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A number  of active muscle relaxants  have been found among the b isquaternary  salts of alkylamino de-  
r ivat ives of the s t e reo i somer ic  diphenylcyclobutanedicarboxylic acids of general  formula  I [1-4]. Certain 
of the studied compounds have been r e f e r r ed  to clinical t r ia ls ;  and, as a resul t  of these, the mos t  effective 
compounds,  Cyclobutonium (IIa) and Anatruxonium (IIb), were selected and recommended  for use in anesthet-  
ic prac t ice .  These compounds proved to be highly active and weakly toxic cu ra re - l i ke  substances of medium 
duration of action and resembled  typical nondepolarizing muscle relaxants  in the mechanism of action [5]. 
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All the compounds of I previously studied by us were re la ted  to derivat ives  of diphenylcyclobutanedi-  
carboxylic acids unsubstituted in the aromat ic  r ings.  Therefore ,  it was of in teres t  to synthesize and test  
(as dimethiodides*) analogs of one of the most  active compounds, IIb, containing in the phenyl r ings subst i -  
tuents differing in their  e lectronic nature,  namely p, p ' -d in i t ro ,  p ,p ' -d imethoxy,  and p ,p ' -d ihydroxy groups 
(IIc-e). The last  of these compounds (IIe) is also of in teres t  in that it is c loses t  in s t ruc ture  to the natural 
alkaloid thesine [6, 7], the cu ra re - l ike  activity of which [8] was the basis  for the synthesis  of the whole 
group of compounds I [3]. 

*Although lib is an ethiodide we synthesized and tested the corresponding methiodides since in activity and 
nature of action they are not different f rom the ethiodides [3] and, at the same time, they are  considerably 
more  readi ly obtained in the crys ta l l ine  form. 
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The route via  p ,p ' -d in i t ro-e~- t rux i l l i c  acid (IV) [7] ( s e e s c h e m e  below) could have been the s imp le s t  
for  p r e p a r i n g  the p ,p ' -d in i t ro  analog of IIb (IIc). 
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However ,  all  a t t empts  to conver t  compound IV into the diacid chlor ide (V) by the action of thionyl ch lo-  
r ide or  phosphorus  pentachlor ide  failed; f u r t h e r m o r e ,  chlor inat ion of the acid occur red .  Also t r a n s e s t e r i f i -  
cation of the dimethyl  e s t e r  (VI) did not take place;  the or ig inal  substance  was r e c o v e r e d  unchanged on hea t -  
ing the e s t e r  with 7 - (N-p iper idy l )propanol  in the p r e sence  of alcoholate.  The synthes is  was accompl ished  
s ta r t ing  f rom the d i - [T- (N-p iper idy l )p ropyl ]  e s t e r  of ~ - t rux i l l i c  acid (VII) [9]. This  substance  f o r m s  a well  
c rys t a l l i zed  ni t r ic  acid sa l t  (VIII), the ni t ra t ion of which leads to the p,pT-dinitro e s t e r  (IX); the l a t t e r  is  
conver ted  into the requ i red  product  (IIc) on reac t ion  with methyl  iodide. The posi t ion of the ni t ro groups  
and the absence of s t e r e o i s o m e r i z a t i o n  dur ing the ni t ra t ion a re  demons t ra t ed  by the fact  that  the acid IV is 
fo rmed  in high yield on saponif icat ion of the dinitro e s t e r  (IX); the acid was identified by convers ion  into the 
dimethyl  e s t e r  (VI). 

The synthes is  of the p ,p ' -d ime thoxy  analog (lid) was c a r r i e d  out without difficulty f rom p , p ' - d i m e t h -  
o x y - ~ - t r u x i l l i c  acid (X) [6] by success ive  convers ion  into the diacid chlor ide (XI), the d i - [7 - (N-p ipe r idy l ) -  
propyl]  e s t e r  (XII), and the dimethiodide (lid). 

The dimethyl  e s t e r  of thesinic acid (:Kill) [6] was se lec ted  as s t a r t ing  substance for  the synthes is  of the 
p ,p ' -d ihydroxy  der iva t ive  (lie). 

In o r d e r  to p ro t ec t  the p -hydroxy  groups ,  this  compound was conver ted  by the action of benzyl  chlor ide 
into the dimethyl  e s t e r  of p ,p ' -d ibenzyloxythes in ic  acid (XIV), alkaline hydro lys i s  of this led to p , p ' - d ib en zy l -  
oxythesinic acid (XV). The l a t t e r  was  conver ted  v ia  the diacid chlor ide  (XVI) into the cor responding  d i - [ T ,  
(N-piperidyl)propyl]  e s t e r  (XVII) f r o m  which the benzyl  groups  were  r emoved  by hydrogenat ion in the P r e s -  
ence of pa l lad ium on charcoa l .  The dialkamino e s t e r  (XVIII) obtained by such means  was conver ted  into the 
dimethiodide (lie) by the action of methyl  iodide. 

It  was shown in the pharmaco log ica l  study of compounds I Ib-e  that  they all p o s s e s s e d  an e x p r e s s e d  
c u r a r e - l i k e  activity.  This  gives  r i s e  to a depress ion  of the neu romuscu l a r  t r a n s m i s s i o n  and a re laxat ion  of 
the musc le  until  comple te  a r r e s t  of r e sp i ra t ion .  Compound IIb (X=II) was the mos t  effect ive c u r a r e - l i k e  sub-  
s tance.  Substitution of X by a ni t ro ,  methoxy,  o r  hydroxy group leads  to a reduct ion of the myopara ly t ic  a c -  
t ivity (see Table  1). Hence,  the m a x i m u m  approach  to the s t ruc tu re  of the biological ly act ive  natural  c o m -  
pound se lec ted  as a model ,  the alkaloid thesine  (which contains the s a m e  acidic f ragment  as in compound 
lie), is not opt imal  in this  case .  
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T A B L E  1. C u r a r e - l i k e  A c t i v i t y  of 
Meth iod ide  s of D i -  [ Y- ( N - p i p e r i d y l ) -  
p r o p y l ]  E s t e r s  of p , p ' - S u b s t i t u t e d  a -  
T r u x i l l i c  A c i d s .  

I B~king  action [Curare-like ac- 
on transmission - - . . [tlvlty accordln~ 

Corn- /of excitation ]to tKe ability t5 
Lfrorn sciatic [evoke the svrnptorn 

pound x [nerve to gastro- Iof inclination of the 
/enemius musclelhead in rabbits 
| 

l ib 02 
I lc  CHo3HO 
IId 

0,07--0,1 
0,12--0,14 
0,15--0,18 
0,15--0,18 

0,02--0,025 
0,075--0,08 
0,05--0,06 

A c c o r d i n g  to the m e c h a n i s m  of ac t ion  the c o m p o u n d s  
t e s t e d  a r e  r e l a t e d  to the n o n d e o o l a r i z i n g  s u b s t a n c e s .  In e x -  
p e r i m e n t s  on c h i c k s  they  a l l  c a u s e d  f l a c c i d  p a r a l y s i s .  F u r -  
t h e r m o r e ,  the a n t a g o n i s m  wi th  n e o s t i g i m e  no ted  in the e x p e r i -  
m e n t s  on c a t s  f r o m  the r e c o r d  of the  n e r v e  i m p u l s e  t r a n s m i s -  
s ion  f r o m  the s c i a t i c  n e r v e  to the g a s t r o c n e m i u s  c o n f i r m s  
th i s .  

EXPERIMENTAL 

N i t r i c  A c i d  Sal t  of D i - [ T - ( N - p i p e r i d y l ) p r o p y l ]  E s t e r  of 
- T r u x i l l i c  A c i d  (VIII). A 20% so lu t i on  of h y d r o c h l o r i c  a c id  

w a s  added  wi th  s t i r r i n g  to a m i x t u r e  of 5.5 g of VII [1] in 200 
m l  of  w a t e r  un t i l  the p r e c i p i t a t e  d i s s o l v e d  c o m p l e t e l y .  To the 
o b t a i n e d  s o l u t i o n  was  added  3.4 m l  of  60% n i t r i c  ac id ,  and the 
m i x t u r e  was  l e f t  to c r y s t a l l i z e  fo r  3 h. The  c r y s t a l s  of n i t r i c  

a c i d  s a l t  wh ich  s e p a r a t e d  w e r e  f i l t e r e d  off, w a s h e d  wi th  50 m l  of  w a t e r ,  and d r i e d  in  va c uum.  The  y i e l d  was  
5.58 g of a s u b s t a n c e  wi th  m p  183-184~ (decomp. ) .  Found  %: N 8.31; 8.29. C34H46N204 �9 2HNO 3. C a l c u l a t e d  
%: N 8.32. 

D i - [ % - ( N - p i p e r i d y l ) p r o p y l ]  E s t e r  of p , p ' - D i n i t r o - a - t r u x i l l i c  A c i d  (IX). Whi le  s t i r r i n g  t h o r o u g h l y ,  6 g 
of VIH was  a d d e d  s lowly  to 30 ml  of n i t r i c  a c i d  (sp. g r  1.5) m a i n t a i n e d  a t  35-37% Then  the r e a c t i o n  m i x t u r e  
was  s t i r r e d  fo r  2 h, d e c o m p o s e d  wi th  i ce  w a t e r ,  m a d e  b a s i c  wi th  25% a m m o n i a  so lu t ion ,  and  e x t r a c t e d  w i t h  
e thy l  a c e t a t e .  The  e x t r a c t  w a s  d r i e d  wi th  m a g n e s i u m  s u l f a t e ,  the e thy l  a c e t a t e  was  d i s t i l l e d  off in vacuum,  
the  m i x t u r e  of n i t r o  p r o d u c t s  (4.5 g) which  r e m a i n e d  was  t r e a t e d  with  30 m l  of e t h e r ,  and the p r e c i p i t a t e  
was  f i l t e r e d  off. Th i s  gave  1.65 g (30.2%) of a s u b s t a n c e  wi th  mp  131.5-132 ~ ( f rom me thano l ) .  Found  %: 
C 64.25; 63.85; H 7.06; 7.04;  N 8.52; 8.90. C34H44N408. C a l c u l a t e d  %: C 64.13; t t  6.96;  N 8.80. 

D i m e t h i o d i d e  of  D i - [ T - ( N - p i p e r i d y l ) p r o p y l ]  E s t e r  of p , p ' - D i n i t r o - a - t r u x i l l t e  A c i d  (IIc). A m i x t u r e  of 
0.4 g of IX, 5 ml  of m e t h a n o l ,  and 0.7 m l  of  m e t h y l  i od ide  was  h e a t e d  wi th  bo i l i ng  on a w a t e r  ba th  fo r  3 h 
un t i l  i t  w a s  no l o n g e r  a l k a l i n e .  A f t e r  e v a p o r a t i o n  of the m e t h a n o l ,  the  r e s i d u e  c r y s t a l l i z e d .  The  y i e l d  was  
0.39 g of c r y s t a l s  wi th  mp  257-259 ~ ( f rom 50 % a lcoho l ) .  The  s u b s t a n c e  was  d i f f i c u l t l y  so lub l e  in w a t e r ,  a l -  
coho l ,  and o t h e r  s o l v e n t s .  Found  %: I -  27.71; 27.62. C36Hs012NIO 8. C a l c u l a t e d  %: I -  27.57. 

H y d r o l y s i s  of D i - [  T - ( N - p i p e r i d y l ) p r o p y l !  E s t e r  of p , p ' - D i n i t r o -  a - t r u x i l l i c  A c i d  (IX). A so lu t i on  of 
0.5 g of IIc in 10 m l  of 20% h y d r o c h l o r i c  a c i d  was  h e a t e d  to r e f l u x  fo r  2 h. A f t e r  coo l ing ,  the  p r e c i p i t a t e  of 
IV which  s e p a r a t e d  was  f i l t e r e d  off, w a s h e d  wi th  w a t e r ,  and d r i e d  in a v a c u u m  d e s i c c a t o r .  Th i s  gave  0.24 g 
of the  ac id  wi th  m p  293-295 ~ The  y i e l d  w a s  80%. A c c o r d i n g  to the l i t e r a t u r e  d a t a  [7] the mp  i s  296-298 ~ 

To a s o l u t i o n  of 0.19 g of  the  o b t a i n e d  s a m p l e  of IV in 2 ml" of 0.5 N s o d i u m  h y d r o x i d e  so lu t ion  was  
added  0.09 ml  of d i m e t h y l  su l f a t e  wi th  s t i r r i n g .  The  s o l u t i o n  c loude d  a f t e r  h e a t i n g  to 50 ~ and in 5 min  c r y s -  
t a l s  of the  d i m e t h y l  e s t e r  VI s e p a r a t e d .  The  r e a c t i o n  m i x t u r e  was  m a d e  b a s i c  wi th  0.5 N s o d i u m  h y d r o x i d e  
so lu t ion ,  the  p r e c i p i t a t e  was  f i l t e r e d  off, w a s h e d  wi th  w a t e r ,  and d r i e d  in va c uum.  T h i s  gave 0.17 g (80%) 
of VI wi th  m p  223-224 ~ A c c o r d i n g  to the l i t e r a t u r e  d a t a  [7] the  m p  i s  226 ~ 

A m i x t u r e  of the  o b t a i n e d  s u b s t a n c e  wi th  an au then t i c  s a m p l e  of VI d id  not  show a m e l t i n g  po in t  d e -  
p r e s s i o n .  

D i a c i d  C h l o r i d e  of p , p ' - D i m e t h o x y - a - t r u x i l l i c  A c i d  (XI). A m i x t u r e  of 7 m l  of d i c h l o r o e t h a n e ,  1,2 g 
of X [6], 1.7 m l  of t h iony l  c h l o r i d e ,  and 0.02 ml  of p y r i d i n e  was  h e a t e d  to 70 ~ The  r e a c t i o n  had  f i n i s h e d  in 
1 h and c o m p l e t e  s o l u t i o n  of the  p r e c i p i t a t e  had  o c c u r r e d .  The  d i c h l o r o e t h a n e  and the e x c e s s  of  th iony l  c h l o -  
r i d e  w e r e  d i s t i l l e d  off in vacuum,  7 m l  of d i c h l o r o e t h a n e  was  a d d e d  to the r e s i d u e  and the  so lu t i on  was  l e f t  
fo r  12-15 h a t  -15  ~ The  c r y s t a l s  wh ich  f o r m e d  w e r e  f i l t e r e d  off and w a s h e d  twice  wi th  co ld  d i c h l o r o e t h a n e .  
A f t e r  d r y i n g  in a v a c u u m  d e s i c c a t o r  1.1 g (76.9%) of a s u b s t a n c e  wi th  m p  149-150 ~ was  ob t a ined .  Found  %: 
C1 17.75; 17.65. C20H18C1204. C a l c u l a t e d  %: C1 18.03. 

D i - [ T - ( N - p i p e r i d y l ) p r o p y l ]  E s t e r  of  p , p ' - D i m e t h o x y - a - t r u x i l l i c  A c i d  (XII). A so lu t i on  of 1, 1 g of  XI 
in 7 m l  of  d i c h l o r o e t h a n e  was  a d d e d  wi th  s t i r r i n g  to a c o o l e d  so lu t i on  of 1 g of T - ( N - p i p e r i d y l ) p r o p a n o l  in 
5 m l  of d i c h l o r o e t h a n e  and the r e a c t i o n  m i x t u r e  was  l e f t  fo r  15 h at  r o o m  t e m p e r a t u r e .  Theh  5 m l  of w a t e r  
was  a d d e d  wi th  the  t e m p e r a t u r e  no t  e x c e e d i n g  10 ~ and the m i x t u r e  was  s t i r r e d  fo r  10 rain,  the  aqueous  l a y e r  
was  s e p a r a t e d ,  the d i c h l o r o e t h a n e  l a y e r  was  e x t r a c t e d  wi th  5% s u l f u r i c  a c i d  (3 t i m e s  by  2.5 ml)  and then 
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once with 2.5 ml of water .  The combined ext rac t  was made basic with 25% ammonia  solution until pH 9. The 
base which separated as a viscous oil c rys ta l l i zed  on cooling. The precipi ta te  was fi l tered off, washed with 
water,  and dried in vacuum. This gave 1.1 g (64.7%) of a substance with mp 120-121 ~ (from absolute ether).  
Found %: C 70.93; 70.89; H 8.16, 8.00; N 4.67, 4.70. C36HsoN206. Calculated %: C 71.22; H 8.30; N 4.61. 

Dimethiodide of Di-[  T-(N-piperidyl)propyl] Es te r  of p ,p ' -Dimethoxy-  ~- t ruxi l l ic  Acid (IId). A mixture 
of 0.4 g of XII, 5 ml of methanol, and 0.7 ml of methyl iodide was heated for 2 h on a water  bath at 60-80 ~ 
until no longer  alkaline. The residue af ter  distil l ing off the methanol c rys ta l l i zed  on t r i tura t ing in absolute 
acetone. The precipi tate  was fi l tered off, washed with acetone, and dried. This gave 0.55 g (94.6%) of a 
substance with mp 253% Found %: I -  28.77, 28.49. C38tt5612N206. Calculated %: I -  28.49. 

Dimethyl Es te r  of p ,p ' -Dibenzyloxy-~- t rux i l l i c  Acid (XIV). A mixture of 7.2 g of XIII [6] and 5 ml of 
benzyl chloride was added with s t i r r ing  to a solution of 2.4 g of potass ium hydroxide in 200 ml of 50% alco-  
hol. The react ion mixture was s t i r r ed  while boiling for 7 h, on cooling it was basified to pH 9.5 with 20% 
potass ium hydroxide solution and s t i r red  for a fur ther  hour.  The precipi tate  was fil tered off, washed with 
water ,  and dried. This  gave 6.9 g (63.8%) of a substance with nap 155 ~ (from alcohol). Found %: C 76.39, 
76.17; tt 6.06, 6.00. C34H320 ~. Calculated %: C 76.08; H 6.01. 

p ,p ' -Dibenzyloxy-~- t rux i l l i c  Acid (XV). To a solution of 32 g of potass ium hydroxide in 320 ml of 50% 
alcohol was added 5.4 g of XIV and the mixture was boiled with s t i r r ing  for 6 h. After cooling, the solution 
was acidified with 20% sulfuric acid solution, the precipi ta te  was f i l tered off, washed with water ,  and dried. 
This gave 4.7 g (92.5%) of a substance with mp 263-265 ~ Found %: C 75.00, 74.95; H 5.57, 5.63. C32H2806. 
Calculated %: C 75.60; H 5.51. 

Diacid Chloride of p ,p ' -Dibenzy loxy-~- t rux i l l i c  Acid (XVI). A mixture of 2 g of XV, 30 ml of dichlo-  
roethane, and 2 drops of d imethylformamide was heated until the precipitate dissolved. The solution was 
f i l tered and left for 10 h at 5-10 ~ The c rys t a l s  which separa ted  were washed with e ther  and dried in vac -  
uum. This gave 1.36 g (,65.4%) of a substance with mp 199-200 ~ (from dichloroethane). Found %: C1 13.17, 
13.36. C32H26C1204. Calcula ted%: C1 13.02. 

Di-[7-(N-piper idyl)propyl]  Es te r  of p ,p ' -D ibenzy loxy-~- t rux i l l i c  Acid (XVII). To a cooled solution of 
0.86 g of ' / - (N-piper idyl)propanol  in 40 ml of dichloroethane was added 1,31 g of XVI at a tempera ture  not 
exceeding 10 ~ The react ion mixture was s t i r r ed  for a fur ther  2 h and left for 15 h at room temperature ,  
the dichloroethane was evaporated off and the residue t r i tura ted  with ether.  The c rys ta l s  were fi l tered off, 
washed with ether,  t reated with 10% ammonia  solution, and then with water ,  This gave 1.2 g (65.9%) of a 
substance with mp 135-137 ~ (from alcohol). Found %: C 75.92; 75.41; H 7.75, 7.69; N 3.90 3.89. C48H58N206 
Calculated %: C 76.00; H 7.65; N 3.69. 

The dimethiodide, mp 233-235 ~ (from alcohol) was difficultly soluble in water ,  alcohol, and other so l -  
vents. Found %: I -  24.83, 24.95. CsoHs412N206. Calculated %: I -  24.38. 

Di-[T-(N-piper idyl)propyl]  Es te r  of p ,p ' -Dihydroxy-cz- t ruxi l l ic  Acid (XVIII). A mixture of 0.7 g of 
XVII, 30 ml of absolute alcohol, and 0.3 g of 5% Pd on charcoal  was shaken in an a tmosphere  of hydrogen for 
2 h. The solution was f i l tered f rom ca ta lys t  and evaporated to a volume of 5 ml; the c rys ta l s  which sepa-  
ra ted were washed with absolute alcohol. This gave 0.47 g (98.1%) of a substance with mp 199-201 ~ (from 
alcohol): it dissolved in dilute acids and caust ic  alkali and was insoluble in ammonia.  Found %: C 70.43, 
70.52; H 7.97, 8.17; N 5.04, 4.87. C34H4~N206. Calculated %: C 70.56, H 8.01; N 4.83. 

Dimethiodide of Di-[  7 -  (N-piperidyl)propyl] Es te r  of p ,p ' -Dihydroxy-  ~- t ruxi l l ic  Acid (IIe). A mixture 
of 0.4 g of XVIII, 10 ml of methanol, and 1 ml of methyl iodide was heated on a water  bath for 2 h. The meth-  
anol was evaporated off, the residue was t rea ted  with e ther  and dissolved in water .  The aqueous solution 
was extracted with ether,  t reated with charcoal ,  and evaporated.  The amorphous precipitate was ground with 
ether,  then with acetone, and dried in vacuum, The dimethiodide was hygroscopic  and did not have a c h a r a c -  
ter is t ic  melt ing point; it was readi ly soluble in water  and alcohol but difficultly soluble in ether,  acetone, 
and other solvents.  Found %: I 29.87; 29.62. C36H5212N206. Calculated %: I 29.42. 
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