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Synthesis of a number of 2-dialkylaminoalkyl-1, 2-diazabicyclo[2, 2, 
2]octanes has been carried out starting from 1, 2-diazabicyclo[2, 2, 2]- 
octane and passing through its 2-chloroacyl and 2-dialkylaminoacyl 
derivatives. It has been shown by means of NMR spectra that the meth- 
iodide of 2-methyl-i, 2-diazabicyc]o[2, 2, 2]octane has the structure 
of 1,2-dimethyl-2-aza-l-azoniabicyclo[2, 2, 2]octane iodide. 

In preceding papers ,  we have descr ibed a general  
method for obtaining 1 ,2-d iazabicyc loa lkanes  and the 
synthesis  of severa l  r epresen ta t ives  of this c lass  and 
the i r  der iva t ives  [1,2]. In order  to broaden our studies 
of the bicyel ic  sys tems  ment ioned-- in  pa r t i cu la r ,  the 
1 ,2-d iazab icyc lo[2 ,2 ,2]oc tane  s y s t e m - w e  have ca r r i ed  

out the synthesis  of a number  of 2-subs t i tu ted  de r iva -  
t ives of this c lass  of compounds and have studied the i r  
chemical  and biological p roper t ies .  

2 -Dia lky laminoa lky l -1 ,2 -d iaz  abicyclo [2 ,2 ,2]octanes  
(V) were  obtained by the following scheme: 

�9 "~ c .N~H + CICO (CH2)mCI ~ ~'~N/NCO(CH2)m I 
I I I ,  I l a  I I I ,  I l i a  

r ~  CH NI~ - -  L~NfNr~(CH2)m+INI~2 L~N~NCO( ~)~ 
IV, Ira V, Ya 

il, lll, IV, V : m = l ;  [[a. lila, lVa, Va: m : 2  

/CH2--CH 2 /CH2--CH 2 N\ )o ~2:NH2 ; ~(CH3)2; N(C2Hs)2; N\CH2__CH2>CH2; Cff2--Cff2/ 

1,2-Diazabicyc lo[2 ,2 ,2]oc tane  (I) was subjected to 
the action of eh!oroacetyl  and fl-chloropropionyl ch lo r -  
ides (II) in benzene.  The hydrochlor ides  of the 2 - ch lo r -  
oacetyl -  and 2- ( f i -ch loropropionyl ) - l ,2 -d iazab icyc lo-  
[2 ,2 ,2]octanes  (III) so formed,  without additional 
pur i f icat ion,  were  heated in ethanolic solution with die-  
thylamine,  p iper id ine ,  and morpholine in excess .  The 
resu l t ing  2-d ia lkylaminoalkyl -  1 ,2-  diazabicyelo [2 ,2 ,2] -  
octanes (IV) were then reduced with l i th ium a luminum 
hydride to the amines  V. All st~tges of the synthesis  
took place mainly  with fa i r ly  high yields (70-90~d. A 
lower yield (39-42%) was obtained only in the case of 
the react ions  of the hydroehloride of 2-(~-chloropro-  
p iony l ) - l ,  2-diazabicyclo [2,2,2]octane (IIIa) with p iper i -  
dine and morphol ine.  This is  due to the fact that in the 
reac t ion  of IIIa with these amines ,  in addition to the 
rep lacement  of chlor ine by the t e r t i a ry  amino group, 
dehydrohalogenation took place with the format ion of 
cons iderable  amounts of acryl ic  acid der iva t ives .  

2-  (7-Aminopropyl ) - l ,  2-diazabieyclo [2,2,2]octane 
(Va; NR 2 : NH 2) was synthesized by the reduct ion of 
2-(/3-cyanoethyl)-l ,  2 -d iazabieyclo[2 ,2 ,2]octane  [2] 
with l i th ium a luminum hydride; subsequent  methylat ion 
led to compound Va, where NR~ = N(CH~) 2. 

*For par t  II, see [2]. 

The synthesis  of 2-(~-hydroxyethyl)- l ,  2 -d iazab i -  
cycle [2,2,2]octane (VI) was ca r r i e  d out by two methods.  
a) by the react ion of I with ethylene oxide; under  v a r -  
ious exper imental  condit ions,  the reac t ion  took place 
ambiguously,  and f rom the total react ion products it 
was possible  to isolate  compound VI in only low yield; 
b) 2 -cyanomethy l -1 ,2 -d iazab icye lo[2 ,2 ,2 ]oc tane  [2] 
was subjected to hydrolysis  and then to es ter i f ica t ion;  
the 2 -methoxycarbonyl -1 ,2 -d iazab icyc lo[2 ,2 ,2 ]oc tane  
(VII) so obtained was reduced with l i th ium a luminum 
hydride to VI. 

In addition to the substances  mentioned,  severa l  
roche- and d i t e r t i a ry  salts  of 2 - m e t h y l - l , 2 - d i a z a b i -  
cycle[2,2,  2]octane (VIII) were  synthesized by the r e -  
action of the la t te r  with alkyl halides and with ~ , w -  
dihalogenoalkanes.  The react ion of compound VIII with 
methyl iodide led to a mono te r t i a ry  sal t  which may 
have s t ruc ture  IX or IXa. To elucidate the s t ruc ture  of 
this methiodide, i ts  PMR spec t rum was recorded on a 

JNM-4H-100 spec t romete r  with a working frequency of 
100 MHz using pyridine as the solvent and t e t ramethy l -  
s i lane as in te rna l  s tandard.  

I i- ~ ' ~ ' N \ c . ,  r 
CFI 3 V i i i  

IX l IXa 

X 

The spec t rum of the protons of the bicyclic nucleus 
of the methiodide cons is t s  of groups of overlapping 
peaks with a center  at 5 1.85 ppm and having a total in -  
tens i ty  of five proton units  (protons at C4, C~, and Cs), 
a broadened peak of two proton units with 5 2.98 ppm 
(protons at C~), and two groups of s ignals  of two p ro -  
ton units  with centers  at 5 3.85 and 4.35 ppm (protons 
at C 6 and C7). The protons of the methyl groups give 
two dist inct  narrow peaks which enables s t ruc ture  IXa 
to be excluded, s ince in this case the CH~ groups would 
be in equivalent posi t ions with respect  to the plane of 
symmet ry  of the molecule  pass ing through the C~, C4, 
Nl; and N 2 atoms and, consequently,  have identical  
chemical  shifts.  On the basis  of the informat ion given, 
it may be concluded that the spec t rum of the methiodide 
of compound VIII corresponds  to s t ruc ture  IX with non- 
equivalent methyl  groups at N 2 (N--CH3, 5 2.68 ppm) and 

+ 
at N 1 (N---CH~, 5 3.29 ppm), the signal f rom the la t te r  
appearing in a weaker field because of the inductive 
effect of the posi t ively charged ni t rogen atom. A s i m i -  
l a r  spect rum has been obtained for a solution of the 
methiodide of IX in D20, where the difference in the 
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COCH2CI 

COCH2N (C2Hs) 2 

COCH2 N ~  

COCIt2 C o  

CO (CI{2) 2N (C~Hs)2 

CO (CH2)2 N~ 

co(cI~), ~/-~o k_._/ 

(CH2)~N (C2H~)~ 

(CH2)2 N ~  

(CH2)3N(C2Hs)2 

(CH2h G 

(CH2)3 C o  

(CH2) aNH2 

(CH~) sN (CH~)~ 

CHO 

CI-I~COOC.~Hs 

C!-I~CH~OH 

CH~CH~OCOCH~ 

o Bp, C (pressure mm) 
(mp,* C) 

(162--164) 

IlO--Ill (0.3) 

146--147 (0.5) 

174--175 (I) 

~5o-[52 (2) 

160-162 (0.8) 
(70-73) 

180--182 (1) 

120--t22 (7) 

105--106 (0.6) 
(224--226)" 

(228--23[) 
133~134 (3) b 

125--126 (4) 

122--125 (t) 
(209--2[I) c 

125--126 (l) 
(219--221) a 

[32--[35 02) 

119--121 (10) 
(215--217) a 

(60--62) �9 
(201--203) a 

100--10I (2) 

112--114 (8) 

129--131 (10) 

Empirical formula 

CsHlaCIN20 �9 HCI 

C,21-123N30 

CistJ2:~N~O 

CI~H2~N~O2 

Ctfl:I~NsO 

C~4Hes'N30 

C,sI-12~NsO~ 

C~2[-tz~,N3 

Clal-t2~N~ 

CI~H23NsO ' 2HCI 

CiaH27Na 

CI4H27N3 

ClSthsNsO 

CgH~gN3 

CHHzsN~ 

CrHI2N20 

CioI-tlsN20, 

CstII6N~O 

C,0I I~8N20~ 

64.30 

65,54 

59.93 

64.85 

66.91 

61.4 

67.97 

70.00 

48.58 

Found, % 

10.40 

9.79 

8.66 

10.40 

10,09 

9.04 

12.13 

11,58 

8.72 

12.58 

18.46 

17.72 

17.61 

17.78 

17.02 

16.51 

19,91 

19.01 

14.15 

Calculated,% 

3.29 

9,75 

8,84 

0.52 

10,02 

9.15 

1.92 

1.28 

8.45 

70,85 

64.98 

63.79 

66.72 

60.00 

60.45 

61,80 

60.53 

11.24 

10.33 

I 1.35 

l 1.40 

8.51 

8.89 

10,65 

9.14 

18.34 

17.90 

t 7A7 

24.42 

20.48! 

20.06 

14.12 

[ 7,57 

[4.13 

| .47 

0..51 

1.36 

1.75 

8.63 

9.14 

0,32 

9.04 

Yield, % 

89.5 

72.2 

74.4 

75.3 

48.8 

39A 

67.2 

81.5 

73.5 

79.5 

85.0 

79.6 

88.3 

79.2 

81.6 

87.2 

20.7 

77.3 e 

71,0 

aDinitrochloride bBase CDimethiodide dMethiodide eobtained in the ester VII. 
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+ 
c h e m i c a l  s h i f t s  o f  t h e  N - - C H a  a n d  N - - C H  3 g r o u p s  

a m o u n t e d  to  0 . 33  p p m .  

T h e  d a t a  on  t h e  s t r u c t u r e  o f  c o m p o u n d  IX o b t a i n e d  b y  

s t u d y i n g  t h e  P M R  s p e c t r u m  g i v e  g r o u n d s  f o r  a s s u m i n g  

t h a t  t h e  d i q u a t e r n a r y  s a l t  f o r m e d  b y  t h e  r e a c t i o n  VIII  

w i t h  1 , 6 - d i i o d o h e x a n e  h a s  t h e  s t r u c t u r e  o f  h e x a m e t h y -  

l e n e - d i ( 2 - m e t h y l - 2 - a z a - l - a z o n i a b i c y c l o  [ 2 , 2 , 2 ] o c t a n e  

i o d i d e )  (X).  

In  a s t u d y  o f  t h e  b i o l o g i c a l  p r o p e r t i e s  o f  c o m p o u n d s  

V a n d  X,  i t  w a s  f o u n d  t h a t  t h e  a m i n e s  V e x h i b i t  a w e a k  

p h a r m a c o l o g i c a l  a c t i v i t y ,  w h i l e  t h e  d i q u a t e r n a r y  s a l t  

X w a s  f o u n d  to  h a v e  c u r a r e m i m e t i c  a n d  w e a k  g a n g l i o n -  

b l o c k i n g  p r o p e r t i e s .  T h e  b i o l o g i c a l  p r o p e r t i e s  w e r e  

s t u d i e d  i n  t h e  p h a r m a c o l o g y  d i v i s i o n  o f  V N I K h F I  [ O r d -  

z h o n i k i d z e  A l l - U n i o n  C h e m i c a l  a n d  P h a r m a c e u t i c a l  

S c i e n t i f i c  R e s e a r c h  I n s t i t u t e ]  b y  s e n i o r  s c i e n t i f i c  

w o r k e r s  K .  A .  Z a i t s e v a  a n d  B.  A.  M e d v e d e v  u n d e r  t h e  

d i r e c t i o n  o f  C o r r e s p o n d i n g  M e m b e r  o f  t h e  A c a d e m y  of  

M e d i c a l  S c i e n c e s  o f  t h e  US S R  P r o f .  M.  D.  M a s h k o v s k i i .  

EXPERIMENTAL 

Hydrochloride of 2-chloroacetyl-1, 2-diazabicyclo[2, 2, 2]octane 
(III). A solution of 2.47 g (0.0218 mole) of chloroacetyl chloride in 
12 ml of absolute benzene was added over 40 min with stirring and 
ice water cooling to a solution of 2.45 g (0.0128 mole) of 1 ,2-d iaza-  
bicyclo[2, 2, 2]octane (I) in 12 ml  of absolute benzene. The reaction 
mixture was stirred for another 1 hr 30 rain with cooling and for 3 hr 
at room temperature. The precipitate formed was filtered off with 
suction, washed with benzene, and dried. The yields, constants, and 
analytical results for this compound and for the other 2-substituted 
1, 2-diazabicyclo[2, 2, 2]octanes are given in the table. 

By this method, the hydrochloride of 2-(/3-chloropropionyl)-l, 2- 
diazabieyclo[2,2,2]octane was obtained in the form of colorless 
extremely hygroscopic crystals with a yield of 80.2%. 

2- Dicthylaminoacetyl- 1, 2-diazabicyclo[2, 2, 2]octane. A solution 
of 3.7 g (0.0164 mole) of III and 5.4 g (0.074 mole) of diethylamine 
in 30 ml  of absolute ethanol was boiled for 5 hr. The reaction mixture 
was evaporated in vacuum, the residue was dissolved in 10 ml  of water, 
15 ml of 50% potassium carbonate solution was added, and the mixture 
was extracted with benzene. 

The other 2-aminoacyl derivatives of 1, 2-diazabicyclo[2, 2, 2]- 
octane (IV, IVa) were obtained similarly. 

2-(B- Diethylaminoethyl)- 1, 2-diazabicyclo[2, 2, 2]octane. With 
stirring, a solution of 2.38 g (0.0106 mole) of 2-diethylaminoacetyl- 
1, 2-diazabicyclo[2, 2, 2]octane in 50 ml of absolute benzene was added 
to a suspension of 0.8 g (0.21 mole) of lithium aluminum hydride in 
50 ml  of absolute ether. The reaction mixture was boiled for 18 hr, 
cooled, and treated with 2 ml  of water. The inorganic salts were 
filtered off with suction and carefully washed with benzene. The com- 
bined solutions were evaporated, and the residue was distilled in vacu- 
um. All the 2-dialkylaminoalkyl-1, 2-diazabicyclo[2, 2, 2]octanes 
(Y, Va) were synthesized similarly. 

Reduction of 2-(B-cyanoethyl)- 1, 2-diazabicyclo[2, 2, 2]octane [2] 
with li thium aluminum hydride gave 2-O'-aminopropy)-l ,  2-diaza- 
bicyelo[2, 2, 2]octane. 

2-(7-Dimethylaminopropyl)-i  , 2-diazabicyelo[2, 2, 2]octane. A 
mixture of 2.85 g (0.017 mole) of 2-(y-aminopropyl)-l ,  2-diaza- 
bicyclo[2, 2, 2]octane, 3.5 g (0.043 mole) of 37% formaldehyde solu- 
tion, 4.7 g (0.102 mole) of formic acid, and 3 ml  of water was heated 
at 100" C for 15 hr. The reaction mixture was evaporated in vacuum, 
and the residue was treated with 50% potassium carbonate solution and 
extract with ether. 

2-Formyl-1, 9--dlazabicyr 2, 2]octane. A mixture of 6.75 g 
(0.066 mole) of acetic anhydride and 2.8 g (0.06 mole) of formic acid 
was heated at 60 ~ C for 2 hr. With cooling, the resulting solution was 
treated with 5 g (0.0445 mole) of I in 20 ml of ether. The mixture was 
left at room temperature for 40 hr and then evaporated in vacuum, and 
the residue was made alkaline with 50% potassium carbonate solution 
and extracted with ether. 

2-Ethoxycarbonylmethyl-l, 2-dlazablcyclo[2, 2, 2]octane (VII). 
With cooling, 7 g (0.0463 mole) of 2-cyanomethyl-l, 2-diazabi- 
cyclo[2, 2, 2]octane [2] was added to 80 ml of a 28% ethanolic solu- 
tion of hydrogen chloride. The reaction mixture was left at room 
temperature for 20 hr and was then boiled for 4 hr, after which it was 
evaporated in vacuum. The residue was dissolved in 25 ml  of water, 
and the solution was treated with 25 ml of 50% potassium carbonate 
solution and extracted with ether. The ethereal solution was dried with 
potassium carbonate and evaporated, and the residue was distilled. 

9--03-Hydroxyethyl)-l, 2-diazabicyclo[9., 2, 2]octane (Vl). A. A 
solution of 1.85 g (0.0095 mole) of VII in 50 ml of ether and 50 ml of 
benzene was reduced with 1.05 g (0.286 mole) of lithium aluminum 
hydride at the boil for 3 hr. The reaction mixture was treated in the 
usual way. The VI obtained was distilled in vacuum. B. With cooling, 
a solution of 3 g (0.068 mole) of ethytene oxide in 6 ml of ethanol 
was added to a solution of 5 g (0.0445 mole) of I in 20 ml of ethanol. 
The reaction mixture was left at room temperature for 4 days and was 
then evaporated in vacuum and the residue distilled. A fraction with 
bp110-115 ~ C (10 ram) (0.7 g) was collected. Found, %: C 61.57; 
H 10.90; N 17.48. Calculated for CsHI~NzO, %: C 61o50; H 10.32; N 
17.87. 

2-(15-Acetoxyethyl)-l, 2-diazabicyclo[2, 2, 2]octane. A mixture 
of 1 g (0.0064 mole) of VI and 3 ml of acetic anhydride was heated 
in the water bath for 2 hr. The reaction mixture was evaporated in 
vacuum, and the residue was treated with 50% potassium carbonate 
solution and extracted with ether. 

1, 2-Dimethyl-2-  aza-l-azoniabicyclo[2,  2, 2]octane iodide (IX). 
A solution of 1.15 g (0.0091 mole) of 2 -methyl - i ,  2-diazabicyclo[2, 
2, 21octane (VIII) and 2 g (0.0141 mole) of methyl iodide in 20 ml 
of acetone was left at room temperature for 20 hr. The precipitate 
that deposited was filtered off with suction and recrystallized from a 
mixture of acetone and ethanol, giving 1.7 g (69.5o/o) of the methlodlde 
IX. Colorless crystals, readily soluble in water and ethanol, insoluble 
in acetone and ether. Mp 225-227 ~ C. Found, %: 1 47.33; N 10.10. 
Calculated for CsHr~INz, %: 1 47.33; N 10.44. 

Hexamethylenedi(2- methyl- 2- aza- 1- azoniabicyclo[2, 2, 2]octane 
iodide) (X). A solution of 1.1 g (0.0087 mole) of VIII and 1.35, g 
(0.004 mole) of diiodohexane in 10 ml of acetonitrile was boiled for 
15 hr. The mixture was evaporated in vacuum, and the residue was 
triturated with ethanol, giving Z.87 g (80%) of the diiodide in the form 
of colorless crystals readily soluble in water, moderately soluble in 
ethanol, and insoluble in acetone and ether; mp 156-159 ~ C (from 
ethanol). Found, %: 1 43.34; N 9.73. Calculated for Cz0H40IaN4, %: 
I 43.05; N 9.49. 
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