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SYNTHESIS OF CARBON-14 LABELLED ANTIMICROBIAL AGENTS. 

11. SYNTHESIS OF APALCILLIN-14C SODIUM 

A k i r a  Yoshitake, Takeshi Kamada, Hideyuki Gomi and Iwao Nakatsuka 
I n s t i t u t e  f o r  B i o l o g i c a l  Science, Surnitomo Chemical Co., Ltd., 
2-1, 4-Chome, Takatsukasa, Takarazuka-shi, 665, Japan 

SUMMARY 

Sodium 6- [ (R) -2- (4-hydroxy-1  , 5-naphthyridine-4-14C-3-carboxy- 
14C-amido) - 2 - p h e n y l a c e  t a m i d o ] p e n i c i l l a n a  t e  ( a p a l ~ i l l i n - ~ ~ C  

s o d i u m )  (L) was s y n t h e s i z e d  for u s e  i n  m e t a b o l i c  s t u d i e s .  

R e a c t i o n  of e t h y l  m a l ~ n a t e - l - ~ ~ c  (2) w i t h  e t h y l  o r t h o f o r m a t e  i n  

the p r e s e n c e  of zinc c h l o r i d e  g a v e  e t h y l  e t h o x y m e t h y l e n e m l o n a t e -  

1- C (2); w h i c h  was c o n d e n s e d  w i t h  3 - a m i n o p y r i d i n e  to  g i v e  the 

amin~pyridylacrylate-~~~ ( A ) .  C y c l i z a t i o n  o f  A i n  b o i l i n g -  

Dowtherrn A f o l l o w e d  b y  h y d r o l y s i s  of the r e s u l t i n g  ester g a v e  

4-hydroxy-1  , 5-naphthyridine-4-14C-3-carboxylic-14C a c i d  (2). 
C o n d e n s a t i o n  o f  5 w i t h  6-  [ ( R )  -2-amino-2-phenylacetamido]peni- 

c i l l a n i c  a c i d  b y  the a c t i v a t e d  ester method y i e l d e d  a p a l c i l l i n -  

1 4 C  t r i e t h y l a m n i u m  (Z) , w h i c h  i n  turn was t r e a t e d  w i t h  s o d i u m  

2 - e t h y l h e x a n a a t e .  g i v i n g  a p a l ~ i l l i n - ~ ~ C  s o d i u m  (L) i n  the 

o v e r a l l  y i e l d  of 17% b a s e d  on z. 

1 4  
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INTRODUCTION 

Sodium 6-[ (R)-2- (4-hydroxy-l,5-naphthyridine-3-carboxyarnido)-2-phenylacet- 
arn ido lpenic i l lanate ( a p a l c i l l i n  sodium)( l )  i s  a new semisynthetic p e n i c i l l i n  (192) . 

This agent has been found t o  d i s p l a y  e x c e l l e n t  a n t i m i c r o b i a l  a c t i v i t i e s  against  

gram-posi t ive cocc i  and gram-negative b a c i l l i  i n c l u d i n g  Pseudomonas a e r u q i n o s a  

(3y4). 

agent i n  animals. 

sodium l a b e l l e d  a t  both C-4 and carbonyl carbons o f  the 1,5-naphthyridine- 

ca rboxy l i c  a c i d  moiety f o r  use i n  these s tud ies .  

These f i n d i n g s  l e d  t o  s tud ies  on the absorpt ion and metabolism o f  t h i s  

I n  t h i s  repo r t ,  we descr ibe the  synthes is  o f  a p a l ~ i l l i n - ~ ~ C  
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D I S C U S S I O N  

The scheme f o r  the synthes is  o f  a p a l ~ i l l i n - ~ ~ C  sodium (1) i s  i l l u s t r a t e d  i n  

F igure 1. 

an i1 ino)acry la te-2-  

1nethylenemalonate-2-'~C (EMME), by d i r e c t  r e a c t i o n  o f  e t h y l  malonate-2- C and 

e t h y l  or thoformate w i t h  3,4-methylenedioxyaniline. S i m i l a r  reac t i ons  w i t h  3- 

aminopyridine, however, gave the corresponding a c r y l a t e  (5) i n  poor y i e l d s .  

The f i n d i n g s  l e d  t o  the use o f  Adams' method(6) which comprised a r e a c t i o n  o f  

EMME w i t h  3-aminopyridine (F ig .  1 ) .  

I n  the preceding paper(5), we repo r ted  t h a t  3-(3,4-methylenedioxy- 

14 C was prepared i n  a good y i e l d ,  w i t h o u t  use o f  e t h y l  ethoxy- 
14 

* a$t"'...i 1) A 2. &tooH SOC12 * 

i i )  10% KOH N - hyd r o  xys u cc i n i m i de 

5 4 - - 

6 - 
I 

- 7: X = HN(C2Hg)3 

1: X = Na - 

ABPC = 6-[ ( R )  -2-amino-2-phenyl ace tamido lpen ic i l  !ani c a c i d  

* 14c 

F ig .  1 .  Scheme f o r  the synthes is  o f  a ~ a l c i l l i n - ' ~ C  sodium (1) 
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We repor ted  p rev ious l y  t h a t  EMME-14C (3 )  - was prepared i n  50% y i e l d  by reac t -  

C w i t h  a small  excess o f  e t h y l  orthoformate i n  the presence 14 i n g  e t h y l  malonate- 

o f  anhydrous z i n c  c h l o r i d e  as c a t a l y s t  . A f t e r  cons iderable re - i nves t i ga t i ons  

o f  t h i s  react ion,  an improved r e a c t i o n  c o n d i t i o n  was found t o  g i v e  3 w i t h  a 

h igher  radiochemical p u r i t y  and i n  a b e t t e r  radiochemical y i e l d .  

malonate-1- C (2) was a l lowed t o  r e a c t  i n  a c e t i c  anhydride w i t h  a l a r g e  excess 

(4 equ iva len ts )  o f  e t h y l  orthoformate and a c a t a l y t i c  amount o f  anhydrous z i n c  

c h l o r i d e  by heat ing the m ix tu re  g radua l l y  from 100" t o  150" f o r  14 hr, the reac t -  

i o n  being c a r r i e d  o u t  f o r  a longer  p e r i o d  a t  h ighe r  temperature. EMME-1-14C (3) 
thus obtained showed the radiochemical p u r i t y  o f  941, and the radiochemical y i e l d  

from 2 was 91%. 

p u r i f i c a t i o n .  

(5) 

Ethy l  

14 

The product was used f o r  the nex t  r e a c t i o n  w i t h o u t  any 

To o b t a i n  4-hydroxy-l,5-naphthyridine-3-carboxylic a c i d  (5) from EMME i n  a 

large-scale preparat ion,  Adams, et a ~ . ( ~ )  c a r r i e d  ou t  the se r ies  o f  reac t i ons  

(F ig .  1 )  w i thou t  any i s o l a t i o n  o f  t he  in termediates.  

t i o n ,  however, i s o l a t i o n  o f  the acry la te- l -14C (4) gave a b e t t e r  r e s u l t .  

Condensation o f  3 w i t h  3-aminopyridine a t  140-150" fo l l owed  by column chromato- 

graphy o f  the r e s u l t i n g  product on s i l i c a  ge l  a f fo rded  the acry la te-1-  

91% y i e l d .  

Dowtherm A, g i v i n g  the e t h y l  e s t e r  o f  4-hydroxy-175-naphthyridine-4- C-3- 

c a r b o ~ y l i c - ' ~ C  a c i d  (5) .  High d i l u t i o n ,  h igh  temperature, and a b r i e f  r e a c t i o n  

pe r iod  appeared t o  be requ i red  f o r  s a t i s f a c t o r y  r e s u l t s  i n  t h i s  reac t i on .  

e t h y l  e s t e r  was immediately hydrolyzed by heat ing w i t h  10% potassium hydroxide 

s o l u t i o n  t o  y i e l d  a crude product o f  4-hydroxy-1,5-naphthyridine-4- 

~ a r b o x y l i c - ~ ~ C  a c i d  (5) .  P u r i f i c a t i o n  o f  the crude product was e f f e c t e d  by 

repea t ing  the  r e - p r e c i p i t a t i o n  method us ing a l k a r i  and acid; g i v i n g  5 w i t h  a 

radiochemical p u r i t y  o f  99% and i n  50% y i e l d  from the acry la te-1-  C (A). 

I n  t h i s  i s o t o p i c  prepara- 

14 
C (A) i n  

C y c l i z a t i o n  o f  %was e f f e c t e d  by heat ing a d i l u t e  s o l u t i o n  o f  5 i n  
14 

The 

14 C-3- 

14 

A p a l c i l l i n  i s  known t o  be s t a b l e  o n l y  as the s a l t  form, and i n  the  form o f  

the f ree acid, the compound r e a d i l y  decomposes mainly a t  the 6-lactam moiety (1,Z) . 
This chemical p roper t y  made i t  d i f f i c u l t  t o  p u r i f y  the f i n a l  product by column 

chromatography, p repara t i ve  TLC, and r e c r y s t a l  1 i z a t i o n  s ince these method caused 
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f u r t h e r  decomposition. 

s t a r t i n g  w i t h  the pure ac id-  

which could be c a r r i e d  o u t  w i t h  m i l d e r  cond i t i ons  and g i ve  b e t t e r  y i e l d s .  

A good p u r i t y  o f  a p a l c i l l i n - 1 4 C  sodium was achieved by 

14 C (5) and s e l e c t i n g  the l a s t  sequence o f  reac t i ons  

Among the known methods f o r  a condensation o f  the a c i d  (5) w i t h  6- [ (R) -2-  

ami no-2-pheny 1 ace tami do] pen i c i 11 an i c a c i d  (ABPC ) ( ' 2) ,  the a c t i v a t e d  es te r  

method was se lected s ince the a c t i v a t e d  N-hydroxysuccinimide-ester (6) was 

r e l a t i v e l y  s t a b l e  t o  be i s o l a t e d  as c r y s t a l s .  C (5) was 

al lowed t o  r e a c t  w i t h  t h i o n y l  c h l o r i d e  and N-hydroxysuccinirnide below 30°, 

g i v i n g  the a c t i v a t e d  ester-14C (a) i n  82% y i e l d .  Condensation o f  6 w i t h  ABPC 

i n  d ime thy l su l fox ide  conta in ing t r i e t h y l a m i n e  a t  room temperature a f fo rded  the 

14 triethylammonium s a l t  o f  a p a l c i l l i n -  

was accomplished by t reatment  of L w i t h  sodium 2-ethylhexanoate i n  a mixed 

so l ven t  o f  d ime thy l su l fox ide  and methanol t o  g i v e  a p a l c i l l  in-14C sodium (1) i n  

80% y i e l d .  The radiochemical and chemical p u r i t i e s  o f  the f i n a l  product was 

99% as determined by radio-TLC and h igh  pressure l i q u i d  chromatography. The 

o v e r a l l  y i e l d  o f  1 w a s  17% based on e t h y l  malonate-1- C .  

14 Thus, the ac id-  

C (7) i n  63% y i e l d .  The s a l t  exchange 

14 

EXPERIMENTAL 

14 E thy l  Ethoxymethylenemalonate-1- 

1- C (2)(74.1 m C i ,  2.25 g, 14.1 ~ m o l ) ( ~ ) ,  e t h y l  or thoformate (4.20 g, 28 mmol), 

anhydrous z i n c  c h l o r i d e  (0.1 g )  and a c e t i c  anhydride (5 m l )  was heated as fo l l ows :  

a t  100-110" f o r  2 hr ,  a t  110-120" f o r  2.5 hr ,  and a t  130-140" f o r  4.5 h r .  A f t e r  

cool ing,  e t h y l  or thoformate (4.20 g, 28 mmol) and a c e t i c  anhydride ( 5  m l )  were 

added t o  the mixture, and the m i x t u r e  was heated again a t  140-150" f o r  4.5 hr; 

dur ing which e t h y l  acetate produced was removed by d i s t i l l a t i o n .  The m ix tu re  

was poured i n t o  ice-water (15 m l )  and ex t rac ted  w i t h  ether .  The e x t r a c t  was 

washed w i t h  water, d r i e d  over sodium s u l f a t e  and evaporated a t  atmospheric 

pressure t o  g i v e  e t h y l  eth~xymethylenernalonate-l-~~C (3)(72.0 d i ) ;  the rad io -  

chemical p u r i t y  94% (con ta in ing  5% e t h y l  ~ a l o n a t e - l - ~ ~ C )  on radiogaschromatography 

(column: 3% DC-550 on Chromosorb, 2 m x 3 mm I.D.; column temperature: 200"; 

c a r r i e r  gas: He 27 ml/min; r e t e n t i o n  times: e t h y l  malonate 1.0 min, e t h y l  ethoxy- 

C (3) -- A s t i r r e d  m ix tu re  o f  e t h y l  malonate- 

14 
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methylenemalonate 6.8 min). 

any purification. 

The product was used for the next reaction without 

Ethyl 2-Carbethoxy- 14 C-3-(3-aminopyridyl)a~rylate-l-~~C (5) -- A mixture o f  ethyl 

ethoxymethylenemalonate-1- 

pyridine (11.0 g, 117 mmol) was stirred at 140-150" for 1.5 hr. 

the mixture was dissolved in ether (8 ml) and the solution was chromatographed 

on silica gel with ether. 

pressure gave ethyl 2-carbethoxy- C-3-(3-aminopyridyl )acrylate-l-14C (A) (61.3 
mCi, 3.08 9); mp and mixed mp 64-66'; the radiochemical purity 99% on radio-TLC 

14 C (3)(72.0 mCi, 2.76 g, 12.8 mmol) and 3-amino- 

After cooling, 

Evaporation of the main fraction under reduced 
14 

(silica gel , chloroform/methanol=9/1, Rf-value=0.63); IR w a x  (nujol): 1680 cm-' 

(GO); NMR (6, CDC13): 1.32 and 1.39 (each 3H, t, J=7.5 Hz, -CH2CL3), 4.24 and 

4.31 (each 2H, q, J=7.5 Hz, -C5CH3), 7.16-8.52 (5H, m, pyridine and C-3 H). 

14 4-Hydroxy-lY5-naphthyridine-4- 

ethyl 2-~arbethoxy-~~C-3-(3-aminopyridyl )acrylate-1 -14C (5) (61.3 mCi , 3.08 g , 
11.7 mol) in Dowtherm A (12 ml) was added drupwise to boiling Dowtherm A (120 

ml, 250-255") with stirring within 5 min. 

temperature for 6 min, allowed to cool rapidly, and added to 10% potassium 

hydroxide solution (45 ml). 

and the aqueous solution was separated. 

with concentrated hydrochloric acid, and the crystals produced were collected by 

filtration. The crude product was dissolved in 5% potassium hydroxide solution 

and treated with charcoal. After removal of the charcoal, the filtrate was 

acidified (pH 4.0) to give a crystalline product which was collected by filtrat- 

ion. The same procedure for purification was repeated two more times to give 

4-hydroxy-1,5-naphthyridine-4-14C-3-carboxylic-14C acid (5)(30.7 mCi, 1.12 9); 

mp >300"; the radiochemical purity 99% on radio-TLC (silica gel, ether/butanol/ 

acetone/water=l/l/l/l, Rf-value=0.15); IR vmax (nujol): 1740 cm-l (C=O). 

C-3-carboxyl ic-14C Acid (5) -- A solution of 

The mixture was stirred at the same 

The mixture was refluxed for 1 hr, allowed to cool, 

The solution was acidified to pH 2.0 

N-(4-Hydroxy-l,5-naphthyridine-4- 14 C-3-carbonyloxy-14C)succinimide (6) -- To a 
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s t i r r e d  m ix tu re  o f  4-hydroxy-1 ,5-naphthyridine-4-14C-3-carboxyl ic-14C a c i d  (5) 
(27.9 m C i ,  1.01 g, 5.3 mnol), N-hydroxysuccinimide (0.77 g, 6.7 mmol), p y r i d i n e  

(0.26 g), and dimethylfonnamide (6.90 g )  was added dropwise t h i o n y l  c h l o r i d e  

(0.76 g, 7.4 mnol) a t  0-5", and t h e  m i x t u r e  s t i r r e d  a t  20-30" f o r  4 h r .  

c r y s t a l s  produced were c o l l e c t e d  by f i l t r a t i o n ,  washed success ive ly  w i t h  d imethy l -  

formamide, water and acetone, and d r i e d  under reduced pressure t o  g i v e  N-(4- 

hydroxy-l,5-naphthyridine-4- 14 C-3-~arbonyloxy-~~C)succinimide (6)(23.0 m C i ,  1.26 

The 

9 ) ;  mp 301-303" (decomp); I R  w a x  ( n u j o l ) :  1760 and 1740 cm-' (C=O).  

14 T r ie thy lamon ium 6-[ (R) -2- (4-hydroxy-l , 5-naphthyridine-4- 

amido)-2-phenylacetamido]penicillanate ( A p a l c i l l  i n -  

A m ix tu re  o f  N-(4-hydroxy-lY5-naphthyridine-4- 14 C - 3 - ~ a r b o n y l o x y - ~ ~ C ) s u c c i n i m i d e  

(6) (22.8 m C i ,  1.25 g, 4.4 mmol), 6-[(R)-2-amino-2-phenylacetamido]penicillanic 

ac id  (3H20, 1.85 g, 4.8 mmol) and d ime thy l su l fox ide  (5.56 g) was s t i r r e d  a t  room 

temperature f o r  10 min. 

t he  m ix tu re  was s t i r r e d  a t  room temperature f o r  1 h r .  

mix ture;  and the p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  acetone, 

and d r i e d  under reduced pressure t o  g i v e  a p a l ~ i l l i n - ~ ~ c  tr iethylamnonium ( I )  

C - S - ~ a r b o x y - ~ ~ C -  

14 C Triethylamnonium)(L) -- 

A f t e r  a d d i t i o n  o f  t r i e t h y l a m i n e  (0.93 g. 9.2 mmol), 

Acetone was added t o  the 

(14.3 m C i ,  1.65 9); mp 210" (decomp); I R  vmax ( n u j o l ) :  1770 and 1660 cm-' (C=O). 

14 A p a l c i l l i n -  

g, 2.7 mmol) was added por t ionwise,  a t  room temperature, t o  a s t i r r e d  m ix tu re  o f  

sodium 2-ethylhexanoate (0.45 g, 2.7 mmol), d ime thy l su l fox ide  (2.50 g )  and 

methanol (1.50 g), and the m ix tu re  s t i r r e d  a t  the same temperature f o r  10 min. 

A f t e r  removal o f  i n s o l u b l e  ma te r ia l s ,  acetone (40 m l )  was added t o  the  f i l t r a t e .  

The c r y s t a l s  p r e c i p i t a t e d  were co l l ec ted ,  washed w i t h  acetone, and d r i e d  under 

reduced pressure t o  g i ve  a p a l c i l l i n - 1 4 C  sodium (1)(11.5 m C i ,  1.15 g, 5.25 m C i /  

mmol); mp 236-238"; the radiochemical and chemical p u r i t i e s  99% on both rad io -  

TLC ( s i l i c a  ge l ,  butanol/acetone/ethanol/water=l/l/l/l, Rf-value=0.41) and h igh 

pressure l i q u i d  chromatography [column: Zipax SAX (1  m x 2.1 mm I.D.,  Du Pont 

Instruments Inc., Wilmington, Del . ) ;  column temperature: 40"; pressure: 100 

C Sodium (1) -- Apa lc i l l i n -14C triethylammonium (1)(14.3 m C i ,  1.65 
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kg/cm-’; mobile phase: 0.01 M c i t r i c  acid-0.03 I4 sodium n i t r a t e  aqueous s o l u t i o n  

(pH 4.0); f l ow  ra te :  0.8 ml/min; r e t e n t i o n  time: 20.1 min]; I R  wmax ( n u j o l ) :  

1650 and 1770 cm-’ (C=O) .  The product was i d e n t i c a l  i n  every respect  w i t h  the 

un labe l l ed  au then t i c  sample. 
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