8, 
3 H, OCHd, 3.37 (ad, 1 H, J =  5.4 HZ, J'= 2.4 HZ, H-3), 2.52-2.23 
(~b, 1 H, OH), 1.42 (d, 3 H, J = 6.6 Hz, CHJ; 72b 7.25 (d, 2 H, 

2.7 HZ, H-4), 4.33 (qd, 1 H, J =  6.5 HZ, J'= 4.1 Hz, M H ) ,  3.79 
(8, 3 H, OCHS), 3.77 (8, 3 H, OCHs), 3.35 (dd, 1 H, J = 4.1 Hz, 

J = 7.3 Hz, Ar), 6.87 (d, 2 H, J = 7.3 Hz, Ar), 4.60 (d, 1 H, J = 

J '= 2.7 Hz, H-3), 2.52-2.23 (~b, 1 H, OH), 1.33 (d, 3 H, J = 6.5 
Hz, CHd. To a suspension of chromic nicotinic anhydride (NDC) 
(0.81 g, 3.68 mmol) in CH2C12 (3 mL) and pyridine (0.57 mL, 7 
mmol) was added the crude mixture of 8-lactams 7Ob-73b ob- 
tained as above (0.35 mmol) in CHzClz (5 mL). The resulting 
mixture was stirred overnight at room temperature and then was 
diluted with CH2C12 (25 mL) and filtered off through a pad of 
silica gel. The organic layer was washed with 6 N HCl(4 X 25 
mL) and aqueous NaHCOs (2 x 25 mL, saturated solution), dried 
(MgS04), and evaporated under reduced pressure to afford the 
title compound: yield 0.095 g (98%); mp 103-104 OC (EtOH); 
IR (neat) Y 1754,1716 cm-' ( C 4 ) ;  'H NMR (CDCl,) 6 7.24 (d, 
2 H, J = 9.2 Hz, Ar), 6.87 (d, 2 H, J = 9.2 Hz, Ar), 4.97 (d, 1 H, 

OCH3),3.79 (8,  3 H, OCH3),2.41 (s,3 H,CH3). Anal. Calcd for 
C14HIaO5: C, 60.64; H, 5.46; N, 5.05. Found: C, 61.04; H, 5.47; 
N, 5.10. 
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The hydrolysis of a series of 1,a-ortho esters derived from a-D-glucopyranose and pa-mannopyranose have 
been investigated by NMR and UV spectroscopy. When the hydrolysis of 1,2-04 l-ero-ethoxyethy1idene)-a- 
D-glucopyranose (6) in CD&N (97.2 v %) and D20 (2.8 v %) containing DCl(2.8 X 10" M) was followed by 'H 
NMR spectroscopy, an intermediate was detected that may be the corresponding hemi ortho ester. Evidence 
was also obtained for the incursion of a hemi ortho ester in the hydrolysis of 1,2-0-(a-ero,4-dimethoxy- 
benzylidene)-a-D-glucopyranose (14) under similar conditions. The proportions of the hydrolysis products of 
6, l-0-acetyl-a-Dglucopyranose (131, and 2-O-acetyl-a-~-glucopyranoae (12) depend on acid concentration with 
more of the former being formed at  the higher acid concentrations. When the hydrolysis of 14 was studied at  
higher acid concentrations (DCl, 0.17 M) the intermediate cation 15 was detected. Evidence was obtained by 
'Q-labeled studies for decomposition of this by attack of water at C-1 of the glucopyranoae ring and by an attack 
at  the pro-acyl carbon of the dioxolanylium ion depending on the reaction conditions. In the hydrolysis of the 
ortho esters derived from 8-Dmannopyranose, tricyclic l,2,6-0rtho esters were detected in solvents of low water 
content and when the concentration of DCl was 0.33 M, the intermediate cation was also detected. The kinetics 
of hydrolysis of the two series of ortho esters were studied by UV spectrophotometry, and evidence was obtained 
that the 1,2-0-(a-e~o-alkoxy-4-methoxybenzylidene)-a-~-glucopyranoses reacted with rate-limiting breakdown 
of intermediate hemi ortho ester a t  high acid concentrations. Evidence for similar behavior was obtained for 
the hydrolysis of the analogous glucose orthobenzoate esters and mannose 4-methoxyorthobenzoate esters, but 
the other compounds studied showed no evidence for a change in the rate-determining step of their hydrolyses 
or else showed complex kinetics on hydrolysis indicative that formation and breakdown of the hemi ortho ester 
were proceeding a t  comparable rates. 
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