
Tetrahedron Letters, Vol. 33, No. 37, pp. 5331-5334, 1992 0040-4039/92 $5.00 + .00 
Printed in Great Britain Pergamon Press Lid 

A L K Y L P H O S P H O N O U S  A C I D  D I E S T E R S ,  
N O V E L  R E A G E N T S  F O R  T H E  O X A L I M I D E  C Y C L I Z A T I O N  T O  P E N E M S  

K.-H. Budt*, G. Fischer, R. H6rlein, R. Kirrstetter and R. Lattrell 

Hoechst AG, Pharma Forschung G838, 6230 Frankfurt 80, FRG 

Abstract.. Alkylphosphonous acid diesters MeP(OPO 2 3a-b were shown to be highly effective and mild reducing reagents 

in the oxalimide cyclization of  azetidinone-1 -oxalyl-4-di- or tri-thiocarbonates or 4-thioesters lal=tforming penems 2a-t at 
lower temperature, shorter reaction times, and Mgher yields compared to clasMcal phosphites P(OMe)3and P(OEt) 3. 

Penems, due to their outstanding antibacterial properties in vivo and in vitro, have been the subject of 
intense synthetic studies 1. 

We examined a short and efficient synthesis of 2-aryloxy pertems 2 2 (Z = OAryl) applyin~ the 
"oxaiimide route", which includes the intramolecular closure of the C2-/C-3 bond by reaction of appropriate 
azetidinone- 1 -oxalyl-4-di- (YfS) -thiocarbonates I with trialkyl phosphites P(OMe) 3 or P (OEt) 33. 
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However, initial attempts to cyclize la  4 (table 1) with excess P(OEt) 3 in toluene (110°(2) afforded 
predominantly 2-ethylthiopenem 5 and only 5-20% of the desired 2-aryloxypenem 2a, contaminated with 
20% of undesired cis isomer 4. At elevated temperatures (xylenes, 140°C) decomposition products prevailed. 
Further attempts to cyclize la  using P(OEt) 3 (2 eqs.) in refluxing CHCI 3 instead of toluene led to an 

increased (40%) yield of 2a. 

Therefore, we looked for more potent phosphorous(III)-compounds capable of inducing higher 
cyclization yields. The yield of 2a was dramatically increased using the dimethyl 3aSa and diethylester 
of methylphosphonous acid 6 instead of trialkyl phosphites. Reaction times were shorter and, most important, 
reaction temperatures could be decreased considerably. Slow product formation was observed even at 0°(2. 
This way, the troublesome C-5-epimerizafion to 4 and the formation of by-products could be minimized. 
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In a typical procedure 500 mg (0.77 mmol) la were dissolved under argon atmosphere in 345 ml 
CHCI 3 and 0.59 ml (5.5 retool) MeP(OMe) 2 3a. dissolved in 40 mi CHCI3, were added within 30 minutes at 

50 °C 7 . After aqueous work up, flash chromatography (toluene/ethyl acetate) of the crude product yielded 
83~ of c,TstaUine.lJ~. 

Moreover, 3a-b also proved to be superior or at least comparable to P(OMe) 3 or P(OEt) 3 in the 
synthesis of various penems with different alkoxy, alkylthio, aryl or alkyl subsfituents at C-2 (Table 1). 

In the case of Y = S, cyclization reaction conditions are compatible with several carboxyl protecting 
groups R" such as PNB 9, allyi or TMSE 9 without significant changes in yields and by-products. But in the 
case of less reactive monothiocarbonates, like ld and ,]42, the ally1 protecting group should be avoided, ld is 
reacted predominantly to 6 and 7 resulting from cyclopropanation or reduction respectively. Similarly the 
allyl protected monothioacetate J42 delivers only cyclopropanation products, while the corresponding TMSE- 
protected compound Jag leads to a good yield of the desired penem ~ .  
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Table 1: Oxalimide cyclization forming different penems 9 

Azefidinone Y Z R" Penem Yield with 
MeP(OR) 2 P(OR) 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

la S 4-OC6H4CONH 2 PNB 2a 83 % 
lb S 4-OC6H4CONH 2 TMSE 2b 57 % 
lc S 4-OC6H4CONH 2 Allyl 2c 62 % 
ld 0 0 C 6 H  5 Allyl 2d 0 % 
le S OMe PNB 2e 38 % 
If S OMe TMSE 2f 55 % 
lg  S OMe Allyl 2,g 48 % 
lh S O-c.CsH 9 PNB 2h SO % 
li S SMe PNB 2i 67 % 
lk S SMe TMSE 2k 61% 
11 S SMe Allyl 21 75 % 
lm S C6H 5 TMSE 2m 20 % 
In 0 4-C6H4CO2allyl TMSE 2n 55 % 
lo O 4-pyridyl TMSE 2o 25 % 
~i2 O Me Allyl ~ 0 % 
In O Me TMSE ~ 65 % 
lr O 2-furanyl TMSE 2r 55 % 
Is O 2-tewahydrofuranyl TMSE 2s 37 % 
It 0 3-c.butanoyl TMSE 2t 72 % 

40% 

36 % 
28% 

25 % 
48 % 
22% 
11% 
51% 
23 % 

24% 

Regarding the reaction mechanism, it is reasonable to assume that 3a-b behave similarly to the trialkyl 
phosphites in the oxalimide cyclization process 3. Thus 3a,b may participate in the mechanism of the 
oxalimide reaction by initial formation of a reactive carbene intermediate 8, which in the case of Y--S adds to 
the thiocarbonyl double bond forming an intermediate episulfide ~ which is then desulfuf iz~ by the P(III)- 
reagent. Thus, the superior reactivity of 3a-b can be attributed to enhanced carbene formation 
(cyclopropanation reactions with allyl protected azetidinones can already be observed at temperatures where 
P(OR) 3 doesn't  work at all) and eventual acceleration of desulfurization. 
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Interestingly the use of cyclic ester derivatives of methylphosphonous acid, e.g. the cyclic ester of 
ethyleneglycol, only led to decomposition of the starting material. Further enhancement of the reducing 
power by using dimethylphosphinous acid monobutylester also led to a decreased yidd,  only traces of the 
desired cycHzation product 2a could be observed. 
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Formation of 2a can be accomplished already at 0°(2, but this is accompanied by some alkylation product 5. This 
unwanted side reaction can be sulvfessed by working at 50°C. 

g (CDCI3): 8.17, 7.55 (4H, AA'BB', J = 8.7Hz); 7.83, 7.21 (4H, AA'BB',J = 8.8Hz); 5.65 (IH, d,J = 1.4 Hz); 5.38, 5.21 

(2H, AB, J = 13.8 Hz); 4.41-4.24 (IH, m); 3.76 (IH, dd, J = 1.4 Hz, 4.8 HZ); 1.25 (3H, d,J = 6.2Hz); 0.82 (9H,s); 0.09 
(3H, s); 0.05 (3H, s): 

Abbreviations: PNB = 4-nitrobenzyl, TMSE = 2-trimethylsilylethyl, TBDMS = tert.-butyldimethylsilyl, 
Tr = triphenylmethyl. 
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