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The l inear  cool igomer iza t ion  of methyl  ac ry la te  with butadiene (BD) under the influence of nickel  c o m -  
plexes  leads  to methyl  2, 5, 10-undecat r ienoate  (I) and dicarboxyl ic  e s t e r s  (H, HI), depending on the conditions 
[1]. Methyl 2 -methy lene -5 ,  10-undecadienoate (IV) and the pentaenoic e s t e r  (V) a re  f o rmed  during the l inear  
cool igomer iza t ion  of methy l  me thac ry l a t e  with BD. The yie lds  of the e s t e r s  a re  low, since the reac t ion  is  
compl ica ted  by the fo rmat ion  oi o l igomers  of BD and diene synthes is  adducts. 
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To study the effect  of the s t ruc tu re  of the e s t e r  r ad ica l  of the ac ry l a t e s  on the d i rec t ion  and s t ruc tu ra l  
se lec t iv i ty  of the i r  coo l igomer iza t ionwi th  1, 3-dienes  [2-5] we inves t igated the reac t ions  of 2-ethoxyethyl  
ac ry la te  (EA), 2-ethoxyethyl  me thac ry l a t e  (EMA), phenyl ac ry la te ,  phenyl me thac ry l a t e ,  ethylene glycol 
d iac ry la te  and d imethacry la te ,  cho les t e ry l  me thac ry l a t e ,  and phenyl c~-f luoroacrylate  in solutions of n ickel -  
containing ca ta lys t s  and organoaluminum reducing agents.  

The reac t ion  of BD with EMA gives  a mix tu re  of 2 - m e t h y l - t r a n s - 2 ,  5, 10-undecatr ienoic  (VI) and 1- 
t r a n s - 6 ,  9, 13, 18-nonadecapentaene-10-carboxyl ic  (VII) e s t e r s  in addition to the butadiene cycl ic  o l igomers  
4-vinylcyclohexene  (VCH), I,  5-cyclooctadiene (COD), and a l l - t r a n s - 1 ,  5, 9-cyc lododecat r iene  (CDT). The 
total  convers ion  of the m o n o m e r s  amounts to 95%. The ra t io  of the obtained products  depends on the type of 
ac t iva tor ,  the ra t io  of the m o n o m e r s ,  and the t empe ra tu r e .  The s t ruc tu re  of the organoaluminum reducing 
agent does not have a significant effect. 

Thus,  the content of the e s t e r  (VII) in the ca ta lys i s  product  i n c r e a s e s  with i nc r ea se  in the e l ec t ron-  
donating capaci ty  of the ac t iva to r  in the following order :  [(CH3)2N]3PO(HMPTA ) > C6HsN > P(C4H~) 3 > Sb(CGHs) 3 > 
P(C6Hs) 3 > morphol ine  > (C2H50)aP > (C2HsO--CH2--CH2--O)3P. F o r  ins tance,  with a BD : EA rat io  of 1 : 1 the 
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TABLE 1. Cooligomerizat ion of Butadiene with 2- 
Ethoxyethyl Methacrylate  [80~ 8 h, Ni(acac)2--TEA-- 
L = 1 : 4 : 1, butadiene--methacryla te  rat io 4 : 1, toluene] 

Total Composition of oligomer mixture, % 
yield of other 

Activator coolie- CDT (VII} (YI} oligomers 
me~, 70 

[(CH3) 2-N]~P=O 93 t2 69 t8 i (VCH) 
(C~H9) ~P 85 22 59 t9 - 
C~H~N 86 22 66 12 - 
(C6Hs)3Sb 96 2i 59 20 
(C~H~) 3P 78 30 52 12 6 (C'OD) 
O/-- \NH 98 6 46 44 4 (VCH) \ - - /  
(CzH~O) 3P 91 38 42 20 - 
[ C2H50 (CH~) zO ] 3P 79 i5 38 47 - 
(CsH.~0) sP 79 60 2t 19 - 
Without activator 28 66 6 28 - 

yield of (VII) amounts to 69% on the ca ta lys t  with HM.PTA and _ 6% in the absence of HMPTA. Conversely,  
the content of the e s t e r  (VI) i nc reases  with dec rease  in the electron-donat ing capaci ty of the act ivator ,  reach-  
ing 66% on nickel  in the absence of the act ivator  (Table 1). The overall yield of the ol igomers  i~ appreciably 
higher in solvents of the a romat ic  and es t e r  type than in hexane. With the optimum catalyst  the yield of the 
es te r  (VII) i nc reases  with inc rease  in the proport ion of BD in the initial mixture,  reaching a maximum (70%) 
with a BD : EMA rat io of 4 : 1. The yield of (VH) dec reases  somewhat with increase  in tempera ture ;  at the 
same t ime the yield of (VI) and CDT increase .  Transes te r i f ica t ion  of (VII) by methanol in the presence  of 
potass ium methoxide gave the e s t e r  (VIII), which was synthesized by the i somer iza t ion  of (V) with potass ium 
methoxide in boiling methanol. 

Thus, by replacement  of methyl  methacry la te  by EMA it is possible not only to increase  the yield of the 
cool igomers  and regulate their  rat io as a function of the nature of the act ivator  but also to direct  the reaction 
towards the format ion of the thermodynamica l ly  more  stable t r ienoic es te r  (VI): 

" ' - ' "  - - co a 

The react ion of phenyl methacry la te  with BD in the presence  of the Ni(acac)2--PPh3--Al(C2Hs) 3 system 
led unexpectedly to the previously  undescr ibed phenyl 2-methylene-6-heptenoate  (X) in addition to CDT. 

The new direct ion of the cool igomeriza t ion of BD with acry la tes  can be explained by the fact that the 
C6H 5 group, being a " r e se rvo i r "  of e lectrons,  takes par t  in the creat ion of the coordination sphere of the 
nickel, preventing coordination of subsequent BD molecules  and their  addition. Compound (X) is probably 
formed according to the following scheme:  

L 

o=c\ 

L 

L 

(X) 

The introduction of the choles te ro l  residue into the methacry la te  subs tan t ia l ly  affected the composit ion of the 
catalysis  product. Although the convers ion of choles tery l  methacry la te  does not exceed 10%, it is  all con- 
zumed in the exclusive format ion of the es te r  (IX). Its t ranses te r i f ica t ion  with methanol in the presence  of 
potassium methoxide is accompanied by a shift of one of the double bonds, giving (VIII). As seen, the 
polycyclic substituent c rea tes  conditions for  selective cooligomerizat ion,  although s ter ic  hindrances lead to a 
decrease  in the yield of the ol igomer.  
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In expe r imen t s  on the coo l igomer iza t ion  of EA with BD it  was es tab l i shed  that  ca ta lys t s  based  on 
P(C6Hs) 3 have the highest  activity.  The composi t ion  of the product  depends s t rongly on the ra t io  of the mono-  
m e r s .  Thus,  a m i x t u r e  of t e t rahydrobenzo ic  (XII), t r a n s - 2 ,  6-heptadienoic  (XIII), and t r an s -2 ,  5, 10-un- 
deca t r ienoic  (XIV) e s t e r s  in a ra t io  of 40 : 35:25 r e spec t ive ly  is  fo rmed  with an EA : BD rat io  of i : 2 on the 
Ni(acac)2--PPh3--Al(C2H~) ~ cata lys t .  The fo rmat ion  of BD o l igomers  i s  not observed.  The cool igomer iza t ion  
of BD with EA (1 : 1) at the Ni(acac)2--PPh3--Al(C2Hs) 3 ca ta lys t  led to the product ion of a mix tu re  of e s t e r s  
(XILI) and (X/V) and dicarboxyl ic  e s t e r s  (XV) and (XVI), and 75% of the ca t a lys i s  product  c o r r e s p o n d s  to the 
l as t  two compounds.  The yie ld  of (XIV) does not exceed 5%. T r a n s e s t e r i f i c a t i o n  of the e s t e r  (:N/V) with 
methanol  gave the known [5] methy l  3, 5, 10-undecat r ienoate  (XVII). 

Consequently,  the introduction of a subst i tuent  capable  of complex  fo rmat ion  with nickel  into the e s t e r  
group m a k e s  it poss ib le  to contro l  the composi t ion of the cool igomers .  However ,  the tendency toward the 
fo rmat ion  of the cod i m er  (XIII) is  not so c l ea r ly  defined as in the expe r imen t s  with phenyl methacry ta te .  The 
overa l l  scheme of the t r a n s f o r m a t i o n s  can be r ep re sen t ed  as follows: 

I ~..wo 2 R j. / 0/ 
HsC~O(CI{~)~ ~ 02R 

.... k.. l 
C02R L 

~' (XlI) 7Nb'i '- L 
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R = C2HsO(CH2), (XlI)--(XVI). CH3(XVa), (XVIa). (XVI1) 

All a t tempts  to br ing ethylene gis;col d iacry la te  and d ime thac ry la te  into the reac t ion  with BD were  un- 
s u c c e s s f u l  These  e s t e r s  not only do not enter  into reac t ion  but block the o l igomer iza t ion  of BD like ma lea t e s  
and f u m a r a t e s  [11. 

I r r e s p e c t i v e  to the nature  of the ac t iva tor  and t,~ reac t ion  conditions,  the react ion  of phenyl acry la te  
and phenyl a - f l u o r o a c r y l a t e  with BD leads only to diene synthes is  adducts (XIX) and (XX). The outcome of the 
expe r imen t s  with phenyl ac ry la t e  was somewhat  unexpected,  although the effect  of C~H 5 r e su l t s  in the exclusive 
fo rmat ion  of the cod imer  of BD and phenyl acryla te :  
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R 

CO~Ph 
n = tt(XlX), F(XX) 

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

Monomers of >- 99.5% purity were used. The mixtures of hydrocarbons were analyzed on a Tsvet-102 
chromatograph with a flame-ionization detector,  a 2-m column, 15% Apiezon L on Celite-545, and nitrogen 
as c a r r i e r  gas. The PMR spectra were recorded on a Tesla-480B instrument in carbon tetrachloride with 
HMDS as internal standard. The IR and UV spectra were recorded on UR-20 (film) and Spekord UV-VIS 
instruments (in alcohol). The mass  spectra  were recorded onan MKh-13-06 instrument with 50-eV ionizing 
electrons and with the ionization chamber at 200~ 

General  Method for the Cooligomerization of 2-Ethoxyethyl Methacrylate with Butadiene. To a solution 
of 0.38 g (0.0015 mole) of Ni(acac)2, 0.0015 mole of the activator, and 1 ml of butadiene in 10 ml of absolute 
toluene in an argon atmosphere at --5~ we added 0.006 mole of the organoaluminum reducing agent. The 
mixture was s t i r red  for a further  30 rain at the same temperature.  The solution of the catalyst was placed 
in a s ta inless-s teel  autoclave (100 ml) in a s tream of argon, 31 ml (0.4 mole) of BD and 15.8 g (0.1 mole) of 
2-ethoxyethyl methacrylate were added, and the mixture was heated at the given temperature for 8 h. The 
autoclave was cooled, the catalysts was decomposed with 5 ml of alcohol, and the reaction mass was sub- 
mitted to fractional distillation. The results  are given in Table 1. 

The cooligomers isolated by fractional distillation have the following constants. 2-Ethoxyethyl 2- 
methyl-2, 5, 10-undecatrienoate, bp 160~ (1 mm Hg), nD 2~ 1.4821. UV spectrum (k, nm): 220, e 15000. IR 
spectrum (v, era-i): 830, 3030 ( t rans-CH= CH), 915, 1000, 3090 (CIt= CH2), 980, 3030 (trans-CH=CH), 
1725 (= CCO2R ). PMR spectrum (b, ppm): 1.06 (3H, OC2H5, CH3); 3.45 (4H, OCH2); 4.1 (2H, COOCH2); 2.04 
(4_H, =CCH2); 1.8 (3H, CHsC=C); 2.88 (2H, =CCI-I2C--~); 4.8 (2H, C=CH2); 5.2 (1H, HC= CCO2R); 5.3 (2H, 
CH= CH); 6.0 (l_H, CH=C). m / e  278. 

2-Ethoxyethyl 1, 6, 9, 13, 18-nonadecapentaen-10-oate (VIII), bp 200~ (1 mm Hg); nD 2~ 1.4906. UV 
spectrum (7,, rim): 206, ~ 14000. IRspectrum (v, cm-l): 920, 1000, 3085 (CH= CHz), 980, 3030 ( t rans-CH= 
CH), 1720 (=CCO2R). PMR spectrum (5, ppm): 1.06 (3H, OC2H~CH3); 1.42 (4H, CH2); 2.04 (10H, = CCH2); 
2.9 (2H, = OCH2C~--); 3.45 (4H, OCH2); 4.01 (2H, COOCIt2); 4.89 (4H, C = fi~I2); 5.6 (4H, CH= CH); 5.91 (2H, 
C t t = Q ;  6.71 (2H, HC= CCO2R ). m/e 386. The structure of the BD oligomers was confirmed by GLC by 
comparison with the authentic compounds. 

Cooligomerization of 2-Ethoxyethyl Acrylate with Butadiene. A solution of the catalyst prepared from 
0.51 g (0.2 mole) of Ni(acac) 2, 1 g (0.04 mole) of Ph3P, and 0.8 mole of P~A1 was t ransfer red  to a stainless- 
steel autoclave (100 ml) at --5~ in a s t ream of argon, 13 ml of BD and 14.2 g (0.1 mole)ofEA were added, 
and the mixture was heated at 120~ for 10 h. After the usual treatment 20 g of a mixture of oligomers was 
obtained. According to GLC, it  consisted of 40% of 2-ethoxyethyl tetrahydrobenzoate (XII), 35% of 2- 
ethoxyethyl 1, 5-hexadienoate (XIII), and 25% of 2-ethoxyethyl 2, 5, 10-undecatrienoate (XIV). 

The es ters ,  isolated by fractional distillation on a column, have the following constants. 2-Ethoxyethyl 
tetrahydrobenzoate (XII), bp 52~ (1 rnm Hg), nD 2~ 1.4821. IR spectrum (v, cm-1): 720, 3030 (cis-CH=CH), 

1735 (CO2R). m / e  198. 

2-Ethoxyethyl 1, 5-heptadienoate (XIII), bp 81~ (1 m,n Hg); nD2~ 1.4580. UV spectrum (k, nm): 204, 
e 12000. IR spectrum (v, cm-l): 920, 1000, 3080 (CH= CHz), 975, 3030 ( trans-CH= CH), 1720 (=CCO2R). 
PMR spectrum (b, ppm): 1.1 (3H, OC2H~); 2.04 (4H, =CCH2); 3.40 (4H, OCH2); 4.1 (2H, COOCH2); 4.96 (2H, 
C=  CH2); 5.62 (2H, CH = CH); 6.7 (1H, CH = C). 

2-Ethoxyethyl 2,5, 10-undecatrienoate (XIV), bp 190~ (1 mm Hg); nD 2~ 1.4801. UV spectrum (A, am): 
205, e 18000. IR spectrum (v, cm-1): 920, 1000, 3085 (CH--CH2), 975, 3030 ( t rans-CH= CH), 1720 
(= CCO2R). PMR spectrum (5, ppm): 1.08 (3H, OC2H 5, CH3); 2.0 (4H, = CCH2); 2.8 (2H, = CCH2C=); 3.45 
(4I-I, OCIt2); 4.1 (2H, COCH2); 4.9 (2H, C= CI-I2); 5.62 (4H, CH= CH); 6.7 (1H, CH= C). m /e  252. 

During the cooligomerization of 12 g of BD with 32 g of EA (1: 1) in a solution of 0.5 g of Ni(acac)2, 0.51 
g of Ph(OPh h, and 0.91 g of AI(C2Hs) 3 at 80~ for 10 h we obtained 39.6 g of a mixture of oligomers. Accord- 
ing to GLC, it consisted of 75% of 4-vinyl-2, 7- and 4-vinyl-7, 10-dodecadienecarboxylic es ters  (XV, XVI), 
21% of 2-ethoxyethyl 1, 5-heptadienoate (XII1), and 4% of 2-ethoxyethyl tetrahydrobenzoate (XII). The formation 
of BD oligomers was not observed. 

1418 



Mixture of bis(2-ethoxyethyl)  4-vinyl-2 ,  7- and 4-vinyl-7 ,  10-dodecadienecarboxylates  (XV) and (XVI), 
bp 136~ (0.05 mm ttg); nD 2~ 1.4810. UV spec t rum CA, rim): 206, e 16000. IR spec t rum (,,  cm-l) :  920, 1000, 
3090 (CH=CH2), 975, 3030 ( t r ans -CH= CH), 1720 (= (X~O2R), 1735 (CG2R). PMR spect rum (o, ppm): 1.07 
(5It, 0C2H5, CH3); 1.5 (4It, CH2); 1.98 (3H, CCH2); 2.22 {2H, CH2C= O); 2.84 (2H, ---CCH2C= ) ; 3.45 (SH, 
OCH2); 4.1 (4H, COOCH2); 5.04 (2H, C =  CH2); 5.46 (3H, CH=CH);  5.79 (1H, OCOCH-- C); 6.93 (1H, CH = C), 
m / e  420. 

Cool igomerizat ion of Phenyl  Methacryla te  with Butadiene. A solution of the cata lys t  p repa red  f rom 
0.38 g of Ni(acac)2, 0.39 g of P(Ph)~, and 0.68 g of AI(C3Hs) 3 in 10 ml of toluene by the method descr ibed  above 
was t r a n s f e r r e d  to an autoclave (100 ml), 15 g of PMA and 5.4 g of BD were  added, and the mixture  was 
heated at 80~ for  8 h. After  the usual t r ea tmen t  14.3 g of the o l igomers  was obtained. According to GLC 
data, the mixture  contained 71% of (X) and 29% of cyclododecatr iene.  The above-ment ioned compounds were 
isolated by vacuum distil lation. Phenyl 2-methylene-6-heptenoate  (X), bp 150~ (! mm Hg); nD 2~ 1.5100. 
PMR spect rum (o, ppm): 1.33 (2H, CH2); 1.93 (2H, -- CCH2); 2.26 (2H, =CCH2); 4.85 (2H, C =  CH2); 5.15 (4H, 
CH=); 5.5 (1H, methylene);  6.2 (1H, methylene) and 6.98 (5H, C6H5) , m / e  216. 

The IR spec t rum contains f requencies  cha rac t e r i s t i c  of a conjugated e s t e r  (1650, 1720 cm-I) ,  methylene 
(1895, 3080 cm-t) ,  and vinyl (920, 1000, 3090 cm -1) groups. 

Cool igomerizat ion of Choles teryl  Methacrylate  with Butadiene. In a 300-ml steel  autoclave we placed 
the catalyt ic  sys tem p repa red  f rom 0.38 g of Ni(acac)2 , 0.39 g of P(Ph)~, and 0.8 g of AI(C2Hs) 3. We added 
4.7 g of BD and 10 g of CMA in 120 ml of toluene and heated the mixture  at 80~ for 8 h. The autoclave was 
then cooled, 5 ml of alcohol was added, and the solvent was removed under vacuum. The res idue was 
chromatographed on aluminum oxide (III activity) with benzene. The eluates  were  combined and evaporated. 
F r o m  4 g of the mix ture  of o l igomers  by prepara t ive  TLC we obtained 0.4 g of (IV) and 3.6 g of the unreaeted 
initial  es te r .  The cool igomer  (IX) was a co lo r l e s s  gelatinous mass.  IR spec t rum (,, cm-l):  760, 3030 
(c i s -CH=CH) ,  920, 1000, 3085 (C= CH2) , 950, 980 ( t rans -CH=CH) ,  1650, 1720 (=-CCO2R). Found%: 
C 82.4; H 10.5. C~7H740 2. Calculated %: C 82.2; H 10.7. 

Transes te r i f i ca t ion  of 0.3 g of the e s t e r  (IX) with methanol in the p resence  of catalyt ic  amounts of 
potass ium methoxide by the method in [5] led to the production of methyl  1, 7, 9, 13, 18-nonadecapentaene-10- 
carboxyla te  (VIII) and choles tero l ,  which were  separa ted  by column chromatography on aluminum oxide. 

Cool igomerizat ion of Phenyl ~ -F luo roac ry l a t e  and Phenyl  Acryla te  with Butadiene. S ix-membered  
cod imers  were  obtained during the react ion of the above-ment ioned monomers  in a solution of Ni(acac)2 and 
AI(C2Hs)s, i r r e spec t ive  os the nature of the ac t iva tor  and the react ion conditions. In pa r t i cu la r  ph.enyl 1- 
f luoro te t rahydrobenzoate  (XIX) was obtained with a yield of 30% from BD and phenyi c~-fluoroaerylate, and 
phenyl acry la te  with BD gave phenyl te t rahydrobenzoate  (XX) with a 70% yield. 

Phenyl  1- f luorote t rahydrobenzoate  (XIX), bp 125~ (1 mm Hg), nD 2~ 1.5110. IR spec t rum (,,  cm-~): 
690, 700, 1500, 1600 (in C6H5) , 740, 3030 ( c i s -CH= CH), 1735 (CO~P). PMR spec t rum (o, ppm): 2.11 m 
(6H, CH2); 5.5 (2H, CH= CH); 7.12 (5H, CH in C6H5). m / e  220. The constants of (XX) coincide with the con- 
stants of the authentic compound. 

I somer iza t ion  of Methyl I, 6, 9, 13, 18-Nonadecapentaene-10-carboxylate  with KOH. To a solution of 1 g 
of compound (V), obtained by the method in [1] in 5 ml of absolute methanol, we added 0.05 g of potass ium 
methoxide in 5 ml  of methanol.  The mix ture  was boiled for  0.5 h, decomposed with an equal volume of cold 
water,  and ex t rac ted  repeatedly  with methylene chloride.  The ex t rac t s  were dr ied over  magnesium sulfate, 
the methylene chlor ide was dist i l led,  and the residue was dist i l led under vacuum. A 0.8-g yield of the e s t e r  
(VIII) was obtained; bp 208~ (0.5 mm Hg); nD 2~ 1.4893. UV spec t rum (/~, nm): 260, e 20000. IR spec t rum 
(, ,  cm-1): 920, 1000, 3085 (HC---- CH2) , 980, 3030 (trans-CH~---CH), 1725 (=CCO2CH3). PMR spect rum ( o, 
ppm): 1.57 (6H, CH2); 2.04 (12H, =CCH2); 3.52 (2H, OCH3); 4.89 (4H, C =  CH2); 5.52 (5H, CH-- CH); 6.0 (2H, 
CH = C). m / e  316. 

The i somer iza t ion  of 5 g of 2-ethoxyethyl  1, 6, 9, 13, 18-nonadecapentaene-10-oate  (VII) under the above- 
mentioned conditions gives the e s t e r  (VIII), fully identical  with the product  obtained by the method descr ibed  
above. 

Under analogous conditions 2-ethoxyethyl  2, 5, 10-undecatr ienoate  (XIV) is  conver ted  into methyl 3, 5, 10- 
undecatr ienoate  (XVII) [5]. 
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Transester if icat ion of the Es te rs  (XV) and (XVI) by Methanol. To a solution of 1 g of the mixture of 
(X-V) and (XVI) in 10 ml of absolute methanol we added 0.2 g of sodium methoxide. The mixture was s t i r red 
at ~ 20~ for 2 h and then diluted with 30 ml of cold water and extracted repeatedly with methylene chloride. 
The extracts were combined and dried over magnesium sulfate. After removal of the solvent the residue 
was distilled under vacuum. A 0.9-g yield of a mixture of dimethyl 4-vinyl-2, 7- and 4-vinyl-7, 10-dode- 
cadienoates was obtained [5]. 

C O N C L U S I O N S  

1. Aliphatic l inear and cyclic radicals affect the selectivity of the eooligomerization of butadiene with 
acrylic and methacrylie es ters  in the presence of nickel complexes and in a number of cases make it possible 
to obtain previously unknown eodimers.  

2. The cooligomerization of phenyl methaerylate with butadiene leads to the production of the previously 
unknown phenyl 2-methylene-6-heptenoate with a high yield. Under analogous conditions phenyl ~-f luoro-  
acrylate and phenyl acrylate with butadiene give diene synthesis products exclusively. 
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O X I D A T I O N  OF 1 - M E T H Y L -  AND 1 - E T H Y L C Y C L O H E X A N O L  
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a n d  E.  P .  K a p l a n  
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Ter t i a ry  cyclic alcohols (1-alkylcyclopropanols and 1-alkylcyclobutanols)are oxidized by Ce(IV) com- 
pounds to form alkoxyl radicals,  which isomerize with ring opening (fi-decomposition) [1, 2]. The oxoalkyl 
radicals which form recombine with each other, abstract  hydrogen from the medium, and are oxidized. 
Nitrates or unsaturated compounds respectively can form during the oxidation of alkyl and cyeloalkyl radicals 
by cerium ammonium nitrate (CAN) [2, 3]. In contrast  to three-  and four-membered cyclic alcohols 1- 
alkylcyclopentanols do not enter into reaction with Ce(IV) [1]. Concerning s ix-membered cyclic alcohols it is 
known only that cyclohexanol is converted into cyclohexanone under the influence of CAN [4]. 

We investigated the oxidation of 1-methyl- and 1-ethylcyclohexanol (Ia, b) by CAN in aqueous and 
anhydrous acetonitrile. The composition and amounts of the obtained products are given in Table 1. The 
reaction in aqueous acetonitrile takes place according to the following scheme: 

R OH R O" 

~ . - b  ce (iv) ---,. @ - t -  ce (ill) -~ H+ (i) 

(I) (11) 
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