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Abstract- A 6-(1-pyrrolidinylcnrbony1)substjtuted carlraponem was 

prepared. This componnd has R half-life of 1.3 h (pH 7 . 4 ,  37'~) and 

exhibits moderate activiLy against Grfim-positive bacteria 

Few examples of bicyclic 6-lactams which bear an acyl function adjacent to the B-lnctam 

carbanyl group, e.g. I, have been reported. '.' This appears to be a resnlt of the poor 

stability exhibited hy this class of B-lnctams. For example, the csrbnpenaml (2) was 

described as being inbile at room temperature nnd the thioperiam2 (3) as only having a solution 

half-life of several hours st room temperature. Presumably this is why attempts to preparc 

the more strained carbapenom analog of 2 has nut been descrihed. Reccmt workn in these 

laboratories has  provided us with access to the useful carbapenem precursor (5). We decided 

to see i £  the 6-carbamoyl-I-R.methy1 substituted carbapenem (13) c:ould be prepared from 5 

using the Merck cnrbapertem syntl~esis.~ It was hoped that, the presence of the 1B-methyl 

group,4 a feature which significantly il~crnasos the chemical stability of carl,apenems, would 

impnrt a usefr l l  stability to 13. It was also decided to restrict this effort to the 

preparation of a 6-(1-pyrrolidinylcarhony1)substitntad carbapenem. This compound should 

possess n hydrogen atom at C-6 whjch is kinetically less acidicS nnd therefore would not 

participate in undesired side-reactions during transformations conducted under basic 

conditions. 
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React ion of Lhc o n i d  c l ~ l o r i d e  ( 5 )  w i th  exccss [ l y r r o l i d i n e  (Scheme I )  l u l  lorued by d e s i l y l n t i o i ~  

wi th  TBAF a f f o r d e d  the  3-(l-pyrrolidjny1carboriyl)azetidinoile (6). I lydrogenolysjs  of  t h e  

benzyi  e s t e r  ( 6 )  gave ttre car l ,oxy l i c  a c i d  ( 7 )  which was converted l o  t h e  6-keto e s t e r  ( 8 )  

u s i n g  t h e  procedure o f  ~ a s a m u n e . ~ ' ~  Besn-cata lyzed  d i a z o t r a n s f e r  proceeded smoothly t o  g i v e  

Scheme I' 

a a.  p y r r o l i d i n e ,  CH2C12 b. TBRF ( 6 7 X )  c .  H,,lO%Pd-C, 

E tORc(75Z)  d .  i n i d a r o l e ,  magnesium h t o n o a l l y l  m a l o n a t e ,  

t leCN(72Z) e .  t o l u e n e s u l f o n y l  a z i d e ,  TER, MeCN(85X) 

f .  R h ( o ~ t a n o a t e ) ~  d i n e r  g .  C1PO(OPh)2, OIPER, MeCN 
h .  pyridin-3-ylnethanethiol, OlPER i .  PhNHfle, Pd(PPh3), ,  

PPh3 t h e n  NaHC03 ( 7 % )  
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t h e  carbapenem precursor  ( 9 ) .  The b i c y c l i c  ketone (10) was o b t a i n s d  by rlrodiom-catalyzed 

c y c l i e a t i o n  and was c o r ~ v e r t e d  t o  !:he phosphate (11)  under b a s i c  c o n d i t i o n s .  The l a t t e r  

r e a c t i o n  i s  ~ ta tewor thy  i r ~  that .  it was noL complicated by t h e  acidic:  hydrogen atom a t  C - 6 .  

I ln for tuna te ly ,  t h o  next  s t e p ,  displacement  of t h e  phosphate group by e t h a n e t h i o l ,  d i d  not g i v e  

r ise t o  an i s o l a t a t > l e  carbapenem. I t  was assumed t h a t  t h i s  was due t o  bo th  t h e  s u b s t r a t e  and 

t h e  d e s i r e d  product  being u n s t a b l e  and not. s u r v i v i n g  t h e  r e l a t i v e l y  long t ime  requi red  f o r  

r e a c t i o n  between t h e  phosphate and alr a lknne t l l io l .  Upor) t u r n i n g  t o  e more rcact- ive t h i o l , '  

3 - p i c o l y l l l i i o l ,  t h e  carhapenem (12)  was ob ta ined .  This  compound was r e l a t i v e l y  u n s t a b l e  and 

chromatographic p u r i f i c n l i o n  had Lo be conducted a t  low tempera ture  s o  t h a t  p roduc t  

decomposi t ion wonld no t  be t o o  ~ x t e ? ~ r i v n .  The f i n a l  pa l l sd ium-ca ta lyzed  removal of t h e  

carboxyl  p r o t e c t i n g  group was <:onductr,l n L  ice-hat11 tempera ture  and t h e  impure ac id  13 was 

j s o i n t e d  by r e v e r s e  phase. clrn,matogroplty. A second chromatographic p n r i f i c a t i o n  gave t h e  

f i n a l  prodrtct which was s t i l l  contamiuaterl wi th  n t r a c e  of a n  u r l i d a n t j f i e d  a romat ic  impuri ty .  

'rho h n l f - l i f e  (pll 7 .4.  37°C) of  t h i s  6-cnrhnmoylcarbapenem i s  1 . 3  h .  This compares w i t h  a 

I r a l f - l i f e  o[ 65 11 f o r  t h e  a l ~ a l o g o u s  carhapensmR ( 4 )  whjcll hears  t h e  more common l(R)-hyd1:oxy- 

e t h y l  cha in  a t  p o s i t i o n  6 .  The h-carbamoylcarbapet~em (13)  e x h i b i t e d  moderate a c t i v i t y 9  

a g a i n s t  Gram-posi t ive b a c t e r i a  b u t  was e s s e n t i a l l y  i n a c t i v e  a g a i n s t  Gram-negative b a c t e r i a .  

I n  summary, t h e  f i r s t  s y n t h e s i s  o f  a h-carhamoylcarbapenem was achieved.  However. due t o  t h e  

poor s t n h i l i t y  and h d L r a  a n t i h a c t e r j n l  i ~ < : t i v i t y  of t h i s  compontld, f u r t h e r  work i n  t h i s  a r e a  

is no t  planned 

(3R,4S)-4-[(1R)-l-C~rboxyrthyl~-1-(1-pyrroIidiny1carbonyl):~zetidin-2-ona 7 .  A s o l u t i o n  

of (3~.4~)-4-[(1B)-I-bonzyloxyca~:l~o~1y1otl1yl]-1-(~-butylrlimnthylsilyl)-3-chlorocnrbonylaze- 

t id in -2-one3  ( 5 )  ( 8 . 1 1  g ,  1 9 . 8  mmol) i r r  d r y  CI12C12 (40 ml) was roolod i n  a n  ice  b a t h .  

P y r r o l i d l n e  ( 3 . 4 7  m l .  41.6 mmol) was then added dropwise w i t h  s t j r r i n g .  A f t e r  15 min, a  

s o l u t i o n  o f  tetrabutylnmmonium f l u o r i d e  (20 .8  ml, 1 . 0  M i n  THF,  2 0 . 8  mmol) wits added. A f t e r  

an a d d i t i o n a l  15 min, t h e  r e a c t i o n  mix ture  was d i l u t e d  with CH2ClZ and H20. The plI o f  t h e  

aqueous phasc was a d j u s t e d  t o  7 . 0  wi th  aq .  11C1 ( I N ) .  Workllp fol lowed by chromatography 

nfforded(3~,4~)-4-[(1~)-l-benzyloxycnrl~onylethyl]-3-(1-pyrrol idinocsrbony1)azeticlin-2-one(6) 

as an o i l  ( 4 . 4 1  g ,  67%): Rf 0.23 (EtOAc:hexane, 3 : l ) ;  i r  (f i lm! 3200, 1765, 1735, 1625 cm-l ;  
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'11 nmr (CI)C13) 6 1.26 (d, 5~7.0 Hz, 311.1, 1.90 (m, 411), 2.80 i q ,  .J=7.11 IIz, lH), 3.23 (m, lH), 

3.43 (m, 2111, 3.85 (m, lII), 4.07 (d, J=2.4 Hz, In.), 4.39 (dd, JZ7.0, 2.4 Hz, lH, ), 5.11 ( s ,  

2H), 6.05 (br s ,  Ill), 7.34 (m, 5B). 

Hydrogenolysis ( P R I ~  apparatus, 45 p.s. i .  ]I2) of the bonzyl estcr (6) (723 mg, 2.19 mmol) with 

10% Pd/C (70 mg) i n  EtOAc (60 ml) was allowed to proceed for 1.5 h. The catalyst was removed 

by filtration and was then washed with wnrm acetonitrile. Removal of the solvent from the 

combirred filtrate and washings left the acid (7) (396 mg, 75%) as a solid which was 

crystallized from acetonitrile: mp 147-149°C; [a]i4+ 125' ( 6  0.13, DMSO); ir (KBr disc) 3100, 

1760, 1730, 1610 cm-l; 'H nmr (DMSO-d6 + 1 drop 1)20) 6 1.05 (d, J=7.0 Hz, 3H,), 1.71-1.87 (m, 

4H), 2.57 (dq, 5=7.0, 8.2 BE, lll,), 3.24-3.67 ( m ,  4111, 3.88 (dd, J=2.2, 8.2 112, lH.), 4.11 (d, 

J=2.2 Hz, IN,). Anal. Calcd for CI11Il6N2O4: C, 54.99; H, 6.71; N, 11.66. Found: C, 54.97; 

H, 6.60; N, 11.31. 

Sodium (4R,5~,65)-4-mcthy\-7-oxo-3-(pyridin-3-yl-methylthio)-6-(l-pyrrolidi~~ylcarbonyl)-l- 

azabicyclo[3.2.0]hept-2-~n~-2-carboxylat (13). The acid ( 7 )  (1.10 g, 6.25 mmol) and 

carbonyldiimidazole (1.22 g, 1.2 equiv.) were suspended in dry acetonitrile (30 ml). After 

1 11, magnesium monoallyl nlalo>,ate (2.03 g, 1.05 equiv. 1 was added to the resulting solution 

end this was left for 20 h. Removal of the solvent left n gum which was dissolved in a 

mixture of EtOAc and B20. The pH of the aqueous phase was adjusted to 3.0 with aqueous HC1 

(1.0 N). The organic phase was separated and the aqueous pha!ie was extracted with a little 

EtOAc. The combined organic phases wcre washed with a saturaLed aqueous solution of NaHC03 

and then brjne. After the sollltion was dried (Nn2S04), the solvent was removed. Chromato- 

graphy afforded (3~,55)-4-[(1~)-3-allylnxyrarbo~iyl-2-oxo-l-n~~thylpropyl]-3-(l-pyrrolidinyl- 

carhony1)azetidin-2-one (8) (1.45 g ,  72%) a s  an oil: Rf 0.41 (EtOAc:MeOH, 1 9 : l  ir (film) 

3240, 1755, 1710, 1630 cm-'. 

An ice-cooled solution of the 8-keto ester (8) (1.30 g, 4.04 mmol). toluenesulfonyl szide 

(0.62 ml, 1 equiv.) and TEA (0.56 ml, 1 equiv.) in dry MeCN (10 ml) was left for 1.5 h. 

Removal of the solvent fallowrd by chromatography afforded (3R,4S)-4-[(1B)-3-~1lyloxycarbonyl- 

3-diazo-2-oxo-I-metl1~lpropyl~-1-(l-pyrroLidinylcarbonyl)azr~tidin-2-one (9) (1.20 g, 85%) as 

a foam: Rf 0.70 (developed twice, EtOAc:MeOH, 9 : l ;  ir (film) 3250, 2140, 1765, 171.0, 1635 

cm-l; 'H nmr (CDCI3) 6 1.18 (d, J=7.0 llz, 3ll,), 1.94 (m, 4H), 3.47 (m,  3x1, 3.99 (m, 2H), 

4.05 (d, 5=2.4 Hz, In,), 4.46 (dd, .l=4.2, 2.4 HE. Ill,), 4.73 ( m ,  2H), 5.31; (a, 2H), 5.95 (m, 
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Ill), 6.04 (br s ,  1H). 

A solution of the diazo compound ( 9 )  (523 mg, 1.50 mmol) in a mixt~cre of EtOAc (7 ml) and 

hexane (14 ml) was heated to a gentle reflux. Rhodium(I1) octanoate (16 mg) was added and a 

vigorous evolution of gas ensued. After 2 min, the reaction mixture was cooled to room 

temperature. The solvent was removed to leave the crude bicyclic ketone 10 as an oil. This 

was taken up in dry MeCN (15 ml) and the resulting solution was coaled (ice bath). 

Chlorodiphenylphosphate (326 PI, 1.05 oquiv.) and Hunig's base (275 PI, 1.05 equiv.) were 

added to generate the vinyl phosphate (11). After 50 min, pyr id in -3-y lmethane th io l  (205 p1, 

1.2 equiv.) and Hiinig's base (275 p1, 1.05 equiv.) were added. The reaction was then left for 

45 min afterwhich it was poured into a stirred, ice-cooled mixture of EtOAc (75 ml), water (7 

ml) and brine (7 ml). The organic phase was removed, dried (Na2S04), and the solvents were 

removed. Flash chromatography [gradient elution with cooled mixtures (a,-20°C) of 

EtOAc:hexsne, l:l to EtOAc:MeOB, 9:1] gave the impure carhapenem (12) as an oil (403 mg): Rf, 

0.14 (EtOAc:MaOH, 19:ll). 

The carbspenem (12) (403 mg) and N-methylaniline (103 u1, 1 equiv.) were dissolved in EtOAc 

(10 ml) and this solution was cooled in an ice both. A solution of tetrakistriphenylphosphine 

palladium (0) (54 mg, 0.05 equiv.) and triphenylphosphine (54 mg, 0.05 equiv.) in CH2C12 ( 5  

ml) was added. A precipitate formed within 5 min. After I h, cold water (10 ml) was added 

and the pH of the aqueous phase was adjusted to 7.0 by the addition o f  an aqueous solution of 

NaHCOJ (0.05 M). The aqueous phase was removed and put under high vacuum to remove any 

residual organic solvents. Thi.s solution was then applied onto a medium pressure reverse 

phase column and e.lutod with ice-cooled solvent mixtures (Ii20 to H20:MeCN, 9:l). 

Lyophi.li7.otion of the desired fractions gave the impnra cart,oxylate salt (13) (170 mg). This 

was rechromatographed to give pure,- material ( 3 R  mg. 7%) a s  a pale yellow powder: Rf 0.23 

(reverse phase tlc; I120:MoCN, 19:l); uv (pH 7.4 phosphate buffer) 304 nm (~=7.600); ir (KBr 

disc) 3420, 1755, 1610 cm-l; 'H nmr (D20) 6 1.23 (d, J=7.2 IIz, 3 ,  1.95 (m, 4H), 3.41 (m, 

4H), 3.68 (m, Ill), 4.08 (d, J=14 Hz, lH), 4.19 (d, J=14 Hz, lH), 4.32 (dd, J=2.5, 9.0 Hz, 

Ill,), 4.50 (d, J=2.5 Hz, lH), 7.20-8.54 (m, 4H, arom), 7.40 ("1, m. lH, impurity). 
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