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The reaction of 1-methylcyclopentene oxide with alcohols (methanol, 
ethanol, n-propanol and isopropanol, n-butanol, and n-pentanol) in 
the presence of Na and of BF s etherate has been described. The addi- 
tion of alcohols in an alkaline medium takes place with the forma- 
tion of secondary ethers of 1-methylcyclopentane-l,2-diol. In an 
acid medium, tertiary ethers of 1-methylcyclopentane-l,2-dioI pos- 
sibly contaminated with the secondary ethers are formed. In an 
acid medium, not only does addition take place hut the initial oxide 
isomerizes into a earbonyl compound and to some extent forms trans- 
1-methylcyclopentane-l,2-diol. With isopropanol, in an alkaline 
medium the initial oxide is recovered and in an acid medium only the 
isomerization product is formed. 

T h e  o r d e r  of add i t ion  of a l c o h o l s  to a - o x i d e s  of un-  
s y m m e t r i c a l  o l e f ins  has  b e e n  s tud ied  in d e t a i l  [ 2 - 6 ] .  

T h e  r e a c t i o n  of u n s y m m e t r i c a l  c y c l e n e  ox ides  wi th  
a l c o h o l s  has  been  s t ud i ed  l i t t l e  [2, 3]. In  a l e c t u r e  a t  

an A l l - U n i o n  C o n f e r e n c e  on C h e m i c a l  K i n e t i c s  and 
R e a c t i v i t y ,  A .  A .  P e t r o v  r e p o r t e d  the  add i t ion  of 
m e t h a n o l  to m e t h y l c y c l o p e n t e n e  and m e t h y l c y c l o h e x e n e  
o x i d e s  in the  p r e s e n c e  of s o d i u m  m e t h o x i d e  and BF~ 
e t h e r a t e .  In the  p r e s e n c e  of s o d i u m  m e t h o x i d e ,  s e c o n -  
d a r y  e t h e r s  a r e  f o r m e d  and in the  p r e s e n c e  of BF3 
t e r t i a r y  e t h e r s  [7]. H o w e v e r ,  we "have no t  found an o r i -  
g ina l  p a p e r  in th is  q u e s t i o n  wi th  a d e s c r i p t i o n  of the 
e x p e r i m e n t a l  da t a  and a d i s c u s s i o n  of the r e s u l t s .  
E a r l i e r ,  one of us s t u d i e d  the  r e a c t i o n  of m e t h y l  4 -  
m e t h y l - A 3 - c y c l o h e x e n e c a r b o x y l a t e  ox ide  wi th  a l c o h o l s  
in a c i d  and a l k a l i n e  m e d i a .  T h e  s a m e  c h a r a c t e r i s t i c  
was  o b s e r v e d  as  in the c a s e  of o x i d e s  of u n s y m m e t r i -  
ca l  o l e f i n s .  In an a c i d  m e d i u m ,  as  w e l l  a s  addi t ion ,  
i s o m e r i z a t i o n  of the ox ide  into a k e t o n e  took p l a c e  [8]. 

* F o r  p a r t  III, s e e  [1]. 

In d e v e l o p i n g  th is  w o r k  [8] we have  s t u d i e d  the r e -  
a c t i o n  of 1 - m e t h y l c y c l o p e n t e n e  ox ide  wi th  m e t h a n o l ,  
e thanol ,  n - p r o p a n o l  and i s o p r o p a n o l ,  butanol ,  and 
p e n t a n o l  in the p r e s e n c e  of s o d i u m  a l k o x i d e s  and of BF3 
e t h e r a t e .  U n d e r  t h e s e  cond i t i ons  the  f o r m a t i o n  of the 
two add i t ion  p r o d u c t s  I and II ( s e e  table)  m i g h t  h a v e  
been  e x p e c t e d .  

65_0. pyri ine  o  
I~ ~ C2H 5 

R = : C H  a, C2kl s, rt-C3H 7 , 

lip 

T h e  o r d e r  of add i t ion  of a l c o h o l s  to l - m e t h y l c y e l o -  
p e n t e n e  oxide  has  been  s t ud i ed  in m o r e  d e t a i l  in the  
e a s e  of e thano l .  In th is  e a s e ,  the  r e a c t i o n s  w e r e  c a r -  

r i e d  out wi th  l a r g e r  a m o u n t s  of r e a c t a n t s .  T h e  r e a c -  

t ion  of e thano l  wi th  l - m e t h y l e y e l o p e n t e n e  ox ide  in the 
p r e s e n c e  of s o d i u m  e t h o x i d e  f o r m e d  a s u b s t a n c e  wi th  

the s t r u c t u r e  II h a v i n g  mp  48.8 ~ C.  U n d e r  t h e s e  c o n d i -  
t ions ,  a l l  the  o t h e r  a l c o h o l s  f o r m e d  l iqu id  p r o d u c t s .  

T h e  r e a c t i o n  in the p r e s e n c e  of BF~ e t h e r a t e  took 
p l a c e  in a m o r e  c o m p l e x  m a n n e r .  A s  w e l l  as  the  add i -  
t ion p r o d u c t - - t h e  t e r t i a r y  e t h e r  I, the  c o n s t a n t s  o f  
wh ich  a r e  g i v e n  in the t a b l e - - 2 - m e t h y l e y c l o p e n t a n o n e  
and, in an a m o u n t  of 2 . 3 - 1 0 . 9 %  of the  to ta l  w e i g h t  of 
p r o d u c t s  obta ined ,  t r a n s - l - m e t h y l e y e l o p e n t a n e - 1 ,  2 -  

d io l  w e r e  f o r m e d  as  b y - p r o d u c t s .  T h e  ox ida t ion  of the  
p r o d u c t s  of the  add i t ion  of e thano l  in the p r e s e n c e  of 
BF3 wi th  the  p y r i d i n e  �9 CrO3 c o m p l e x  [11] g a v e  2 -  
e t h o x y - 2 - m e t h y l e y e l o p e n t a n o n e  (III).  

T e r t i a r y  and S e c o n d a r y  E t h e r s  of 1 - M e t h y l e y c l o p e n t a n e - 1 ,  2 - d i o l  

Found Calculated 

Initial ~ ~ Bp, ~ d42O ng~O Empirical MRD 
alcohol I ~ !  (ram) formula C; .H, C. H~ MR z 

i ~  

Methanol  

Ethanol 

Propanol 

Butanol 

Pentanol 

*Mp 48.8 ~ 

87.2 (16) 1.0125, 
66--67 (9.5) 0.99671 

80--81 (8.5) 0.9798 
72--74 (11)* 0.9505 

0 96391 
94--95 (11) 0[9405 
85--86 (11) 

108--'110 (1'4)! 0.9576 I 
96--97 (1O)! 0.9355 / 

115--117 (9) 0.9455 
j 70 (0.1) 0.9257 

1. 06! 164.25110.801 .201 t 
IC7 1402 64 56 10 84 

1.4549, 64.57 11.04 35.42 ' " 

I 45591 16659111 163999 9 
114505 'CsH'602 66 80'11 08'40 82166"6"i 11"18 

14555[CH O 68271152]4459 i 
1 4470 9 ,8 ~ 68 10!11 52!4495 68.31 11.46 

1.4569 69 31 11 85 48 96 I 
. . . . .  ICI~H~oO~I~'.^I..'.~I.^'.~ [69.72111.7C 
. . . . . .  r i 
1.45721 170.50!11.84 53.69! I 

CUH2202 I [70 91 11 913 
1.4500[ i70.81 [11.75154.09 i " "' 

35.6~ c 83.7 
182 

40.31 63.3 
14.0 

I 62.7 
,44'7'?" 23.0 

' 612 
i9.35 i 26.3 

!56.1 
53"97 i 15.0 
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T h e  i s o m e r s  I and  II w e r e  s t u d i e d  s p e c t r o s c o p i -  

c a l l y .  T h e  IR s p e c t r a  of t h e s e  c o m p o u n d s  h a v e  s t r o n g  

a b s o r p t i o n  m a x i m u m  a t  1075 and  1087 c m  -1, r e s p e c -  

t i v e l y ,  w h i c h  m u s t  be a s c r i b e d  to t he  C - - O H  v i b r a -  

t i o n s .  I t  i s  k n o w n  t h a t  the  f r e q u e n c y  of t h i s  v i b r a t i o n  

is  s e n s i t i v e  to t h e  d e g r e e  of s u b s t i t u t i o n  of the  c a r b o n  

a t o m  an d  r i s e s  f r o m  p r i m a r y  to s e c o n d a r y  and  t e r t i -  

a r y  g r o u p s  [12] .  T h e  d i f f e r e n c e  in  the  f r e q u e n c i e s  

g i v e n  in  o u r  c a s e  a g r e e s  w i th  t h i s  r u l e ,  t h u s  c o n f i r m -  

i ng  t h e  p o s i t i o n  of t he  h y d r o x y  g r o u p .  In  a d d i t i o n  to 

t h i s ,  bo th  b a n d s  a r e  l o c a t e d  b e l o w  the  u s u a l  r a n g e  of 

a p p e r a n c e  of s e c o n d a r y  a n d  t e r t i a r y  C - - O H  g r o u p s ,  

w h i c h  i s  in  a g r e e m e n t  w i th  the  f a c t  of t he  l o w e r i n g  of 

~C---OH f o r  c y c l i c  a l c o h o l s .  F u r t h e r m o r e ,  I a n d  II, 

recorded in dilute CCI 4 solution have the uOH maxima 
at 3639 and 3623 cm -I, respectively, which also con- 

firms the position of the hydroxyl [12]. In the spectrum 

of I the maximum has a shoulder on the low-value side 

which may indicate contamination with the isomer II 
containing a tertiary hydroxy group. 

In contrast to the oxide of a methylcyclohexene 
derivative, 1-methylcyclopentene oxide does not react 
with secondary alcohols (isopropanol). In an alkaline 
medium the initial oxide was recovered unchanged 

from the reaction mixture, and in an acid medium the 
only reaction product was a product of the isomeriza- 
lion of the oxide with constants corresponding to 2- 
methylcyclopentanone [13]. 

EXP ERIME NTAL 

The 1-methylcyclopentene oxide, obtained by the oxidation of 
1-methylcyclopemene with acetyl hydroperoxide [14], had the 
following constants: bp 109~ ~ C (758 mm); d~ ~ 0.9200; n~  1.4285, 
which are close to literature data [15]. 

Action of alcohols on 1-methylcyclopentene oxide in the presence 
of boron trtfluoride eth~ate.  A flask was charged with 0.]-0.2 mole 
of the oxide and 0.5-1.0 mole of an alcohol and, with vigorous stir- 
ring, BF s etherate (0.5-0.6% of the weight of the oxide) was Cautiously 
added. The temperature of the mixture rose to 60o-65 * C. Then it 
was heated for from 6 to ~4 hr at the boiling point of the correspond- 
ing alcohol. After the alcohol had been driven off, the product was 
distilled in vacuum. The characteristics of the products are given in 
the table. 

Action of ethanol. Twenty grams (0.2 mole) of the oxide and 
0.1 ml of BFz etherate were added to 56.4 g (1.2 mole) of ethanol that 
had been redistitled over Na. The reaction mixture was heated for 
5 hr 30 rain. On distillation, the initial fractions were found to be 
contaminated with 2-methylcyclopentanone. The main product 
(15.2 g) was 2-ethoxy-2-methylcyclopentanol with bp 80"-81" C 
(9 mm), its other constants being given in the table. The residue 
after distiIiation yielded 2.1 g of trans-l-methylcyclopentane-], 2- 
diol with mp 65 ~ C. Found, ~:  C 62.00; H 10.42. Calculated for 
C~H1202, ~0: C 60.04, H 10.41. The substance gave no depression of 
the melting point in admixture with the diol obtained by the addition 
of water to 1-methylcyclopontene oxide. The 3, 5-dinitrobenzoate of 
the product of the addition of ethanol to the oxide had mp 61.5~ ~ C 
(from petroleum ether). Found, ~ C 62.99, H 5.62. Calculated for 
Cl~HI4N2OT, , %: C 53.22; H 6.36. 

Oxidation by the CrO s - pyridine complex of the product of the 
addition of ethanol to 1-methylcyclopentene oxide. The reaction was 
carried out [11] with 7.9 g (55 raM) of compound I in 85 ml of 
pyridine and 16.4 g of CrO 3 (0.16 mole) in 165 mI of pyridine. Two 
distillations of the product yielded 4.4 g of a ketone with the follow- 
ing constants: bp 73.3~--74 ~ C (29 mm); d~ 0.9637, n~ 1.4392. Found, 

%: C 67.59; H 10.02; MR D 38.80. Calculated for CsHI4OI, ~ C 67.57, 
H 9.92%, MR D 38.60. The semicarbazone had mp 183" C. Found, %: 
N 21.11. Calculated for_CsHlzN~Ol, %: N 21.09. 

Action of isopropanol. A mixture of 10 g (0.1 mole) of the oxide, 
42 g (0.7 mole) of 2-propanol, and 0.05 ml of BF 3 etherate was heated 
for 19 hr. Two distillations of the products yielded a substance with 
bp 51~ ~ C (37-34 mm), d~ $ 0.9342, n~  1.4355. Found: MR D 
27.45. Calculated for C4HIg): MR D 27.72. The semicarbazone of the 
reaction product had mp 175 ~ C. Found, ~o: C 54.65, H 8.65, 
N 26.78%. Calculated for CIHI3N30 , %: C 54.17, H 8.44, N 27.07%. 
The 2, 4-dinitrophenylhydrazone had mp 155 ~ 156 ~ C .  

Action of alcohols on 1-methylcyclopentene oxide in the presence 
of metallic sodium. Metallic sodium was added to 0.4-4.3 mole of 
the alcohol in an amount of 3~ of the weight of the oxide taken. 
Then the oxide (0.1-0.6 mole) was added to the solution of the alkox- 
ide in the alcohol and the reaction mixture was heated for from 10 to 
17 hr at the boiling point of the alcohol concerned. After this, it was 
treated with water with subsequent salting out and extraction with 
ether. The product was distilled in vacuum. The characteristics of 
the products are given in the table. 

The 3, 5-dinitrobenzoate of the product of the addition of ethanol 
had mp 94*-95 ~ C (from petroleum ether). Found, %: C 53.26, 
H 5.50% Calculated for C15HlsNzOz, ~ C 53.22, H 5.36"70. 
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