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We showed e a r l i e r  that cycl ic  d iace ta ls  of sa tura ted  and unsa tura ted  C2-dialdehydes, for  example ,  
succinaldehyde, fumaraldehyde,  and butyne-2-d ia l ,  p o s s e s s  a Myanesin- l ike  p roper ty ,  while the qua te rnary  
sa l t s  of the i r  b i s - aminomethy l  de r iva t ives  a re  highly act ive blocMng agents  of n -chol inoreac t ive  s y s t e m s  
of skele ta l  m u s c l e s  [1-5]. One of the r e p r e s e n t a t i v e s  of the invest igated s e r i e s  of compounds is  produced 
by the chemicopharmaceu t i ca l  industry  of the USSR under  the name "dioxonium" as a muscle  re laxant  of 
average  duration of effect .  

This  r e s e a r c h  is  a continuation of the study of de r iva t ives  of sebacaldehyde.  There  is  in te res t  in these  
compounds because  a s e r i e s  of examples  ex i s t s  of appearance  of a c u r a r e - l i k e  act ivi ty in m a t e r i a l s  ( Im-  
bret i l ,  P res tona l ,  etc.) in which the dis tance between the b i squa te rna ry  ammonium groups  amount to approx-  
imate ly  20 A [6-8], as in the co r respond ing  sebacaldehyde der iva t ives .  

Of the methods desc r ibed  in the l i t e ra tu re  [9-12] for  the synthes is  of the s ta r t ing  sebacaldehyde (I), 
the mos t  convenient  was found to be Rosenmund method of catalyt ic  reduct ion of the diacid chloride of 
sebacic  acid with hydrogen in the p r e s ence  of a pal ladium ca ta lys t  in xylene.  Fo r  the purpose  of prevent ing 
po lymer iza t ion  of the dialdehyde, the fo rmed solution was used d i rec t ly  for  obtaining sebacic diacetals ,  
which are  eas i ly  fo rmed both upon reac t ion  of the solution with or thoformic  e s t e r  (II) and upon i ts  t r ea tmen t  
with glycols  in the p re sence  of p- toluenesulfonic  acid with azeotropic  dist i l lat ion of wa te r  (III,IV). Diacetal  
(V) was obtained convenient ly by t r ansace ta l a t ion  of (II) with the a -monoch lo rohyd r in  of g lycer in  in toluene. 

~ '  : R = H  ~ n = /  

ilr: R = G H ) ,  I2=  2 

Y: B,=GHzGI, It--- 7 

Synthesis of qua te rna ry  sa l t s  of b i s - aminomethy l  de r iva t ives  was accompl ished by heating (V) with 
d imethylamine  or  pyr ro l id ine  with subsequent  t r an s fo rma t ion  of the obtained b a s e s  into dimethyl  iodides 
(VI) and (VII). 
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TABLE 1. Peak  Toxici ty and Effect  on Mo-  
tion Coordination of Cyclic Diaceta ls  (I) in 
Exper imen t s  on White Mice upon In t r a -  
per i toneal  Introduction 

| , ~  

Ill 

IV 

V 

I LD5o(mg/kg) 

2 400 
(I 690-~3 408) 

290 
(170--478) 

1 500 
(1 071--2 100) 

ED~ (mg/kg) 

experimemson robe test (after 
a rotating rod 60 mln) 

980 (676- 1421] -- 

430 (318- 580) 275 (216- 346) 

180 (120-? 270) 

l 
Z--o  o - - /  c ~ l  . 

i 
=:  Rz~ =(--) n = 8 

~, R{=<-~. n=z 

Compounds (IV-VII) a re  po ly s t e ro i somer i c  m i x -  
tu res ,  containing a va r ious  number  of d i a s t e r e o i s o m e r s ,  
depending on the the rmodynamic  and kinetic conditions 
of thei r  format ion.  The max imum number  is  d e t e r -  

mined by the fo rmula  2n-l(2n+l}, where n is  the number  of p a i r s  of a s y m m e t r i c  carbon a toms  in the aceta l  
r ings  (in this  case ,  n = 2). 

Diaceta ls  (III), (IV), and (V) are  r emin i scen t  of Myanesin- l ike m a t e r i a l s  (Table 1) in the i r  general  
effect  in expe r imen t s  on mice  upon in t raper i tonea l  introduction of solutions in olive oil. Compound (V) 
p o s s e s s e d  the g r e a t e s t  act ivi ty and was 2.5 t imes  more  act ive and 3 t imes  l e s s  toxic than the cor responding  
der iva t ive  of succinaldehyde [3]. Compound (III) d i f fers  l i t t le f rom the succinaldehyde analog in act ivi ty and 
toxici ty.  Compound (IV) is  m o r e  toxic and i ts  toxic effect  i s  developed more  slowly. Compound (IV) has an 
effect  on motion coordinat ion and musc le  tone only in toxic doses .  

The b i s - q u a t e r n a r y  ammonium sa l t s  (VI) and (VII) displayed a high c u r a r e - l i k e  act ivi ty (Table 2) in 
expe r imen t s  onca t s  with e lec t r i ca l  s t imulat ion of the sciatic nerve  and r eg i s t r a t ion  of contract ion of the 
gas t rocnemius  musc le ,  in expe r imen t s  on rabb i t s  (test of lowering the head), and on isolated n e r v e - m u s c l e  
p repa ra t ion  of the r a t  d iaphragm.  Resul ts  obtained e a r l i e r  [13, 14] in the invest igat ion of the c u r a r e - l i k e  
effect  of the cor responding  de r iva t ives  of succinaldehyde (VIII) and (IX), and also the act ivi ty of d - tubocura -  
f ine a re  p resen ted  for compar i son .  

Compounds (V-I) and (VII) can be ass igned to compounds of mixed type in mechan i sm of c u r a r e - l i k e  
effect.  In expe r imen t s  on cats ,  in ce r ta in  c a s e s  before  onset of n e r v e - m u s c l e  blockage,  these  compounds 
caused a smal l  i nc rea se  in amplitude of musc le  contract ion,  but in t ravenous introduction of p rose r ine  (50 
~g/kg) e i ther  did not affect  the i r  effect  o r  caused a weak antagonistic effect.  In expe r imen t s  on the d i rec t  
musc le  of a frog s tomach,  compounds (VI) and (VII) cause  a p redomina te ly  cholinolytic effect,  in con t ras t  to 
(VIII) and (IX). Dilutions prevent ing the effect  of acetylcholine by 50% for  (VI) and (VII) amount to 2.13 �9 10 - 5  
(1.09-3.17 �9 10 -5) and 2.15 �9 10 -6  (1.08-3.22 �9 10-6), respec t ive ly .  

However,  compounds (VI) and (VII) cause  spasmodic  musc le  contract ion in doves.  Thus, (VI) and (VII) 
do not differ  f rom one another  in mechan i sm of effect,  but the effect  of these compounds depends on the 
spec ies  c h a r a c t e r i s t i c s  of the chol inoreceptor  s t ruc tu re s  of the skele te l  musc l e s  to an even g r e a t e r  degree  
than this  was noted [14] for  de r iva t ives  of succinaldehyde. The average  duration of effect  in expe r imen t s  on 
ca t s  for (VI) amounts  to 23.6 min (20.4-26.8) and to 22.0 rain (19.5-24.5) for  (VH). Consequently,  these  m a -  
t e r i a l s  differ  l i t t le in length of cu ra r i z ing  effect  f rom analogs of the s e r i e s  of d iaceta ls  of succinaldehyde. 

EXPERIMENTAL 

Sebacaldehyde (I). Through a mixture of 200 ml of xylene, 4 g of catalyst (5% palladium on barium sul- 
fate), 0.4 ml of regulator (0.I g of sulfur quinoline in 1 ml of xylene), and 20 g of the diacid chloride of seba- 
eie acidwith stirring and boiling was passed a stream of hydrogen for 10-12 h. Then the catalyst was filtered 
and the obtained aldehyde was used for obtaining the acetals without separation from solution. 

i, I, I0, 10-Tetraethoxydecane (If). To the obtained solution of (I)was added 200 ml of absolute ethanol, 
25 g of the ethyl ester of orthoformic acid, and 0.2 ml of concentrated hydrochloric acid; the mixture was 
heated to boiling and left overnight. Then the solution was neutralized with piperidine, the solvent was evap- 
orated in vacuum, the precipitated piperidine hydrochloride was filtered, and the residue was fractionated 
in vacuum. The fraction with bp 150-155 ~ (2 ram) was used for further transacetalation. Yield was 14.6 g 
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TABLE 2. Curarizing Activity of Quaternary Ammonium Salts in 
Experiments on Cats (EDs0), Rabbits (TLH*), and Isolated N e r v e -  
Muscle Preparat ion of Rats (EKs0 $) and Peak Toxicity for White 
Mice (LDs0) upon Intraperitoneal Introduction (with confidentiallimits, 
P = 0.05) 

Corn- EDso(mg/kg ) TLH(mg/kg) EKso LDso(mg/kg) 
pound 

VI 

VII 

VIII 

IX 

d-Tu- 
bocura. 
rine 

0,025 (0,018-~-: O, 032) 

0.1 (0,02 .-+-' O, 018) 

0,012 (0,010--0,014) 

O, 005 (O, 003-+-0,007) 

0,I13 (0,077q--0, [49 

0,45 (0 ,43- .0 ,47)  

0 , 1 7 4  (0 ,156M0,192)  

0,154 (0,134~-0,174) 

0 ,006 (0 ,082~0, I10  

0 ,232 (0,221~0,243: 

2 ,03 .  lO -6 (0 ,64 .10-6- -3 ,42  
XIO -e) 

2 , 2 . 1 0  -7 (I ,96- 10-7--2,44 
. X10 -7) 

3,34. I0 -'~ (3,20. lO'S-r:7,48 
XIO -6) 

2 , 7 2 .  i0  -6 ( 1 , 6 1 . 1 0 - 6 - ~ . 3 , 8 3  
. XlO -8) 

1 , 3 4 . 1 0  -Q ( 1 , 1 5 .  l O-ew-1,53 
XlO -6) 

,6 (1,3-~-1,9) 

,0 (0,92--:.-1,09) 

,t5 (0,00--8,50) 

1,0  ( 0 , 7 - ~  1,47) 

0,45 (0,37s 

* TLH is the dose causing lowering of the head in rabbits. 
EKs0 is the dilution decreasing contraction of the rat diaphragm by 50%. 

(55%). This fraction contained about 85% of the acetal, judging from the obtained amount of p-nitrophenyl- 
hydrazone of (I) [9]. The pure material can be isolated by repeated distillation, bp 150-153 ~ (2 mm), n~ 
1.434. Found, % C 67.23; H 11.95. C18H3804. Calculated, %: C 67.56; H 12.02. 

1,8-Bis-(l'-dioxolanyl-2')-octane (III). To a solution of (1) was added 10.4 g of ethylene glycol and 
0.i g of p-toluenesulfonic acid and the mixture was heated in a flask fitted with a Dean-Stark attachment 
until separation of water ceased. The cooled solution was washed with an aqueous solution of sodium car- 
bonate and dried; the solvent was distilled in low vacuum and the residue was fractionated. The fraction 
with bp 130-150 ~ (2 mm) crystallized. Yield was 10.4 g (48%) of colorless crystals, mp 43-44 ~ (fromhexane). 
Found, %: C 65.33; H 10.21. C14H260 r Calculated, %: C 65.08; H 10.15. 

1,8-BiS-(4'-methyl-l',3'-dioxolanyl-2')-octane (IV). The material was obtained analogously to the 
preceding, using 15 g of butane-l,3-diol. After distillation of solvent the residue was recrystallized from 
ethanol. We obtained 12.8 g (48%) of colorless crystals, mp 55-60 ~ Found, %: C 68.44; H 10.69. C18H3404. 
Calculated, %: C 68.75; H 10.90. 

1,8-Bis-(4'-chloromethyl-l',3'-dioxolanyl-2')-oetane (V). A mixture of 15 g of (If), 10.4 g of the ~- 
monochlorohydrin of glycerin, 150 ml of toluene, and 0.i g of p-toluenesulfonic acid was heated with stirring 
to 120 ~ and the ethanol and toluene mixture was distilled. The reaction solution after cooling was washed 
with an aqueous solution of potassium carbonate and dried, the toluene was distilled in low vacuum, and the 
residue was fractionated. The fraction having bp 190-200 ~ (i mm) was collected, after which it crystallized. 
We obtained 10.5 g (62.5%) of colorless crystals, mp 30-40 ~ (from ethanol). Found, %: C 53.77; H 7.92; Cl 
19.73. C16H28C1204. Calculated, %: C 54.08; H 7.94; Cl 19.95. 

1,8-Bis-(4'-dimethylaminomethyl-l',3'-dioxolanyl-2')-octane (Via). A mixture of 17.7 g of (V) and 
13.5 g of dimethylamine was heated for 5 h in an autoclave (volume 250 ml), gradually raising the tempera- 
ture from I00 to 150 ~ After cooling I00 ml of ether was added, the dimethylamine hydrochloride was filtered, 
and the solution was washed with water, dried with anhydrous sodium sulfate, and distilled. The fraction was 
collected having bp 195-205 ~ (i ram), n~ 1.464. Yield 15 g (80%). 

Dimethyl Iodide of (VI). To a solution of 2 g of (Via) in I0 ml of acetone was added 2 ml of methyl 
iodide. The precipitated colorless oil crystallized upon rubbing. After recrystallization from absolute 
ethanol 1.3 g (74%) of colorless crystals were obtained, mp 170-175 ~ Found, %: C 40.27; H 7.35; N 4.02; 
I 38.98. C22H4612N204. Calculated, %: C 40.25; H 7.01; N 4.27; I 38.67. 

1,8-Bis-(4'-pyrrolydinomethyl-l',3'-dioxolanyl-2')-octane (VIIa). The compound was obtained analo- 
gously to (Via) from 17.7 g of (V) and 17.5 g of pyrrolidine. Yield was 18 g (84%), bp 220-230 ~ (2 mm), n~ 
1.484. 
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Dimethyl Iodide of (VII). T~o a solution of 2 g of (VIIa) in 20 ml of acetone was added 2 ml of methyl  
iodide. An oil prec ip i ta ted  which did not c rys t a l l i ze  upon standing or  heating the mixture .  It was  separa ted  
f rom solvent,  30 ml of absolute ethanol and act ivated carbon were  added, and the mix ture  was f i l tered.  Ab-  
solute e ther  was added to the f i l t ra te  and the p rec ip i ta te  was separa ted  repea ted ly  f rom the solvent.  After  
being maintained in vacuum, 2 g (60%) of yellow c a r a m e l - l i k e  m a s s  remained .  Found, %: C 43.05; H 6.60; 
N 4.57; 135.09. C26H5012N204. Calculated, %: C 44.07; H 7.11; N 3.95; 135.82. 
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