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Abstract: Reductive aeylation of penicillanafe sulfoxide derived sulfenates uith triva- 

lent phosphorous compounds and acetic anhydride has been shown to give 8-lsetam products 

resulting from either oxygen or sulfur transfer to phosphorous dependent on the substitu- 

ent a t  the C-6 position of the penicillaoare. 

me of the many remarkable ramifications of the penicillin aulfoxide rearrangement1 has been the 

versatile and intriguing Hatfield reductive seylatian2. Treatment of an ester of penicillin V 

svlforide 1 uith aeetie anhydride and trimethylphosphite in benzene at reflux produced in good 

yield the seco thio-acefyl 8-lactam2. In the absence of afylating agent, thiaroline 2 had pre- 

viously been iaolatedl. 

- 
3 

Recently, Lombsrdi and his coworkers have reported yet another courae for the rearrangement . 
In the presence of esrboxylie acids the aeeo-0-aeetyl 8-laetem 4 i8 formed with inversion of con- 

figuration at C-5 (penicillin numbering). Replacement of the phenoxy aeetamido side chain with 

phthalimido does not alter the eaurse of the reductive aeylation in the presence of either aeetie 

1 anhydride or acetic acid3. Reductive acylarion of 6-epiphthalimido penicillanate sulfoxide i, 

also proceeds to rhioacetyl product 5 uith acetic anhydride4, but the 0-aeetyl derivatives obtained 

by treatment with trimethylphosphite and acetic acid have been found t o  heve both & and rrana 
3 configurations (1 and 8 respectively) at C-5 and C-6 . Yet another couree for rearrangements of 



this type has been reported for 6-epipenicillenete adfoxides represented by 0, which, ia the ab- 

sence of acylaring agent or acid, produce orarolinea 10, vaeful intermediates in the synthesis 

of I-oxs-cephems5. 

In the course of our stvdies on the chemistry of 8-laetaa antibiotics we have encountered further 

intriguing anomaliee in the reductive eeylntion of penieillanate sulfoxides. When 9 (R - CH3) 
was refluxed in beneene with triphenylpho8phine and excess acetic anhydride, conditions which con- 

vert to 2 in g m d  yield, none of the expected rhioacetyl derivative, 6-epi2, was obtained. 

In fact the same msjor product was observed whether the reaction va. run in the presence of acetic 

acid or acetic anhydride. 
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This majar 8-laetam product (30-602) had the unexpected etrueture II, the cia-8ub8tituted 8-lactem 

protonll prominent in the proton o m  spectrum (J - 3.511r). The presence of the trans isomer of 

S 
11 (J - l.i&) in the acetic acid procedure (cialtrans a l l )  was the principal dietinction between - 
producf mixture. under the differing reaction conditions. Only the cis isoller was found a8 

am acetylated 8-lacram product in the acetic anhydride reaction. helyais by 13Rm and high reso- 

lution -8s speetrossopy confirmed the absence of sulfir in the molecule. Furthermore, triphenyl- 

phoephioe sulfide was isolated in 64% yield, imdicatiog tranefer of sulfur to phosphorom.. Thus 

neither the thioacylation nor predominant acetate displaceoent from the le.8 hindered face was 

obeerved with substrate 9. Similarly, pmicillanate eulfoxide g gave under condition. of reflu 

in benzene with one equivalent of triphenylphosphioe mad five equivalents of acetic anhydride, 

an acetoxy aretidinone 13 (25-75%) whish maintained optical activity on iaomeriratioa to a,@-unsat- 

"rated eater 14. Triphenylphosphine sulfide was again isolated. Stereochemical preference for 

6 ecetate ~ubetitutian even in the absence of a C-6 subetitueot was apparent . 

Again. the same producc = w a s  abaerved whether acetic acid or acetic anhydride r a s  used, and thia 

material was found to pollees. the (S) stereochemistry a t  the former C-5 position (penicillin n u r  

bering), the reeult of en inversion of configuration at that center (vide iofra). 

7 On the other hand, reductive asglation of benzyl 6-8-bromopenicillanate sulfoxide g under iden- 

tical eooditiona in the preeence of u c e m  acetic anhydride gave 16 (50s). which retained a cis- 

13 substituted 8-lactam ( J  - 411r) and the sulfur stom ( W, 192 ppm). Reduction of the brow 



& l a e r a m ~  gave 11, the product which might have been expected t o  r a a u l ~  from radue t ive  a c y l e t i m  

of 2. As a c o n t r o l  experiment 11 was eubjeefed t o  the  sane reac t ion  cond i t ions  ( t r iphenylphos-  

phine and e i t h e r  a c e t i c  ac id  or a c e t i c  anhydride i n  re f lux ing  benzene) and was found s t a b l e .  no 

13 being formed, e l imina t ing  the  remote p o s s i b i l i t y  t h a t 1 1  was a t r a n s i e n t  intermediate  i n  the  - 
eonvera iw of 11 t o  12. 

8 Benryl 6-a-bromopeoisi l lan.~e eu l fo r ide  18 a l e 0  produced a rh ioaee ty l  product 19 (60%) under iden- 

t i c a l  reduct ive acy la t ion  condit ions,  with triphenylphosphine or t r i e t h y l p h o a p h i t e  Isomerizat ion 

of 19 with t r i e thy lamine  gave c r y s t a l l i n e  (mp 79-80') 20 i n  q u a n t i t a t i v e  y ie ld .  Cleavage of t h e  

25 
carbon-bromine bond by hydrogenolysis gave o p t i c a l l y  a c t i v e  %-lactam 21 ((dD tCUC13) + 106'). 

6 

I n  the  presence of erce.8 a c e t i c  acid,  the  6 a - b r o w  epimer 18 gave a ple thora  of products ,  i n  

poor y ie ld .  The 6-@-bra- eu l fo r ide  15 gave tr.n. s u b s t i t u t e d  ( J  - 1.5Uz) B-lactam 22 i n  13% y ie ld ,  

a w n g  mevcral o the r  products. No @-lactam products were detected.  
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The bromine atom in 22 servea as e ~tereolsbel, a l k d n g  aeaigonnt of the (S) configuration to 

the former C-5. Conversion of 22 to 11 proceeded under hydrogenolysis conditions end gave material 
identical in every way to 13 formed from 12. Isooeri~ation with triethylamine gave 14 vith a sin- 
gle aeynmetris center and of the same optical rotation ((a);' (CHC13) - 9') as the sample origin- 

ally derived f r o m g .  Thus the reaction of 12 with triphenylpho~phine and either acetic anhydride 

or acetic acid provided inversion of configuration on svbatitvtian by acetate at the former C-5 

position. 

These experiments suggest that the C-6 subetituent of a pemicillmate eulfoxide playa e pivotal 

role in the determination of product structure under Hatfield conditions. kchaniatieally. r e  

feel these data are best accopadated by the formlation of Scheme I. 



under acid canditiona the pente-coordinate phosphorovs intermediate mighr lose varer as a neu- 

tral fragment allowing SnZ displacement by carboxylate virh phosphine sulfide aa leaving group. 

In the event that the incoming nucleophile or the C-6 substituent ie sterically encumbering, an 

Snl component &y attain increased importance resulting in partial or complete randomization of 

stereoshemistry a t  C-53. While no thioscetyl products have been reported under acid conditions, 

it vavld appear possible to obeerve them, should eoapering ligand exchange at phosphorous occur, 

resvlting in penta-coordinate intermediate 8. Species 8 may be formed directly in the presence 

of acetic mhydride and mighr account for both the thioaeeryl (path a) and 0-scetyl (path b) pra- 

ducts. Prom our data, it seemed that fragmentation of the intermediate was controlled by the 

eubstituent st C-6, the more electron withdrawing aubstituents (bromo, phthelimido) following path 

a to t h i ~ c e t y l  products, regardless of C-6 atereochemistry. The veaker electron vithdrsving moi- - 
eties (phenoxyaeeternido, hydrogen) allowed fragmentation by way of path b producing 0-aeetyl pro- 

duets with inversion of eonfigurationlo. The paradox, of course, is that reductive aeyletion of 

I, the progenitor of these studies, gave e fhioecefyl product, differing from the inverted 0-acetyl - 
product of ite C-6 epimer 9. We believe this anomalous stereoregulation of reaction course may 

be explained within the framework of Scheme I through en alternate mode possible with &-amid0 

sidechain (Scheme 11). 

I I 
Side chain participation in the penicillin sulfoxide-sulfenste rearrangement has ample precedent . 
Intermediate g may result from internal phosphorous ligand exchange in 8, or from direst reduction 

I1 
of B hypothetical but plausible cyclic sulfensre 2 . 1n the absence of acid, hypothetical penta- 
coordinate phosphorous intermediete 2 m a t  fragment phoephorous-adfur bond cleavage. Subae- 

quent acylation a f  sulfur and hydrolysis then proceed to give observed product 2. In the absence 

of acylating agent, phosphine oxide could be eliminated providing the driving force for cyelization 
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to 3. Finally, in the presence of acid, protonation of the C-6 nitrogen could impel phosphorous- 

ollygen bond di~soeiation rith avbaequent substitution at C-5, primarily with inversion. 

In aumnsry, the Hetfield reductive acylation pursves a course dictated in large measure by the 

~ubsfifuent present at C-6 of the penieillannle sulfoxide nucleus. The reaults seem m e t  generally 

rationalized in terms of pents-coordinate phosphorous intermediates (A, B a n d  C) and their frag- 

mentation which appears t o  be controlled in part by the electron withdrawing capabilities of the 

subetituents and their capacity for intramolecular participation in the reaction. 
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