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Abstract: A silver catalyzed cyclixation of 4-allenylazetidinones to Akarbapenems and of 4-(2-propynyl)- 
axetidinones to Akubapenems is described. The silver mediated cyclixation is stereospecific: starting with ster- 
eodefined 4-allenylaz&idinones, specific stereoisomers of C-3 substituted Al-carbapenems can be prepamd. 

As part of our recent study of the stereoselective synthesis of l-&-methylcarbapenem precursors utilizing 

a highly stemoselective reduction of a Co,(CO)* stabilized propargylic cation, we had occasion to prepare a vari- 

ety of 4-(3-propynyl j and some 4-allenyl-substituted axetidinones? These unsaturated substrates appeared 

ideally suited for conversion into AQxrbapenems and a’carbapenems. respectively, via N-C3 bond formation on 

treatment with appropriate electrophiles.’ In the present paper we describe our efforts utilizing a silver mediated 

process to effect N-C3 bond formation. 

Silver and mercury mediated heterocycle formation via cyclization of allenes bearing internal oxygen and 

nitrogen nucleopbiles has been described recently.’ Application of this chemistry to Callenyl azetidinones 1 

would provide a simple route to A%vbapenems 3 and probably proceed in a stereospecific fashion via the Ag- 

bridged cation 2 (eq. 1). Five representative allenes were studied in this chemistry. The simple allenes 1, RI = Rz 

= R3 = H and R1 = Me, R* = R = H were prepared t?om the Cacetoxyazetidinone 4s by Lewis acid induced reac- 

tion with Me,SiCH$XJH and Me,SiCH.+CCH,, respectively (eq. 2: la - 4.5 equiv 3-trimethylsilyl-1-propyne, 

BF,=E&O, hexane, rt, 71%; lb - 3 equiv. 1-trimethylsilyl-2-butyne, 1.9 equiv trimethylsilyltriflate, CH$&, -S’C, 

65Z)P For substrates 1 with Rz or R3 f H, diastereomeric mixtures of allenes were prepared by the S,$’ reaction 

of MeMgBr / CuBr / LiBr with the mesylates prepared from the propargyl alcohol epimeric mixtures 5. Ar = 4- 

MeOC$, (eq. 3: lc - 77% 2.&l mixture of diastereomers; Id - 36%, 2.51 mixture of diastereomers; le - 52% 

2.21 mixture of diastereomers). The requisite propargyl alcohols were made by nucleophilic addition to 4- 

acylaxetidinones7 which are readily available via the chemistry described in our earlier paper? 
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AU allenes reacted smoothly with AgBF, in C!H$4 at room temperature and formed Akarbapenems 3 in 

good yields (Table). Allenes la and lb could be cyclized to carbapenems 3a and 3b with as little as 0. leq. of 

AgBF,, although reaction times could be reduced considerably by using 0.5 equivalents of the reagent. Ring 

closure reactions of the allenes lc-e having substituents at the terminal sp’ carbon atom involved in the N-C bond 

formation were noticeably slower and required a minimum of 0.5 to 1 equivalent of the Ag reagent for efficient 

formation of the products 3c-e, each as a mixture of diastere&omers. Interestingly, cyclization of allene le with 

less than 1 equiv of AgBF, provided the expected mixture of AkXrbapenem diastereomers 3e, while only one 

diastereomer (structun~ 11 in text below) was formed in 43% yield when 1 equiv of AgBF, was used. An equili- 

bration mechanism (vida i&a) is presumably responsible for this phenomenon. 

Table. Silver Induced Cyclization of 4-Allenylazetidinones to AWarbapenems (l-3). 

Wry allene AgBF, equiv time (hr) product yield (%) diast. 

1 la 0.50 2 3a, R*=RZERbH 75 - 

2 lb 0.14 8 3b, Rl=Me; RkRGH 70 - 

3 lc 1.0 15 3c, RI=& RZ, R&H, Me 65 1:2.0 

4 Id 1.3 15 3d, R’=Me; R’, RSH, Me 62 1:2.8 

5 le 0.5 18 3e. R*=H: Rz, R&Me, n-Bu 58 1:2.2 

Consideration of the stereoelectronic requirements inherent in the Ag+ induced transformation shown in 

equation 1 suggested that the use of single diastereomers of the allenes lc-e could result in ring closure to a 

stereodefined carbapenem. To address this issue, allene le was prepared in a stereospecific fashion. Reduction 

of alkynone 6’ with L-Selectride gave propargyl alcohol 7, exclusively, in high yield (9O%).9 The epimeric 

alcohol 8 was readily prepared by Mitsunobo’O inversion of 7 via the intermediate benzoate ester. Treatment of 

the epimeric mesylates of 7 and 8 with MeMgBr / CuBr / LiBr proceeded with complete stereoselectivity to pro- 

vide, after N-deprotection with ceric ammonium nitrate, allenes 9 and 10, respectively. Assignment of stereo- 

chemistry to the diastereomeric allenes was based on literature precedent” documenting the anti-S$’ pathway 

for organocopper additions to propargylic systems. Treatment of 9 with 1 equivalent of AgBF, in CH$4 for 18 

hr gave only carbapenem 11 in 60% yield which is consistent with anti opening of the Ag-bridged cation 2. 

Interestingly, the diastereomeric allene 10 also gave 11 under identical conditions; however, the anticipated 

carbapenem 12 was formed exclusively (60%) when only 0.5 equivalents of AgBF, were used. We have not yet 

probed this interesting aspect of the silver induced ring closure, but it is possible that diastereomer 11. the stcri- 

tally less hindered product, might be formed by equilibration of 12 in the presence of excess AgBF, via silver 

induced ionization of the allylic amide moiety to an allylic cation. 
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Support for the assignment of stereochemistry to the product carbapenems 11 and 12 was achieved by 

analysis of ‘H NMR chemical shifts and NOE difference spectm. Molecular models indicated that the bethy 

group at C-3 of 11 would experience anisotropic deshielding by the klactam carbonyl group. The methylene 

group of the B-butyl group of 12 should experience a similar deshiekling. In accord with this analysis the fol- 

lowing data are observed: 11: CH,, 61.50; -,61.27; 12: CH,, 61.12; q, 82.05-1.84. A weak but reproducible 

NOE enhancement was observed for the H-5 methine signal by irradiating at either the u-n-butyl methylene 

group of 11 or the a-methyl group of 12 congrming the syn nature of these groups. 

Attempts to apply this same methodology to the silver mediated cyclization of 4-(2-propynyl)azetidinones 

were only moderately successful. A variety of alkynyl substituted azetidinones were prepared, but only 

compounds 1413 and 15t4, prepared from terminal alkyne 13,t2 could be successfully cyclized. In these cases only 

AgNO, gave the desired product (eq. 4). 

In conclusion, silver mediated N-C3 bond formation by electrophile induced ring closure of 4-(allenyl) 

and 4-(2-propynyl)azetidinones provides a rapid method for construction of numerous Al-carbapenems and some 

A2-carbapenems. The ring closure on the 4allenylazetidinones occurs in a stereospecific fashion providing a 

means of controlling the stereochemistry of substituents at C-3 of the L\l+mrbapenem. 

Acknowledgments: We thank Bristol-Myers Company for support of this research. Dr. Robert Morin of 

Bristol- yers is acknowledged for his many helpful discussions. 
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All new compounds were fully M&i& by IR aad high field ‘H NMR spectroscopy and by high resolution maas 
spectroszopy. ‘)c NMR was also used when lleccessary. 

Compound 5. R* = R’= H ~89 pmpared from i, R = C=CSiMe,: by reduction with NaBH, (100%) followed by desilylation 
with AgNO, / KCN (90%). Compound 5, RI = Me, Ra = H was pqatrd from 1, R = CH,? by addition of LiCXXMe, (73%) 
followed by desilylation with AgNO, / KCN (90%). Compound 5. RI = H, Rz = n-Bu was prepamd ti i. R = C=CBu, 
synthesized dg to the method desaibed in refw 2. by reduction with NaBH, (100%). 

TBDMSO H 0 

VR NAr 
i 

Repared according to the procedure described in reface 2 

Assignment of stereochemistry was based on ‘H NMR viciaal coupling constams, ‘J,J,,. Literature data (below) and our own 
results for a variety of 4-substituted azetidinones similar to 7 and 8 indicates that 3J,s for the 4RS, SSR relative stereochemistry 
is smaller than ‘J,, for the 4RS, 5RS relative stereochemistry. For 7 (4S, 5R), ‘J,, = 2.0 Ha while for8 (4s. SS), ‘J,J = 4.9 Hz. 

(a) Takaha&, Y.; Yamashita, I-L; Kobayashi, S.; Ohno, M. Chem., 1986.34.2732-2742. (b) Bateson, J. B.; 
Quinn, A. M.; Southgate, R SLetr. 1987,28,1561-1564. A discussion relevaat to the possible traasitioa sta@s of 
the nucleophilic additions to 6 is contained in: Tak&asbi. T.; Miyaxawa, M.; Tsuji. J. mLen, 1985,26,5139-5142. 

This detailed IH NMR analysis allows us to cormct our original assigmenr of 5S stereo&mistry to the L-Seleeuide reduction 
product of axetidinoae ii iu our earlier paper? Fop tht nzduction prc&ct iii, ‘J,> = 2.2 Hz dictadng 5R stereochemistry. This 
correction does not affect the main substance of our msults described in reference 2. but does imply that our transition state 
rationalization for tbe hydride addition to ii was iaconect. 
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Mimobu, 0. &t&&, 1981.1. 

Marek, J.; Mageney, P.; Alexakis, A.; Normaat, J. F. mLett, 1986.27.5499-5502 and references bin. 

Reparation: Treatment of 4-acetoxyazetidinone 4 with 2.1 equiv alleayltri-n-butylstanmme and 1.9 equiv of Me$iOSO,CF, in 
CI-I& at rt gave 13 ia 85% yield. Compound 13 was pnviously pmpared by the addition of luopa@magnesium bromide to 
4-(phenylsulfonyl)az&dinoae: Sbibasaki, M.; Nishida, A.; Eegami, S. J., 1982,1324. 

Preparation: Compound 13 was treated with t-butyldimethylsilyl chloride, Et,N, DMP at rt to give the N-potected a&idinone 
in 89% yield. Methylatioa of the terminal alkyne was accomplished by depmtonatioa with LiN(SiMe3, in THP at -4ooC 
followed by addition of CH,OSO,CF, (90% yield) aad thea selective desilylatioa of the protected nitrogen atom (n-Bu,N*F, 
THF, a) gave compound 14 ia 60% yield. 

Preparation: Compound W was phenylated to give 15 in 94% yield according to the pmcedme ia Dieck, H. A. ; Heck. R. F. L 

7 
1975,93.259 (0.022 equiv. PdCl&PPh& Ox)22 equiv. CuI, 0.96 equiv. iodobenzene ia 16 equivalents of 
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