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Abstract - Carhenes formed by transition metal catalyzed decomposition 

of penicillin-derived diazoketones can undergo different reaction path- 

ways. depending on the presence or absence of the gem-dimethyl 

group. In the presence of the gem-dimethyl group products are formed 

via a sulfur ylide intermediate. Bis-nor derivatives undergo Wolff-rear- 

rangement into ketenes which react further to give isopenams. If an 

hydmxyethyl substituent i s  present at C-6 of the starting material the 

original 8-lactam is converted into a 8-lactone. 

8-Lactams with carbon substituents in position 4 have attracted considerable attention re- 

cently. This structural element is not only present in natural products such as  carbape- 

2 
nema (1) and carbapenams (?)', but also in synthetic antibacterial agents such as carba- 

3 4 cephems ( z ) ~ ,  iso-cephems (4) and some monobactams . e.g. azthreonam (5) .  Of parti- 

cular interest is the configuration of the methyl substituent in 5 (this stereochemistry ren- 

5 ders bicycac molecules biologically inactive ). 
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6-APA (6) i s  one of the most readily available natural 0-lactams and it is relatively in- 

expensive. It has three chiral centers and some of the possible diastereoisomers have been 

d e ~ c r i b e d ~ ' ~ .  Thus we began some time ago to investigate intramolecular reactions to re- 

place the C-51s bond in penicillin derivatives by carbon-carbon bonds in e stereospecific 

manner. In particular. we concentrated on intramolecular reactions of carbenes generated 

by photochemical or heavy-metal catalyzed decomposition of diazoketones. A s  reported 

1 I previously by us and others , diazoketones (1) derived from penicillanic acid derivatives 

with natural configuration at C-2 and C-5 afford mixtures of clavams (8) and tricyclic ke- 

tones (B), and in both cases the new bonds are formed-with inversion of configuration at 

C-5 (Scheme I). In the present communication we report the synthesis of novel penicillanic 

acid derivatives with unnatural configuration at C-2 and C-5, and the results obtained 

upon the decomposition of the corresponding diazoketones. 
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a: R = H  

b: R = a-phthalimido 

The synthesis of a penicillanic acid derivative (&) with unnatural stereochemistry at C-2 

and C-5 is outlined in Scheme 11. The tert-butyldimethylsilyl ether (TBDMS) of 6(R_)- 

[(I(:)-hydroxy)ethyllpenicillanic acid methyl ester (198'9 was converted to the monocyclic 

9 aeetidinone 2 by sequential treatment with mercuric acetate1', ozone1', and methanolltri- 

ethylamine with an overall yield of 82 %. Construction of the second ring was initiated by 

the displacement of the acetoxy group in 2 with racemic methyl 2-hydroxy-3-mercaptop&- 

panoate12, thus providing 14 as a mixture of diastereomers in 58 % yield, with the 

expected trans-substitution on the 8-lactarri ring. Rather than attempting to separate the 

isomers a t  this point, we proceeded further with the synthesis. Cyclization of 2 to the 

bicyclic structures II proved to be a major problem, and pmr  yields of products were 

consistantly obtained13. Treatment of 14 with tosyl chloride in the presence of dimethyl- 

aminopyridine (DMAP) afforded a mixture of diastereomeric chlorides 15 (12 %) and 

tosylates 16 (85 %), which were very unstable and decomposed even during storage at 

-20°c. immediate exposure of a mixture of 15 and 16 to 2N sodium hydroxide and 

tetra-n-butylammonium bromide in dichloromethane provided a mixture of the 

big-nor-penicillin ester 11 in only 8-10 % yield! Hydrolysis of these esters, activation of 

the resultant acids via formation of mixed anhydrides. followed by diazomethane treatment 

9 under the usual conditionsL4 yielded the diazoketones 19. The 0-substituted isomer 

could be isolated in pure form by column chromatography, but we were unable to obtain 

19b completely free from its  isomer. The assignment of the configuration at C-2 in was - 
based on spectroscopic evidence: a positive NOE could be observed between the proton 

signal of the diazomethyl group at 5.76 ppm (singlet) and that of H-5 at 4.90 ppm 

(doublet. J = 2 Hz). 



Scheme II 

11 : R = C=(CH,)2 - 
I 

COOCH, 
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17:Z = CH, - 
18:Z = H - 

Exposure of to a catalytic amount of rhodium acetate in hot benzene provided one major 

pmduct which decomposed during attempted purification. The infrared spectrum of the 

crude product shows, in addition to the 1780 cm-I absorption of the R-lactam carbonyl, a 

stmng band at 1825 cm-l. By performing the experiment in an NMR-tube with deutemben- 

zene as solvent ( 6 0 ~ ~ 1 ,  we were able to observe the time-dependent formation of the major. 

pmduct. The 0-lactone structure 209 was assigned and could be firmly secured thmugh 

decoupling experiments (scheme Ill). In particular, the initial doublet of quartet of the 

methine Pmton fmm the silyloxyethyl group centered at 4.20 ppm underwent a downfield 

shift by 0.2 ppm. 
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Scheme 111 

Since the decomposition reaction of the diazoketone + took an unexpected course, we 

were interested in clarifying whether it is due to the lack of the gem-dimethyl group, or 

perhaps due to a different type of suhstituent at C-6 (until this time, all known reactions 

of this type were performed on penicillin derivatives either with a nitrogen substituent or 

no substituent at C-6). Thus, using 6(?)-[(l(R_)-hydroxy)ethyllpenicillanic acid methyl 

8 9 ester as  starting material, we prepared using analogous conditions the diazoketone 7 d  . 
which is antipodal to at all chiral centers, but has additionally the gem-dimethyl 

group. Treatment of 7d with a catalytic amount of copper acetylacetonate in hot benzene 

resulted in smooth conversion into (31 %) and g (20 8 )  (Scheme I) .  Whereas thermsl 

decomposition of 7d proceeded "normally" via the sulfur ylide to give the observed pro- 

ducts, the corresponding his-nor analog = probably rearranged first to the ketene !. 
which underwent further transformations to give the [I-lactone 20 (Scheme 111). 

Photochemical Wolff-rearrangement of penicillanoyl diazoketones in aqueous dioxane has 

been used to convert penicillanic acids into their higher homo log^^^. We assumed that ir- 

radiation of 7d in an inert solvent would generate a ketene similar to the intermediate pos- 

tulated for the formation of lactone 20. Upon irradiation of g in benzene, a single new 

product 21 was formed (tlc and nmr), which decomposed during attempted purification by 

chromatography. The infrared spectrum of the crude product again shows the 1820 cm-' 

band, which is characteristic of 0-lactones, besides the usual carhonyl absorption at 1110 

-1 
cm for the 0-lactam. The assigned structure could further be cormborated by the for- 

9 mation of the crystalline anilide upon treatment of 21 with aniline1 DMAP (Scheme IV). 

Scheme V gives a possible mechanistic interpretation of these results. 

In the absence of external nucleophiles, the penieillanoyl ketenes A generated by Wolff- 

rearrangement of diazoketones 19 and 7d react intramolecularly with the 8-lactam nitrogen 

to give ylide B which can ' dissociate into ylide C thus generating another highly 



electrophilic center. Ring closure to the D-lactone with concomitant loss of the silyl 

protective group generates D and aqueous work-up would give the observed products. 

Scheme IV 

Scheme V 
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The question remains: why in the rhodium-catalyzed reaction compounds of type 1 give 

products derived from sulfur-ylide intermediates, whereas the corresponding bis-nar-peni- 

cillins 19 are converted into products via Wolff-rearrangement? There are two nuclmphilic 

centers present in the molecules which are susceptible to intramolecular attack by the rho- 

dium-generated carbene: the 0-lactam nitrogen and the sulfur. Obviously in the case of 

gem-dimethyl compounds the carbene is generated in a conformation where the sulfur is 

in close proximity to it and ring closure to the sulfur ylide is possible without prior con- 

formational changes. Such facilitating effects of gem-dimethyl group on ring closure re- 

actions are well documented and have been thoroughly investigated16. In the absence of 

such a gem-dimethyl effect the carbene may be generated in a different conformation with 

a larger distance between the carbene and an internal nucleophile. In this case Wolff-rear- 

rangement to a (more stable) ketene occurs faster than conformational changes leading to 

the required proximity for carbene-derived ylide formation. 

Internal capture of penicillin-derived carbenes by the 0-lactam nitrogen has also been ob- 

served during the preparation of homologous penicillins15 and in transition metal catalyzed 

reactions of diazoketones derived from themT. A similar ring closure reaction is used on an 

17 industrial scale in the synthesis of carbapenem antibiotics . 

Interesting aspects arise upon a careful stereochemical analysis of the molecules described 

in this work. Our plan had been to utilize the natural stereochemistry of penicillin for the 

stereospecific construction of penicillin derivatives with unnatural configuration at C-3lC-5 

and then replace the C-S bond by a carbon-carbon band of natural configuration. Instead, 

however, the obtained product 20 was an isopenicillin with unnatural configuration at C-5! 

On the other hand, starting from 1 (with natural configuration) isopenicillin 21 is obtained 

with natural configuration at C-5. This reaction thus mst i tu tes  a rapid method to replace 

the C-51s bond of a penicillin derivative stereospecifically by a carbon-carbon bond with 

retention of configuration. 

REFERENCES 

1) Part 1: C.P. Mak, K.  Baumann, F. Mayerl, C. Mayerl, and H. Fliri, Hetemcycles, 

1982, 19, 1647. 



2) F o r  s comprehens ive  l i s t i n g  of  t h e  s t r u c t u r e s  of n a t u r a l  c a r b a p e n e m s  a n d  c a r b a p e n a m s  

s e e :  Y. Fukagawa,  M. O k a b e .  T .  Yoshioka,  a n d  T .  l s h i k u r a  i n  "Recent  A d v a n c e s  i n  

the Chemis t ry  of  B-Lactam Antibiot ics",  Chem. Soc. Spec .  Publ .  No. 52 ,  p 163,  A.G. 

B r o w n ,  a n d  S.M. R o b e r t s ,  e d . ,  1985. 

3 )  A review of n u c l e a r  a n a l o g s  of  Penici l l ins a n d  C e p h a l o s p a r i n s  is g i v e n  i n  "Chemis t ry  

and Biology of  6-Lactam Antibiot ics",  Vol. 2 ,  R .B.  Morin, a n d  M. Gorman,  ed., Acad.  

P r e s s ,  1982. 

4) W.H. K o s t e r ,  C.M. Cimarus t i ,  a n d  R.B.  S y k e s  i n  "Chemis t ry  a n d  Biology of  8-Lactam 

Antibiot ics",  Vol. 3 ,  p 339, R .B.  Morin, and M. Gorman,  ed., Acad .  P r e s s ,  1982. 

5) R .  B u s s o n ,  a n d  H. V a n d e r h a e g h e ,  J. O r g .  Chem.,  41, 2561 (1916). See dso: T o p i c s  

i n  Antibiot ic  C h e m i s t r y ,  Vol. 4 ,  p 155 f f ,  P.G. Sammes e d . ,  Ellis Horwood LTD,  1980. 

6) S .  Kukolja, J. Am. Chem. Soc. ,  1911, 93, 6269. 

7) a) I. E r n e s t ,  T e t r a h e d r o n .  1917, 2. 547. 

b) R. P o n s f a r d ,  T e t r a h e d r o n  Let t . ,  1980. 2, 2451. 

8 )  V.M. Giri javallabhan,  A.K. G a n g u l y ,  S.W. McCombie, P. P in to ,  a n d  R. Rizv i ,  Tetra- 
h e d r o n  Let t . ,  1981, 2. 3485. 

9) Se lec ted  p h y s i c a l  d a t a :  

10:  mp 63' C;  IR(KBr)  1775, L145 cm-l;  NMR(CDCI3) 0.06 (s, 6H) ;  0.86 ( 8 ,  9 H) ;  - 
1.10 ( d ,  J = 5.8 Hz,  3 H) ;  1.40 (6 ,  3H);  1 . 6 1  ( s ,  3 H) ;  3.52 ( d d ,  J1 = 5 Hz,  J2 = 9 

H z , l R ) ;  3 . 7 2 ( s .  3 H ) ;  4.20 ( d q ,  J l = 5 . 8 H z ,  J 2 = 9 H z ,  I B ) ;  4.38 ( s ,  1 H ) :  5 .3  

( d ,  J = 5 Hz,  1 H) ;  MS:m/z = 342 ( M + - c ~ H ~ )  

13:  mp 44-46' C:  roll? -68.9' (c = 1 . 0 ,  CH2C12); l R ( K B r )  1785. 1715, 1745 cm-l;  - 
NMR(CDCl3) 0.08 (s,  6 H) ;  0.88 (s ,  9 H); 1.32 ( d ,  J = 6.8 Hz ,  3 H) ;  2.10 (s, 3 

H I ;  3.22 ( d d ,  J 1 = 1 . 8 H z ) ;  J 2 = 2 . T  Hz,  1 H ) :  4.28 ( d q ,  J 1 = 2 . 1  Hz,  J 2 = 6 . 8  Hz,  

1 H ) ;  5.69 ( d ,  J = 1 . 8  Hz,  1 H); 6.44 ( b r ,  1 H). 

19a:  oil; IR(CHC13) 2125, 1780 em-'; 1 ~ - ~ ~ ~ ( ~ ~ ~ 1 3 )  0.12 (s, 6 H) ;  0.94 ( s ,  9 H) ;  - 
1.37 ( d ,  J = 6.5 H z ,  3 H ) ;  3.31 ( d d ,  J = I H z ,  J2 = 11.5 Hz,  1 H I ;  3.32 ( d d ,  J1 = 2 

H z ,  J2 = 3.5 Hz,  1 H I ;  3.73 ( d d ,  J1 = 3 Hz,  J2 = 11.5 Hz,  1 H); 4.20 ( d q ,  J1 = 3.5 

Hz. J2 = 6 . 5 H z .  1 H ) ;  4.9 (d, J = 2  Hz. 1 H) ;  5.16 (s ,  1 H); 

NOE: 5.76 (s) a n d  4.90 ( d ,  2 Hz) ;  1 3 ~ - ~ ~ ~ ( ~ ~ ~ 1 3 )  -4.82 ( q ) ,  -4.14 (q),  11.99 (s), 

21.56 ( q ) ,  25.69 (q) ,  38.09 (0, 53.73 ( d ) .  62.60 ( d ) ,  65.24 (d),  65.53 ( d ) .  68.92 

( d l ,  114.15 (s),  190.24 ( s ) ;  MS:mla = 298 ( M + - c ~ H ~ ) .  



HETEROCYCLES, Vol 26, No 4, 1987 

20: oi l ;  IR(CHC13): 1825. 1180 cm-l; NMR (Benzene-d6); 1.34 ( d ,  J = 5.8 Hz. 3 H); - 
2.25 ( d d ,  J1 = 4 Hz, J2 = 10.5 Hz. 1 H);  2.46 ( d d ,  J1 = 8.5 Hz. J - 12.5  Hz ,  1 H) ;  2 - 

2.83 ( d d ,  J1 = 12.5 Hz,  J2 = 0.1 H z ,  1 H) ;  3.67 ( d d ,  J1 = 4 Hz,  J2 = 16 Hz,  1 H ) ;  

4.07 (dd. J1 = 16 Hz,  J2 = 1 Hz. 1 H) ;  4.41 (dq ,  J = 4 H z ,  J = 5 . 8  H z ,  1 H) ;  4.55 1 2 

( d d d ,  J1 = 8.5  Hz. J2 = 4 Hz,  J3 = 0 . 1  H z ,  1 H); 4.86 (d, J = 10.5 Hz,  1 H). 

I d :  oil; IR(CHCl3):  2120, 1715 cm- l ;  NMR(CDC13): 1.34 ( d ,  J = I Hz,  3 H ) ;  1.52 (s ,  - 
3 H) ;  1.10 (8,  3 H) ;  2.34 (br,  1 H) ;  3.30 ( d d .  J, = 1.8 H z ,  J2 = I HZ, 1 H ) ;  4.20 

(8 ,  1 H);  4.20-4.46 (m, 1 H);  5.21 ( d ,  J = 1.8 Hz. 1 H); 5.8 ( s .  1 H) ;  MS:m/z = 169 

(M+). 

8d:  oil; IR(CH2C12); 1190 cm-'; NMR(CDC13): 1.28 (d. J = 9 Hz,  3 H); 1.46 (s ,  3 - 
H ) ;  1.48 ( s ,  3 H I ;  2.03 ( h r ,  1 H) ;  3.50 ( d d ,  Jl = 3.6 H z ,  J2 = 9 Hz,  1 H I ;  4.03- 

4.38 (m, 1 H);  4.18 ( d ,  J = 2.1 Hz,  1 H) ;  5.54 ( d ,  J = 2.1 Hz,  1 H) ;  5.13 ( d ,  J = 

3.6 H z ,  1 H I ;  MS:mlz = 241 (M'). 

9d :  oil; IR(CHZCI2): 1780 cm- l ;  NMR(CDCl3): 1.36 ( d ,  J = 6.5 Hz,  3 H) ;  1.48 ( s ,  3 - 
H); 1.54 ( s ,  3 H ) ;  1.91 ( h r ,  1 H);  3.61 ( d d ,  J1 = 5 . 5  H z ,  J2 = 8 . 5  Hz,  1 H) ;  3.14 

(8. 1 H ) ;  4.08 ( d .  J = 5.5 HZ,  1 H ) ;  4.19 ( d q ,  J = 8.5 Hz,  J2 = 6.5 H Z ,  1 H ) ;  1 
+ 

MS:m/z = 241 (M ). 

22: mp 176-1ll0 C ;  la1; +85O ( C  = 1, CH2C12); IR(KBR):  3450, 1115, 1690 cm-l;  - 
NMR(CDC13): 1.32 (d,  J = 6 H z ,  3 H); 1.46 ( s ,  3 H I ;  1.54 (s, 3 H I ;  2.18 ( b r ,  

1 H ) ;  2.48 ( d d ,  J1 = 3 Hz,  J2 = 15 Hz,  1 H I ;  2.62 ( d d ,  J1 = 3 Hz,  J2 = 15 Hz,  1 H) ;  

3.32 (dd, Jl = 2 Hz,  J2 = 5 Hz,  1 H) ;  4.12-4.46 (m, 1 H I ;  4.32 ( d d ,  Jl = 3 Hz,  J = 
2 

8 HZ, 1 H);  5.14 ( d ,  J = 2 Hz,  1 H) ;  1.11 ( t ,  J = 8 H z ,  1 H); 1 . 3 1  ( t ,  J = 8 Hz,  2 

H) ;  1.31 ( b r .  1 H) ;  1.56 ( d .  J = 8 Hz,  2 H).  

Anal .(calcd) % C 60.99 (61.05). % H 6.63 ( 6 5 0 ,  8 N 8.31 (8 .19) .  8 S 9.59 (10.05) 

10) R.J. S t w d l e y  a n d  N.R. Whitehouse,  J .  Chem. Soc., P e r k i n  T r a n s .  I ,  1913,  A ,  32. 

11) R.D.G. Cooper  a n d  F.L. JosB, J .  Am. Chem. Soc., 1912, 94, 1021. 

12) D.B. Hope a n d  M. Walti, J. Chem. Soc. C ,  1910, 2415. 

13) Similar d i f f icu l t ies  i n  t h e  s y n t h e s i s  of  h i s -nor  penici l l ins h a v e  b e e n  p r e v i o u s l y  e n -  

c o u n t e r e d :  Beecham, Ger.  P a t . ,  1911, DT 2704-546. See a lso ;  J .H.  M u s s e r ,  P.F. v o n  

Voight lander ,  a n d  J. Szmuszkovicz,  Heterocycles,  1986. 2, 155. 

14) K. P r a s a d ,  G. S c h u l z ,  C.P. Mak, H. Hemherger,  a n d  P .  S t i i t z ,  Heterocyc les ,  1981, 

1 6 ,  1305. - 



15) B . G .  Ramsay and R.J. Stwdley, J .  Chem. Sac. C .  1969. 1319. 

16) C.K. Ingold. J. Chem. Soc.. 1921, 119. 305. For e theoretical analysis see  N.L. 

Allinger, and V.  Zalkow, J .  Org. Chem., 1960, 25, 701. 

17) S.H. Pines, IUPAC Symp. Ser., 3rd Symp. Org. Synth., 1981, Madison, Wis., p 321. 

Received,  8th  December, 1986 


