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Recently there has been significant interest  in the reversible  chemical modification of drug prepara-  
tions to form what are  called p recursors  (prodrugs), which, upon introduction into an organism, cleave to 
produce the original preparation in unchanged form [1-3]. 

Interest  in precursors  is explained by the fact that, with their  help, and without changing the structure 
of the active starting material ,  it is possible to influence the fate of the drug in the organism, to modify its 
distribution in t issues,  to localize it in a par t icular  organ, and to change the rate of absorption and removal 
f rom the organism. In short,  p recursors  make possible the attainment of the goal of changing the pharmaco- 
kinetics of drugs [4]. 

Reversible chemical modification usually is brought about by means of groups available in the drug; OH, 
COOH, CO, NH2, NH [5, 6]. However, in some cases,  the desired result  is not attainable, ei ther as a result  
of high stability of the formed bond, or  because of side reactions. Moreover,  the indicated functional groups 
are  not present  in many drug substances. In connection with this great  interest ,  the modification of drugs 
through changes in a t e r t i a ry  amino group could be a possibility. This pr imar i ly  refers  to psychotropic sub- 
stances, analgesics, chelinolytics, and other materials  not carrying another hmctional group apart from the 
t e r t i a ry  amino group. Examples of the preparation of drug precursors  by means of the te r t ia ry  amino group 
are  absent from the l i terature.  

One method of modifying such compounds is by alkylation of the te r t i a ry  amino group to give the quater- 
+ 

nary ammonium salt (QS), in which the newly formed --C--N bond may be sufficiently labile. 

It is known that QS carrying alkyl or aryl  radicals are  stable and dealkylatable only under strenuous 
conditions, while salts carrying the alkoxymethyl radical cleave under more gentle conditions (alcoholic me-  

+ 
dinm, 60-80~ [7]. According to [7], it is necessary  that the Q S - N - C H 2 0 - b o n d  be very highly reactive to 
give cleavage to the initial t e r t i a ry  amine. The behavior of these QS in aqueous medium has not been studied. 

On the basis of the l i terature data, we selected as alkylating agents halomethylated es ters  and ethers 
of the general formula HlgCH2OY , where Y = Alk, CoAlk, and CoPh. The te r t i a ry  amines used were sub- 
stances of a variety of chemical s t ructures ,  representing different groups of pharmacologically active com- 
pounds, cholinolytics (diferidin, etc.), cholinomimetics (aceclidine), neuroleptics (chlorpromazine, amitryp-  
tyline), antieholinesterases (galanthamine), antihistamines (dimedrol), analgesics (codeine), etc., as well as 
some model substances of related structure (Table 1). 

Alkylation with halomethyl ethers proceeded quantitatively in nonpolar aprotic solvents at 5-20~ in 1 h 
to form the QS with the following structure:  

§ 
(RIR2R3NCH~OR) X, 

where R1R2R a are substituents on the quaternary nitrogen atom of the starting drug (see Table 1). 
§ 

R ~ CHa, [CH (CHa) CHzCH2OCH~NR1R2Ra]X, [(CH~)a OCH2NR1R~R3] X. 

As expected, the halomethyl es ters  showed a lower reaction rate. They alkylated at 25-60~ in polar  
aprotic solvents. The length of t ime for  alkylation varied from several  hours to several  days. An increase 
in the reaction temperature  above 60~ resulted in the partial  thermal  decomposition of the a -ha loes te r  and 
produced HC1, which marl~edly decreased the yield of QS. 
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TABLE 2. Aqueous Solubility of Starting 
Mater ia ls  and The i r  Quaternary  Salts 

Compound 
Temp., Solubility, % 

~ pH 4,6 pH 6,7 I~H 8,1 

Tsiklozil 
QS XI 
Diferidin 
QS XIX 

20 
20 

100 
20 

I 268 I046 
Unlimited 

- -  [ 10" - -  
Unlimited 

* Data f rom the "Farmakon"  plant ,  Lenin-  
grad.  

The ha loes t e r  alkylation was significantly influenced by the bas ie i ty  of the t e r t i a r y  amino group and its 
s t e r i c  access ibi l i ty .  P repa ra t ion  of QS f rom amines with low basici ty  (nikethamide, pK a 3.7; caffeine,  pK a 
0.61~ is not possible.  This react ion does not take place with s te r ica l ly  hindered amines,  yet  the iodomethylates 
of such compounds have been desc r ibed  [8]. 

All of the synthesized Q8 are  co lo r less  c rys ta l l ine  substances ,  eas i ly  soluble in water ,  alcohol, DMSO, 
DMF, and poor ly  soluble in acetone,  ace toni t r i le ,  and e ther .  Compounds I, III, V, and XVcontaining the alk-  
oxymethyl  radica l  on the ni t rogen a re  v e r y  hygroscopic ,  and upon s torage  in a de s s i ca to r  decomposed fa i r ly  
rapidly,  sal ts  containing the acyloxymethyl  radica l  were  usual ly not hygroscopic  and were  stable on s torage 
under  the usual  conditions. 

A dist inctive p rope r ty  of QS containing the acyloxymethyl  radicals  is t h e i r  easy  solubility in water ,  
s ignificantly exceeding that of the s tar t ing compounds with t e r t i a r y  ni trogen atoms (Table 2). 

The s t ruc tu re s  of mos t  of the synthesized QS were  conf i rmed by PMR spect ra l  data,  taken in D20 , 
DMSO-dG, and CDaOD. The PMR spec t ra  of these  compounds showed a singlet  in the 5.1-5.4 ppm region c o r -  

+ 
responding to protons of the --N--CH20-- group which is cha rac te r i s t i c  of the pIViR of these  compounds. F o r  
example,  the most  cha rac t e r i s t i c  signals fo r  the chemical  shifts (~, ppm) for  compounds VII and XI are:  

§ a ~ § § 
Group __ C._ Ci_la N ~CHa)2 OCH oCH,:N N--CH~O :CHe C6H5 

6, ppm 1 , 9 5 - -  ~ s 
2,08 / 

3,10-- 
3,20 } s 

3,7-- }m 
a 3,9 

4,3-- }m 
4,5 

5 , 1 - -  
5,4 } s 5 ,8 - -  ) m  0, }s 

t 

For  p re l imina ry  evaluation of the possibi l i ty  of the  use  of  hhese QS as drug p r e c u r s o r s ,  t he i r  behavior  
was studied in aqueous solution under  conditions c lose  to physiological .  Considering t h e i r  strueture~ it might  
be suggested that hydrolyt ic  decay of the QS might take place by the following scheme:  

+ 
XRIR~RaNCH~OI~ + H20-~ RJ~2RaN § CH20 § HX § ROH, 

where  RIR2R3N = drug or  model  compound with a t e r t i a r y  ni t rogen atom. R = Alk, COAlk, COPh; X = CI, 
B r  (see Table 1). 

F o r  example,  f o r  compounds Ill, V, XV, it  was shown that in the pH range of 5.0-12.0, QS containing 
the alkoxymethyl  radica l  (derived f rom ~-ha loe thers )  fo rm v e ry  stable solutions.  

The format ion  of the initial s tar t ing  amine with simultaneous isolation of formaldehyde a r i s e s  only by 
heat ing these  QS in concentra ted (20%) alkaline solution at 60-80~ This indicates that  in the alkoxymethyl  

+ 
sal ts  the N--CH20-- bond is hydrolyt ica l ly  ex t r eme ly  stable.  F r o m  this it follows that the alkylation of drugs 
eontaining t e r t i a r y  ni t rogen atoms with halomethyl  e thers  does not produce eompounds suitable fo r  use as 
p r e c u r s o r s .  

A pharmacologica l  t e s t  of compound Ill, c a r r i e d  out on mice  (arecol ine  model  [9]), compared  with un-  
modified benzats in ,  showed that the QS did not give cen t ra l  cholinolytie act ivi ty,  a cha rac t e r i s t i c  of the o r ig -  

606 



TABLE 3. Hydro lys i s  Conditions fo r  Quat-  
e r n a r y  Salts 

Compound 

VI 
XI 

XII 
XIV 

XVIII 

XIX 

XXII 

XXIII 

Terllp. ~ 
~ 

H d__Hy_~_~sis time, rain* 

pH 30 % ] 50 % 

30 I90 
s I 2o 

175 / 425 
No chan~e in 48 h 
2 

30 
80 
90 

350"~ 
160 
160 
30 
80 

200 
70 

100 
32 
4O 
No chan 

70 
140 
21 

400 
34o 
80 

130 
350 
I80 
4o 

65 
85 

~e in 48 h 

*Each r e su l t  was obtained f r o m  the ave rage  
of the data  f r o m  five to seven  exper imen t s .  
STime for  20% hydro lys i s  of the QS. 

inal  m a t e r i a l . *  This  impl ies  that  the o rgan i s m  is able to dealkyla te  the QS III at a negl igible  ra te  o r  not at 
a l l .  The o thers  a l so  behave as qua te rna ry  am mon ium sa l t s  containing acyloxymethyl  r ad ica l s  (compounds II,  
XIV, XV-XXIX, XXXI). A study of the behavior  of these QS inbuf fe red  solution ofpH 7.0-10.0 by PMI~ s p e c t r o s -  
copy, t i t ra t ion  of the acid fo rm ed ,  de te rmina t ion  of fo rmaldehyde  (with ch romot rop ic  acid or  the H e m a  r e -  
agent) ,  and p r e p a r a t i v e  isola t ion of the reac t ion  products  showed that  these  QS indeed d i s in tegra ted  at the 

+ 
bonds of the NCH2OCOR group to f o r m  the init ial  t e r t i a r y  amine ,  fo rmaldehyde ,  and the cor responding  c a r -  
boxylic  and hydrohalogen acids .  

Changes in the PMR s p e c t r a  of solutions of compounds VI, "VII, X, XI in a deu te robase  buf fer  of pH 
8.3-8.7 a r e  evidence that  the c leavage  of these  QS p roceeds  by the p roposed  scheme.  These  s p e c t r a  show 
an i nc r ea se  with t ime  of the p ro ton  s ignals  of the methy l  group of the t e r t i a r y  n i t rogen (6 = 2.8-3.0 ppm),  
s imul taneous ly  with a d e c r e a s e  in the intensi ty  of the s ignals  fo r  the methyl  protons  of the qua te rna ry  n i t ro -  
gen a tom (5 = 3.10-3.20 ppm).  A d e c r e a s e  with t ime  a l so  was obse rved  fo r  the methylene s ignals  of the 
+ 
NCH2OCO group (6 = 5.1-5.4 ppm).  

The d i f fe rence  method was used fo r  quanti tat ive evaluat ion of the r a t e  of hydro lys i s  of the QS. In some  
ca se s  (compounds VI, VII, X), the ra te  of hydro lys i s  was e s t ima ted  by de te rmin ing  the evaluat ion of f o r m a l d e -  
hyde by a modif icat ion of our  e a r l i e r  method [10]. This  method is not useful  in cases  in which the evolved 
amine  (ch lo rp romaz ine ,  t r i f luoperaz ine)  or  the organic  acid (benzoic) gives an intense co lo r  with c h r o m o -  
t rop ic  acid.  

The m o s t  convenient  and re l iab le  methods fo r  kinetic study of the c leavage  of the QS is t i t ra t ion  in a 
pH m e t e r  of the acid fo rmed ,  and quanti tat ive de te rmina t ion  of the t e r t i a r y  amine  by GLC. 

In Table  3 a r e  given the data fo r  the hydro lys i s  of acy loxymethy l  QS, obtained by the indicated method.  
The ra te  of hydroly t ic  c leavage ,  as Table  3 shows,  is s t rongly  dependent on the pH of the solution. At pH 10.0, 
the c leavage  of QS r i s e s  ins tantaneously ,  but the ra te  gradual ly  d e c r e a s e s  o v e r  the pH in te rva l  9 . 8 - 7 . 1 .  Thus,  
at  21~ compound XI is s table  at  pH 5.0 f o r  many  days ,  but decomposes  5070 in 425 rain at  pH 8.2, and in 20 
rain at  pH 9.6. A s i m i l a r  dependence is obse rved  fo r  the o ther  compounds.  The ra te  of c leavage  of the QS 
depends on the s t ruc tu re  of the acy loxymethy l  rad ica l ,  a lso.  Salt VI, an ace toxymethy l  de r iva t ive ,  hydro lyzes  

* Pha rmaco log i ca l  s tudies  on the indicated compounds were  c a r r i e d  out at  the Insti tute of Toxicology of the 
Min is t ry  of Public Health of the USSR, in the Division of P h a r m a c o l o g y  headed by S. N. Golikov, Academic ian  
of the Academy of Medical  Sciences of the USSR. 
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TABLE 4. Compara t ive  L o n g - T e r m  A c -  
t ivi ty  of Ts ik loz i l  and Its P r e c u r s o r  ( r a t s ,  
p e r  os) 

Compound Dose, 
mg/kg 

Tsiklozil (hy- 
drochloride) 

XI 
100 
100 

[Therapeutic effect (preven- 
tion of tremors from 
areeoli he) 

h l l / 2 h  ~ h  5 h  ~ h  

_ _ _ § § 

Note. + = t r e m o r s  p r e sen t ,  - =  t r e m o r s  
absent .  

30% at  21~ and pH 8.2 in 80 rain, while compound XI, containing the me thac ry loy l  radica l ,  is 30% decomposed  
under  the s a m e  conditions in 175 rain. Compound XIX, containing the p iva loyloxymethyl  radica l ,  is 20% hy-  
d ro lyzed  in 350 min.  

Consequently,  by  va r i a t ion  of the s t r u c t u r e  of the acyloxymethyl  group in the QS, it  is poss ib le  to change 
the  hydro lys i s  ra te  ove r  wide l imi ts .  This ,  in turn ,  gives the ma in  opporhmity  fo r  regulat ion of the ra te  of 
evolution of drugs  f r o m  p r e c u r s o r s  under  the conditions in an o rgan i sm.  

The hydro lys i s  of the QS in v i t ro ,  however ,  is only a dis tant  model  of that  which takes  p lace  in the o r -  
gan ism.  T h e r e f o r e ,  it is impor tan t  that  the pha rmaco log i ca l  behav io r  of such p r e c u r s o r s  be  studied. Table  4 
gives  a c o m p a r i s o n  of the l o n g - t e r m  act ivi ty  of ts iklozi l  and i ts  p r e c u r s o r  QS XI on ra t s  (arecol iue induction [9]). 

Table  4 shows that  QS XI is indeed t r a n s f o r m e d  by the o rgan i sm into t s ik loz i l ,  in the sense  that  o th e r -  
wise  this subs tance ,  not having a not iceable  capac i ty  to pene t r a t e  the b l o o d - b r a i n  b a r r i e r ,  would not show 
cent ra l  activity,  as did not QS III and the chloroethyla te  of ts iklozi l  (khlorozil) [11]. Again, QS XI, compared  
to ts iklozi l ,  acts not iceably longer .  Thus, the an t i -a reco l ine  act ivi ty  of ts iklozi l ,  at a dose of 100 mg/kg ,  ceased  
a f te r  4-5  h a f t e r  introduction,  but modif icat ion of the ts iklozi l  to compound XI extended its act ivi ty at the same 
dose to the t e rmina t ion  of the expe r imen t  (6 h). 

P r e l i m i n a r y  studies of the toxic i ty  of these  compounds in mice  by p e r o r a l  introduction of the p r e p a r a -  
t ions showed that  the modif ied compounds were  l e s s  toxic than ts iklozi l :  fo r  t s ik loz i l  the LDs0 was 3 g /kg ,  
and fo r  i ts  me thacry loy loxy  de r iva t ive  (XI), i t  was 7.5 g /kg .  

The r e su l t s  p re sen ted  a r e  a chemica l  s tudy of the p r o p e r t i e s  of acyloxymethyla ted  QS of drugs ,  and a 
p r e l i m i n a r y  pha rmaco log i ca l  invest igat ion conf i rming  the poss ib i l i ty  of extending the act ivi ty  of drugs  by the 
method cons idered .  

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

PMR s p e c t r a  of the compounds  were  studied on an RYa 2310, 60 mHz ins t rument .  The hydro lyses  of 
the QS were  c a r r i e d  out with a pH m e t e r  au to t i t r a to r  of the type S B R - 2 a / A B P I B / T T A 3  " r a d i o m e t e r "  (Den- 
m a r k ) ,  at  constant  ionic s t rength ,  0.1 M in KC1. The t i t r an t  was 0.05 N NaOH in the pH range  of 6.5-10.0. 
GLC studies of the hydroly t ic  c leavage  were  c a r r i e d  out on a H e w l e t t - P a c k a r d  (USA) chromatograph :  column 
OV-17. 3%; 1.8 m; Tc = 245~ f l ame- ion iza t ion  de tec tor .  

The de te rmina t ion  of fo rmaldehyde  accord ing  to [10] was c a r r i e d  out on an SF-4A ins t rument  at 580 nm. 

Solvents used in the syntheses  of the QS were  ca re fu l ly  dr ied  and pur i f ied by genera l ly  known methods 

[12]. 

a - H a l o e t h e r s  and e s t e r s  were  synthes ized  by methods  desc r ibed  in the l i t e r a tu re  [13-15]. 

Methoxymethyl  Bromide  Salt of N,N-Dimethylaminoethyl  Benzi la te  (QS Ill). A solution of 1 g (0.0033 
mole)  of the a m i n o e s t e r  f r e e  b a s e  in 15 m l  of acetone  was cooled t o  5~ and s t i r r e d  while adding dropwise  
0.5 g (0.035 mole)  of methy l  b r o m o m e t h y l  e the r  in 5 m l  of acetone.  Af te r  3 h the p rec ip i t a te  was washed with 
e the r  and dr ied  in a vacuum des i cca to r .  Af te r  ca re fu l  (with exposure  to as l i t t le w a t e r  vapor  as poss ible)  
c rys t a l l i za t ion  f r o m  a mix tu re  of ethyl  e the r  and alcohol,  1.3 g of p roduc t  was obtained as co lo r l e s s  c r y s t a l s  
of sa l t  IlI,  mp 135-137~ (see Table  1). 
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Methacry lcyc lomethy l  Chloride Salt of N,N-Dimethylaminoethyl  (1 -Hydroxycyc lopen tane - l -y l )pheny l -  
ace ta te  (QS XI). A mix tu re  of 0.9 g (0.003 mole)  of ts iklozi l  h:ee base  and 0.43 g (0.0032 mole) of chloromethyl  
me thae ry l a t e  in 25 ml of anhydrous,  p e r o x i d e - f r e e  acetone was kept for  75 h in a c losed vesse l .  The prec ip i ta te  
was f i l t e red  off, washed with acetone (2 x 5 ml) and d ry  e ther  in a vacuum des i cca to r  to give 0.9 g (70%) of QS 
x I  as co lo r l e s s  c rys t a l s ,  mp 160~ eas i ly  soluble in water ,  alcohol DMSO, and poor ly  soluble in acetone,  
acetoni t r i le ,  and e ther .  

All of the compounds whose p r o p e r t i e s  a r e  desc r ibed  in Table  1 were  p r e p a r e d  by the above methods ,  
with var ia t ions  in solvent  and t ime  of reac t ion .  Complet ion of the alkylat ion reac t ions  was de te rmined  by 
TLC on Silufol UV-254 by the d i sappea rance  of the bas ic  spot ,  using the f r ee  base  of the init ial  drug as 
s tandard .  

P r e p a r a t i v e  Hydro lys i s  of QS XL A solution of 1.5 g of QS in pH 9.0 bora te  buf fer  was kept  fo r  1 h and 
the sepa ra t ed  oil was ex t rac ted  with e the r  (4 • 10 ml).  The base  was conver ted  into the hydrochlor ide  by addi -  
t ion to alcoholic hydrogen chlor ide .  The p rec ip i t a t e  was f i l te red  and washed with anhydrous e the r  (3 • 5 ml) 
to give 1.5 g (91%), mp i85-187~ The mel t ing  point of a mix tu re  with t s ik loz i l  hydrochlor ide  was not de -  
p r e s s e d .  
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