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Abstract - The transformation of tricyclic beta-lactams @-2. which are obtained from 

the corresponding penicillin diazoketones, into carbapenams 7-2 are described. 

Whereas reduction of 1~ with tetra-n-butylammonium borohydride gave cleanly the 

hydmxy-lactam 3c, the isomeric ketone yielded %, together with two tricyclic l a c  
h 

tones Azido-lactones E l $  were obtained similarly when we reacted 2 with slu- 

minium chloridelsodium azide. The structural assignment of these novel compounds 

was based mainly on spectroscopic analysis and comparison with the corresponding 

tricyclic lactam 2. 

INTRODUCTION 

3 .  Penicillin 1s a readily available and inexpensive natural antibiotic. Its usefulness has been de- 

monstrated not only as a drug, but also as  starting material for the syntheses of other beta- 

lactam antibiotics4 (cephalosporins, in particular), as well as for many fascinating trnnsfor- 

5 mstions leading to other structures . 

Our gmup has also been involved in the use of penicillin as precursor for the construction of 

carbapenem, which possesses many structural elements uncommon to the other types of beta- 

6 lactam antibiotics . In particular, the heteroatom (sulfur) on the bicyclic ring has been replaced 

by carbon. This has presented the synthetic chemists with new challenges, and considerable 

7 efforts have been made in this direction . In previous papers, we have reported the metal-cata- 

8 lysed decomposition of penicillin diazoketones of the general type which gave either the tri- 

1 cycles %and CJ or, depending upon the nature of the substituents (R'), yielded isopenam of 

structure E. The former transformation proceeded in a stereospecific manner, irrespective of 

1 the substituents on C-6 (R ) of the penicillin nucleusg, to give a moderate to excellent yield of 

the insertion product with the formation of a new carbon-carbon bond (C-TIC-8) in z. 



Unfortunately, starting from "natural" penicillins (3R.5R configuration), it produced always the 

"undesired" S-configuration at C-7 (C-5 of the corresponding carbapenem). However, we felt 

that the application of this process might be important because with proper manipulation of the 

functional groups on penicillinlo, it could lead to the correct stereochemistry at C-5. Synthetic 

studies for the transformation of compounds of the structural type B into potential carbapenem 
M 

intermediates were therefore carried out and herein we report our results. 

SCHEME I 
R"' 

R'*R.. 

O COOH 

RESULTS AND DISCUSSION 

Conceptually, we envision that bicyclic ketone :I1, which has been used by many as key inter- 

mediate for the preparation of earbapenem derivatives cbuld be derived from tricyclic ketone &: 
(i) Cleavage of the C-21s bond, to he followed by oxidation of C-2 to s carboxylic function 

after removal of the extra carbon atoms: (ii) removal of the sulfur appendage from C-8; how- 

ever, it might elso be interesting to study the influence of sulfur substituents at this carbon 

on the biological properties12 of the corresponding carbapenems. 
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Raney-Nickel desulfurizstion on 2 gave in low yield, an inseparable mixture of the bicyclic ke- 

tone 2a and its unsaturated isomers 2; the latter could be completely converted into the con- 
N 

jugated isopropylidene ketone by treatment with triethylamine13, and allowed separation from 2 
by chromatography. Nevertheless, we quickly abandoned this approach due to the limited pos- 

sibilities for further transformation, as well as the poor yield of the process. 

R1= R 2 = H  

i_b R ' =  N F T ,  R ' = H  

1 R =  H ,  R ' = N F T  

It occurred to us that we should be able to cleave the C-21s bond by thermolysis of the sulf- 

5 oxide, in analogy to the Morin reaction14, which has found numerous synthetic applications . 

Attempted direct oxidation of la  with a variety of mild oxidants (m-chloroperbenzoic acid, perio- - 
date, ozone etc.) were met with limited success: complex mixtures of products usually resulted. 

Since competing reactions of the ketone carbonyl group (1R absorption: 1160 cm-l) might com- 

plicate the desired oxidation we decided to protect this carbonyl group by reduction to the d- 

cohol. 

1 2  Whereas reduction of the unsubstituted beta-lactam 2 (R = R = H) proceeded smwthly with 

sodium borohydride to afford the alcohol as a single diastereoisomer (see below for structural 

p m f ) ,  the reduction of the phthalimido-substituted derivatives I& and & gave complex mix- 

tures of products whose 'H NMR spectra revealed that reduction of the phthalimido csrbonyl 

groups had also taken place. 

In order to suppress the concomitant reduction of the other carbanyl function, we chose to use 

tetra-n-butylammonium borohydride16, which can be used in methylene chloride and at low tem- 

perature. Exposure of ketone $ in methylene chloride to an equimolar amount of the hydride at 

- 1 ~ ~  C gave cleanly the alcohol 3 2  (60 %), whose structure could further be confirmed spectm- 

scopicdly via the acetate 4c (positive NOE between H-5 and H-7): however reduction of the 
.v 



?a isomer lb  required higher temperature (0-20' C) and the major product was found to be 3c + N 

(50 %). together with two isomaric (micronanalysis. NMR) compounds LaI2b (I % and 14 % 

respectively). Alcohol 3h was never observed. - 

Based on the following spectroscopic evidence (see also Table I ) ,  these novel tricyclic struc- 

tures could be assigned as drawn: (i) H-5 has been shifted 0.8 ppm down-field in the proton 

NMR spectrum (as compared to 5) indicating an ester function and not an alcohol: (ii) no OH 

coupling could be observed: (iii) C-8 (lactone) appears about 10 ppm towards higher field than 

the corresponding laetam in the 13c NMR spectrum: (iv) Protons a and R to the nitrogen are 

greatly influenced by the addition of trifluomscetetic acid and with a down-field shift (presence 

of basic nitrogen): ( v )  in 2, positive NOE could be observed between H-l and H-7, which are 

probably oriented in a 1,s-diaxial relationship: (vi) the signals (167.11168.5 ppm) from the car- 

bonyls of the phthtslimido group in 2 are much bmsder than the corresponding ones (only 

appear as one peak) in 52. This phenomenon could be explained by assuming hindered rotation 

Of the phthalimido group, possibly due to a hydmgen bridge with the neighboring NH function. 

This correlates also with the measurement of a distinct ooupling (5 Hz) between H-4 and NH in 

5a whereas only Linebroadening of the corresponding signals could be detected inLb. 
F 

To account for the formation of the observed product, we assume that due to steric hindrance 

fmm both sides of the ketone function, reduction does not take place in 2 at low temperature. 

At higher temperature, epimerization of the phthtalimido group to l c  preceeds hydride attack - 
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T A B L E  I 

'H end 13C NMR Chemical Shifts (Multiplicities and Coupling 
Constants) of Tricyclic Lactones 5&-2 and Lactsm 

'H NMR 5b 5a 
(+TEA) (+TEA) +.. 2 

4.22 3.66 4.62 3.71 4.85 3.79 3.76 

(dd,l.O,S.OHz) (dd,0.6,1.4 Hz) (d.l.Hz)(dd,6.3,3.6Hz) 

13c NMR 3c - 5b 58 
CU 

5d 
h 

5c - 
42.8 (d) 47.9 (d) 51.7 (d) 

51.0 (6) 52.5 (6) 53.5 (s) 

68.9 (d) 70.6 (d) 70.7 (d) 

83.4 (d) 84.5 (d) 105.2 (s) 

61.6 (d) 63.1 (d) 62.3 (d) 

55.6 (d) 56.7 (d) 56.4 (d) 

164.9 ( 6 )  165.0 (s)  163.6 ( 8 )  

26.9 (q) 26.9 (q) 28.5 (q) 

30.7 (q) 31.0 (q) 29.6 (q) 

166.5 167.2 167.1 + 168.6 not detected 

PHTALlMlDO 134.6 134.5 134.6 134.8 

131.5 131.5 131.4 131.5 

123.8 123.8 123.9 124.1 



from the "re" face to give 3 c ,  while direct attack from the "si" face would yield initially the 
A 

disstereomeric alkoxide, which because of close proximity to the beta-lactam carbonyl would also 

lead to lactone formationlT. The ease of formation of such bicyclic structure could further be 

demonstrated when we heated fcb in tetrahydrofuran, in the presence of aluminium chloride1 
18 sodium azide . A quantitative yield of a 1:1 mixture of the szido-lactone LcILd was isolated. 

Our attention was then directed to further transformation of these tricyclic alcohols. Indeed, 

treatment of either 3 or with excess sodium metaperiodate produced a mixture of sulfoxides 

(fLa16~' and respectively) in excellent yield. As depicted in Scheme 11, these sulfoxides 

underwent smooth conversion into carbepenam structures L-5 as planned, under a variety of 

14 conditions analogous to the Morin reaction . Interestingly the product with structure 2, which 

corresponds to the penicillin-cephalosporin transformation route, could not be found. 

COOEt $1- OH 1 Q - 

0 \ NY 
S-S 

r l I "  

OAc 

SCHEME I1  



HETEROCYCLES, Vol 26, No 4, 1987 

Direct functionalization of the isopropylidene gmup (I. 9,  and 11) and i ts  transformation into 
L I 'V 

the carboxylic acid moiety (with the loss of two carbons) was not successful. However, upon 

ozonolysis. 7b was converted in 80 % yield to the methyl ketone 13. Unfortunately, further at- 
@ ,., 

19 tempts an 13 or i ts  acetate 14  to remove alddstively the last extra carbon were failed . 
rr /  ." 

CONCLUSION 

Despite the fact that this sequence of transformation could not provide an entry into the car- 

bapenem structure with the proper functional groups st  this timez0, we believe that the readily 

available penicillin diazoketones, together with the demanstrated ease of transformation into 

other tricyclic systems, could he important for the stereoselective synthesis of other hetero- 

cyclic natural products. 

EXPERIMENTAL 

General methods and materials. Melting points were determined on s Reichert hotstage micro- 

scope and are uncorrected. Infrared spectra (IR) were recorded on a Perkin-Elmer 421 spectro- 

1 1 meter and are reported in cm' . Pmton and carbon-13 magnetic resonance ( H and 13c NMR) 

were obtained either on a Varian H A  100 or a Bruker WH-90 DS spectrometer in CDC13 with te- 

tramethylsilane as an internal standard, unless otherwise stated, and chemical shifts are given 

in parts per million 6 ) .  Mass spectra were recorded with a Varian Mat CH-I spectrometer. Mi- 

croanslyses were performed by the Mikmanalytisches Labor of the Inst. fiir Physikalische Che- 

mie, University of Vienna, Austria. Chromatography was performed on silica gel (Kieselgel 60, 

E. Merck), using ethyl scetate/dichloromethane mixtures as eluents. 

Desulfurization of la. The tricyclic ketone la  (325 mg) was treated with Raney nickel, and then - 
8 

followed by triethylamine, under similar conditions as reported by Ernest . The ketones 5 
(40 mg, 15 %) and (I0 mg, 25 %) were isolated after chromatography. 2:: waxy solid; 'H 

NMR: 60.84 (d,  3, J = 7 Hz), 1.04 (d,  3, J = I Hz), 2.04-2.34 ( m ,  I ) ,  2.44 (dd, 1,  3 = 

18.8 Hz), 2 .72  (dd, 1,  J = 18, 7 Hz), 2.98 (dd, 1 J = I 2.5 Hz), 3.58 (dd, 1,  J = 17, 

5 Hz), 3.15-4.06 (m, 2). 2b: mp 80-83O C, 'H N M R : $ ~ . U  (6, 3),  2.20 (s, 3). 2.53 (dd. 1, J 
rU 

= 18, 8 Hz), 2.83 (dd, 1, J = 18, I Hz), 2.95 (dd, 1 ,  J = 16, 2.5 Hz), 3.52 (dd, 1 ,  J = 16.5 

Hz), 3.98 (dddd, 1, J = 8, I ,  5, 2.5 H z ) .  



. To a cooled (ice-bath) suspension of the  tricyclic ketone L a  (4.05 g )  in  

250 ml of MeOH was added portionwise 1 g of sodium bomhydride. After t h e  addition was com- 

0 pleted, t h e  mixture was s t i r red a t  0 C for another 20 min, and  then to  th is  mixture was added 

excess brine. The  resulting mixture was extracted thoroughly with dichlommethane (CH2C12) 

and the combined organic layers were dried (MgS04) and concentrated. Chromatography of t h e  

crude residue gavq 2.62 g (64 %) of 2, mp 125-127' C: [a lko +2N0 ( c  1.0, CHCI3); IR 

(CHCI3) 3335, 1761; 'H NMR: g 1 . 5 2  ( s ,  3H), 1.56 ( 8 ,  31, 2.98 ( d d ,  1, J = 17, 3.5 Hz), 3.37 

(dd, 1, J = 17, 5.3 Hz), 3.57 ( d ,  1, J = 2.3 Hz), 3.78 ( d ,  1, J = 2.3 Hz), 3.82 (dd.  1, J = 

5.3, 3.5 Hz), 4.56 ( t ,  1, J = 2.3 Hz). Anal. Calcd for CgH13N02S: C ,  54.24; H, 6.57; N ,  

7.03; S ,  16.08. Found: C,  54.33; H, 6.58; N, 6.96; S ,  16.16. 

Tricyclic alcohol 3c. A solution of t h e  ketone Lh (3 g) and 2.5 ml of triethylsmine in  CH2C12 

9 (10 ml) was s t i r red a t  room temperature for  30 min . The  mixture was concentrated in  vacuo, 

and excess triethylamine was removed b y  repeated addition and evaporation of toluene. The  

resultant foam (?_c) was re-dissolved i n  50 ml of CH2C12, and -led to  -78' C. To this  s t i r red 

solution was added, in  one portion, 0.55 g of tetra-n-butylammonium borohydride. The mixture 

was s t i r red fur ther  a t  th is  temperature, until mmplete disappearance of s t a r t ing  material. I t  

was then quenched with one equivalent of acetic acid and poured into water. After separation of 

the layers ,  the  aqueous phase was extracted once with CH2CL2. The  combined organic layers  

were dried and concentrated to  give an oil. which was chromatographed t o  give 1.8 g (60 %) of 

the alcohol 3_c, mp 207-210' C ;  IR (KBr) 3425, 1780. 1760, 1720, 1390; la] ;  -80' ( c  0.011, 

CHCI3); NMR (see Table I) .  Anal. Calcd for C17H16N204S: C ,  59.29; H. 4.68; N .  8.13. Found: 

C, 58.94; H ,  4.72: N ,  8.04. 

Reduction of ketone l b :  Reaction of 5.05 g of the  tricyclic ketone l h  with 0.925 g of tetra-n- 
< - 

butylammonium borohydride in  100 ml of CH2C12 a t  o0 C ,  under  analogous condition as described 

above, yielded after chromatography, 360 mg (7 %) of 5s ,  700 mg (14 %) of 5h,  and 2.5 g + - 
(50 %) Of 3 2  

5 %  amoFphous powder; [a lko + 50' ( c  0.01, CHCI3); 1R (KBr) 3350, 1770, 1740, 1710, 1390; 
m 

mass spectrum (70 eV), m/z (re1 intensity) 345 (M' + 1 ,5 ) ,  344 (M, 27), 311 (461, 91 (100); 

NMR (see Table I) .  Anal. Calcd for C17H16N204S: C ,  59.29; H, 4.68; N, 8.13. Found: C; 

58.96; H. 4.67; N. 8.17. 

5b: mp 198-203'~; IR(KBr) 3360, 1745, 1729, 1390; [a]; + 184' ( c  0.04, CHC13); NMR (see 
&. 

Table I ) .  Anal. Calcd for  C17H16N204S: C,  59.29: H, 4.68; N, 8.13. Found: C ,  58.96; H, 

4.67; N .  8.17. 
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This compound was prepared from the corresponding alcohol % b y  the reaction with 

excess dimethylaminopyridine (DMAP) and acetic anhydride: foam; 'H NMR: & 1.51 (s. 3).  1.61 

(s ,  3),  2.11 (8,  3).  3.95 (d ,  1 ,  J = 2 HZ); 4.09 ( d ,  1, J =  2 HZ), 4.11 ( d ,  1 ,  J = 3 HZ), 5.11 

( t ,  1. J = 2 Hz), 5.30 ( d ,  1, J = 3 Hz), 7.68-1.94 (m, 4 ) .  

Azido-lactanes 5.c and 5d. Tricyclic ketone f_c (100 mg, obtained by triethylamine epimerization 

of l b  a s  before) was dissolved in 2 ml of tetrahydrafuran (TBF). To this was added a solution 

of aluminium chloride (40 mg) and sodium azide (80 mg) in 5 m l  of THF. The mixture was 

refluxed for 2 h ,  cooled, and then concentrated in  vacua. The residue was chromatographed on 

silica gel to give 5c (50 mg. 45 %) and (50 mg. 45 %). 2: mp 176-180° C [u];' -4.9' (c 
C 

0.12, CHCI3), NMR (see Table I).  Anal. Calcd for Cl1Hl5N5O4S: C, 52.98; H, 3.92; N, 18.11. 

Found: C, 52.27; H, 4.00; N, 11.76. 5_d: mp 164-161' C; [a]: +91° (c  0.145, CHCI3), NMR 

(see Table 1).  

Sulfoxides 6aI6a'. A suspension of sodium metaperiodate (4.36 g) in 10 ml of water and 30 ml of - 
isopropanol was added in  one portion to a stirrod solution of the alcohol 2 (2.03 g) in 50 ml 

of THE. The mixture was stirred for 20 h s t  mom temperature, during which a heavy precipi- 

tate was formed. It was then diluted with water and CH2C12, and after separation of the layers, 

the squmus  layer was extracted thoroughly with CH2C12. The combined organic layers were 

washed once with brine and dried (MgS04). Removal of solvent yielded 1.1 g of the desired 

sulfoxides 6a16a' (80 %). which could be used without further purification. ,- .., 

Sulfoxides 6b16b'. Anslogausly, the sulfoxides 6b/6bq were prepared from 3c in 85 % yield. An - & -  ,I/ 

analytical sample of the a-sulfoxide (6b') was obtained after chromatography a s  a foam. kb':  
4 

20 
[uID - 3 5 . ~ ~  ( c  1.05, CHCI); IR (KBr) 3300, 1100, 1720, 1390, 1280, 1190, 1120; 'H NMR: & 
1.57 ( s ,  3 ) .  1.65 (6 ,  3). 3.44 (d ,  1, J = 3 H z ) ,  3.91 ( d , l ,  J = 1 . 8  Hz), 4.30 ( d ,  1, J = 2 . 2  

Hz), 4.96 (d t ,  1 ,  J = 9,  2 Hz), 5.35 ( d ,  1 ,  J = 3 Hz), 5.55 ( d ,  1 ,  J = 9 Hz), 7.68-7.90 (m, 

,:;. Anal. Calcd for C17H16N205S: C, 56.65; H, 4.48; N.  7.77; S .  8.90. Found: C. 56.59; H, 

1 4.13; N, 7.30; S ,  8.34. s: H NMR: 6 1 . 3 0  ( s ,  3). 1.62 ( s ,  3). 4.07 ( d ,  1 ,  J = 2 . 3  Hz), 4.12 

( d ,  1 ,  J = 2.1 Hz), 4.38 (d ,  1 ,  J = 3.3 Hz), 4.64 ( b r  t ,  1 ,  J = 2.7 Hz), 5.39 ( d ,  1, J = 3.3 

Hz), 1.68-7.90 (m, 4) .  

Hydroxy-carbapenam & A mixture of the sulfoxides 6a/6s3 (150 mg) and mercaptobenzthiazole 
IV I/ 

(127 mg) was heated at 100° C for 1.5 h. After cooling, the solvent was removed in  vacuo, and 



the residue was taken u p  in  CH2C12. The  organic solution was washed successively with 0.1 N 

NsOH a n d  brine, and dried (MgS04). Evaporation of solvent gave 160 mg (60 %) of the  product 

78, which could h e  used without fur ther  purification. An analytical sample was obtained af ter  
I* 

chromatography: mp 150-152' C;  [a]; -440° ( c  0.1, CHC13). 'H NMR:$I.TS ( b r  s ,  31, 2.84 

(dd, 1, J = 15.5, 2.5 Hz), 3.20-3.50 (m, 2 ) ,  3.92 (ddd,  1, J = 10, 5.2 Hz), 4.34 ( h r ,  1).  

4.58-4.76 (m, 1).  5.00-5.24 (m, 3) ,  7.35-7.50 (m, 2) ,  7.76-8.00 (m, 6 ) ;  13c NMR: 20.3 (C-8), 

41.4 (C-5), 54.7 (C-3), 63,2167.2 (C-4lC-I), 78.2 (C-2), 113 (C-9). 140.4 (C-7). 169.3 

(C-6). 121.6/122.3/125.6/127.0/136.4/153.2/176.1 (aromatic carbons).  Anal. Calcd for  

C16H16N202S3: C ,  52.72; H, 4.42; N ,  7.69; S ,  26.39. Found: C ,  52.72; H, 4.38; N, 7.61; S, 

26.74. 

. This was prepared similarly according to the  procedure described for  

the preparation of 3. Thus,  1.06 g of &hlkb' afforded 0.7 g (47 %) of Lb, together with 0.1 g 

of recovered s t a r t ing  material, af ter  column chromatography: mp 198-204' C;  l a l k o  -133' ( c  

1.28, CHCI3), 'H ~ ~ ~ : 6 1 . 8 3  ( b r  s, 3) ,  3.50 ( d d ,  1, J = 9, 3.5 Hz), 4.40-4.59 (m, 21, 4.46 

(dd, 1, J = 9, 2Hz), 4.74 ( h r ,  I ) ,  5.14-5.28 (m, 1).  5.25 ( d ,  1, J = 2 Hz), 5.46 ( b r ,  1).  

7.12-7.46 (m. 2). 7.60-7.86 (m, 6) .  Anal. Calcd for C24HlgN304S3: C ,  56.56; H, 3.75; N, 

8.24. Found: C ,  56.96; H. 3.95; N. 8.01. 

Vinyl sulfoxides 8.  A mixture of the  sulfoxides 6h/6ht (120 mg) and  ethyl propiolate ( 1  ml) i n  * rv 

10 ml of toluene was heated a t  110' C for  4 h ,  under  an  atmosphere of argon:The mixture was 

cwled. concentrated i n  vacuo, and excess ethyl pmpiolate was removed b y  repeated addition 

and evaporation of toluene. The resultant solid was t r i tura ted with CH2C12 and diisopropyl 

ether t o  yield TO mg of t h e  product k a s  a 111 diastereomeric mixture: IR (KBr) 3430, 1770, 

1720, 1390, 1330; 'H NMR (in par t )  H-1: 4.56 ( d ,  J = 4.5 Hz) and 4.48 ( d ,  J = 3.5 Hz); H-2: 

4.98 ( t ,  J = 4 . 5  Hz) and 5.10 ( t ,  J = 3 . 5  Hz); H-3: 3.33 ( d d ,  J = 9 ,  4.5 Hz) and3 .35  (dd ,  J 

= 9.5, 3.5 Hz); H-5: 4.79 (dd ,  J = 9,  2.2 Hz) and 4.40 (dd ,  J = 9.5, 2.2 Hz); H-6: 5.15 (d.  

J = 2 Hz) and 5.23 (d ,  J = 2 Hz); mass spectrum (FAB): 459 (M' + 1) .  

3-Acetylthiocarhapenam 9. To the  hot ( 1 1 0 ~  C) solution of sulfoxides (80 mg) and acetic 

anhydride (114 mg) in toluene (10 ml) was added triphenylphosphine (64 mg). The reaction 

mixture was heated for 20 min, then cooled and concentrated. After chromatography of t h e  re- 

sidue, 54 rng (62 %) of t h e  c a r b a p e n a m z  was obtained as an  oil: IR(CHC1 ) 3551, 1771, 1725, 
3 

1 1965, 1390; H NMR: S1.83 ( h r  s ,  3).  2.38 (s, 3) ,  3.80 ( d d ,  1, J = 9.5, 3.7 Hz), 4.20 ( d d ,  1 ,  

J = 9 . 5 ,  2 H z ) .  4.55 ( h r d ,  1 ,  J = 3 . 7  Hz), 4.64 ( t ,  1, J = 3 . 7  Hz), 5.42 ( d ,  1, J =  2 Hz), 



HETEROCYCLES, Val 26, No 4, 1987 

5.22-4.46 (m, 21, 7.68-7.98 (m, 4); mass spectrum (70 eV), mlz (re1 intensity) 344 (0.5), 

326(26), 218(78). 

Symmetrical disulfide 10. To the  -led (-10'~) suspension of t h e  hydroxy-csrbapenam % 
(150 mg) and acetic acid (17.6 mg) in  10 ml of CH2C12 was added a solution of triphenyl- 

phosphine (77 mg in  2 ml of CH2C12). The reaction mixture became homogeneous immediately and 

af ter  s t i r r ing f a r  another 5 min, i t  was concentrated and the  residue was chromatagraphed to  

give 60 mg (60 %) of t h e  disulfide 2, mp 242-245'~; lalkO -88' ( c  0.05, DMSO); IR(KBr) 

3450, 1780, 1720, 1390; H NMR: 61.83 ( b r  8 ,  3) ,  2.46 (d,  1, J = 4.5). 3.52 ( d d ,  1, J = 9 ,  4 

Hz), 4.20 ( d d ,  1, J = 9 ,  2 Hz), 4.45-4.60 (m, 1) .  4.71 ( b r  quint ,  1, J = 4.5 Hz), 5.12-5.28 

(m, 1).  5.35 (d ,  1, J = 2 Hz), 5.40-5.52 (m, 11, 7.65-8.00 (m, 4);  FD-MS: 687 (M' + 1) .  

Acetate 11. Acetylation of hydroxy-carbapenam i_b with excess pyridine and acetic anhydride 
__lb 

gave the  acetate in  quantitative yield as a foam. 'H NMR: 3 1.75 ( b r  s, 3 ) ,  2.14 (s ,  3) ,  3.68 

( d d ,  1, J = 9 ,  4.5 Hz), 4.56 ( b r  d ,  1, J = 4.5 Hz), 4.70 ( d d ,  1 ,  J = 9,  2 H z ) ,  5.04-5.36 (m, 

2 ) ,  6.08 ( t ,  1 ,  J = 4.5 Hz), 7.06-7.24 (m, 21, 7.48-7.72 (m, 6) ;  Mass spectrum (FAB): 552 

(M+ + 1). 

Methyl ketone 13. A solution of t h e  hydroxy-carbspenamLb (100 mg) in  10 ml of THF and 15 ml 

of CH2C12 was cooled to  - 7 8 O ~ ,  and  ozone was passed into th is  solution until a blue color per- 

sisted. After excess ozone was driven off with nitrogen, excess dimethyl sulfide (2 ml) was 

added and t h e  mixture was allowed t o  came to room temperature. Solvent was then removed in  

vacua and t h e  residue was chromatagraphed to give 50 mg (50 %) of ketone 2 a s  an amorphous 

1 solid: [ u l i O  +117O ( c  1.0, DMSO); 1R (KBr) 3480, 3320, 1770, 1740, 1715, 1420, 1390; H NMR 

(CDCI3/DMSO-d6) $2.43 (8,  3) ,  3.55 (dd ,  1, J = 9,  4 H z ) ,  4.43 ( d ,  1, J = 4 Hz),  4.78 (dd ,  

1, J = 9 , 2 H z ) ,  5 . 0 4 ( b r q ,  1, J = 4 H z ) , 5 . 2 6 ( d ,  1 , J = 2 H z ) ,  6 . 1 4 ( b r d ,  1 , J = 5 . 5 H z ) ,  

7.14-8.00 (m, 8) ;  mass spectrum (FAB) 512 (MI  + 1) .  

Acetate 14. Acetylation of methyl ketone with acetic anhydride (1.2 equivalent) and DMAP (1.1 - 
equivalent) gave t h e  desired product in  quantitative yield 8s an amorphous solid: [ul; -30' ( c  

0.1, DMSO); IR(KBr) 1780, 1755, 1720, 1390; 'H N M R : S ~ . E  ( s ,  3 ) ,  2.40 (s, 3 ) ,  3.68 ( d d ,  1, 

J = 9, 4.5 Hz), 4.59 ( d ,  1 ,  J = 4.5 Hz), 4.80 ( d d ,  1 ,  J = 9 ,  2 Hz), 5.32 ( d ,  1 ,  J = 2 Hz), 

6.31 ( t ,  1, J = 4.5 Hz). 7.10-8.00 (m. 8 ) ;  mass spectrum (FAHI 554 (M' + 1).  
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