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Quinuclidine is a s table  chemical  compound [1-5]. N-Acylonium sal ts  of quinuclidine N-oxide and 
their  r eac t ion  to neutral ,  acidic,  and bas ic  hydrolys is  a r e  descr ibed  [6]. We ass igned ourse lves  the p rob -  
l e m  of synthesizing N-oxides  of quinuclidine and i ts  der iva t ives ,  to study the the rma l  stabili ty,  and also, 
consider ing that N-oxides  of quinoxaline de r iva t ives  [7] have a significant an t imicrobic  activity,  to inves t i -  
gate their  bac te r ios ta t i c  p rope r t i e s .  

N-oxides of quinuclidine and i ts  3-subst i tu ted  de r iva t ives  (I1) were  obtained by oxidation of bases  (I) 
with a 25-30% solution of hydrogen peroxide  at  room t e m p e r a t u r e  or  with heating. Oxidation of quinuclidine 
(Ia) under these  conditions does not go to completion. Subsequent ext rac t ion  of the reac t ion  products ,  which 
can be accompl ished  with ch lo ro fo rm only f r o m  concentrated solutions, led to convers ion  of unreac ted  (Ia) 
to i ts  hydrochtoride.  To r em ove  the la t ter ,  quinuclidine N-oxide (IIa) was conver ted  to the p ic ra t e  f r o m  
which (IIa) was isolated by the usual method. Compound (IIa) was obtained in pure  f o r m  only a f te r  sub l ima-  
tion in vacuum. 

The t e r t i a r y  amines  (Ib-Id) reac ted  more  comple te ly  with hydrogen peroxide and the isolat ion of the i r  
N-oxides  did not p re sen t  any difficulty. However,  it was not poss ib le  to obtain 3-hydroxyquinuclidine N- 
oxide (life) upon oxidation of (Ie), evidently because  of the difficulty of ext rac t ing  it  f r o m  w a t e r - b a s e  so lu-  
t ions.  The N-oxide (lie) was synthes ized in high yield by oxidation of 3-acetoxyquinucl idine and subsequent 
hydro lys i s  of (lid) with hydrochlor ic  acid: 
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React ion of the N-oxides  (IIa-IIc) with methyl  iodide yielded the 1-methoxyquinucl idinium iodides 
(IIIa-IIIc),  and reac t ion  of (IIa) and (lib) with ~ ,~-d iha loa lkanes  yielded the d iquaternary  sa l t s  (IVa-IVc). 

The the rmal  s tabil i ty of quinuclidine N-oxide was studied by heating this compound in d ime thy l fo rma-  
mide solution at 150~ and also without solvent  up to 205-210% Unchanged N-oxide (Ia) was r e c o v e r e d  in 
the f i r s t  case,  and deoxygenation of the N-oxide occur red  in the second case  with subl imation of the quinucli-  
dine fo rmed .  Cleavage of the quinuclidine molecule  under  these conditions was not observed.  

In addition, it is known that  py ro lys i s  of N-oxides  of monocycl ic  amines  is accompanied  by a s e r i e s  
of t r ans fo rma t ions :  r e a r r a n g e m e n t  with r ing expansion, Cope r e a r r a n g e m e n t  with fo rmat ion  of hydroxyl-  
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amine  der iva t ives ,  deoxygenation.  The c h a r a c t e r  of the t r ans fo rma t ion  i s  a ssoc ia ted  with the p r e sence  or 
absence  of subst i tuents  in the a - p o s i t i o n  to ni trogen,  thei r  s t ruc ture ,  and a lso  with ff.e r ing size.  The s ta -  
bil i ty of N-oxides  to p y r o l y s i s  has  been observed  in ce r ta in  ca se s  [8-10]. 

The r e s u l t s  of our invest igat ion indicate the t he rma l  stabil i ty of quinuclidine N-oxide to r ing opening, 
which is  evidently assoc ia ted  with the high s y m m e t r y  of the quinuclidine molecu le .  

S. N. MilovanovaandAo L. Mikerin,  having c a r r i e d  out a biological  invest igat ion of the N-oxides  (ri) and 
the i r  de r iva t ives  (III) and (IV) under  the d i rec t ion of G. N. Pershin ,  a s soc ia te  m e m b e r  of the Academy of 
Medicinal Sciences of the USSR, showed that of all  the compounds only (IVb) and (IVc) p o s s e s s  a weak 
g e r m i s t a t i c  act ivi ty  in re la t ion  to the ma jo r i t y  of the m i c r o o r g a n i s m s  examined.  

EXPERIMENTAL 

Quinuelidine N-Oxide (IIa). To 2 g (18 mmoles) of quinuclidine was added with ice-water cooling 5 
ml of 30.~0 hydrogen peroxide (45 mmoles) and the mixture was heated for i0 h at 60 ~ Next, i0 ml of 
water was added and the mixture was evaporated in vacuum. The operation was repeated two times. The 
residue was made basic with solid potassium carbonate and extracted repeatedly with chloroform; the chlo- 
roform solution was dried with potassium carbonate and evaporated in vacuum. The residue (2.2 g) was a 
mixture of quinuclidine N-oxide and quinucludine hydrochloride. For their separation, a solution of the 
mixture in 20 ml of ethanol was treated with an alcoholic solution of picrie acid. Here 4.3 g of the pierate 
of quinuclidine N-oxide was separated. Mp 268-269 ~ Found, %: C 44.27; H 4.81; N 15,71. CTHI3NO'C6H ~- 
N30 ~. Calculated, %: C 43.82, H 4.52; N 15.72. 

We mixed 4.3 g of the picrate with 40 ml of concentrated hydrochloric acid; the picric acid was ex- 
tracted with hot benzene, the hydrochloric acid solution was evaporated in vacuum, and the residue was 
made basic with solid potassium carbonate and extracted with chloroform. After distillation of the chloro- 
form the residue was sublimated in vacuum (7 ram) at 180-182~ We obtained 0~95 g (41o5%) of (IIa) as 
colorless hygroscopic crystals, very soluble in water and organic solvents. Mp 229-231 ~ (dee.). Found,%: 
C 65.60; H 10.17; N 10.64. CTHI3NO. Calculated, %: C 66o10; H 10.32; N ii.01. 

3-Benzylquinuclidine N-Oxide (IIb). To a solution of 9.65 g (48 mmoles) of 3-benzylquinucludine in 
10 ml of methanol was added 14 ml of a 23.5% solution of hydrogen peroxide (97 mmoles) and the mixture 
was left for 48 h. The excess hydrogen peroxide was decomposed with sodium sulfite, the solution was 
evaporated in vacuum, and the residue was made basic with a 50% solution of sodium hydroxide and ex- 
tracted with chloroform. Yield 6.55 g (52.8%). Colorless crystals~ very soluble in water, alcohols, acetone, 
and insoluble in e ther .  Mp 86-88 ~ (from a mix tu re  of acetone and e ther) .  Found, %: C 66.53; H 8 . 9 2 ;  
N 5.49; H20 14.82, Ci4HlsNO'2H20. Calculated, %: C 66.37; H 9,15; N 5.54; H20 14.30. 

P i c r a t e  has  mp 166-167 ~ Found, %: C 54.46; H 4.94; N 12.22. C14HIgNO-C6H3N307. Calculated, %: 
C 53.81; H 4.96; N 12.55. 

1-Methoxy-3-phenylquinucl id inium Iodide (IIIc). We mainta ined 2.45 g (13 mmoles )  of 3-phenylqui-  
nuclidine (Ic), 2.9 g of a 30.8% solution of hydrogen peroxide  (26 mmoles) ,  and 3 ml  of ethanol for  72 h. 
The reac t ion  mix tu re  was t rea ted  as  in the p r epa ra t i on  of (Ia), N-Oxide (ric), obtained as  a v i scous  non- 
c rys ta l l i z ing  liquid, was subjected to methyla t ion.  For  this,  a mix tu re  of (IIc), 2.84 g (20 mmoles)  of methyl  
iodide, and 50 ml  of acetone was heated for  6 h at  50-55% The solution was evaporated,  the res idue  was t r i -  
tu ra ted  with e ther ,  and 1.9 g (42.2%) of (IIc) was obtained. Co lo r l e s s  c r y s t a l s  which a r e  ve ry  soluble in 
ethanol, methanol ,  water ,  and insoluble in ethyl acetate ,  acetone,  and e ther .  Mp 133-135 ~ ( f rom a mix tu re  
of ethanol and ethyl acetate) .  Found, %: I 37.07; N 4.12o C14H20INO. Calculated,  %: I 36.77; N 4.06. 

3-Acetoxyquinuelidine N-Oxide (IId). We mainta ined 2 g (12.8 mmoles)  of 3-acetoxyquinuclidine,  1.8 
ml  of a 30.8% solution of hydrogen peroxide  (16.4 mmoles ) ,  and 20 ml  of glacia l  acet ic  acid for  120 h. The 
reac t ion  mix tu re  was t r ea ted  as desc r ibed  above.  After  dist i l lat ion of the ch loroform the res idue  was t r i -  
tu ra ted  with p e t r o l e u m  e ther .  We obtained 0.4 g (18.3%) of (IId). Mp 138-140 ~ (from acetone).  Found,%: 
C 53 .19;H 8 .31 ;N 6.80. C19HjdNO 3.H20.  Calculated,  %: C 53 .18;H 8 . 4 3 ; N 6 . 9 0 .  

The low yield of N-oxide (IId) is  due to hydro lys i s  of a por t ion  of the m a t e r i a l  to the N-oxide (IIe) in 
the p r o c e s s  of the reac t ion .  Isolat ion of (rid) f r o m  the mix ture  with (IIe) is accompanied by significant  
l o s se s  of the f o r m e r .  
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3-Hydroxyquinuclidine N-Oxide (IIe). We boiled 5.47 g (27 mmoles)  of technical  3-acetoxyquinucl i -  
dine N-oxide and 40 ml  of a 17% solution of hydrochlor ic  acid for  3 h. The hydrochlor ic  acid solution was 
decolor ized with carbon and evapora ted  in vacuum. The res idue  was dried by per iodic  addition and dis t i l -  
lation with benzene and dissolved in anhydrous ethanol; the alcohol solution was f i l tered,  evaporated,  and the 
obtained m a t e r i a l  was  c rys ta l l i zed  f rom a mix ture  of acetone and ethanol. We obtained 3.54 g (73%) of 
(IIe) hydrochlor ide .  Co lo r l e s s  hygroscopic  c rys ta l s ,  ve ry  soluble in water ,  alcohols and insoluble in ether ,  
acetone.  Mp 268-270 ~ (dec.). Found, %: C 46.52; H 8.03; C1 19.50; N 7.57. CTH13NO 2 .HC1. Calculated, %: 
C 46.80; H 7.85; C1 19.73; N 7.80. 

Reduction of 3-Benzylquinuclidine N-Oxide.  We shook 1 g (4 mmoles)  of (IIb), 2 g of Raney nickel 
catalyst ,  and 30 ml of methanol with hydrogen.  One mole  of hydrogen was  absorbed .  The ca ta lys t  was 
f i l tered,  the methanol solution was evapora ted  in vacuum, and the res idue  was dist i l led.  We obtained 0.5 g 
(62.5%) of 3-benzylquinuclidine.  Bp 105-106 ~ (0. 5 mm) [11]. Found, %: C 82.93; H 9.32; N 6.89. CI4HlgN. 
Calculated, %: C 83.48; H 9.45; N 6.95. 

Catalyt ic  reduct ion of N-oxide (IIa) in the p r e sence  of plat inum oxide yielded quinuclidine. Mp 154 ~ 
[1]. 

1-Methoxyquinuclidintum Iodide (IIIa). A solution of 1 g (7.9 mmoles)  of (IIa) and 1.34 g (9.4 mmoles)  
of methyl  iodide in 8 ml  of acetone was maintained for 48 h. The prec ip i ta ted  solid was f i l tered,  washed 
with acetone, and r ec rys t a l l i z ed  f rom a mix tu re  of 10 ml  of acetone and 2 ml  of ethanol. Yield 1 g (47.4%). 
Color less  c rys ta l s ,  ve ry  soluble in wa te r  and alcohol, and insoluble in acetone,  and ethyl ace tam.  1Kp 140- 
141 ~ Found, %: I47 .05 ;  N 5.28. CsHtGINO. Calculated, %: I 4 7 . 1 4 ; N  5.20. 

1-Methoxy-3-benzylquinucl idinium Iodide (IIIb). A solution of 1 g (4 mmoles )  of (IIb) and 0.85 g (6 
mmoles)  of methyl  iodide in 30 ml  of acetone was heated for  6 h at 50-55 ~ The acetone was dist i l led in 
vacuum and the res idue  was t r i tu ra ted  with a mix tu re  of ethanol and e ther .  Yield 1.05 g (67.4%). Mp 149- 
151 ~ (dec., f r om a mix tu re  of ethanol and methanoD. Found, %: I 34.9; N 4.04. C15H22INO. Calculated, %: 
I 35.22; N 3.90. 

Hexamethy lene- l ,6 -d ioxy-d i (qu inuc l id in iumUl ' , l ' - iod ide)  (IVa). We boiled 1 g (7.9 mmoles)  of (IIa), 
1 g (3.9 mmoles)  of diiodohexane, and 4 ml  of acetoni t r i le  for  5 h. The mix tu re  was evapora ted  under 
vacuum and the res idue  was t r i tu ra ted  with acetone.  Yield 0.95 g (47.5%). Mp 173-174 ~ ( f rom a mix ture  of 
acetone and ethanol). Found, %: I 42.44; N 4.93. C20H3812N202. Calculated, %: I 42.85; N 4.74. 

H examethylene-  1,6-dioxy-di  (3 ' -benzylquinucl id ininm- 1', l ' - iod ide)  (IVb). We boiled 1 g (4 mmole  s) 
of (IIb), 0 .67g (2 mmoles)  of 1,6-diiodohexane, and 30 ml  of acetone for 5 h. We obtained 0.75 g (49.2%) of 
(IVb). Mp 148-150 ~ Found, %: I 32.70; N 3.71. C34H5012N202. Calculated, %: I 32.85; N 3.63. 

Non .methy lene-  1 ,9-dioxy-di(3 ' -benzylquinucl id ininm- 1', l ' - i od ide ) .  We boiled 1 g (4 mmole  s) of (IIb), 
0.75 g (2 mmoles)  of diiodononane, and 30 ml  of acetone for  25 h. Yield 0.8 g (49.8%). Mp 144-146 ~ (from 
alcohol).  Found, %: I 31.50; N 3.36. C3~H5612N202. Calculated, %: I 31.15; N 3.44. 

The rma l  Decomposi t ion of Quinuelidine N-Oxide.  We heated 0.6 g of quinuclidine N-oxide for 40 rain 
in a f lask fitted with a reflux condenser  at 200-210 ~ (bath). During this, 0.2 g (38%) of quinuclidine sublimed 
and sett led on the walls  of the condenser .  Mp 156-157 ~ [1]. Found, %: N 12.65. CTH13N. Calculated,  %: 
N 12.59. 

The remain ing  port ion of the m a t e r i a l  was dissolved in 10 ml  of water ,  and the aqueous solution was 
purif ied with carbon and evapora ted  invacuum; the res idue  was dissolved in 5 ml  of alcohol and t r ea tmen t  
with p i c r i c  acid yielded 0.22 g of the p ic ra t e  of quinuclidine N-oxide.  Mp 268-269% Found, %: C 43.81; 
H 4.69; N 15.83. CTHI3NO.C6H3N30 ~. Calculated, %: C 43.82; H 4.52; N 15.72. 

C O N C L U S I O N  

It was shown that quinuclidine N-oxide, s imi l a r ly  to t e r t i a r y  amines  and qua te rna ry  sa l t s  of the qui- 
nuclidine se r ies ,  d isplays  t he rm a l  stabil i ty to r ing opening and undergoes  only deoxygenation upon pyro lys i s .  
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