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Abstract- Total synthesis of l-azapenem ( 5 )  is reported. The key 

intermediate 4 was synthesized by the intramolecular cyclization of 17 
and subsequent desilylatian. Alkylation of 2 and subsequent 
hydrogenolysis gave 5. 

Since the synthesis of penems by Woodward and the discovery of thienamycin by a 

Merck group,' the interest of chemists has been focused an the chemistry of penems 

and carbapenems because of their strong antibacterial activities and their unique 

chemical  structure^.^ Our interest in penem and carbapenem synthesis led to the 

development of a new method for the synthesis of Z-thiapenem (1) and the synthesis 
of 2-thioxopenam (z), an important synthetic intermediate for further transforma- 
tion to 2-thio-substituted penem deri~atives,~ and the synthesis of RS-533 ( 3 ) ,  a 

carbapenem derivative with apparent great antibacterial p~tential.~ In fact, we 

have synthesized numerous penem and carbapenem derivatives and demonstrated that 

the l-hydraxyethyl substituent is necessary for penems and carbapenems to display 

good antibacterial activity. 
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C u r r e n t l y  we have  d i r e c t e d  o u r  i n t e r e s t s  t o  t h e  1-azapenem compound ( I ) ,  which  i s  

S u b s t i t u t e d  by a n i t r o g e n  atom a t  t h e  1 - p o s i t i o n  o f  t h e  penem. However r e p o r t s  o f  

azapenem s y n t h e s i s  a r e  few. ~ a g a k u r a ~  o b t a i n e d  1 by r e f l u x i n g  5 i n  t o l u e n e .  

A l p e r  e t  0 1 . ~  o b t a i n e d  9 by t r e a t m e n t  of 8 w i t h  p a l l a d i u m  c a t a l y s t  i n  t h e  p r e s e n c e  

of c a r b o n  monoxide.  These s y n t h e s i z e d  compounds were racernic  and d e v o i d  o f  t h e  

e s s e n t i a l  s u b s t i t u e n t s .  Ross  et a2.' s y n t h e s i z e d  2-azacephem d e r i v a t i v e  a n d  

c o n v e r t e d  i t  t o  by t r e a t m e n t  w i t h  t r i p h e n y l  p h o s p h i n e ;  b u t  d e s u l f u r i z a t i o n  was 

accompanied by r a c e m i z a t i o n .  The above  s y n t h e s e s  f a i l e d  t o  o b t a i n  t h e  a c i d  (=) 

by removing t h e  PNB g roup  of e. They a l s o  s y n t h e s i z e d  13,' which l a c k s  t h e  

1 - h y d r a x y e t h y l  e roup  a t  t h e  6 - p o s i t i o n ,  f rom I:. H e r e i n  we r e p o r t  o n  t h e  

s y n t h e s i s  of >,I0 a n  i s o m e r  o f  4(Rt=H). 
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T r e a t m e n t  of 15 w i t h  C 1 2  a t  room t e m p e r a t u r e  gave  c h l o r i d e  16. Compound 16 was 

r e f l u x e d  i n  a c e t o n e  w i t h  s a d i u n  t h i o c y a n a t e  t o  & i v e  i s o t h i o c y a n a t e  d e r i v a t i v e  11 
i n  6 9 %  y i e l d  from 12. The a b s o r p t i o n  a t  2020cm-I i n  t h e  I R  s p e c t r u m  i n d i c a t e d  t h e  

p r e s e n c e  o f  t h e  i s o t h i a c y a n a t e  g r o u p ,  n o t  t h e  t h i o c y a n a t e  g r o u p .  I n  t h e  p r o t o n  

NMR (CilC1 ) of 11, t h e  c o u p l i n g  c o n s t a n t  (2Hz)  be tween  H-3 and H-'! of  a z e k i d i n o n e  
3 

s t r o n g l y  s u g g e s t e d  t h e  t r a n s  s t e r e o c h e r n i s t r y .  T r e a t m e n t  of  w i t h  l i t h i u m  

h e x a m e t h y l d i s i l a z i d e  a t  -78OC a n d  s u b s e q u e n t  work  up gave  18 i n  71% y i e l d .  

A b s o r p t i o n  a t  1790cm-I i n  t h e  I R  s p e c t r u m  s t r o n g l y  s u g g e s t e d  t h e  b i c y c l i c  t h i o -  

l a c t a m  s t r u c t u r e  o f  g. T r e a t m e n t  of  @ w i t h  m e t h y l  i o d i d e  i n  t h e  p r e s e n c e  o f  

t r i e t h y l a m i n e  a t  room t e m p e r a t u r e  gave  2 i n  94% y i e l d .  I?. a b s o r p t i o n  a t  l570cm-I 

i n d i c a t e d  S - m e t h y l a t i o n ,  a n d  n o t  N - m e t h y l a t i o n .  

OTBS OTBS OTBS ")x NCS LiN(SiMe3)2, 
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D e p r o L e c t i a n  o f  a l c o h o l  of 19 by t e t r t b u t y l a n m o r i u m  f l u o r i d e  i n  a c e t i c  a c i d  gave 

2Oa a l b e i t  i n  poor  y i e l d ,  p r o b a b l y  due  t o  t h e  i n s t a S i l i t y  of 2 t o  a c i d .  Thus t h e  - 

a l c o h o l  was d e p r o t e c t e d  i r  a d v a n c e .  T r e a t m e n t  o f  8 w i t h  t e t r a k u t y l a I r m a n i u m  

f l u o r i d e  i n  a c e t i c  a c i d  gave  i n  83: y i e l d .  ? , l e t t y l a t i a n  of 4 ( m e t h y l  i o d i d e  

and  t r i e t h y l a m i n e )  g a v e  %(mp 95-96°C) i n  80% y i e l d .  



The c o n v e r s i o n  of 2 t o  1 by t r e a t m e n t  w i t h  b a s e  a n d  a l k y l  o r  a c y l  h a l i d e  were 

a t t e m p t e d .  As t h e  base  t r i e t h y l a m i n e ,  DBU, sodium h y d r i d e ,  po tass ium h y d r i d e  and 

l i t h i u m  h e x a m e t h y l d i s i l a z i d e ,  and as t h e  h a l i d e  m e t h y l  i o d i d e  and a c e t y l  c h l o r i d e  

were examined,  b u t  was n o t  o b t a i n e d  i n  any  c a s e .  When lp was t r e a t e d  w i t h  

p o t a s s i u m  h y d r i d e  a n 9  m e t h y l  i o d i d e ,  2 a n d  3 were o b t a i n e d .  Under t h e  o t h e r  

c o n d i t i o n s ,  o n l y  r e c o v e r y  of  lp was observed  

OTBS OTBS 

TO d e t e r m i n e  t h e  a b s o l u t e  s t e r e o c h e m i s t r y  a t  C - 3 ,  was a n a l y z e d  by X-ray 
0 

d i f f r a c t i o n .  The space g r o u p  of  i s  C2, w i t h  a=29 .606 ,  b=1!.567, c=15.165A, 

8=103.14° and z=4 .  The i n t e n s i t y  d a t a  f o r  1912 r e f l e c t i o n s  were c o l l e c t e d  an  a  

R I G A K U  a u t o m a t i c  f o u r  c i r c l e  d i f f r a a t o m e t e r  u s i n g  Cu-Ka r a d i a t i o n  and t h e  28-w 

s c a n  t e c h n i q u e  up t o  28<128". The s t r u c t u r e  was s o l v e d  by t h e  heavy atom method 

and r e f i n e d  t o  a n  R f a c t o r  o f  9 . 5 % .  A view of t h e  molecu le  i s  a s  shown i n  F i g .  1 .  

F i g .  1 



HETEROCYCLES, Vol 23, No 12, I985 

The absolute stereochenistry at C-3 is S and at C-5 is R. The height of the 

pyramid formed by C-3, C-5, C-7 and apical N is 0.535A. The value is larger than 

that o f  the penem, and corresponds to that of the carbapenem.l1 Comparison wlth 

the azapenem compound z, which had already been analyzed by X-ray diffraction, 12 
showed the conformation of a to be similar. 

iiydrogenolysis of with 10% Pd-C catalyst gave S(R=CH3) in 51% yield. Other 

examples are summarized in Table 1. 

Table 1 

The yield Of and 

entry 

EtI 

C 

Compound 2 showed a weak antibacterial activity only to StaphyZococcus a u m u s .  

EZPERIFIEb!TAL 

IR spectra were recorded on a Jasco A-102 spectrometer. lluclear magnetic 

resonance spectra were recorded on a Varian XL-100A or a Varian EM-360L 

spectrometer. Chemical shifts are  reported in parts per nillion (6) using, unless 

Othelih!ise specified, tetramethylsilane (TMS) as an internal standard. Mass 

spectra were recorded on a JEOL JMS-01% spectrometer. 

p-1:itrobenzj.l (3S,4P)-3-[(h)-l-tert-Buty1dimethy1si1y1axyethyl1-4-isothiocyanato- 

2-oraazctidire-1-ylacetate (11) 
A solution or 1: (1.01;) in ,-ethylene chloride (20ml) was treated with a solution 

Of chlorine in carbon tetrachloride at O°C for 10 min. The solvent was evaporated 



in uocuo. To the residual syrup acetone (20ml) and sodium thiocyanate (0.95g) 

were added, and the mixture was refluxed for 1 h. The mixture was poured into 

water and extracted with ethyl acetate. The ethyl acetate extract was dried over 

MgS04. The solvent was evaporated in vacua and the residue was chromatographed an 

silica gel eluting with hexane-ethyl acetate (3:l) to give lJ (C.71g) as an oil. 

Yield 69%. NMR(CDC13)6 0.05(3H, s), 0.08(3H, s ) ,  0.87(9~, s ) ,  1.28(3E, d, J=6Hz), 

3.3l(lH, dd, J=5, 2Hz), 3.90(1H, d, J=lEHz), 4.15(6H, dq, J=6, 5Hz), 4.26(1H, d ,  

18Hz), 5.26(2H, s ) ,  5.41(lH, d, J=2Hz), 7.48,8.20(4H, AB-q, 3=982). IR(CHC13) 

2020, 1780, 1760cm-I. 

p-Nitrobenzyl (2S,5R,6S)-6-~(R)-1-tert-Butyldimethylsi1y10xyethy11-7-ox0-3-thiox0- 

l,4-diazabicyclo[3.2.01heptane-2-ca~boxlate (18) 
To a solution of hexamethyldisilazane (580~1) in tetrahydrofuran (10ml) was added 

a solution of n-BuLi in hexane (1.7m1, 1.63mnol/ml) at C°C with stirring. The 

mixture was stirred far 10 mi" at the same temperature, and then a solution of 17 
(650ml) in tetrahydrofman (ljml) was added dropwise at -78OC. After being 

stirred at -7E0C for 30 min, acetic acid (lml) was added. The aixture was 

poured into water and extracted with nethylene chloride. The nethylene chloride 

extract was evaporated in vacuo and the residue obtained was chromatographed on 

silica gel eluting with hexane-ethyl acetate (4:l) to give 3 ( 4 5 9 ~ ~ )  as an oil. 

Yield 71%. NMR(CDC1 )E 0.08(6H, s), 0.87(9H, s ) ,  1.25(3H, d, J=6Rz), 3.32(lIi, dd, 3 
J.5, 2Hz), 4.21(1H, dq, J=6, 5Hz), 5.l@(lH, d, J=2Ha), j.2@(2H, s ) ,  5.38(1H, t, J= 

2Hz), 7.50,8.19(4H, AB-q, J = 9 l i z ) ,  8.86(1E, broad s ) .  IR(CEC13) 3403, 1790, 1750, 

147~cr-~. 

p-Nitrobenzyl (2S,5R,6S)-6-[(R)-l-tart-Butyldimethylsilylox~et"yll-3-methylthi0-7- 

0x0-1,4-diazabicyclol3.2.0 l h ep t -3 -me-2 -ca rboxy l a t e  (2) 

A solution o f  18 (729mg) in methylene chloride (20ml) was treated with methyl 
iodide (118~1) and triethylanine (228~1) at O°C for 1 h. The mixture was washed 

with water and sat. brine, and dried over MgSO,,. The solvent was evaporated in 

v a c u o  and the residue was chromatographed on silica gel eluting with hexane-ethyl 

acetate (4:l) to p,ive 19 (707mg) as colorless crystals, np 98.5-99.5°C. Yield 

9 H1W(CDC13)6 0.08(6H, s ) ,  0.89(9H, s ) ,  l.30(3E, d, J=7Hz), 2.53(3H, s ) ,  

3.12(1H, dd, J=5, 2Hz!, 4.29(1H, dq, J=7, 5Hz), 5.15(1H, d, J=2Hz), 5.24(2H, s ) ,  

5.60(1H, t, Js2Hz), 7.51,8.22(4H, AE-q, J=9Ez). IR(CHC13) 1785, 1760, 1570cm-l. 
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Anal. Calcd for C22H31N306SiS: C, 53.53; H, 6.33; N, 8.51; S, 6.49. Found: C, 

53.47; H, 6.36; N, 8.43, S ,  6.61. 

D-Nitrobenzyl 5S-5-[(R)-l-tert-Butyldimethylsilyloxyethy11-2-methy1thi0-6-ox0-3,7- 

diazacyciohept-:,3-diene-I-carboxylate (2) and p-Nitrobenzyl IS-5-[(R)-1-tert- 

Butyldimethyisilyloxyethyl]-7-methyl-2-methylthio-6-oxo-3,7-diazacyclohept-2,~- 

diene-1-carbaxylate (3) 
To a suspension of KH (9.6mg) in tetrahydrofuran (lml) was added a solution of 19 

(60.6rng) in tetrahydrafuran (Irnl) at room temperature. The mixture was stirred 

far 5 min, then methyl iodide (20~1) was edded. After belng stirred at room 

temperature for 1 h, the mixture was treated with acetic acid and poured into 

water, and extracted with ethyl acetate. ?he ethyl acetate extract was dried over 

MgS04. The solvent was evaporated in vacuo and the residue was chromatographed on 

silica gel eluting with hexane-ethyl acetate - 2 1  to give 22 (17ng, yield 

21%) e s  an ail and 3 (15mg, yield 18%) as an oil. 

22: NMR(CDC1 )6 0.17(6h, s ) ,  0.90(9B, s ) ,  1.36(3H, d, ~=6Hz), 2.30(3H, s ) ,  2.57 - 3 
(lH, dd, J=8, &Hz), 4.64(lH, dq, J=8, ~HZ), 5.37(2H, s), 7.4l(lH, d, J=6Hz), 7.67, 

8.23(4H, A B - q ,  J=9Hz). IR(CHC1 ) 1685, 1610, 1525cm-l. MS rn/e 493(M). 
3 

23: NMR(CDC13)6 0.05(3H, s ) ,  0.:2(3H, s ) ,  0.95(9H, s ) ,  1.06(3H, d, J=6Hz), 2.52 

(3E, s ) ,  3.21(3H, s ) ,  4.39(1H, s ) ,  5.03(lH, q ,  J=6Hz), 5.03(lH, d, J=14~z), 5.38 

(IH, d, J=lbEz), 7.22(1H, s ) ,  7.44,8.22(4H, PB=q,  d=9Hz). IR(CHC13) 1750, 1630, 

1600, 1515~m-~. MS rn/e 507(M). 

p-Nitrobenzyl (2S,5R,6S)-6-~(R)-1-Hydroxyethyll-7-oxo-3-thioxo-l,4-diazabicyc10- 

13.2.Olheptane-2-carboxylate ( 4 )  

A solution of 18 (1.08g) in tetrahydrofuran (20191) was treated with tetrabutyl- 

arnmonium fluoride (2.36~) and acetic acid (1.3ml) at 30°C for 20 h. The mixture 

was diluted with ethyl acetate and washed with water, 5% sodium bicarbonate and 

sat. brine solutions, and dried over MgS04. The solvent was evaporated in v a c u o ,  

and the residue was chromatographed on silica gel eluting with hexane-ethyl 

acetate (1:4) to give 4 (686mg) as an oil. Yield 83%. HMR(CDC1 -CD30D)E 
3 

:.32(3H, d, J=6Hz), 3.27(1H, dd, J=7, 2Hz), 4.11(1H, d q ,  J.7, 6Hz), 5.19(1H, d, 

J=2Hz), 5. 30(3H, broad s ) ,  7.56,8.24(4H, AB-q, J=9Hz). IR(neat) 3300, 1790, 
1 1750, 1490crn- . 



p-Nitrabenzyl (2S,5R,6S)-6-l(R)-1-Hydroxyethyll-3-methylth1o-7-oxo-l,4-diaza- 

bicyclal3.2.0lhept-3-ene-2-carboxylate (z) 
A:From 4. A solution of 11 (647mg) in methylene chloride (10ml) was treated with 
methyl iodide (170111) and triethylamine (370~1) at O0C for 1 h. The mixture was 

washed with water and sat. brine, and dried over MgS04. The solvent was 

evaporated in vacuo and the residue obtained was chromatographed on silica gel 

eluting with hexane-ethyl acetate (1:4) to give g& (707mg) as colorless crystals, 

mp 95-9b°C. Yield 94%. NMR(CDC13)6 1.39(3H, d, J=6Hz), 2.53(3H, s ) ,  3.15(1H, dd, 

J=6, 2Hz), 4.31(1H, pent, J=6Hz), 5.19(1H, d, J=3Hz), 5.61(1H, t, J=3Hz), 

7.50,8.22(4H, AB-9, J=YHz). IR(CHC13) 1780, 1750, 1565cm-l. Anal. Calcd for 

C16H17N306S: C, 50.65; H, 4.52; N, 11.08; S ,  8.45. Found: C, 50.61, H, 4.53, H, 

11.11; S, 8.40. 

B:From 19. Compound lp was treated with tetrabutylammonium fluoride and acetic 

acid, and worked up as described in the case of 4 to give in a yield of 5%. 

Sodium (2S,5R,6S)-6-[(R)-l-Hydroxyethyll-3-methylthio-7-oxo-l,4-diazabicyclo- 

[ 3.2.0lhept-3-ene-2-carboxylate (s) 
A mixture of % (100mg) in a solution of tetrahydrofuran (10ml) and 0.1M 

phosphate buffer (pH 7, 10ml) was shaken with 10% Pd-C for 20 h under a hydrogen 

atmosphere. After removal of the catalyst by filtration through celite, the 

filtrate was washed with ethyl acetate, and concentrated in vacuo to a half 

volume, and chromatographed on a column of Diaion CHP-20P (Mitsubishi Chemical 

Industries, Ltd.) eluting with water to give (36mg) as a powder. Yield 51%. 

NMR(100MHz, D20/TSP)S 1.37(3H, d, J=6Hz), 2.52(3H, s ) ,  3.33(1H, dd, J=6, 2Hz), 

4.32(1H, pent, ~=6Hz), 5.17(1H, d, J=;Hz), 5.60(1H, t, J=3Hz). IR(KEr) 3400, 

1775, 1620, 1560cm-l. 

p-Nitrobenzyl (2S,5R26S)-3-Ethy1thi0-6-[(R)-l-hydr0xyethy11-7-0x0-1,4-diaza- 

bicyclo[3.2.0lhept-3-ene-2-carboxylate (c) 
Compound 11 was treated with ethyl iodide and triethylamine, and worked up as 
described in the case of 3 to give a in a yield of 35%. NMR(CDC1 1 6  1.35(;H, 

3 
t, J=7Hz), 1.40(;H, d, J=6Hz), 3.13(2H, q ,  J=7Hz), 3.18(1H, dd, J=6, 3Hz), 3.9- 

4.6(1H, m), 5.17(1H, d, J=3Hz), 5.27(2H, s ) ,  5.61(1H, t, J=3Hz), 7.51,8.23(48, 

AB-q, J=YHz). IR(CHC1;) 1780, 1750, 1565cm-l. 
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sodium (2S,5P,6S)-3-Ethylthio-6-[(R)-l-hydroxyethyl1-7-oxo-1,4-diazabicyclo- 

[3.2.Olhept-3-ene-2-carhoxylate (z) 
Compound was treated with H2/10%Pd-C, and worked up as described in the case 

of % to give in a yield of 51%. NMR(100MH2, D20/TSP)6 1.35(3H, t, J=7Hz), 

1.39(3H1 d, J=6Hz), 3.12(2H, q, J=7Hz), 3.36(1H, dd, J=6, 2Hz), 4.34(1H, pent, 

J=6Hz), 5.15(lH, d, J=3l!z), 5.62(1H, t, J=3Hz). IR(KEr) 3400, 1775, 1620, 

1 1560cm- . 

p-Nitrobenzyl (2S,5R,6S)-3-Cy2nomethylthy1thi0-6-~(R~-1-hydroxyethy1l-7-0x0-1,4-diaza- 

bicyclal3.2.0)hept-3-ene-2-carbaxylate ( m )  

Compound 211 was treated with iodoacetanitrile and triethylamine, and worked up as 
described in the case of 202 to give m in a yield of 97%. NMR(CDC13)6 1.40(3H, 

d ,  J=6sz), 3.25(1H, dd, J=6, ZHz), 3.92(2H, $1, 4.33(1H, pent, J=6Hz), 5.28(1H, d, 

J=ZHz), 5.30(2H, s ) ,  5.69(1H, t, J=ZHz), 7.52,8.23(4H, AE-q, J=9Hz). IR(CHC13) 

2250, 1780, 1760, 1580cm-'. 

sodium (2S,5R,6S)-3-Cyanomethylthy1thi0-6-[(R)-1-hydr0xyethy1l-7-0x0-1,4-diazabicyc10- 

13.2.Olhept-3-ene-2-carboxylate (z) 
Compound was treated with H2/10%Pd-C, and worked up as described in the case 

of %to five in a yield of 39% NMR(100MHz, D20/TSP)6 1.37(3H, d, J=6Hz), 

3.42(19, dd, J=6, 2Hz), 0.08(2H, s ) ,  4.36(1H, pent, J=6Hz), 5.27(1H, d, J=2Hz), 

5.66(1H, t, J=2Hz). IR(KEr) 3400, 2250, 1770, 1625, 1570cm-~. 

p-Nitrobenzyl (2S,5R,6S)-3-Ethoxy~a11b0ny1m.ethyl-6-[(R)-1-hydr0xyethy1l-7-0x0-1,4- 

diazabicyclo[3.2.0Ihept-3-ene-2-carboxylate (%) 

Compound ;l was treated with ethyl bronoacttate and triethylamine, and worked up 

as described in the case of to g i v e  in a yield o f  84%. NMR(CDC13)6 

1.29(3H, t, J=7Ez), 1.39(3H, d, J=6az), 3.17(14, dd, 5=6, 2Hz), 3.92(2H, s ) ,  

3.9-4.6(3~, m), 5.23(1H, d, J=3Hz), 5.28(2H, s ) ,  5.60(1H, t, J=3Hz), 7.54,8.24(4H, 

AE-c, ,J=9Hz). IP(CHC1 ) 1780, 1750, 1740, 1570cm-l. 3 

Sodium (2S,5R,6S)-3-Ethaxy~arb0nj~1methyl-6-l(h)-1-hydr0xyethy1l-7-0x0-1,~-diaza- 

5i~y~lo13.2.Olhept-3-ene-2-carboxylate. (x) 
Compound was treated with H2/10%Pd-C, and worked up as described in the case 

of % to give jd ir. a yield of 51%. NEIP(i00EiHz, D20/TSP)6 1.27(3H, t, J=7Hz), 



1.35(3~, d, J=6Hz), 3.27(1H, dd, J=6, 2Hz), 4.00(2H, s ) ,  4.25(2H, 4 ,  J=7Hz), 

4.32(1H, pent, J=~Hz), 5.22(1H, d, J=3Hz), 5.57(1H, t, J=3Hz). IR(K3r) 3400, 

1775, 1740, 1620, 1565cm-I. 
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