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C o n t r o l  of the length  of a c t i o n  of m e d i c i n a l  s u b s t a n c e s  i s  an  i m p o r t a n t  p h a r m a c o l o g i c a l  p r o b l e m .  
F r o m  the c h e m i c a l  s t andpo in t ,  i t s  s u c c e s s f u l  s o l u t i o n  would be p o s s i b l e  wi th  the  a id  of i n a c t i v a t o r s  which  
ac t  s e l e c t i v e l y  on the m e d i c i n a l  s u b s t a n c e s  and c o n v e r t  t hem in to  i n a c t i v e  c o m p o u n d s .  Such s u b s t a n c e s ,  
i n t r o d u c e d  a t  the r i g h t  m o m e n t ,  would s top  the a c t i o n  of the  m e d i c i n a l  agent .  

If  one s e a r c h e s  fo r  a n a l o g i e s  wi th  n a t u r e ,  i t  is  p o s s i b l e  to po in t  out  the  i n a c t i v a t i o n  of d i t i l i n  by  
c h o l i n e s t e r a s e  [1] 

+ Cholin- 
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A c h a r a c t e r i s t i c  f e a t u r e  of d i t i l i n  i s  the  p r e s e n c e  of two weak  bonds  (the e s t e r  bonds) .  C h o l i n e s t e r a s e  
a c t s  on t h e m  s e l e c t i v e l y .  The d e c o m p o s i t i o n  p r o d u c t s  II  and  Ha a r e  p r a c t i c a l l y  f r e e  of the c u r a r e - l i k e  a c -  
t i v i t y  of I. In th i s  c a s e ,  the  i n a e t i v a t o r  i s  not  i n t r o d u c e d  f r o m  wi thout ,  but  i s  p r e s e n t  in the  n e u r o m u s c u l a r  
s y n a p s e .  The r e s u l t  i s  s h o r t n e s s  of a c t i o n  of d i t i l i n .  

We have  s y n t h e s i z e d  a m e d i c i n a l  s u b s t a n c e  which  c o n t a i n s  a s p e c i f i c  l ink in i t s  m o l e c u l e  that  m a y  be 
b r o k e n  up u n d e r  the a c t i o n  of i n a c t i v a t o r s  i n t r o d u c e d  f r o m  without .  To do th i s ,  we took c o m p o u n d s  f r o m  the 
m y o r e l a x a n t e l a s s .  As  a s p e c i f i c  l ink we s e l e c t e d  the d i s u l f i d e  bond,  which  p o s s e s s e s  s u i t a b l e  l a b i l i t y .  

The  s t r u c t u r e  of the m y o r e l a x a n t  was  c h o s e n  on the b a s i s  of the fo l lowing  c o n s i d e r a t i o n s :  i t  should  
con ta in  two q u a t e r n a r y  a m m o n i u m  g roups ;  the  s p a c i n g  b e t w e e n  the q u a t e r n a r y  n i t r o g e n  a t o m s  should  be 
14-15 ~ ;  and t h e r e  shou ld  be a S - S  bond be tw e e n  the a m m o n i u m  g r o u p s .  

T h e s e  cond i t i ons  w e r e  s a t i s f i e d  by a d ipheny l  d i s u l f i d e  s t r u c t u r e  with two q u a t e r n a r y  a m m o n i u m  
g r o u p s  in the 4 , 4 ' - p o s i t i o n s  (compound III) ,  which  was t aken  a s  a m o d e l :  

X X 

The d i s u l f i d e  bond in th i s  compound  p o s s e s s e s  enhanced  l a b i l i t y ,  s i n c e  i t  connec t s  two a r o m a t i c  nuc le i  
which  c o n t a i n e l e c t r o - a c c e p t o r  a m m o n i u m  g r o u p s  in the p a r a  p o s i t i o n .  I t  m i g h t  be hoped tha t  a s u i t a b l e  
c h e m i c a l  r e a g e n t  could  b r e a k  the S - S  bond,  which  would l e ad  to r e m o v a l  of the n e u r o - m u s c u l a r  b lockade .  

S t a r t i n g  f r o m  d i m e t h y l a n i l i n e ,  we p r e p a r e d  4 , 4 ' - b i s - ( d i m e t h y l a m i n o p h e n y l )  d i s u l f i d e  and a n u m b e r  of 
i t s  m o n o -  and d i q u a t e r n a r y  d e r i v a t i v e s ,  by  the  fo l lowing  s c h e m e :  

Institute of Experimental Medicine, Academy of Medical Sciences of the USSR, Leningrad. Trans- 
lated from Khimiko-Farmatsevticheskii Zhurnal, No. 6, pp. 21-26, June, 1969. Original article submitted 
December 23, 1968. 
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R :OH 3 C~H 5, C6Hs-CH 1, n-NOz-G6H4-GH~ | 
�9 X | | | | | ~r 

| | x = i  Br 0H3804'  C6H5803 XFM--I(~., R = G H  3, X=CHsSO4) 

The d i te r t ia ry  diamine (IV) was prepared  by the method of Merz [2]. Alkylation of product IV leads 
to formation of both the mono-  and also the diquaternary product  (compounds V and VI), wherein the ratio 
of these depends on the cha rac t e r  of the solvent, the reaction tempera ture ,  and the form of alkylating agent. 
Thus, with dimethyl sulfate or  methyl iodide in benzene at 15-20 ~ IV forms prac t ica l ly  pure V; from these 
same reagents ,  but in acetone at 15-20 ~ VI is formed; and in acetone at 55-60 ~ a mixture of V and VI in 
approximately equal amounts by weight is formed.  

By select ing react ion conditions we also prepared  mono-  and diquaternary compounds of IV with 
benzyl or  p-ni t robenzyl  radicals .  In connection with the low react ivi ty of ethyl iodide, the corresponding 
ethiodide from product  IV was p repared  by the action of ethyl benzenesulfonate on IV, with subsequent r e -  
placement  of the benzenesulfonate anion by the iodide anion. 

The resul ts  obtained are  presented in Table 1. 

The diquaternary  derivat ives  can be prepared  not only from the d i te r t ia ry  amine but also from the 
corresponding monoquaternary  compounds. For  example, upon action of dimethyl sulfate on the monoqua- 
t e rna ry  product  (V), R =CH 3, X-=CH3SO {, the diquaternary derivative (VI) is formed (R =CH a, X - =  CH3SO~'). 
Thus, it is possible to p repare  unsymmetr ica l  d iquaternary  derivat ives .  

Pharmacologica l  investigation of the prepara t ions  made showed that the original model was cor rec t ly  
chosen [3]. For  example,  the d iquaternary  product,  VI, R =CH 3, X-=CH3SO ~" (KhGM-1) proved to be a typi-  
cal cu ra re - l ike  compound of mixed type of action. It posses ses  charac te r i s t i c  cholinomimetic activity, 
which was studied in exper iments  on isolated straight  f rog s tomach muscle.  This compound causes a con-  
t ract ion amounting to 50% of the maximum possible,  in a concentrat ion of 2.9 �9 10 -5 M. This same p r e p a r a -  
tion causes  blockade of neu ro -muscu l a r  t r ans fe r  in experiments  on isolated rat  phrenic  diaphragm p repa -  
ration in a concentrat ion of 3 �9 10 -5 M. 

Fur the r  work consisted in the choice of such a chemical  agent that, possess ing  sufficient selectivity,  
it could get, unchanged, to the myorelaxant  molecule presen t  in the neu ro -muscu la r  synapse,  and, along with 
this, would possess  enough activity to cleave the miorelaxant  at the S - S  bond. 

As is known, the mechanism of heterolyt ic  cleavage of the S - S  bond is s imi la r  to the mechanism of 
nucleophilic substitution at a carbon atom, with this sole difference,  that the so-cal led  S-nucleophilic agent 
is not at tacking a carbon atom, but a sulfur atom, adding to it and dislodging the appropria te  mercapt ide;  

R - 8 - 8  R y| | - ~ R - 8 - y  +S ' -R  

One of the active S-nucleophilic agents is the sulfite anion, SO~ 2. Experimentat ion showed that the 
react ion of sodium sulfite with KhGM-1 actually leads to breakdown of the KhGM-1 at the point of the disul-  
fide bond, with format ion of the zwit ter ion (VII) and the mercaptan  (VIII); the react ion takes place in water  
at room tempera ture :  

$ N-azSO~= Me)N- S-SO) + Me~ S-S NMes H~O 

MeSO4 MeSOea 
(KhGM-1) 

+ HS NMe 3 
| 

Me 804 
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Tests  were conducted fur ther  on a biological object. Experiments  on isolated rat  phrenic-d iaphragm 
showed that sodium sulfite in equimolecular  concentrat ion removes  a 100% neuromuscular  block caused by 
compound KhGM-1, and t r ans fe r  of nerve impulses is completely res tored.  

The react ion products  of KhGM-1 with sodium sulfide (compounds VII and VIII) proved prac t ica l ly  
inactive at concentrat ions equal to that of the KhGM-1 on a mola r  basis.  

Fur ther ,  since the s t rongest  S-nucleophilic agents are  aliphatic mereapt ides ,  some physiologically 
ha rmless  compounds containing the mercapto  group were tested, for  example, cysteine (IX) and also 
unithiol (X): 

HOOC - CH- CHI-SH CH~-CH - CH~ 

NH~ SH 8H SO~t~a 

Both of these compounds proved to be active KhGM-1 antagonists, just like sodium sulfite. 

At the same time, as control experiments showed, none of these S-nucleophilic agents affected neuro- 
muscular block caused by myorelaxants not containing the disulfide bond, such as, for example, tubocurarine, 
ditilin (I), decamethonium (XI), paramion (XII, R=C2Hs), and also (XII, R =H). The latter compound is a 
structural analog of KhGM-1, and differs only in the presence of a C -C bond between the phenyl rings instead 
of an S-S bond. 

I | I~ R R 

Thus, on the model, d iquaternary  myorelaxant  containing an S - S  bond plus S-nucleophilic agent, it has 
been possible to demonst ra te  in principle a new route for controll ing the action of a pharmacological  ma -  
terial .  This has been done by a directed selection of such a myorelaxant  and such an agent that their  in te r -  
action leads to removal  of the cu ra re - l i ke  effect by di rec t  inactivation of the miorelaxant  molecule.  

The proposed method can be used in principle in making any physiological ly active compound con-  
taining a labile disulfide bond, if products  free of undesired physiological activity are  formed when the 
bond is broken. 

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

4,4 ' -Bis-(dimethylaminophenyl)Disulf ide  (IV).* To a solution of 180 g (1.87 mole) of dimethylaniline 
in 250 ml of hexane was dropped in, with s t i r r ing  and ice-cool ing,  a solution of 50.5 g (0.374 mole) off sulfur 
monochloride in 250 ml of hexane, at such a rate that the tempera ture  of the react ion mixture did notexceed 
15 ~ . Then the solvent was str ipped off, the residue was extracted with dilute hydrochlor ic  acid, the solution 
was neutral ized,  the precipi ta te  which fell was washed on the f i l ter  with water ,  and it was crysta l l ized 
twice from ethanol. Yield, 49 g (44%), mp 117-118 ~ 

4,4 ' -Bis-(dimethylaminophenyl)Disulf ideMonomethiodide.  A solution of 1 g (0.00328 mole) of IV and 
2.8 g (0.0098 mole) of methyl iodide in 10 ml of d ry  benzene was kept for seven days. The c rys ta l s  which 
fell out were washed with benzene and then with e ther ,  and were rec rys ta l l i zed  from ethanol. Yield 0.77 g 
(52.7%), mp 148-149 ~ 

4,4 ' -Bis-(dimethylaminophenyl)  Disulfide Monomethosulfate. This was prepared  analogously to the 
methiodide. Yield 56%, mp 146-147 ~ 

Quaternary  Salt from 4,4 ' -bis-(dimethylaminophenyl)Disulf ide and MethylBenzenesulfonate.  This 
was also prepared  s imi la r ly  to the methiodide. Yield, 30%; mp 153-154 ~ 

*Product  IV was p repared  in 12% yield by the method of Merz [2]. By appropria te ly  changing the method, 
we prepared  it in 44% yield. 

328 



4 , 4 ' - B i s - ( d i m e t h y l a m i n o p h e n y l ) D i s u l f i d e  Monoethiodide.  A solut ion of 6.08 g (0.02 mole)  of IV and 
7.44 g (0.04 mole)  of ethyl  benzenesul fonate  in 40 ml  of d ry  benzene was kept  for  25 h at  80 ~ Then the s o l -  
vent was s t r i pped  off: the r e s idue  was d i s so lved  in 10 ml of methanol ,  an excess  of e the r  was added,  the 

p r e c i p i t a t e  which fel l  was d i s so lved  in methanol ,  and 1 g of sodium iodide was added. The c r y s t a l s  which 
fel l  f rom the solut ion were  s e p a r e d  and c r y s t a l l i z e d  f rom ethanol.  Yield 1.45 g (47%) mp 162-163 ~ 

Monoquate rnary  Salt  f rom 4 ,4 ' -B i s - (d ime thy laminopheny l )  Disulf ide and Benzyl  Iodide. A solution of 
3 g (0.237 mole)  of benzyl  ch lor ide  and 5 g (0.033 mole)  of sodium iodide in 20 ml of acetone was kept for  
1 h at  55 ~ an exces s  of e the r  was added,  the mix ture  was f i l t e r ed ,  the f i l t r a t e  was evapora ted ,  the r e s idue  
0oenzyl iodide) was d i s so lved  in 30 ml  of d ry  benzene,  and 3.04 g (0.01 mole)  of IV was added. The solut ion 
so obtained was kept for  3 days  at  15-20 ~ the p r e c i p i t a t e  which s e p a r a t e d  was removed ,  and i t  was c r y s t a l -  
l ized from propanol. Yield 0.94 g (18%), mp 102-103 ~ 

Monoquaternary Salt from p-Nitrobenzyl Bromide and 4,4'-Bis-(dimethylaminophenyl) Disulfide. A 
solution of 1.52 g (0.005 mole) of IV and 2.16 g (0.01 mole) of p-nitrobenzyl bromide in 20 ml of dry benzene 
was kept for 3 days at 15-20 ~ The precipitate was separated and crystallized from ethanol. Yield 0.26 g 
(I0~0), mp 139-140 ~ 

4,4'-Bis-(dimethylaminophenyl) Disulfide Dimethiodide. A solution of 5 g (0.0164 mole) of IV and 
18.5 g (0.13 mole) of methyl iodide in 250 ml of dry acetone was kept for seven days at 15-20 ~ and the 
precipitate was crystallized from n-propyl alcohol. Yield 3 g (33%), mp 151-152 ~ 

4,4'-Bis-(dimethylamin0phenyl) Disulfide Bismethosulfate. A. Prepared like the dimethiodide, it was 
obtained in 28% yie ld;  mp 204-205 ~ 

B. A solut ion of 0.5 g (0.00116 mole)  of V (R =CH 3, X-=CH3SO~') and 0.292 g (0.0023 mole)  of d imethyl  
sulfate  in 100 ml  of acetone was kept  for  seven days  at 15-20 ~ The p r e c i p i t a t e  was c r y s t a l l i z e d  f rom e tha -  
nol. Yield 0.15 g (23%); mp 204-205 ~ 

D iqua t e rna ry  Salt  f rom Benzyl  Iodide and 4 ,4 ' -B i s - (d ime thy laminopheny l )  Disulf ide.  A solut ion of 
6.35 g (0.05 mole)  of benzyl  ch lor ide  and 9 g (0.06 mole) of sodium iodide in 30 ml of acetone was heated at 
60 ~ for  one-hal f  hour ,  the p r e c i p i t a t e  of sodium chlor ide  was f i l t e r ed  off, and 3.04 g (0.01 g mole)  of IV was 
added to the f i l t r a t e .  The p r e c i p i t a t e  which fel l  a f t e r  2 h was s e p a r a t e d  and c r y s t a l l i z e d  f rom methanol .  
Yield 5.8 g (78%), mp 126-127 ~ 

D iqua t e rna ry  Salt  f rom Benzyl  Bromide  and 4 ,4 ' -B i s - (d ime thy laminopheny l )  Disulf ide.  A mix ture  of 
3.8 g (0.03 mole)  of benzyl  ch lor ide ,  6.15 g (0.06 mole)  of sodium b romide ,  and 30 ml of methanol  was kept 
at  65-70 ~ for  2 h, then i t  was f i l t e r ed ,  the f i l t r a t e  was evapora ted ,  and 1.52 g (0.005 mole)  of IV was added 
to the r e s idue ,  p lus  10 ml of acetone;  the solut ion obtained was kept  at  15-20 ~ for  four  days .  The p r ec ip i t a t e  
was c r y s t a l l i z e d  f rom ethanol.  Yield 0.35 g (11%), mp 111-112 ~ 

D iqua t e rna ry  f rom p -Ni t robenzy l  Bromide  and 4 ,4 ' -B i s - (d ime thy laminopheny l )  Disulf ide.  A solut ion 
of 3.04 g (0.01 mole)  of IV and 13 g (0.06 mole)  of p- .n i t robenzyl  b romide  in 20 ml of d ime thy l fo rmamide  was 
kept at  15-20 ~ for  14 h, 100 ml  of e the r  was added,  and the p r e c i p i t a t e  was c r y s t a l l i z e d  f rom methanol .  
Yield 128 g (17.5~o); mp 125-127 ~ 

A. Cleavage of KhGM-1 with Sodium Sulfite to F o r m  VII and VIII. To a solut ion of 1 g (0.0018 mole)  of 
KhGM-1 in 5 ml  of wa te r  was added a solut ion of 0.68 g (0.0054 mole)  of sodium sulf i te  in 5 ml of water .  
Af te r  10 min the p r e c i p i t a t e  which formed was f i l t e r ed  off and was washed with wa te r  and with methanol .  
Yield of VII, 0.23 g (52.5~0), mp 226 ~ . Found %: C 43, 31, 43, 68; H 4.98, 4.94; N 5.76, 5.94; S 26.24, 26.36. 
CaHI3NS203. Calculated ~: C 43.70; H 5.26; N 5.67; S 25.90. 

The aqueous filtrate from VII was evaporated, the residue was boiled in n-propyl alcohol, and the hot 
solution was filtered. A white crystalline product separated from the filtrate; this was removed, washed, 
and crystallized from propanol. Yield of Viii, 0.22 g (44~); mp 190-191 ~ Found ~: S 23.35, 23.24. Ci0HITNS204. 
Calculated ~0: S 23.00. 

A mixed mp of VIII with a known sample gave no depression. 

B. Cleavage of 4,4'-Bis-(dimethylaminophenyl) Disulfide Dimethiodide (VI; R = CH 3, X-= I-) with So- 
dium Sulfite to Form VII and p-Dimethylaminophenylmereaptan Methiodide (VIIIa). An experiment per- 
formed similarly to the one above (see A) led to obtaining VII (0.25 g, 59%) and VIIIa (0.31 g, 62~); mp of 
VIIIa, 167-168 ~ Found ~0: N 4.86, 5.11; S 10.70, 10.74. CgHi4NSI. Calculated ~0: N 4.75, S 10.83. 
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