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In the cour se  of a s e a r c h  for  soluble analogs of c amphor  (I), we synthes ized s eve ra l  cyclic  ketones 
(II-VIII) and c o m p a r e d  the i r  biological  act iv i ty  with that  of camphor  (I). Like camphor ,  the compounds con- 
tain a keto group in the br idged  cycl ic  molecu le ,  but differ  f rom camphor  by the number  and length of the 
alkyl  groups (II-IV),  by the p r e s e n c e  of a t r i m e m b e r e d  r ing (V, VI), or  by belonging to the homocamphor  
s e r i e s  (VH, VHI). The phys ica l  p r o p e r t i e s  of the compounds,  the i r  solubil i ty in water ,  and pur i ty ,  as de te r -  
mined by g a s - l i q u i d  ch roma tog raphy  (GLC), a re  shown in Table  1. 
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All the ketones  I I -VIII  a r e  m o r e  readi ly  water  soluble than camphor .  Norcamphor  II and nor t r icyc lanone  
V, which contain no alkyl groups  in the molecu le ,  have the highest  solubili ty (30 and 60 t i m e s ,  r e spec t ive ly ,  
h igher  than camphor)~ 

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

P h a r m a c o l o g y  

To revea l  the cardiotonic  action of the cyclanones ,  we studied the i r  influence on intact  f rog  hea r t s  
i so la ted  accord ing  to Straub and on the background of depress ion  by po t a s s ium chloride (0o05%) or  ace ty l -  
choline (1:1,000,000). Like camphor ,  none of the compounds changed the ca rd iac  act ivi ty  in dilutions of 1:50,000- 
1:10,000. but on dec reas ing  the dilution to 1:1000, they showed a depress ing  action 00radycardia,  lowering of 
the contract ion ampli tude to comple te  s toppage of the heart)~ 

Compounds t - IV and VI exhibited a tonic action on f rog  hea r t  on the background of po t a s s ium chloride 
depress ion ,  with the act ivi ty  changing in the following sequence:  campor  > n o r c a m p h o r  > 1 -e thy lno r t r i cyc l an -3 -  
one > e thy lnorcamphor  > me thy lno rcamphor .  The s ame  compounds p reven ted  the acetylchol in- induced hear t  
s toppage and r e s t o r e d  the rhythm of cont rac t ions  to up to 76-88% of the init ial  one and the ampli tude to 42-67% 
of the init ial  ampli tude.  No cardiotonic  action was obse rved  with cyclanones V, VII, andVIII ,  while compound 
V even intensif ied the toxic effect  of po tass ium chlor ide.  

Thus,  with r e g a r d  to cardiotonic  act ivi ty ,  no rcamphor ,  which has no methyl  groups in the molecule ,  is 
mos t  s i m i l a r  to camphor ,  while the action of III is l e ss  pronounced.  Nor t r i cyc lanone ,  in con t r a s t  to camphor ,  
showed no cardiotonic  act ivi ty ,  but compounds IV and VI cor responding  to i t ,  with an ethyl group in the side 
chain, had act ivi ty  comparab le  to camphor .  
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TABLE 1. 

Compound 

Camphor (I) 
Norcamphor (ID 
1= Meth~lnorcamphor (IH) 
l=Ethyrnorcamptior (IV) 
Nortrieyclanone (V) 
1= gthyInortricycla n= 3- one (VI) 
Bicyclo[8, 2, 1]octa n- 2= one(V II: 
1-Methylbicyclo[3, 2, 1]- 

octan=2-one (VIII) 

Phys ica l  P r o p e r t i e s  of Compounds Tes t ed  
J 

Boiling Melting IPurity 
lacc0rd- point, point, OC n~ 0 d~4 ~ ling to 

~ IGm,'~ 

209, il75 c 17~8 -- 99,1 
125] 136 - -  99,5 
65/16 -- 1,4"663 " 99,8 
63]7 -- 1,4684 0.9-701 99,8 
72/16 -- 1,4862 99,8 
69/5 -- t,4769 1,~55 99,9 
-- 113 92,0 "f 

78/11 - -  1,4824 0,9919 98,8 

*Capi l l a ry  column (50 m x  0.25 mm) with Apiezone-L.  
The product  contained admix tu res  of i s o m e r i c  k e t o n e s :  6% of 

bieyclo  [2,2,2 ]oc tan-2-one  and 2% of bicyelo [3,3, 0]oct2.n-2-one.  

Solubility, 
g/lOOO g 
of water 

I 
30 

9 - -12  
14--19 

60 
8--11 
6 - - 8  

TABLE 2. Antishock and Ant i a r rhy thmic  Action of Noreamphor  
and Camphor  (mean of 8-10 exper iments )  

Parameter solutionPhysi~176 Norcamphor t . Camphor 

Reduction of arterial 
Histamine shock pressure, % of back- 

grouna 
Survival, % 

Duration of arrhythmia, 
Calcium chloride rain 

arrhythmia 

Survival, % 

40 
0 

0,5--1.0 
time of suro 
vivaD 

0 

75 
30 

1.55-+0,35 

67 

97 
5() 

1,2-"0,17 

92 

The pronounced cardiotonic  action of n o r c a m p h o r  led to our  expe r imen ta l  study of its e f fec t iveness  on 
white r a t s  during h i s t amine  and ca lc ium chlor ide  a r rhy thmia .  Exper imen ta l  shock was induced in the ra t s  by 
in t r ape r i tonea l  introduct ion of h i s t amine  in a dose of 0.5 g /kg .  The sys t emic  a r t e r i a l  p r e s s u r e  was m e a s u r e d  
in the common caro t id  a r t e r y .  A s teady lowering of the a r t e r i a l  p r e s s u r e ,  up to 30-60 m m  Hg, o c c u r r e d  3-5 
min  a f t e r  the introduction of h i s tamine .  Solutions of n o r c a m p h o r  and camphor  in a dilution of 1:100,000 were  
in t roduced in t ravenous ly  at a ra te  of 8-10 drops  p e r  min.  

To p roduce  a r r h y t h m i a  in r a t s ,  2 m l / k g  of a 10% solution of ca lc ium chloride was introduced i n t r a p e r i -  
toneal ly .  The an t i a r rhy thmic  effect  of the p r e p a r a t i o n s  in the f o r m  of 10% alcoholic solutions,  int roduced sub- 
cutaneously  15 rain a f t e r  the inject ion of ca lc ium chlor ide ,  was evaluated f r o m  ECG with double -s tandard  leads.  
N o r c a m p h o r ,  in  a l :100,000 dilution, int roduced dropwise  in t ravenous ly ,  showed, like camphor  [1], ant ishock 
act ivi ty:  A pa r t i a l  normal iza t ion  of the s y s t e mic  a r t e r i a l  p r e s s u r e  and i n c r e a s e  in the ra te  of su rv iva l  of the 
expe r imen ta l  an imals  was noted (Table 2). The p r epa ra t i on ,  in a dose of 100 m g / k g  introduced subcutaneously 
fo r  p rophylac t i c  p u r p o s e s ,  weakened the s eve r i t y  of a r rhy thmia ,  and in two th i rds  of the expe r imen t s  p r e -  
vented the death of the an imals .  

Thus ,  n o r c a m p h o r  shoves cardiotontc ,  an t i a r rhy thmic ,  and an t i shock  act ivi ty ,  but with r ega rd  to the 
e f fec t iveness ,  i t  is i n f e r io r  to camphor .  

C h e m i s t r y  

N o r c a m p h o r  (II). Compound II was p r e p a r e d  according  to the method desc r ibed  in [2] by reac t ing  
cyclopentadiene with vinyl ace ta te ,  with subsequent  saponif icat ion and oxidation. The product  was pur i f ied  
in the f o r m  of i ts  s em i ca rbazone .  

1 -Methy lno rcamphor  (IID and 1 -E thy lno rcamphor  (IV}. Compounds III and IV were  p r e p a r e d  by reac t ing  
ace t ic  acid with 2 -methy lenenorbornane  [3], and  2-e thyl idenenorbornane  [4], r e spec t ive ly ,  with subsequent  
saponif icat ion and oxidation. The products  were  pur i f ied  by dis t i l la t ion on a column. 
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Nortricyclanone (V). The reaction of acetic acid with 2,5-norbornadiene [5] gave a mixture of nor- 
tricyclanol and norbornenol acetates (4:1), from which the main component was isolated by distillation on a 
column, and then saponified and oxidized. 

1-Ethylnortr icyclan-3-one (VD [6]. The reaction of 96.5% formic acid with 5-ethylidene-2-norbornene 
at room temperature  and with vigorous st irr ing gave a mixture of cis- and t rans- l -e thylnor t r icyc lan-3-ol  
and 2-ethylidenenorbornan-6-ol and 2-ethylidenenorbornan-6-ol formates (82:18). The individual t rans-1-  
ethylnortr icyclan-3-ol  formate,  bp 99 ~ (19 mm), n~ 1.4674, was isolated by distillation on a column and then 
saponified and oxidized. The ketone obtained was purified by distillation on a column. 

Bicyclo[3, 2, 1]octan-2-one (VII). Compound VII was prepared by the method described in [7, 8] by 
acetolysis of 2-hydroxymethylnorbornane tosylate with subsequent saponification and hydrolysis. The product 
was purified in the form of its semicarbazone. 

1-Methylbicyclo[3,2,1]octan-2-one (VIII). Compound VIII was prepared by adding acetic acid to 2- 
methylenebicyclo[2,2,2]octane [9], with subsequent saponification and oxidation. 

Determination of Solubility of the Ketones in Water. A sample of the ketone studied weighed with an 
accuracy to the fourth decimal place was added to a measured volume (3-5 ml) of bidistilled water at room 
temperature  and with st irr ing by magnetic s t i r re r .  After the complete dissolution of the sample, another 
weighed sample of the same ketone was added, and this operation was repeated until the dissolution ceased. 
Each experiment was repeated twice. The results obtained are Hsted in Table 1. 
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