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Treatment of chloride 10 with silver tetrafluoroborate afforded aldehyde 11, which was converted to P-ketoester 12, 
via tandem C-1-C-5 and C-2-C-3 bond formation. 

Since the discovery of thienamycin 1' carbapenems have been 
fascinating synthetic targets because of their intriguing mole- 
cular structure and their potency as antibacterial agents. In most 
of the syntheses of carbapenems, formation of the azetidinones 
possessing a carbon side chain at C-4 position (azetidinone 
numbering),* e.g. carboxylic acid 2, is followed by the 
construction of the fused five membered ring by C-2-C-3 
b ~ n d l ~ , ~  or C-3-N bond4 formation. On the other hand, use of 
C-1-C-5 bond formation as a key step to construct carbapenem 
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skeletons has hardly been reported to date.5 This could be for 
the following reasons: firstly, in the introduction of a carbon 
nucleophile into the azetidinones with a leaving group at C-4, 
requisite generation of the acyliminium ion, in which the lactam 
nitrogen has a substituent, is much more reluctant than that of an 
acyl imine;6 secondly, preparation of a suitable carbon nucleo- 
philic moiety in the substituent on the lactam nitrogen for the 
C-1-C-5 bond formation is difficult and/or troublesome due to 
the many functionalities which are required for the carbapenem 
structure. In the course of our synthetic studies on carbapenems, 
we have been interested in an approach in which the C-I-C-5 
bond formation is involved, and report herein a novel synthesis 
of carbapenems in which aza-Cope Mannich cyclization is 
utilized as a key step. 

Aza-Cope rearrangement reactions7 have been widely util- 
ized to construct the fused nitrogen-containing ring systems in 
the syntheses of alkaloids. These reactions are initiated by 
generation of the iminium ion intermediates for the reamnge- 
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Scheme 2 Reagents and conditions: i, LiN(Me3S02, BrCHzCOzMe, THF, -78 "C-room temp. (86%); ii, LiN(Me3Si),, acrolein, THF, -78 "C (9 1 %); 
iii, ButMe2SiOS02CF3, 2,6-lutidine, CH2C12, ice cooling (88%); iv, H ~ ( O A C ) ~ ,  AcOH, room temp. (49%); v, C12, CH2C12, -78 "C, then aq. Na2S203 (85%); 
vi, AgBF4, CH2C12, -78 "C (33%); vii, ButMe2SiOS02CF3, 2,6-lutidine, CH2C12, ice cooling; viii, 03, MeOH, -78 "C, then Me2S (90% from 11) 
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ments. We therefore thought that the acyliminium ion inter- 
mediate generated from azetidinone 3 would undergo [3,3] 
sigmatropic rearrangement to form the enol ether, which could 
cyclize to give carbapenam 4 (Scheme 1).  

Our synthetic studies began with an efficient preparation of 
the rearrangement precursor (Scheme 2). Sulfide 5 8  was first 
alkylated at the nitrogen with methyl bromoacetate to afford 
ester 6.3h Aldol reaction of the lithium enolate of 6 with acrolein 
produced aldols 7 in a good yield as an inseparable diastereo- 
isomeric mixture. The secondary alcohol of 7 was then 
protected by a tert-butyldimethylsilyl group9 to give silyl ether 
8. 

Our next task was conversion of the phenylthio group to other 
leaving groups that were suitable for generation of the 
acyliminium intermediate. We first attempted to obtain acetate 
9 since the azetidinones that have an acetoxy group at C-4 were 
extensively employed in the syntheses of azetidinones with a 
carbon substituent at C-4. Hg-assisted displacement10 of the 
phenylthio group by an acetoxy group proceeded smoothly to 
give 9. With the desired precursor in hand, our key reaction, 
aza-Cope Mannich cyclization, was attempted. Several trials to 
activate the acetoxy group (Me3SiOS02CF3, BufMe2SiO- 
S02CF3, BF,.OEt,), however, ended without yielding any of 
the desired carbapenam 11. Then, another way in which 
chloride ion acts as a leaving group6.l I was pursued. Chloride 
10 was obtained in a good yield by careful treatment of 8 with 
chlorine12 followed by aqueous Na2S203 workup without 
addition of the resultant sulphenyl chloride to the vinyl group. 
After testing several silver salts with non-nucleophilic counter 
anions to generate the iminium ion for aza-Cope rearrangement, 
we found silver tetrafluoroborate (AgBF4)" was suitable. Thus, 
treatment of chloride 10 with AgBF4 in CH2C12 at -78°C 
furnished carbapenam l lt  in 33% yield as a single isomer. The 
stereochemistry of 11 at C-2, C-3 and C-5 were rigorously 
determined by NOE measurements (7.8% between H-l-a and 
H-5,9.6% between H-1-(3 and H-6, 10.4% between H-l-a and 
H-2, and 2.3% between H-l-(S and H-3). 

Finally, our remaining work was to transform carbapenam 11 
to (3-ketoester 12 which could be transformed to carbapenems 
by a sequential process of enol-phosphorylation and addition- 
elimination with mercaptans.4~ Aldehyde 11 was converted to 
the corresponding ButMe2Si-enol ether,l3 which was subjected 
to ozonolysis in methanol followed by Me2S workup to afford 
121 cleanly. 

We are grateful to Dr A. Kinumaki and his coworkers in our 
company for the NOE measurements. 
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Footnotes 
t Selected spectroscopic data for 11: [a]D27 = + 41.6 (c 1.0, CHC13); IR 
(neat), vlcm-I 1772, 1743, 1732; IH NMR (200 MHz, CDC13) 6 0.07 (6 H, 
s) ,0 .88(9H,s) ,1 .22(3H,d,J6.2Hz),  1.8-2.1 (lH,m),2.3-2.7(1H,m) 
2.92 (1 H, dd, J5.4, 2.2 Hz), 3.6-3.8 (1 H, m), 3.76 (3 H, s), 3.94.0 (1 H, 
m), 4.14.3 (1 H, m), 4.72 (1 H, d, J 6.5 Hz), 9.77 (1 H, d, .I 1.1 Hz). 
$ Selected spectroscopic data for 12: 1H NMR (200 MHz, CDC13) 6 0.10 (6 
H, s), 0.93 (9 H, s), 1.28 (3 H, d,J6.3 Hz), 2.3-2.6 (1 H, m), 2.7-3.0 ( I  H, 

m),3.12(1H,dd,J5.0,2.0Hz),3.77(3H,s),4.1~.5(2H,m),4.67(1H, 
S ) .  

References 
1 ( a )  J. S. Kahan, F. M. Kahan, R. Goegelman, S. A. Cunie, M. Jackson, 

E. 0. Stapley, T. W. Miller, D. Hendlin, S. Mochales, S. Hernandez and 
H. B. Woodruff, 16th. lntersci. Conf. Antimicrob. Agents and Chem- 
other., Chicago, 1976, Abstract No. 227; (b) G. A.-Schonberg, B. H. 
Arison, 0. D. Hensens, J. Hirshfield, K. Hoogsteen, E. A. Kaczka, R. E. 
Rhodes, J. S. Kahan, F. M. Kahan, R. W. Ratcliffe, E. Walton, L. J. 
Ruswinkle, R. B. Molin and B. G. Christensen, J .  Am. Chem. SOC., 1978, 
100, 6491; (c )  D. B. R. Johnston, S. M. Schmitt, F. A. Bouffard and 
B. G. Christensen, J .  Am. Chem. SOC., 100, 313; (d) J. S. Kahan, F. M. 
Kahan, R. Geogelman, S. A. Currie, M. Jackson, E. 0. Stapley, T. W. 
Miller, A. K. Miller, D. Hendlin, S. Mochales, S. Hernandez, H. B. 
Woodruff and J. Birnbaum, J .  Antibiotics, 1979, 32, 1. 

2 For reviews, see: T. Kametani and M. Ihara, J.  Syn. Org. Chem. Jpn., 
1980, 38, 1025; M. Shibuya, J .  Syn. Org. Chem. Jpn., 1983, 41, 62; T. 
Kametani, Heterocycles, 1982, 17, 463; T. Nagahara and T. Kametani, 
Heterocycles, 1987, 25, 729. 

3 (a)  L. D. Cama and B. G. Christensen, J .  Am. Chem. Soc., 1978, 100, 
8006; (h)  R. J. Ponsford and R. Southgate, J .  Chem. Soc., Chem. 
Commun., 1979, 846; (c) L. Cama and B. G. Christensen, Tetrahedron 
Lett., 1980, 21, 2013; (d) C. Battistini, C. Scarafile, M. Foglio and G. 
Franceschi, Tetrahedron Lett., 1984, 25, 2395; (e )  A. Yoshida, Y. 
Tajima, N. Takeda and S. Oida, Tetrahedron Lett., 1984,25,2793; (f) M. 
Shibuya and S. Kubota, Tetrahedron Lett., 1980, 21, 4009; (g) M. W. 
Foxton, R. C. Mearman, C. E. Newall and P. Ward, Tetrahedron Lett., 
1981, 22, 2497; (h)  M. Shibuya, M. Kuretani and S. Kubota, 
Tetrahedron, 1982, 38, 2659; ( i )  M. Sunagawa, A. Sasaki, H. 
Matsumura, K. Goda and K. Tamoto, Chem. Pharm. Bull., 1994, 42, 
1381; 0') K. Kondo, M. Seki, T. Kuroda, T. Yamanaka and T. Iwasaki, 
J .  Org. Chem., 1995,60, 1096; ( k )  M. Seki, K. Kondo and T. Iwasaki, 
Synlett, 1995,315; (1) 0. Sakurai, T. Ogiku, M. Takahashi, H. Horikawa 
and T. Iwasaki, Tetrahedron Lett., 1994, 35, 2187. 

4 ( a )  T. N. Salzmann, R. W. Ratcliffe, B. G. Christensen and F. A. 
Bouffard,.I. Am. Chem. Soc., 1980,102,6161; (b) H. H. Wasserman and 
W. T. Han, Tetrahedron Lett., 1984, 25, 3747; (c) G. B. Feigelson, 
Tetrahedron Lett., 1993, 34, 4747; (d)  0. Sakurai, M. Takahashi, T. 
Ogiku, M. Hayashi, H. Horikawa and T. Iwasaki, Tetrahedron Lett., 
1994, 35, 6317. 

5 Rearrangement of pencillin and cephalosporin derivatives to carba- 
penem or carbapenam skeletons: I. Ernest, Tetrahedron, 1977, 33, 547; 
R. L. Rosati, L. V. Kapili, P. Morrissey, J. Bordner and E. Subramanian, 
J .  Am. Chem. Soc., 1982, 104, 4262. 

6 M. Endo, Can. J .  Chem., 1987,65, 2140. 
7 L. E. Overman and M. Kakimoto, J .  Am. Chem. Soc., 1979,101, 1310; 

L. E. Overman, M. Kakimoto, M. E. Okazaki and G. P. Meier, 1983, 
105, 6622; L. E. Overman, L. T. Mendelson and E. J. Jacobsen, J .  Am. 
Chem. Soc., 1983, 105, 6629; E. J. Jacobsen, J. Levin and L. E. 
Overman, J .  Am. Chem. SOC., 1988, 110, 4329; L. E. Overman, E. J. 
Jacobsen and R. J. Doedens, J .  Org. Chem., 1983, 48, 3393; R. J. 
Doedens, G. P. Meier and L. E. Overman, J .  Org. Chem., 1988.53,685; 
D. J. Hart and T.-K. Yang, J .  Org. Chem., 1985,50,235; H. Ent, H. de 
Koning and W. N. Speckamp, J .  Org. Chem., 1987, 51, 1687. 

8 M. Ishiguro, H. Iwata, T. Nakatsuka, R. Tanaka, Y. Maeda, T. 
Nishihara, T. Noguchi and T. Nishino, J .  Antibiotics, 1988, 41, 1685. 

9 E.J. Corey, H. Cho, C. Rucker and D. H. Hua, Tetrahedron Lett., 1981, 
22, 3455. 

10 A. Yoshida, T.Hayashi, N. Takeda, S. Oida and E. Ohki, Chem. Pharm. 
Bull., 1981, 29, 2899. 

I 1  S. Karady, J. S. Amato, R. A. Reamer and L. M. Weinstock, J .  Am. 
Chem. Soc., 1981, 103, 6765; M. Aratani, K. Sawada and M. 
Hashimoto, Tetrahedron Lett., 1982, 23, 3921. 

12 S. Kukolja, J .  Am. Chem. Soc., 1971, 93, 6267. 
13 L. N. Mander and S. P. Sethi, Tetrahedron Lett., 1984, 25, 5953. 




