
HETEROCYCLES, Vol 20, No 8, 1983 

STUDIES ON THE SYNTHESES OF HETEROCYCLIC COMPOUNDS 

AND NATURAL PRODUCTS. PART 1007. 

SYNTHETIC STUDIES ON CEPHALOSPORIN DERIVATIVES : 

AN EFFECTIVE WIDE FORMATION REACTION 

T e t s u j i  Kametani*, Hlroyasu Sekme and Toshio Honda 

I n s t i t u t e  of Medicinal Chemistry, Hoshi Univers i ty ,  Ebara 2-4-41, 

Shinagawa-ku, Tokyo 142, Japan 

Abst rac t  - An e f f e c t i v e  amide formation r eac t ion  a t  t h e  C -PO- 
7  

s i t i o n  of 7-aminocephalosporanic a c i d  benzhydryl e s t e r  has been 

achieved by the ,adopt ion of  Mukaiyama's procedure wi th  a s l i g h t  

modification.  

The syntheses of  var ious  types of cephalosporin d e r i v a t i v e s  from 7-aminocephalos- 

poranic ac id  (7-ACAI by the  modification of an  amino group a t  the  C7-posit ion wi th  

t h e  formation of,amide l inkage,  have widely been inves t iga ted  f o r  t h e  purpose of 

discovery of  new semi-synthetic 0-lactam a n t i b m t i c s .  Thouqh acid  ch lo r ides  or 

t h e i r  ac id  anhydrides have been employed, i n  general, a s  acy la t ing  reagents  t o  ob- 

t a i n  t h e  corresponding amide from 7-ACA, those  acyla t ion sometimes afforded none o r  

a t r a c e  of  t h e  des i r ed  products.  For example, the t rea tment  of 7-aminocephalospora- 

n i c  ac id  benzhydry les t e r  I&) with pyr idyl th ioacetyl  ch lo r ide  o r  i t s  anhydride a f -  

1 forded a t r a c e  of t h e  des i r ed  product , cephapirin benzhydryl e s t e r  1' 5 8 ) .  

It has been known t h a t  t h e  u t i l i z a t i o n  o f  2-chloro-1-methylpyridinium ha l ides  a s  

a c t i v a t i n g  reagents  of  a carboxyl group, developed by ~ u k a i ~ a m a ~ - ~  has provided an 

e f f e c t i v e  method f o r  the  formatlon of  var ious  types of  amide o r  e s t e r  l inkages .  

An app l i ca t ion  of t h e  above procedure, which requires  2 equimolar amounts o f  trl- 

ethylamlne f o r  t h e  synthesis of cephalosporm de r iva t ives ,  however br lng about an  

3 2 i someriza t ion of the  A -double bond t o  A -der ivat ive  wi th  a formatlon of  an amide 

l inkage a t  t h e  C -pos l t lon8 .  Therefore development of an effective amide formation 
7 

3 r eac t ion  f o r  7-ACA derivative without an  isomerization of A -double bond w i l l  be 

des i r ab le .  W e  here wish t o  r epor t  a sufficient and convenient amide formation re- 

ac t ion  f o r  7-ACA d e r i v a t i v e  employing Mukaiyama's procedure wi th  a s l i g h t  modifica- 

t i o n .  

Among t h e  var ious  a t t empts ,  t h e  t rea tment  of  7-ACA benzhydryl e s t e r  wi th  potassium 



pyridylthiocarboxylate in the presence of 1 equimolar amount of tr~ethylamine and 

2-chloro-1-methylpyrid~nium methyl sulfate as an activating reagent has been deduced 

to be an optimum reaction condition to give cephapirin benzhydryl ester (34 in 86 
%"" 

% yield. This reaction was successfully applied to the synthesis of several cepha- 

f 
losporin derivatives, and the results are summarized in Table. 

  he potassium salts of 3-pyridylacetic acid and cyanoacetic acid also gave the 

desired products (2% and 22) in moderate yields. Since we have already published 9 

the convenient deblocklng procedure of cephalosporin benzhydryl esters, the above 

amide formation reaction would provide a useful pathway to the synthesis of various 

types of cephalosporin derivatives. 

Table The amide formation reaction of 7-ACA benzhydryl ester 11) 
Z 

OAC 

CO CHPh2 
2 

d ?. = NCCH - 
2 

2 
't A -Isomers could not be isolated under this reaction condition. 
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- 
2a 
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108 - 114 
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163 - 167 
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99 - 101 

Yields ($1 

86 

83 

56 

69 

6 7 
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EXPERIMENTAL SECTION 

Melting points are not corrected. IR spectra were measured with a Hitachi 260 - 

10 spectrophotometer, NMR spectra with JEOL PMX-60 and JEOL JNM-FX 100 spectrometers 

(tetramethylsilane as internal reference) 

5~Gkk i l6~~k~~%&Q~k iz~6kQ. t~k#%r i~k~eke  - To a refluxed solution of dimethyl sul- 

fate (50.4 91 in dichloroethane 160 ml) was added a solution of 2-chloropyridine 

(45.8 g) in dichloroethane (40 ml) over the period of 20 min, and the resulting mix- 

ture was further heated at reflux for 2 h. After cooling to room temperature, the 

solution was diluted with methylene chloride to 300 ml of volume of the solution 

(95.8 g / 300 ml), which was used to the following reaction. 

Ge~e6ek*E6e~e$%xe%Zex%kke%&.t$e%xe6~ekke~%Eee~kke~ - TO a stirred solution of 
the potassium carboxylate l2a-c, 5 mmol) and 7-ACA benzhydryl ester (1.5 mmol) in 

methylene chloride I12 ml) were added 2-chloro-I-methylpyridinium methyl sulfate 

(4.5 ml) and triethylamme I5 mol), respectively, as in the presence of a slightly 

excess of the pyridinium salt at ambient temperature over the period of 20 min. 

After the stirrlng for 0.5 h, the mixture was treated with ethyl acetate (10 ml). 

The organic layer was washed with water, dried INa2SO4) and evaporated to give the 

residue, which was crystallized from n-hexane-ether. 

KEr -1 e Q % x k  : 1 : 3270 (NH) . 1780. 1740. 1720 
(sh), 1660 (C=O); NMR ICDCl3) 6 : 2.00 I3H. s, OAc), 3.24 (lH, d, J = 17Hz. C2-H), 

3.48 (1H, d, J = 17Hz. C2-H), 3.75 IZH, s ,  S-CH2CO), 4.72 IlH, d, J = 13Hz, CHHOAc), 

4.92 (1H, d, J = 5Hz, C6-HI, 5.02 IlH, d, J = 13Hz. CHHOAc), 5.80 IlH, dd, J = 5 and 

10Hz, C7-HI, 6.95 IlH, s, CIjPh?), 7.10 - 7.18 IZH, m, pyridine protons), 7.20 - 7.52 
IllH, ArH and NE), 8.40 - 8.52 IZH, m, pyridine protons). Anal. calcd for 

-C30H27N306S2 : C, 61.10; H, 4.62; N, 7.13. Found : C, 60.95: H, 4.95; N, 7.04 %. 

izkk : IR u ::: cm-I : 3280 (NH), 1780, 1745. 1715, 1655 (C=O); NMR (CDC13) 6 : 
2.00 l3H, s ,  OAc), 3.30 IlH, d, J = 17Hz, C2-H), 3.50 IlH, d, J = 17Hz, C2-H), 3.64 

I2H. 5 ,  CH2Ph), 4.72 (IH, d, J = 13Hz, CHHOAC), 4.94 IlH, d, J = 5Hz, C6-H), 5.02 

IlH, d, J = 13Hz, CHKAc), 5.82 (IH, dd, J = 5 and IOHz, C7-H), 6.02 IlH, br d, J = 

IOHz, NH), 6.90 IlH, s, CHPh2), 7.20 - 7.40 I15H. m, Arg). Anal. calcd for 

C31H28N206S.0.5H20 : C, 65.82; H, 5.17; N, 4.95. Found : C, 65.87; H, 5.01; N, 4.93 

%. 

, lyk  : I8 v max KBr cm : 3280 (NH), 1780, 1750, 1720. 1660 lC=O); NMR ICDCl3) 6 : 

2.00 13H, s, OAc), 3.30 (1H. d, J = 17Hz, C2-HI, 3.56 IlH, d, J = 17Hz. C2-HI, 3.60 



(2H. s ,  CH2W), 4.78 IlH, d, J = 13H2, CEHOAC), 4.94 IlH, d, J = 5Hz, C6-~), 5.04 

IlH, d, J = 13Hz. CHgAcI. 5.80 (1H. dd. J = 5 and lOHz, C7-Hz), 6.38 ( l ~ ,  br d, J 

= 10Hz. NH), 6.92 (1H. s, CgPh2), 7.18 - 7.40 (1H. m, Arg and pyridine proton), 

7.50 - 7.70 (IH, m, pyridine proton), 8.40 - 8.56 (28, m, pyridine protons). Anal. 

calcd for C30H27N306S.0.5H20: C, 63.59: H, 4.98; N, 7.42. Found : 63.93 ; H, 4.78; 

N, 7.44 %. 

KBr -1 &i$k : IR V max cm : 3300 (NH), 2260 (CN), 1775, 1740, 1735 lsh), 1675 (C=O); 

NMR (CDC13) S : 2.00 (2H, s, OAc), 3.32 IlH, d, J = ZOHz, C2-H), 3.34 (28, s, 

CH2CN), 3.58 (lH, d, J = 20Hz. C2-HI, 4.80 (lH, d, J = 13Hz. CFHOAc), 5.00 (lH, d, 

J = 5Hz. C6-H), 5.06 11H. d, J = 13Hz, CHgOAcI, 5.78 (lH, dd, J = 5 and 10Hz. C7-HI, 

6.82 IlH, br d, J = 10Hz, NJ), 6.96 118, s, CgPh2), 7.20 - 7.48 (10H, m, Arg). Anal. 

calcd for C26H23N306S.0.33H20 : C, 61.04; H, 4.66; N, 8.22. Found : C, 61.08; H, 

4.55; N, 8.10 %. 

KBr -1 ) : IR v ma, Cm : 3270 INH), 1780, 1740, 1720. 1660 (C=O); NMR ICDCl3) S : 

2.00 13H. s ,  OAc), 3.26 (1H. d, J = 2OHz. C2-H), 3.50 (1H. d, J = 20Hz. C2-H), 3.54 

12H, s, Cg2Ar), 3.76 (3H, s, OMe), 4.65 (lH, d, J = 14Hz, CzHOAc), 4.90 (lH, d, J = 

5Hz, C6-HI, 4.96 IlH, d, J = 14Hz, CHEOAc), 5.88 IlH, dd, J = 5 and 10Hz, C -HI, 
7 

5.90 (lH, br d, J = 10Hz. NH), 6.76 - 6.96 IZH, m, Arz), 6.86 (lH, s ,  CH_Ph2), 7.00 

- 7.40 (12H, m, ArN). Anal. calcd for C32H30N207S: C, 65.51; H, 5.15; N, 4.78. 

~ound : C, 65.12; H, 5.07; N, 4.82 8 .  
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