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Synthesis and Hydrolysis of Polymers Having 
Anesthetic or Amantadine Residues in 
Sidechains 

KAZUO SUGIYAMA 

Faculty of Engineering 
Kinki University 
Hiro-Machi, Kure-shi, Hiroshima 737-01, Japan 

A B S T R A C T  

The polymerizable derivatives of chemotherapeutic agents such 
as benzocaine, procaine, and amantadine were prepared and free- 
radical copolymerized with styrene o r  methyl methacrylate in 
o r d e r  to obtain polymers with pharmacological activity and in- 
creased duration of action of the drugs. The monomeric and poly- 
mer i c  derivatives were subjected to hydrolysis in vitro in o rde r  
to measure the release of the active ingredient. 

I N T R O D U C T I O N  

A s  the retention of drugs in the body can be increased by use of 
macromolecular controls, much interest  has been manifested recently 
in the synthesis of pharmacologically active macromolecular com- 
pounds which are able to release the free d rug  component by enzymatic 
degradation o r  hydrolysis [ 1, 21. A hydrolyzable bond between drug 
and macromolecules is required i f  the drug is active only in i t s  free 
form. The macromolecule-drug complex then acts as a r e se rvo i r  and 
can be considered a macromolecular prodrug. In such polymers the 
chemotherapeutic agents are fixed either directly o r  by means of 
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1156 SUGIYAMA 

spacer  groups to c a r r i e r  macromolecules such as starch [3-61, pro- 
tein [?, 81, and vinyl [9-151 o r  other [16-191 synthetic polymers. In 
the present work, benzocaine and procaine, well-known local anes- 
thetics, and amantadine, a known antiviral agent, were modified o r  
provide polymerizable derivatives for making the macromolecular 
prodrug with possibly prolonged activity. 

E X P E R I M E N T A L  

M a t e r i a l s  

Benzocaine hydrochloride (ethyl 4-aminobenzoate) and procaine 
hydrochloride (2- (diethy1amine)ethyl 4-aminobenzoate) were commer- 
cial  products of the highest purity available (Aldrich, Merck). Meth- 
acrylyl chloride was prepared from methacrylic acid and benzoyl 
chloride [201. 

P r e p a r a t i o n  of M o n o m e r i c  D e r i v a t i v e s  W i t h o u t  
S p a c e r  G r o u p ,  1. 100 mmol of drug was dissolved in 300 mL 
freshly distilled chloroform and 120 mmol triethylamine. Then 5 mg 
1,4-benzoquinone w a s  added with s t i r r ing  and cooling a t  O"C, and 120 
mmol methacrylyl chloride was dropped into the solution. After 
stirring 1.5 h a t  O"C, -200 mL water was added to the reaction mix- 
ture. The chloroform layer  was washed with water and evaporated to 
dryness. The sticky residue obtained was left to crystallize for a 
week a t  0°C and recrystallized from ethanol-ether. 
- la: mp 106-108"C, yield 88.4%. NMR (CDC13), 6 (ppm): 1.3 ( t ,  

3H,CH CH ), 2.0 (s,3H,CI13), 4.4 (q,2H,CH2CH3), 5.4 (m,lH,H-CH=), - 
6.7 (m,lH,H-CH=), 7.5-8.2 (q,4H,aromatic), 8.4 (br,lH,CONH). 
C13H15N03-= 233.267. Calculated: C:H:N = 66.96:6.48:6.00% Found: 
C:H:N = 66.24:6,54:5.86%. 

lb: mp 78-8OoC, yield 57.2%. NMR (CDC13), 6 (ppm): 1.4 ( t ,  

6H,CH2C€13), 2.0 (s,3H,CH3), 2.7 (q,4H,C€i2CH3), 2.8 ( t,2H,CH2C€12N), 
4.4 (t,2H,C€f2CH2N), 5.5 (m,lH,H-CH=), - 6.8 (m,lH,H-CH=), - 7.8 (9, 
4H, aromatic), 8.3 (br,lH,CONH). C17H24N203 = 304.389. Calculated: 
C:H:N = 67.08:7.97:9,20%. Found: C:H:N = 67.56:7.75:9.16%. 
- lc:  104-105"C, yield 53.2%. NMR (CDC13), 6 (ppm): 1.7 ( 6 ,  

3H,C€f3), 1.5-2.3 (m,15H,adamantyl), 5.3 (m,lH,H-CH=), 6.5 (m,  
lH,H-CH=). C14HZ1NO= 219.330. Calculated: C:H:N = 76.67:9.65: 
6.39% Found: C:H:N = 76.5S:9.45:6.42%. 

mL dry benzene was heated under reflux for 10 h, during which t ime 

2 -3 

P r e p a r a t i o n  of  I m i n e ,  3. 50 mmol vanillin and drug in 300 
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POLYMERS WITH ANESTHETIC OR AMANTADINE RESIDUES 1157 

an equimolar quantity of water was collected in a Dean-Stark trap. 
After removal of the solvent, the pure imine was obtained in above 
90% yield by recrystallization from ethanol. 
- 3a: mp 148-149°C. NMR (CDC13), 6 (ppm): 1.4 (t,3H, CH2C€13), 

3.9 (s,3H,0CH3), - 4.2-4.6 (q,2H,CH2CH3), 7.1-8.3 (m,7H,aromatic),  
8.4 (s,lH,Cg=N). C17H1,N04 = 299.326. Calculated: C:H:N = 68.22: 
5.72:4.68%. Found: C:H:N = 67.83:5.53:4.73%. 
- 3b: mp 86-88°C. NMR (CDCl,), 6 (ppm): 1.1 (t,6H,CH2C€13), 2.6 

(q,4H,C€12CH3), 2.9 (t,2H,CH2Cg2N), 3.9 (s,3H,0C€13), 4.4 (t,2H,CH2 
CH2N), 7.4 (q,4H, aromatic),  6.8-8.1 (m,3H, aromatic), 8.3 (s,lH,Cg=N). 

C21H26N204 = 362.477. Calculated: C:H:N = 69.59:7.23:7.73%. Found: 

C:H:N = 69.30:7.00:7.95%. 

adamantyl), 3.5 (s,3H,OCH ), 6.4-7.4 (m,3H,aromatic), 7.8 (s , lH,  
CH=N). - C18H23N02 = 285.391. Calculated: C:H:N = 75.76:8.12:4.91%. 
Found: C:H:N = 75.55:7.85:4.90%. 

P r e p a r a t i o n  of  M o n o m e r i c  D e r i v a t i v e s  w i t h  S p a c e r  
G r o u p , 2 .  30 mmol of 3 was dissolved in 200 mL dry chloroform 
and 36 mmol tr iethylaminc Then 5 mg 1,4-benzoquinone was added 
while s t i r r ing and cooling a t  O"C, and 36 mmol methacrylyl chloride 
was slowly added to the solution. After s t i r r ing for 1.5 h a t  O'C, 200 
mL water was added to the reaction mixture. The chloroform layer 
was washed with water and evaporated to dryness. The product ob- 
tained was recrystallized from ethanol and ether. 

- 3c: mp 147-148°C. NMR (CDC13), 6 (ppm): 1.3-2.3 (m,15H, 

-3 

- 2a: mp 93-94"C, yield 33.4%. NMR (CDCl3), 6 (ppm): 1.3 (t,3H, 

( m ,  lH,H-CH=), 6.4 (m,  lH,H-CH=), 7.0- 8.2 (m,7H, aromatic), 8.4 (5, 
lH,CH=x). - C21H21N05 = 337.401. Calculated: C:H:N = 68.65:5.76: 
3.81%. Found: C:H:N = 68.55:5.90:3.80%. 
- 2b: mp 86-88"C, yield 30.4%. NMR (CDC13), 6 (ppm): 1.3 (t,6H, 

CH2C€13), 2.2 (s,3H,C€i3), 2.7 (q,4H,C€12CH3), 3.0 (t,2H,CH2C€12N), 
3.9 (s,3H,0CH3), - 4.5 (t,2H,C€12CH2N), 5.7 (m,lH,H-CH=), - 6.3 (m,  
1H,H-CH=), 7.5 (q,4H,aromatic), 7.1-8.2 (m,3H,aromatic),  8.4 (9 ,  
lH,CH=N). - C25H30N205 = 438.524. Calculated: C:H:N = 68.47:6.90: 

6.39%. Found: C:H:N = 68.01:6.80:6.50%. 
- 2c: mp 117-119"C, yield 46.2%. NMR (CDC13) 6 (ppm): 1.5 ( t ,  

3H,CH3), - 1.6-2.3 (m,l5H,adamantyl), 3.7 (s,3H,0CH3), - 5.5 (m,lH,  
- H-€H=), 6.3 (m,  lH,H-CH=), - 6.9-7.5 (m,3H, aromatic), 8.1 (s, lH,  

CH2CH3), 2.1 (s,3H,CH3), - 3.8 (s,3H,OCH3), - 4.4 (q,2H,C€I2CH3), 5.6 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1158 SUGIYAMA 

CH=N). C H NO = 353.467. Calculated: C:H:N = 74.76:7.70:3.96%. 
Found: C:H:N = 74.55:7.81:3.75%, 

22 27 3 - 

P o l v m e  r i z  a t i o n  P r o  c e d u  r e  

15 mL dimethylsulfoxide solution containing the required amounts 
of monomeric drug derivative, comonomer, and 0.01 g azobisisobutyro- 
nitrile (AIBN) in a glass tube was degassed by the freeze-thaw tech- 
nique using a Dry-Ice/methanol bath and sealed in vacuo. The sealed 
tube was shaken a t  60°C. After polymerization for 3.5-6 h, the con- 
tent of the tube was poured into a large amount of methanol ( o r  petro- 
leum ether)  to precipitate the polymer. The intrinsic viscosities [ql 
of the polymer were determined in dimethylformamide (DMF) a t  30 C 
with an Ubbelohde viscometer after recrystallization from DMF-meth- 
anol. The composition ratios of the copolymers were calculated from 
the nitrogen content as obtained by elemental analyses. 

H y d r o l y s i s  P r o c e d u r e  

A known amount of sample was sealed in a small  packet made of 
filter paper (Toyo No. 5C). The packet was then placed in a 100-mL 
Erlenmeyer flask containing 30 mL of an aqueous solution with a spe- 
cific pH. The flask was shaken in a thermostat maintained a t  37°C. 
After hydrolysis for a given time, the aqueous layer was made basic 
and extracted with chloroform. The degree of hydrolysis was followed 
by the determination of the amount of drug in the chloroform, using 
calibration curves obtained independently against an internal standard, 
with a Shimadzu LC 5A HPLC (Column Zorbax sil 4.6 mm X 25 cm 
P.N.). The calibrations were as follows: 

y = 0.1859~ + 0.0113 for benzocaine (internal standard: 

y = 0.000952~ - 0.01779 for procaine (internal standard: 

y = 0.0102~ - 0.0025 for amantadine (internal standard: 

thianthrene ) 

thianthrene) 

p-aminoethylbenzoate) 

where x and y a r e  the molar ratio in the feed (drug/standard) and 
the ratio of the a r e a  obtained from HPLC, respectively. 
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POLYMERS WITH ANESTHETIC OR AMANTADINE RESIDUES 1159 

R E S U L T S  A N D  D I S C U S S I O N  

P r e p a r a t i o n  a n d  H y d r o l y s i s  of M o n o m e r i c  
D e  r i v  a t i v e  s 

Polymerizable derivatives of the drugs,  1, were prepared by direct  
acylation of the amino groups of the drugs with methacrylyl chloride. 
Unsaturated derivatives containing the drug covalently fixed through 
vanillin as a spacer group, 2,  were also synthesized in order  to study 
the effect on the rate  of release of the drug (Scheme 1). 

In order  to obtain basic information for the macromolecular pro- 
drug, hydrolysis of monomeric derivatives - 1 and - 2 was first carr ied 

Polymerizable drug 
group 

C H 3 0  
Polymeri: space r  i drug  
zab le  j group : 

SCHEME 1. 
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1160 SUGIYAMA 

out heterogeneously in the pH range 1-7.5 a t  37°C. These compounds 
a r e  expected to be the active ingredient releasing the drug and, there- 
fore, solutions of pH 1 and about 7 were employed to simulate the pH 
of gastric juice and saliva, respectively. The hydrolysis of polymer- 
izable anesthetic monomers was first carried out at 37°C) varying the 
pH. Both derivatives with spacer groups (2a and 2b) hydrolyzed to 
give the anesthetic in large yield a t  pH 1, a s c a n  b r s e e n  in Figs. 1 
and 2. On the other hand, the rate of hydrolysis of the directly fixed 
drugs ( la  and lb)  was low and hardly affected by the pH of the reac- 
tion media. Accordingly, these monomeric drugs with spacer groups 
will be appreciably hydrolyzed in gastric juice, but will  not be hydro- 
lyzed by saliva. The rate of drug release from each monomer and re- 
action time are  shown in Fig. 3. The rate of hydrolysis of monomeric 
derivatives with spacer groups 2 was found to be very fast, while that 
of hydrolysis of derivatives witFout spacer group 1 was found to be 
slow. Consequently, the susceptibility of polymerrzable derivatives 
to hydrolysis is greater when spacer groups are present. The rate 
of drug release of - 1 is too slow for practical purposes. 

50 rn 

40 ' 
be 
E 

-0 

m aJ 
aJ L 

aJ 

4u 
V 
0 
N 
K 
W 

.r 

," 30 - 
7 

*E 20 . 

m 

10 ' 

0 1  2 3 4 5 6  7 8 

PH 

FIG. 1. Effect of pH on the hydrolysis of monomeric benzocaine 
derivatives without spacer la ( 0 )  and with spacer 2a ( 0 )  a t  37°C for 
6 h. Sample: 50 mg. 
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W 
L 

W c .- 
m 
U 
0 L 
a 

0 1  2 3 4 5  6 7 8 

PH 

FIG. 2. Effect of pH on the hydrolysis of monomeric procaine 
derivatives without spacer - lb ( 0 )  and with spacer - 2b ( 0 )  a t  37°C 
for 6 h. Sample: 50 mg. 

P r e p a r a t i o n  a n d  H y d r o l y s i s  of P o l y m e r i c  
D e r i v a t i v e s  

The monomeric derivatives were free-radical copolymerized with 
styrene (ST) and methyl methacrylate (MMA) to obtain the polymeric 
drugs. All  of these macromolecular prodrugs were soluble in polar 
aprotic solvents, such as dimethyl formamide, dimethylsulfoxide, and 
hexamethylphosphoramide, but insoluble in benzene, ethanol, and di- 
ethyl ether. Characterization data are shown in Table 1. 

The polymeric derivatives were also hydrolyzed heterogeneously 
a t  37°C for 24 and 4 8  h in order  to study their potential use as the 
macromolecular prodrugs for the controlled slow release of active 
ingredients (Table 1). It was found that the copolymers with MMA 
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$ 40 
m 
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m 2 30 
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10 

I 7 A _ .  

0 
0 2 4 6 8 10 

Time ( h r )  

FIG. 3. Hydrolysis of monomeric d rug  derivatives without spacer  
- 1 (0 ) and with spacer  - 2 ( 0 )  a t  37"C, pH 1.. Sample: 50 mg. 

tend to be hydrolyzed more easily than those with ST. This might be 
because poly (methyl methacrylate 1 is more permeable to water than 
is poly(styrene) [21]. It was also found that the hydrolysis of copoly- 
m e r  with 2 occurred more easily than that of copolymer with 1. As 
for  the monomers, the spacer  group works effectively in all oT the co- 
polymers. These macromolecular prodrugs are then hydrolyzed acid- 
catalytically by gastric juice to remove local anesthetic o r  amantadine, 
nontoxic vanillin, and polymeric carrier residue. 

lin as a spacer  group plays an important role in hydrolysis, 2) these 
prodrugs can be hydrolyzed by gastric juice to give the free drug, 3 )  
they a r e  expected to increase the duration of drug action by controlled 
slow release of drug even though the prodrugs were not examined in 
vivo. 

The conclusions to be drawn from results are as follows: 1) vanil- 
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