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TRANSFORMATION OF A 3-DROMOMETHYL-CEPHEM INTO 

3-ACETOXYMETHYL-CEPHEM DERIVATIVES 

I. Miskolczi 

Biogal Pharmaceutical Works, nebrecen 

F. Sztaricskai and R. BOgn6r 
* 

Research Group for Antibiotics of the Hungarian 
Academy of Sciences, 4010 Debrecen, HUNGARY 

1 Recent results have shown that both 2',2',2'-trichloro- 

ethyl-7-trichloro-~acetamido-3-hronometh~l-3-ce~hem-4-carbox- 

ylate (11) and the corresponding 1-oxide (I) are valuable 

intermediates for further chemical transformations and this 

communication describe the renlacement of the bromine atom O F  

I and I1 by acetoxy function, the removal of the protecting 

groups, and also, the conversion of 17 into Cenhanirin (VI). 

Nucleophilic substitution of the bromine atom of I was 

performed with notassium acetate in N,N-dimethylformamide in 

the nresence of acetic acid at ambient temperature and the 

crystalline acetoxpethyl derivative I11 was isolated in 27 % 

yield. The structure of I11 was substantiated by elemental 

analysis, 'H-NHR spectroscopic investigation and by comparison 

of its physical data (mp., tlc) with that of the reference 

comnound prepared from 7-aminocephalosporanic acid. The most 

2 

I significant change found in the H-NW? spectrum of 111, as 

compared to that of I, is the anpearance of the methyl signal 

of the acetoxy groun at 6 2 . 0 .  Yeduction of the acetoxy 
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3-ACETOXYMETHYLCEPHEM DERIVATIVES 

compound I11 with phosphorous tribronide in dichloromethane 

gave 52 % of crystalline de-oxygenated 117. The C-2 methylene 

signals at 6 3.36 and 3.68, characteristic for A -cephalo- 

sporins, and the methyl signal of the acetoxy groun (6 2.16) 

in the 'H-NIIR spectrum clearly proved the structure of IV. In 

addition, the physical data of IV was found to be identical 

with that of the authentic sample synthesized from 7-amino- 

cephalosporanic acid. 

3 

On the other hand, the reaction of the bromomethyl deriva- 

tive I1 with potassium acetate under the conditions given for 

the conversion 1-111 afforded exclusively the A -3-acetoxy- 
2 

methyl analogue VII (43 % ) .  Instead of the C - 2  methylene proton 
I signals, present in the H-NPIR snectrum of IV, the apDearance 

of C-2 and C - 4  proton resonances (6 6.94 and 5.36 resnectively) 

was detected in the snectrum of ~711, unequivocally indicating 

that a A + A  isomerization had taken place during the 

reaction. The resonance of the methylene protons of the acetoxy 

group (6 2.16) was unchanged. 

3 2 

The replacement of the bromo atom of I1 by acetoxy without 

the isomerization of the double bond could be performed in 

33 % yield by treatment with silver acetate and acetic acid . 
In contrast to the well-known method of Webber et a1.4, the 

advantage of the application of I and I1 for the synthesis of 

3-acetoxymethyl-A3-cephem derivatives is that no alkaline 

isomerization is required. Consequently the hydrolysis of the 

carboxylate function does not take place, obviating the need 

for repeated protection of the carboxyl groun. The lowest vields 

were obtained during the exchange of bromine €or the acetoxy 

3 
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function. 

Treatment of VII and IV with zinc and acetic acid5l6 in 

N,N-dimethlyformamide gave the crystalline 7-chloroacetamido- 

cephalosporanic acids VIII ( A 2 )  and V ( A 3 ) ,  respectively, in 

good yield. The reaction steps II~VII--c’JIII performed as a 

one-pot operation without the isolation of VII gave the product 

VIII in an overall yield of 57 %. 

According to the results of Cocker et a1.7, the chloro- 

acetamido side-chain of V can be conveniently removed by treat- 

ment with thiourea. Compound V can also be directly used for 

the production of several semi-synthetic cephalosnorins by the 

substitution of the chlorine atom with nucleonhiles. For 

example, treatment of V with 4-mercantonyridine in dichloro- 

methane, in the presence of triethylamine, afforded Cenhapirin 

(VI), of a compound pharmaceutical importance, in excellent 

yield (82 % ) .  Further modifications of deacetoxycephems at 

positions C-3’ and C-7 are presently under investigation. 

EXPE3IPIENTAL 

Melting points were determined in capillary tubes and are 
I uncorrected. H-NMR spectra were recorded with a JEOL MH-100 

(100 MHz) intrument using TPIS as internal reference. Thin 
layer chromatography was accomplished on DC-Alurolle Kieselgel 
60F254 (Merck) using 1: 1 benzene-ethyl acetate (system A) , 7: 3 
benzene-ethyl acetate (system B )  or 95:5 acetone-acetic acid 
(system C) mixtures. 

2’,2‘,2’-Trichloroeth~rl-7-trichloroacetamid0-3-acetoxymeth~rl- 

3-cephem-4-karboxylate 1-oxide (III)-.- A mixture of the 

bromomethyl derivative I (0.001 ? I ) ,  N,N-dimethylformamide 
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3-ACETOXYMETHYLXEPHllM DERIVATIVES 

(20 ml) , acetic acid (1 ml) and potassium acetate (0.005 PI) 

was stirred at room temperature for 2 hours. The reaction 

mixture was then diluted with water to ca. 60 ml and extrac- 

ted with ethyl acetate. The organic layer was washed with 

water, dried over MgS04 and evaporated to dryness. The residue 

was purified by preparative layer chromatography (on Kieselgel 

60F254, system B )  to obtain 150 mg (27 % ) ,  mp. 182O (from 

ethanol), tlc: Rf ( A )  0.46. 

Anal. Calcd for C14H12C16N207S: S, 5.67; N, 4.95; C1, 37.61. 

Found : S ,  5.70; N, 4.91; C1, 37.22. 

S-CH2), 4.70-5.16 (m, 5H, H-6, 2CH2)r 6.12 (ddr 1Hr H-71, 8.72 

(d, lH, NH). 

2',2',2'-Trich1oroethy1-7-trich1oroacetamido-3-acetoxymeth~~1- 

-2-cephem-4-carboxylate (VII).- Reaction of the bromomethyl 

derivative I1 (0.001 PI) was performed as described above for 

the preparation of 111. The pale yellow syrupy product was 

directly used for the synthesis of VIII. 237 mg (43.3 % ) ,  

tlc: Rf (A) 0.83. 'H-NMR (DMSO-d6, ppm): 6 2.16 ( S r  3Hr CH3)r 

4.80 ( S ,  2H, CH2)r 5.10 ( s ,  2H, CH2)r 5-36 

(d, 1Hr H-6)r 5.62 (dd, 1Hr H-7)r 6.94 ( S r  1Hr H-2)r 10.24 

( S r  1Hr H-4)r 5-40 

(d, lH, NH). 

2',2',2'-Trich1oroethy1-7-trich1oroacetamido-3-acetoxymethy1-3- 

cephem-4-carboxylate (17.7) .- a. A mixture of I1 (0.001 ?I) , 

silver acetate (0.0012 M) , acetone (5 ml) and acetic acid 
(2 ml) was stirred at room temperature for two hours. The 

product IV was isolated by preparative layer chromatography 
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(on K i e s e l g e l  6 0 F 2 5 4 ,  system B)  t o  o b t a i n  1 8 5  mg ( 3 3 . 7  % I ,  mp. 

1 3 0 °  (from e t h e r ) ,  t l c :  Rf ( A )  0 . 8 3 .  

Anal. Calcd f o r  C14H12C16N206S: N ,  5 . 1 0 ;  C 1 ,  3 8 . 7 4 .  

Found : N ,  4 . 3 6 ;  C 1 ,  3 8 . 2 6 .  

'H-NIIR ( C D C 1 3 ,  ppm): 6 2 . 1 6  (SI  HI C H 3 ) ,  3 . 3 6 ,  3 . 6 8  (AB,  2 H ,  

SCH2) i  4 . 6 4 - 5 . 2 0  (EI, 5Hi H-6, 2CH2) ,  5 . 7 2  (dd ,  1 H ,  H - 7 ) ,  8 . 1 6  

( d ,  l H ,  N H ) .  

b .  Compound I V  was ob ta ined  i n  52% y i e l d  by t h e  r educ t ion  of 

t h e  1-oxide I11 a s  desc r ibed  e a r l i e r  . 1 

7-Chloroacetamido-3-acetoxy~et~yl-3-cenhem-4-carboxylic a c i d  

- ( V )  .- To a s o l u t i o n  of I V  (0.001 PI) i n  M,N-dimethylformamide 

z i n c  d u s t  (0.58 g )  and a c e t i c  a c i d  ( 0 . 7 5  g )  were added and 

t h e  mixture  was s t i r r e d  f i r s t  a t  Oo f o r  30  min. and then  a t  

room temperature  f o r  1 1/2 h r s .  Af t e r  f i l t r a t i o n  of  un reac ted  

z inc  d u s t  t h e  f i l t r a t e  w a s  d i l u t e d  wi th  water  t o  cca. 6 0  m l  

t h e  p H  of t h e  s o l u t i o n  w a s  a d j u s t e d  t o  1 w i t h  d i l u t e d  hydro- 

c h l o r i c  a c i d  and then  e x t r a c t e d  wi th  e t h y l  acetate .  The o r g a n i c  

l a y e r  was washed w i t h  wa te r ,  d r i e d  over  ElgS04 and concen t r a t ed .  

The r e s i d u e  w a s  washed wi th  e t h e r  t o  o b t a i n  2 9 5  mg ( 8 4 . 7  % )  of 

V ,  mp. 168O (from acetone-petroleum e t h e r ) ,  t l c :  Xf  ( C )  0 . 7 0 .  

Anal. Calcd f o r  C H C 1 N 2 0 6 :  N ,  8.03; C1,  1 0 . 1 6 .  

Found: N ,  7 . 7 6 ;  C1 ,  1 0 . 1 5 .  

12 1 3  

'H-NEIR (D14SO-d6, ppm): 6 2.20 ( s ,  3H, C H 3 ) ,  3 . 6 4 ,  3 . 8 2  (AB,  ?HI  

S C H 2 ) ,  4 . 3 2  (s, 2H, C 1 C H 2 ) ,  4 . 8 8 ,  5 . 2 0  

(d ,  l H ,  H-6 ) ,  5 . 8 8  (dd ,  l H ,  H - 7 ) ,  9 . 3 6  ( d ,  l H ,  N H ) .  

(AB, 2H, CH2- )  , 5 . 3 2  

7-Chloroacetamido-3-acetoxymethyl-2-cephem-4-carbox~~lic a c i d  

( V I I I ) . -  Transformation of I1 i n t o  V I I I  was c a r r i e d  o u t  i n  
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~-ACETOXYIVETHYLCEPHEM DERIVATIVES 

one-pot operation involving the procedures described for the 

preparation of VII and V to yield 197 mg (overall yield 56.6%), 

mp. 174O (from ether), tlc: Rf(C) 0.67. 

Anal. Calcd for C12H13C1N206: S, 9.19; N, 8.03; C1, 10.16 

Found : S, 9.15; N, 8.03; C1, 10.16. 

'H-NIIR (DMSO-d6, ppm): 6 2.16 ( s ,  3H, CH3), 4.28 ( s ,  2H, CH2C1) , 
4.80 ( s ,  2H, CH2), 5.04 ( s ,  lH, H-4) , 5.32 (d, lH, H-6) , 5.56 
(dd, lH, H-7), 6.84 ( s ,  lH, H-2), 9.42 (d, l H ,  MH). 

Cephanirin (VI) .- A suspension of V (0.001 .!I) , 4-mercanto- 
pyridine (0.001 PI) and triethylamine (0.001 PI) in dichloro- 

methane (7 ml) was stirred for 4 hrs at room temperature. It 

was then filtered, the crystals were washed with dichloromethane 

to obtain 348 mg (82.2 % I ,  mp. 155O (acetone-water) , lit. mp. 

155O. 

2 

Anal. Calcd for C17H17N306S2: S, 15.14; N, 9.92. 

Found : S, 15.14; N, 9.95. 
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