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ABSTRACT 
Low molecular weight derivatives of procainamide, with a terminal functio- 

nal group have been prepared. The synthesis and characterization of the succi- 
nic half-amide respectively of N-(w-amino alkanoy1)derivativea of the parent 
drug are reported. 

INTRODUCTION 
In the past decadas there has been an increasing interest in optimizing 

the efficiency of existingdrugs through chemical transformation of the parent 
drug into so-called prodrugs, defined as drug derivatives, from which upon ad- 
ministration the parent compound is being liberated. Prodrugs can be low mole- 
cular weight as well as macromolecular derivatives. The latter can be obtained 
either by converting the drug into a polymerizable derivative or by binding the 
drug or a derivative thereoff onto an existing polymer. As part of a current 
researchproject on polymeric drugs we have been interested in the preparation 
of various derivatives of procainunide (I), a cardiac depressant. 

Procainamide (I) 

A number of low molecular weight derivatives have been prepared, mainly as in- 
termediates used for subsequent transformation into macromolecular substances. 
The synthesis and biological evaluation of some polymerizable derivatives of 
procainunide have been discussed in previous 
we wish to report the synthesis and characterization of a series of non-polyme- 
rizable derivatives. 
functionality of the drug as a m a n s  to enhance the coupling possibilities with 
various polymers suitable as drug carriers. So the aniline function of the 
drug was sub8tituted with groups having a terminal carboxylic, or primary amino 
function. These modifications allow binding with polymers having amino, hydro- 
-1, aldehyde or carboxylic s i d e  groups. 

In the present paper 

These derivatives were prepared in order to change the 
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EXPERIMENTAL PART 
1. Preparat ion of procainamido f r o e  bane 

hydrochloride (S iegf r ied ,  CH-aofingur) l a  added dropwire to  a 58 rodium hydroxi- 
do so lu t ion .  
layor  i r  dried over calcium rulphato. On concsnt ra t ing  the  chloroform r o l u t i o n ,  
procainamido r tartr  p r o c i p i t a t i n g  am c o l o u r l o r r  needles. 
t i n g  poin t  wan 73.5OC. 

2. Preparat ion of tho r u c c i n i c  half-amide of procainamide 
To a rtirred s o l u t i o n  of 3 g (0.013 molo) procainamide bas., diaaolved i n  

100 m l  of an anhydrour 50/50 m i x t u n  of N,N-dinnthylformamide and mothylene 
chlor ido,  ir added 2.6 g (0 .025 mole) rucc in ic  anhydride. After 30 minutea a 
w h i t e  product start. t o  p r o c i p i t a t o .  The roac t ion  mixture i s  rtirred a t  r o o m -  
tomporaturo for about 20 h. The white p r e c i p i t a t e  i r  i r o l a t e d  by f i l t r a t i o n ,  
warhod w i t h  rmall por t ionr  of methylene ch lor ide  and f u r t h e r  p u r i f i e d  by redir- 
solving i n  ethanol/water (90/10) and p r e c i p i t a t i n g  i n  d ie thyle ther .  The yie ld  
is 3.6 g (85  0 ) .  

3. Preparat ion of N-chloroacotyl procainamide 
A r o l u t i o n  of 10 g (0.043 mole) procainamido bane i n  100 m l  anhydroua chlo- 

roform i r  addod dropwiro t o  an ice-cooled aolu t ion  of 5.5 g (0.049 mole) chlo- 
roacotyl  ch lor ide  (Aldrich-Europo, Beerae) i n  50 ml chloroform. Tho reac t ion  
mixturo i r  rtirred for 16 h. a f t o r  which 100 m l  of dry ether l a  added. The pre- 
c i p i t a t o  i r  i r o l a t e d ,  warhed wi th  small por t ionr  of e t h e r  and dried under va- 
cuum. The y i e l d  im 13 g (95 t ) .  

4. Preparat ion of N-glycylprocainamide 

water  mixturo (90/10).  The r o l u t i o n  i s  aa tura ted  with ammonia and t r a n r f e r r e d  
i n t o  a 100 m l  thick-walled g l a r r  tub. which i r  rubrequent ly  realed and placod 
i n  a waterbath thermortat tod a t  6OoC. A f t e r  24 h. the reac t ion  mixture i r  coo- 
lod to  room temperature and tho tub. in openod. 
rotary ovaporator and tho  ra r idue  is dirmolwd i n  25 m l  anhydrour othanol. 
Hydrogon chloride gaa i r  parred  through the ro lu t ion .  
t a t e  i r  i s o l a t e d  and rOCry8tallirOd twice from anhydrous ethanol. 
a f t o r  p u r i f i c a t i o n  l a  2 . 2  g (45 8 ) .  

5. Preparat ion of N-(w-aminoa1kanoyl)procainamide. 

noyl) and N-(11-amino undocanoy1)procainamido t h e  8aQe roac t ion  procedure was 
followed. The s y n t h e r i s  of N-(6-aminohexanoyl)procainamido 1s given am an exam- 

A concontrated aqUOOU8 r o l u t i o n  of  the commorcially ava i lab lo  procainamida 

The t u r b i d  mixturo 10 oxt rac tod  with chloroform and t h e  organic  

Tho uncorrected mol- 

5 g of the  ch loroace ty l  d o r i v a t i v e  is di r ro lved  i n  25 m l  of an ethanol /  

The ro lvent  in romoved on a 

The y i e l d  
The r e s u l t i n g  prec ip i -  

For tho  preparat ion of N-(l-amino butanoyl) ,  rorpec t ive ly  N-(6-amino hexa- 

p le .  

a) p,r~~ear.tlon-o2,N=~t.,rt~b~to~~~~~nY~L~6~~lnoh~~nol~-~sla a 
To a r o l u t i o n  of 5 g (0.038 molo) 6-aminohoxanoic acid (Aldrich-Europe, 

8-Boorro) i n  40 m l  water / tor t .butanol  (50/50) is added 10 g (0 .045 mole) of 
d i - tor t .bu ty1  dicarbonato (Aldrich) .  Tho reac t ion  mixture is stirred during 
20 h. a t  room-tomporature. Subrequontly tho  ro lvont  i r  evaporatmd a t  roduced 
prerruro.  Tho product 18 rodirrolvod i n  wator, #odium hydroxido ir  addod and 
t h e  ro lu t ion  is ext rac tod  with o thyl  ace ta to .  The wator layer  is collocted and 
acidified w i t h  hydrochlor ic  acid and aga in  oxt rac ted  w i t h  o t h y l  aco ta to .  The 
organic  layor  is col loc tod  and the ro lvent  i r  ovaporated. A n  o i l y  product is 
obtained which alowly c r y r t a l l i a o r  on s tanding.  The y i e l d  i r  0 g (90 8 ) .  

b) PE.eaEaf~on-o_f_N~J6~1N:=t,buto~yc.rbonYl-.Polnoh~xanoYlLeios~i~amiar : 
To a r o l u t i o n  of 5 g (0 .022 molo) of tho  proviour product i n  dry methylono 

chlor ido i r  added 5.7  g (0.024 molo) procainamido fro. base and 0 . 7  g (0.006 
mole) dimrthylaminopyridino. Tho r o l u t i o n  i r  coolod i n  an ico-bath and 6.0 g 
(0.033 molo) N,N'-dicyclohoxylcarbodiImide i r  added. The s o l u t i o n  is r t i r r o d  
during 2 h. a t  O°C and then for 20 h. a t  room-tomporaturo. The p r e c i p i t a t o d  
dicyclohexylureum i r  ruwvod by f i l t  a t i o n .  The s o l u t i o n  i r  e x t r a c t e d  (3x) 
w i t h  hydrochlor ic  acid r o l u t i o n  (10-5 N). Tho water layor  im adjur tod  t o  pH 
10 w i t h  rodium hydroxido and then oxt rac ted  with e thylacota te .  The rolvont  im 
romoved by evaporation. 
t i o n  r tep .  

The o i l y  r e r i d u e  i r  used d i r o c t l y  for the next  raac- 
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c )  pr~p2_ra_tion_of_N=lp=cMlinohexanoy1LeropaincMlid~ I 

The previous product is disso lved  i n  acetic ac id .  Hydrochloric a c i d  gas  
is slowly passed through t h e  s o l u t i o n  during 30 minutes. S t i r r i n g  is continued 
for 2 h. The so lvent  is removed on a r o t a r y  evaporator .  From t h e  res idue  t h e  
reac t ion  product is i s o l a t e d  by prepara t ive  column chromatography on s i l i c a g e l .  
I n i t i a l l y  a 0.5 8 s o l u t i o n  of  ammonia i n  e thanol  is used as eluens.  Af te r  e lu-  
t i o n  of a l l  procainamide, t h e  concentrat ion of ammonia is increased t o  1.25 8. 
The composition of t h e  e l u t i n g  so lvent  is monitored by means of t h i n  l a y e r  chro- 
matography on s i l i ca  p l a t e s  (Harck). Ethanol, containing 1.25 b ammonia, is 
used as so lvent  system. The RF-values f o r  procainamide, r e s p e c t i v e l y  t h e  desi-  
red reac t ion  product  are 0.65, resp.  0.30.  A l l  f r a c t i o n s  containing only t h e  
des i red  reac t ion  product are col lec ted .  The so lvent  is evaporated a t  reduced 
pressure.  A white  s o l i d  is obtained ( y i e l d  : 3 . 3  g ,  4 3  8 ) .  

RESULTS AND DISCUSSION 

A carboxyl-terminated d e r i v a t i v e  of procainamide w a s  prepared by succiny- 
l a t i o n  of the a n i l i n e  funct ion of t h e  drug. 
Reaction of t h e  drug with ch loroace ty l  ch lor ide  l e d  t o  t h e  corresponding chlo- 
roacetyldrug der iva t ive .  
g lyc ine  d e r i v a t i v e .  O t h e r  amino terminated d e r i v a t i v e s  were prepared s t a r t i n g  
from w-amino carboxyl ic  a c i d s  and t h e  parent  drug. 
r i z a t i o n  of t h e  above mentioned procainamide d e r i v a t i v e s  w i l l  now be discussed 
i n  d e t a i l .  

Treatment of t h e  l a t te r  with ammonia y i e l d s  t h e  N- 

The s y n t h e s i s  and characte-  

1. Synthesis  o f  t h e  s u c c i n i c  half-amide of procainamide 
Procainamide ( f r e e  base) r e a c t s  amoothly with succ in ic  anhydride with for-  

mation of t h e  corresponding half-amide ~N-(3-carboxypropionyl)procainamide, 11). 

The s t r u c t u r e  of  t h e  reac t ion  product was charac te r ized  by means of 360 M H t  'H 
NMR spectroscopy. The NMR d a t a  are summarized i n  Table 1. 

Table 1 
NMFt Parameters") of t h e  s u c c i n i c  half-amide of procainamide. 

E5L 

H- 1 
H-2 
8-3 
H- 4 
H-5.5: 
H-6.6 
H-7 
H-8 

1.37 
3.30 
3.39 
3.74 
7.75 
7.54 
2.66 
2.54 

Bolvmnt D20. 
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The p a t t e r n  of  t h e  NI(R a igna la  f o r  t h e  a i c c i n y l  mothylene proton. ia a t rongly  
inf luenced by lowering t h e  pH. 
t r i p l e t .  f o r  t h e  m t h y l e n e  proton. 2 and 
a t  2.75 ppm. 

Upon addi t ion  of deuterium chlor ide ,  t h e  two 
are replaced by one r i n g l e t  appearing 

n 

2. Synthesia of N- (w-amino alkanoyl) procainamide d e r i v a t i v e s  

aubs t i tu ted  on t h e  procainamide a n i l i n e  group. 
preaented a s  followa I 

A number of  amino terminated alkanoyl groupa of varying length have been 
There general  s t r u c t u r e  can be 

P n2u- ( c H ~ )  n-c- NHR 

1 3 5  10 

where R-NH2 repreren ta  procainamide. 

Aa pointed o u t  before  t h e  o b j e c t i v e  of t h e  prepara t ion  of t h e  preaent ly  deacr i -  
bed d e r i v a t i v e s  is t o  ob ta in  procainamide d e r i v a t i v e s  a b l e  t o  be covalent ly  l i n -  
ked t o  a u i t a b l e  polymera. The introduced aubat i tuents  w i l l  a l a o  funct ion aa a 
apacer group i n  between t h e  drug moiety and t h e  macromolecular carrier. 
length of  t h i s  group may g r e a t l y  inf luence  t h e  b io logica l  a c t i v i t y  of t h e  f i n a l  
product4 ’. 

The 

a) y=glygyl,prgcgln&&? (n - 1) : 

with chloroacetylchlor ide and aubaequent t reatment  of  the formed chloroace ty l  
procainamida (111) with an exceaa ammonia I 

The N-glycyl procainamide ( I V )  wan prepared by reaction of procainamide 

CHCl 
I + C1-CH2-C-C1 +> 

EtOH/H20 

I11 + NH3 ~*> 
(excess) 

The s t r u c t u r e  of t h e  reac t ion  products wae confirmed by NMR. 

tons i n  a-posi t ion of t h e  ch lor ine  (product 111) appear a s  a e ingule t  a t  4 .2  
ppm ( D 2 0 ) .  The i n t e g r a t i o n  accounta f o r  2 protons p e r  procainamide res idue ,  
proving t h e  p u r i t y  of t h e  reac t ion  product. In  c a m  of the  g lycyl  d e r i v a t i v e  
t h e s e  methylene proton. f o r  the f r e e  base form, respec t ive ly  t h e  f u l l y  protona- 
t e d  form show up a t  3.45 ppm (CDCl3) , resp.  4.03 ppm ( D 2 0 ) .  

The methylene pro- 
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b) N = ~ w = . m i n o a ~ k a n o Y l r E I o ~ a ~ ~ ~ - d ~ - d ~ y l v a ~ i V e l - ~ n - > _ l r  8 

The o t h e r  amino-terminated d e r i v a t i v e s  ( V - V I I )  were prepared s t a r t i n g  from 
procainamlde and t h e  ApprOptiAt. w-AminO CArboxyliC a c i d  according t o  t h e  reac- 
tionscheme given below : 

n-1 

n- 3 

n - 5 

c1- 

6 2  
2 1  

t . B U O H / H ~ O  0 
Y > t-Boc-NH-(CH2)nCOOH + C02 

P 
H2A-(CH2),-C-OH + (t.Bu-O-C)-20- 

+ precdlunide 
m2 
+ 

D c c + w  

R-H2ACH2- (111) 

H2NCH2-CH2-CH2- (Iv) 
1 

2 1 1  
H2NCff -CH2-CH2-CH2-CH2- ( V )  

l12102 1 1 - 

0 
I 

4 
H C 1  

HOAc 
f- t-Boc-MI- (CH2)n-c-o-NHR 

V (PP) : 

H-1 I H-2 11-3 I 8-4 I H-5 I H-6 

1.31 3.31 3.43 I 3.78 I 7.80 I 7.60 
I I 

I 1 I 

I n  t h e  f i r s t  s t e p  of t h e  reac t ion  sequence t h e  amino group was pro tec ted  usinq 
d i - te r t -buty l  dicarbonate .  Coupling of t h e  carboxyl ic  acid with the a n i l i n e  

carbodiimide (DCC) AS coupling agent .  To improve t h e  y i e l d  of t h i s  r e a c t i o n  

nyl  group (t-Boc) was removed under mild condi t ions.  The r e s u l t i n g  reac t ion  
products were p u r i f i e d  v i a  prepara t ive  Adsorption chromatography on s i l i c a  ge l .  

zed by me~ns  of NPlR spectroscopy. The NMR parameters of t h e  w-amino alkanoyl  
d e r i v a t i v e s  a r e  summarized i n  Table 2 .  

group Of prOCAiIlAmide W a s  performed i n  mathylene ch lor ide  using dicyclohexyl  

4- (N,N-dimethylamino) pyr id ine  ( D W )  WAS added. The p r o t e c t i v e  t-butoxy Carbo- 

The s t r u c t u r e  Of t h e  Intermediates  AS w e l l  AS th0 end products  WAS ChArACteri- 

J (Hz) : 

3J(1,2): 7.2; 3J(3s4): 6.2; 3~(5 ,6 ) :  8.5 

8-7 1 H-6 1 H-9 I H-10 I €I-11 I 

2.51 I 2.04 I 3.05 I - I - I 
2.46 I 1.71 I 1.45 I 1.71 I 3.03 I 
2.39 I 1.58 I 1.2 

4.02) - ' - I - I - ' 
I 1.58 I 2.97 

Product 

- 
111-VI I  - 

I11 
rv 
v 

V I  

3J(7.8): 7.5; 3J(8,9): 7.7 
3J(718): 7.3; 3J(8,9): 7.0; 3J(9,to): 7.0 
3J( 7.8) : 7.2; 3J( 10.1 1 ) : 7.5?' lo * : 7' 5' 

I) P o r f o ~ d  with 360 HtIz 'H NMR, in D20 
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