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While studying the effect  of s t e r i e  f ac to r s  on the p r o p e r t i e s  of ~,~-conjugated s y s t e m s  [1, 2], we turned  
our  attention to the decarboxyla t ion  of the s t ruc tu ra l ly  s im i l a r  f l -ketocarboxyl ic  acids:  1 ,3 ,3 - t r ime thy lcy -  
c lohexanone-2-carboxyl ic  (1) and camphenonic  (II) acids.  This study was made s imul taneous ly  with [2] m o r e  
than 12 y e a r s  ago. 
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It was r epor t ed  in [3] that  (ID and its analogs withstand a t e m p e r a t u r e  of the o r d e r  of 300 ~ without 
being decarboxyla ted .  This  s tabil i ty,  comple te ly  unexpected fo r  ~-keto acids,  is c h a r a c t e r i s t i c  for  bicycl ic  
keto acids with smal l  r ings  [4-6]. The r igidity of the sys t em d e c r e a s e s  with inc rease  in the s ize of the 
r ings  and, along with this,  the s tabi l i ty  toward decarboxylat ion [7-9]. We were  able to decarboxyla te  (II) 
v ia  radica l  p r o c e s s e s ,  by reac t ing  i ts  s i l ve r  sal t  with b romine  under  compara t ive ly  mi ld  conditions [2]. 
The mix tu re  of the m e r c u r y  sal t  of (I1) and CH3COOH when fused with camphenonoyl  peroxide  at 70-80 ~ was 
also decomposed  v igorous ly  (G. A. Razuvaev reaction) with the evolution of CO 2 and the fo rmat ion  of 1- 
ch lo romercu r i camphen i lone  [1, 10]. The m e r c u r y  sal t  of (I1) is comple te ly  s table  in the absence  of ini t ia-  
t o r s .  As a resul t ,  under  the conditions of f r e e - r a d i c a l  reac t ion  the carboxyl ,  found in the "br idgehead" 
posi t ion of even a v e r y  r igid sys t em,  is c leaved with compara t ive  ease.  Apparent ly,  the f r ee  rad ica l  fo rmed  
he re  is quite act ive,  s ince when the decomposi t ion is run in benzene,  fo r  example ,  ~ -phenylcampheni lone  
is isolated [I]. 

In contrast to (If), monocyclic acid (1) is so unstable that it could not be isolated by us in the free state. 
Some of its derivatives were obtained- salts, ethyl ester,'3,4-(l,l-dimethyltetramethylene)-4-methyl-5- 
pyrazolone (IV), and 1,2,3,3-tetramethylcycl0hexanol-2-carboxylic acid (V). The instability of (1) was also 
mentioned by Bell and co-workers [ii]. 

Two reaction mechanisms have been proposed for the decarboxylation of fl-keto acids. Since the rate 
of CO 2 evolution and the rate of halogen addition, if the reaction is run in the presence of halogen, coincide, 
it was postulated that the enol form takes part in one of the steps of the reaction [12, 13]. Later it was con- 
cluded that the reaction goes in harmony with an intramolecular mechanism involving (III), and that the for- 
mation of the enol form of the ketone is the concluding step of the reaction [14]. But since according to the 
Bredt rule the formation of a "bridgehead" enol does not occur, the bicyclie ~-keto acids should be stable. 
An alternate mechanism [7] postulates involvement of the carbanion with the charge on the bridge carbon, 
which cannot be stabilized by resonance with the CO group for the same reason -- because of the impossi- 
bility of closing the double bond. 

We believe that an explanation of this fact can also be related to the absence of conjugation of the bonds 
in (Ill) because of their mutually perpendicular orientation in space. It seemed interesting to us to check 
the influence of the studied factors on the ionization constants of compounds having a functional group at- 
tached to the bridge carbon. For this purpose we measured the basicity constant of l-aminocamphene and 
the dissociation constant of (II). The basicity constant (Kb) of l-aminocamphene, calculated from the pH 
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values  of aqueous solutions par t i a l ly  neut ra l ized  with HC1, m e a s u r e d  with a g lass  e l ec t rode  at 25-~0.1 ~ [15], 
is equal to 0.87 �9 10 -5. The dissociat ion constant  of (H) (K~), de te rmined  by the s ame  method, is equal to 
1.0 �9 10 -4 (25• ~ water) .  As a resul t ,  both compounds have ionization constants  of the s ame  o r d e r  of 
magnitude as the i r  analogs with an open chain (allylamine Kb 5.7 �9 10 -5, d imethylace toaeet ic  acid K a 
3.08 �9 10-4), i .e.,  the fac tors ,  affect ing the labil i ty of the group as a whole, a re  without effect  on the ioniza-  
tion constants  of this group. 

EXPERIMENTAL 

Ethyl Ester (1). The compound was obtained by the methylation of the ethyl ester of 3,3-di- 
methylcyclohexanone-2-carboxylic acid [16] using CH31 in the presence of C2HsONa, in alcohol, with heating 
for 4 h. Yield 39%, b.p. 92 ~ (2 ram); nD 2~ 1.4555, d42~ 1.0052. Found: C 68.25; 68.32; H 9.22; 9.18% 
Ci2H2003. Calculated: C 67.89; H 9.50%. 

The heating of ester (I) with 50% hydrazine hydrate in pyridine for 4 h gave (IV), m.p. 162.162.5 ~ 
(from water). Found: N 15.82; 15.88%. Cl0Hi6N20. Calculated: N 15.55%. The mixing of ethyl ester (1) 
with alcoholic NaOH solution at 25 ~ gave Na2CO 3 and 2,2,6-trimethyleyclohexanone, yield approximately 
35%, b.p. 66 ~ (ii ram); nD 2~ 1.4485; d42~ 0.9032. The latter is also formed, instead of the desired acid, 
when the preparation of the latter is attempted from 6-bromo-2,2,6,trimethyleyclohexanone through the 
organomagnesium derivative. If the MgBr salt of (1) is not isolated, but instead is treated with 1 mole of 
CH3MgI under conventional conditions, then the completely stable (17) is obtained, m.p. 142-143 ~ (from CCI4). 
Found: C 66.05; 65.91; H 9.89; 9.96%. CIIH2003. Calculated: C 65.97; H 10.07%. 

1 -A m i n o c a m ph e n e. Obtained by the Forster method [17]. The oxidation of camphor oxime with 
excess KOBr in aqueous medium gave 2-bromo-2-nitrocamphane in 82% yield, m.p. 220 ~ (deeomp.) (from 
alcohol). Found: C 45.91; 45.95; H 6.10; 6.12; Br 30.65; 30.37; N 5.69; 5.74%. CIoHI6BrNO 2. Calcu- 
lated: C 45.83; H 6.11; Br 30.49; N 5.34%. The cleavage of HBr using AgNO 3 in absolute CH3OH medium 
is accompanied by rearrangement and i-nitroeamphene is obtained, yield 54%, m.p. 55 ~ (from alcohol.. 
Found: N 7.64; 7.68%. CIoHI~NO 2. Calculated: N 7.73%. To confirm the position of theNO 2 group and 
exclude a possible tricyclic structure the l-nitrocarnphene was oxidized with ozone in glacial CH3COOH to 
l-nitrocamphenilone, yield 81%, m.p. 98-99 ~ (from alcohol). Found: C 59.12; 59.31; H 7.33; 7.36; N 7.66; 
7.53%. CgHI3NO 3. Calculated: C 58.99; H 7.15; N 7.64%. 

The l-nitroeamphene was then reduced with Zn and CH3COOH in conventional manner and gave l- 
aminoeamphene, which was isolated by steam distillation from acid solution; yield 64%, m.p. 46% It was 
obtained as a glassy solid, with a very disagreeable odor, highly volatile, and resistant to oxidation. 
Found: C 79.35; 79.19; H 11.41; 11.32%. CIoHITN. Calculated: C 79.41; H 11.25%. 

CON CL USIONS 

i. A comparison was made of the ease of decarboxylation of the 1,3,3-trimethylcyclohexanone-2- 
carboxylic and camphenonic acids, and a possible explanation was offered for the stability of the latter. 

2. The ionization constants of camphenonic acid and l-aminocamphene were measured. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 

tions of the abbreviations as giVen in the original Russian journal. Some or all of this pet/- 
odical literature may  well  be available in Eng l i sh  translation. A c o m p l e t e  l i s t  of  the  cover* to-  
c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  the  f i r s t  i s s u e  o f  t h i s  yea r ,  
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