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METAL CATALYZED DECOMPOSITION OF OIAZOKETONES A N 0  OIAZOAMIOES OF @-LACTAMS 

PART I: PENICILLIN ROUTE TO CARBAPENEMS ? 
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Abstract :  Metal  catelyzed decomposition of diazoketones and diazoamides derived from 

penicillenic acid were investigated as approaches towards the synthesis o f  the carbapenem 

nucleus. Oiazoketones derived from C-3 gave products of insertion into the C-515 band 

wi th  inversion of stereachemistry. Homologous diazoketones yielded the tr icycl ic amino- 

diketone 10, derived from carbene insertion into the amide band exclusively. Attaching 

the diazo group ta the amino function led either t o  insertion into solvent or  gave 

decomposition products. 

1 Since the discovery of severel novel fused 0-lsctam antibiotics such as thienamycin , ciavulanic acid2, etc., 

3 
considerable interest i n  the synthesis o f  the %on-clessicsl" @-lactams is evident f rom the l i terature . We 

have recently reported a new synthesis of the carbapenam fram diazoketone 2 via intramolecular carbene 

4 insertion . 

Our interest in  the carbene approach was based on the earlier observation of ~ r n e s t ~ ,  who reported that 

copper (II) catalyzed decomposition of dmzoketones 2 resulted i n  the formation of t r icycl ic ketones $. This 

could potenttally be an entry to the carbspenam structure fram readily available penicillin derivatives. 

6 
Recently, Ponsford has reported the rsolaticn of an additional type of fused &lactam 5 fram the 

decomposition o f  d iazoketone.  Intermediate structures, A-E-C- A. have been proposed. 



3.9 R1 = Rz = H - 
3b RI = H, RZ = phthalmido - 
3c R1 = phthalmido, R - H - 2 - 

48 R1 = R2 = H - 

qb R1 = H, R2 = phthalimldo 

4c R1 = phthalimldo, RZ = H - 

We fe l t  that the sterochemical outcome of this reaction might be ~nfluenced by the substltuents on C-6, 

since only 60-substituted dmzoketones jl, R2 = H) have been studied, and these had al l  led to tricycles 4 

with "under~sable"stereochemistry at  C-5. The C-6 unsubstttuted product & R1 = RZ = H) was reported by 

6 Pansford to be spectroscopcally analogous to the 60-substituted series. Our experlments also confirm these 

f~ndings and we were able to obtain % by thermal decompositmn of the diazoketone 3, i n  the presence of 

copper (11) acetylacetonate in tetrehydrafuran or benzene a t  80' C. Direct  crystallizatior, from the crude 

product mixture afforded g7 in 60 % yield; clavam & ( 5  %) was isolated by column chromatography o f  the 

8 mother liquor. In order t o  canflrm the structure of 9, an X-ray dl f f rectmn study was performed . A 

perspectwe wew of the molecule is shown i n  flgure 1; thus, the stereochemistry a t  C-5 was found to be 

consistent w i th  the result of Ernest. 

Perspective view of &showing the atomic numbermg and the 50 % probability thermal wbration ellkpsmds 

o f  the heavy atoms (ORTEP drawing). 
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When the 6 a-phthalimido diazoketone 3b, prepared by t r iethylam~ne mduced epimerizatlon of the 60- 

phthalmldo dmroketone c9, was treated similarly, decomposition of the compound proceeded smoothiy ta 

give the tricycles lib (76 %) and 2 (7 %), whch  were separated by chromatography. Coupling constants of 

5.9 H z  &) and 2.5 Hz (56) are i n  agreement wi th the cis-pattern an the C-5/C-6 substituents. 

R1 H ;ti*s 
CH, 

2 R 1 = R 2 = H  

5b R1 = H, R2 = phthal imido - 

5c R  = phthal imido, R2 = H - 1 

6 R - H, R~ = phthal imido 
- 1 -  

7 R1 = H, R2 = phthal imido - 

The exclusive stereochemical outcome o f  the observed product a t  C-5 is bnteresting in so far as the attack 

of the incoming nucleophile occurs only f rom the a-side of the proposed aretidmone intermediate B/C, 

despite considerable steric hindrance from the bulky group (R2 = phthalimido). Inspection of molecular 

models suggests the required conformation of the dlazoketone and/or the acyl carbene for the in i t ia l  yhde 

formation to beQ, which could easily be adopted by havlng bulky substituents on the a-side (e.g. 3&). With a 

bulky group on the 5-s~de @), one should expect conformation g as the more stable one, which would 

requtre r ing inversion of the thmzolidine rmg before yhde formatlon can take place. These assumptions are 

consistent wl th the o b s e r v a t i ~  that the decomposttmn of the a-phthalimida diazoketone 3bpraceeds much 

more cleanly and gives better yields of the tr icycle 9 than the 11-isomer c. The yltde A should be very 

unstable due to an anomeric e f fec t  by the 0-lactam nttrogen and formation of the immonium enolate 

intermediate B/C should be very facile. Subsequent C-(3 or C - 0  bond formation to or 3 is k inet~cal ly 

controlled Pleast motion" pathway), s i r r e  formation of the new bonds from the (I-side would require major 

conformational changes o f  B/C, although the corresponding products 6 or I should be expected to be 

thermodynamically much more stable. 



Although the trlcycle seems to be q u t e  stable to chromatographtc conditions treatment of it wi th an 

excess of t r~ethylamine in  methylene chlarbde at room temperature resulted in  an imrnedmte and 

quantitative epirnerlzatton of the phthalimido group to the 0-position, affordmg the trans-substituted 

tricycle 4c, identtcal in all respects to that described by Ernest (J5,6 = 3.5 Hz). 

However, base-catalyzed reaction of the clavam 2 proceeded more slugg~shly. Pyridine failed t o  ef fect  any 

epimertzatton w h h  more potent bases (DBU, PMDBD) y~elded no O-lactam products. Triethylamme 

treatment did give a cis (JgP6 = 2.8 Hz)/trans (JgV6 = 0.8 Hz) mixture of @ in a rat io of  5/95 (nmr 

integration) over a perlod of 40 h a t  room temperature. The structure 2 was assigned for the trans 

1 compound on the basis of H-nmr stud~es. A positive NOE was observed between H-3 and H-5 of 5c; thw 

would be in  disagreement wl th structure I,  (H-5/H-6 are trans) resulting f rom the attack o f  trlethylamine a t  

10 C-5, and subsequent recyclisation . 

Ba R - H, R - phthalmido - 1-  2 -  

Bb Rl = phthalimldo, R2 = H - 

9a R - H, R - phthalimldo - 1-  2 -  

9b R - phthalimido, R2 = H - 1 - 
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I n  order to explore the scope of  this carbene insertbon r e a c t m  we prepared homologous diazoketones and 

9b. It was hoped that the hornologaus irnmonium-enolate resulting f rom ylide A' would adopt - 

conformations l e s  favourable to rapid ring closure from the a-face, thereby affordmg products such as=. 

Compaunds % and were prepared from acids & and 8b (mixed anhydride of i s o b u t y l  chloroformate, 

diazornethane, -70' C to room temperature), which i n  turn were obtained by photolysis (310 nm, 

dioxanelwater) o f  2 and respectively. However the only product observed from reaction of either % or 

9b was arnlnodiketone g ( 7 0  ?4d. Rsther than farming ylide A', the carbene inserted into the amide bond1'. - 



Stnce we had not been successful i n  achieving carbon-carbon bond formation a t  C-5 w i th  "desired" chirality 

using d~azoketones derived from c-312, we looked a t  the correspondmg reactlon with dmraamide g derived 

from C-6, in the hope that the carbene would add to the sulfur yielding ylide g, which could collapse only 

from the 0-side to gbve tricycle g. The dlazoketone g was prepared by reaction o f  6-aminapenrcillanic acid 

pivaloyloxymethyl ester wi th the achd chlorlde (methylme chloride, excess tuethylamine) i n  70 % 

yieid. 

R = pivaloyloxyrnethyl 

Decompas~tion of the dlazoamide 11 in refluxtng benzene, in the presence o f  capper (11) acetylacetonate or 

rhodium (Ii) acetate did not give the desired product but the cycloheptatriene 11 (25 90) resulttng from 

the insertion of the carbene Into solvent 14. When tetrahydrofuran or 1,2-dichloroethane was used as 

solvent, extensive decomposition took place. 

Transformation of these tricycles into novel O-lactam compounds i s  presently bemg investigated. 
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