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The reduct ion of carboxyl ic  acid chlor ides  to aldehydes 

RCOC1 + H2 - - >  RCHO + HC1 (1) 

was c a r r i e d  out and studied by Za i t sev  [1] at 220-230 ~ in the vapor  phase  and by Rosenmund [2] at  100-150 ~ 
in the liquid phase  in the p r e s ence  of Pd-b lack .  The aldehyde f o r m e d  can be par t i a l ly  reduced  to an alcohol 
or  s a tu ra t ed  hydrocarbon  with l ibera t ion  of water .  The alcohol and wa te r  r e a c t  with the acid chlor ide to 
give an e s t e r  or  acid,  r e spec t ive ly .  The acid chlor ide and hydrogen can also r e a c t  in the d i rec t ion of r e a c -  
t ion (2) to f o r m  a sa tu ra ted  hydrocarbon  and carbon monoxide.  

RCOC1 + H~-~ RH + CO + HC1 (2) 

Minimizing all  these  side reac t ions  is achieved by par t ia l  poisoning of the ca ta lys t ,  for  example  with sulfur  
compounds,  or  by dec reas ing  the contact  t ime .  The cor responding  aldehydes were  obtained in 90-95% 
yie ld  [3] by v a p o r - p h a s e  reduct ion of the acid chlor ides  of i sova le r i c  and benzoic  ac ids  in the p r e se n ce  of 
P d - a s b e s t o s  at 190~220 ~ We have synthes ized  neopentane and neohexane aldehydes in the s a m e  yie lds  
f r o m  t h e  acid chlor ides  of C 5 and C 6 neo-ae ids  in the p r e s e n c e  of Pd-ac t iva ted  charcoal  at 190 ~ [4]. 

In the p r e s en t  work we have made an a t tempt  to extend reac t ion  (1) to the acid chlor ides  of some 
cycl ic  acids:  cyc lopentane- ,  cyc lohexane- ,  1 -methylcye lopentane- ,  and 1-methyIcyc lohexanecarboxyl ie  
ac ids .  Under analogous condit ions,  cyc lopentane-  and cyelohexanecarbonyl  chlor ides  r e a c t  mainly  (70- 
85%)according to scheme  (1) to f o r m  c y c l o p e n t a n e - a n d  cyclohexanealdehydes ,  which were  obtained in the 
f o r m  of the solid cycl ic  t r i m e r s ,  which a r e  eas i ly  depo lymer i zed  into the m o n o m e r s  on heating in the p r e -  
sence  of acidic  r eagen t s .  React ion (2) a lso  occurs  to the extent of 12-16%,with reduct ion of the acid 
chlor ides  to eyclopentane or  eyclohexane,  r e spec t ive ly .  

1-Methyleyelopentanealdehyde and 1-methylcyclohexanealdehyde were  obtained, r e spec t ive ly ,  in 
80-85%yield on reduct ion of 1-methylcyc lopentanecarbonyl  chlor ide or  1 -methylcyc lohexanecarbonyl  
chlor ide ,  accord ing  to reac t ion  (1). These  aldehydes w e r e  fo rmed  in the monomer i c  fo rm.  Po lymer iza t ion  
to the t r i m e r  does not take p lace ,  in spi te  of the p r e s e n c e  of HC1 in the reac t ion  zone, p r e s u m a b l y  because  
of s t e r i c  h indrance c rea ted  by the CH 3 group in the geminal  posi t ion to the CHO group.  Apparent ly  for  the 
s a m e  r ea son ,  a cons iderable  d e c r e a s e  in extent of r eac t ion  (2) also occurs .  

All of the aldehydes p r e p a r e d  were  conver ted  by the Kizhner  reac t ion  to the cor responding  sa tu ra ted  
naphthenic hydroca rbons ,  in 80-85%yield.  

EXPERIMENTAL 

The reduct ion reac t ion  was conducted in the p r e s e n c e  of 20~ Pd on act ivated charcoal  at 190 ~ with 
acid chlor ide and hydrogen space  ve loc i t ies  of 0.3 and 100 h -1, r e spec t ive ly .  The reac t ion  product  was 
washed  with a lkal i  and with wa te r ,  dr ied with anhydrous sodium sulfate,  and dist i l led in a column of th i r ty  
theore t ica l  p la tes  eff iciency.  The o rde r  of ca r ry ing  out the acid  chloride reduct ion and conver t ing the 
a ldehydes  obtained to hydroca rbons  v ia  the Kizhner  reac t ion ,  and a lso  the method of p repa r ing  the pal ladium 
ca ta lys t ,  have been prev ious ly  desc r ibed  [4]. The s ta r t ing  acid chlor ides  were  synthes ized  in 90-95%yield 
by reac t ion  of thionyl chlor ide  with the app rop r i a t e  earboxyl ie  ac ids ,  which were  p repa red ,  in turn,  by c a r -  
bonylation of the appropr i a t e  alcohols  [5]. 
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C y c l o p e n t a n e a l d e h y d e .  Cyclopentanecarbonyl chloride, bp 161-162 ~ d~ ~ 1.1002, n~ 1.4631. 
Lit.  [6]: bp 160-162 ~ The acid chloride was prepared from the acid, bp 103.3-104 ~ (10 ram), d420 1.0515, 
n~ 1.4538. Lit. [7]: bp 104 ~ (10 mm) d~ ~ 1.0510, n~ 1.4534. The acid chloride was converted in 97%yield 
into a mixture of solid and liquid products. The solid part  of the catalyzate (85%yield) was the cyclic 
t r i m e r  of cyclopentanealdehyde, mp 128 ~ (from hexane). Found: C 72.56, 72.56; H 10.47, 10.41%; tool. wt. 
292; 288 (cryscopic, in benzene). CtsHs003. Calculated: C 73.46; H 10.20~g tool. wt. 294. Lit.  [8]: mp 
117-117.5 ~ The t r ime r  was depolymerized on heating with two drops of concentrated H2SO 4 o r  with a few 
crys ta ls  of NaHSO4 to form cyclopentanealdehyde, bp 136.7 ~ d?  0.9283, n~ 1.4422. 2,4-Dinitrophenyl- 
hydrazone, mp 159 ~ Found: C 51.74, 51.69; H 5.07, 5.19; N 20.11, 20.27~ Ci2H1404N 4. Calculated: C 
51.78; H 5.07; N 20.15~ Lit.:  for  aldehyde bp 135 ~ [9]; d~ ~ 0.9371, n~ 1.4432 [10]; for 2,4--dinitrophenyl- 
hydrazone, mp 158.7 ~ [11]. The liquid part  of the catalyzate (12% yield) consisted of 85% cyclopentane and 
15% cyclopentene, and was converted into a single substance on hydrogenation over Pt /C.  

Cyclopentanealdehyde was converted by the Kizhner reaction into methylcyclopentane, bp 72.0 ~ d 2~ 
0.7491, n~ 1.4099. 

C y c l o h e x a n e a l d e h y d e .  Cyclohexaneearbonyl chloride, bp 183-185 ~ d~ ~ 1.0825, n~ 1.4766. 
Lit.: bp 184 ~ [12], d ?  1.0962 [13], n~ 1.4766 [12]. The acid chloride was prepared f rom the acid, mp 30.5- 
31 ~ Lit .  [13]: mp 30.5-31 ~ The acid chloride was reduced in 847oyield to a mixture of solid and liquid 
products.  The solid product (68%yield) was the cyclic t r imer  of cyclohexanealdehyde, mp 198 ~ (from 
benzene). Found: C 75.22, 75.40; H 10.75, 10.84~; tool. wt. 337, 338 (cryoscopic in benzene). C2iH3603. 
Calculated: C 74.93; H 10.79~ tool. wt. 336. Lit. [14]; mp 196 ~ The t r i me r  was depolymerized by the 
method irldicated above into cyclohexanealdehyde, bp 159-160 ~ d~ ~ 0.9263, n~ 1.4500. 2,4-Dinitrophenyl- 
hydrazone, mp 173 ~ Found: C 53.32, 53.42; H 5.58, 5.50~ N 19.28; 19.20% C~3Ht604N 4. Calculated: C 
53.41; H 5.52; N 19.187o. Lit. :  bp 157 ~ [15]; d~ ~ 0.9270, n~ 1.4505 [16]. 2,4-Dinitrophenylhydrazone [17]: 
mp 172 ~ The liquid part  of the catalyzate (167o yield) consisted of 70% cyclohexane and 307o cyclohexane, 
and contained only cyclohexane af ter  hydrogenation over Pt/C. 

The cyclohexanealdehyde was converted into methylcyclohexane, bp 100.9 ~ d 2~ 0.7692, n~ 1.4230 via 
the Kizhner react ion.  

1 - M e t h y l c y c l o p e n t a n e a l d e h y d e .  1-Methylcyclopentanecarbonyl chloride, bp 52-55 ~ (8 ram), 
d 2~ 1.0693, nD2~ Lit. [18]: bp 61 ~ (15 ram). The acid chloride was synthesized f rom the acid, bp 
219-220 ~ d~ ~ 1.0220, n~ 1.4529. L i t .  [19]: bp 219.0-219.5 ~ d~ ~ 1.0218, n~ 1.4529 [18]. The acid chloride 
was reduced in 857oyield to 1-methylcyclopentanealdehyde, bp 142.0-142.1 ~ d 2~ 0.9420, n~ 1.4533. 2,4- 
Dinitrophenylhydrazone, mp 151.5 ~ Found: C 53.22, 53.11; H 5.68, 5.68; N 19.15; 18.99~ Ct3H~604N 4. 
Calculated: C 53.41; H 5.52; N 19.18~ Lit.: bp 142-143 ~ [20], n~ 1.4560 [21]. 2,4-Dinitrophenylhydrazone, 
mp 153 ~ [21]. By the Kizhner reaction the aldehyde was converted into 1,1-dimethylcyclopentane, bp 87.9- 
88.1 ~ d~ ~ 0.7550, n~ 1.4139. Lit.: bp 87.9 ~ [22]; d~ ~ 0.7548, n~ 1.4135 [23]. 

1 - M e t  hy  1 c y  c 1 oh e x a  ne  a 1 d e h y  d e .  1-Methylcyclohexanecarbonyl chloride, bp 75-77 ~ (12 ram), 
d 2~ 1.0567, n~ 1.4678; it was synthesized from the acid, mp 37-38 ~ Lit.  [24]: mp 37-38 ~ The acid chloride 
was reduced to 1-methylcyclohexanealdehyde in 8(P/oyield, bp 166.5-167 ~ d] ~ 0.9051, n~ 1.4468. 2,4-Dini- 
trophenylhydrazone, mp 155 ~ Found: C 54.72, 54.80; H 5.84, 5.87; N 18.29, 18.19~ C14Ht804N4. Calcu- 
lated: C 54.89; H 5.92; N 18.31~c~ This aldehyde, which is not described in the l i te ra ture ,  was converted 
by the Kizhner reaction into 1,1-dimethylcyclohexane, bp 119.8 ~ d~ ~ 0.7813, n~ 1.4290. Lit .  [23]: bp 119.8 ~ 
d, 0 0 7819, 1.4290 

C O N C L U S I O N S  

1. The acid chlorides of cyclopentane-,  cyclohexane-, 1-methylcyclopentane-,  and 1-methylcyclo- 
hexanecarboxylic acids have been reduced to the corresponding aldehydes in 70-85% yield over Pd-eharcoal  
catalyst  in the vapor phase at 190 ~ . 

2. Cyclopentane- and cyclohexanealdehydes were obtained in the form of the solid cyclic t r i m e r s ,  
but 1-methylcyclopentane- and 1-methylcyclohexane- aldehydes were obtained in the monomeric form. 

3. The aldehydes synthesized have been converted into the corresponding naphthenic hydrocarbons 
in 80-85%yields by the Kizhner reaction. 
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