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As an expansion of our studies on the react ions of unsymmetr ica l  cyclene oxides with alcohols as a 
function of the nature of the catalyst  [1] it was interesting to make a comparat ive study of the react ion of 
limonene oxide with ethanol in acid and alkaline media. In the l i terature it is only indicated that two s t ruc -  
tural  i somers  are  formed when limonene oxide is reacted with ethanol in alkaline medium [2, 3]. Taking 
into considerat ion the fact that the limonene oxide, obtained by oxidation with peracids,  consists  of a mix-  
ture of the t r ans -  and c i s - i somer s ,  and the l i terature data on the react ion of amines with limonene oxide 
[4, 5], it could be expected that the steric i somers  of the addition products will also be formed in the r e -  
action of limonene oxide with ethanol. The react ions were run by us with a mixture of the t r ans -  and c i s -  
limonene epoxides (I) + (II), and with the pure t rans-epoxide (I). The s t ructure  of the obtained compounds 
was proved by chemical  methods and by the [R and NMR spectra .  

The react ion of a mixture of epoxides (I) + (II) with ethanol in the presence  of C2H5ONa yields three 
addition products:  { - ) - l -hydroxy-2 -e thoxy- t r ans -p -men th -S-ene  (HI), ( - ) - 2 - h y d r o x y - l - e t h o x y - t r a n s - p -  
menth-8-ene {IV) and (+) - l -hydroxy-2-e thoxy-c i s -p-ment t i -8 -ene  (V) in a 5:2:1 ratio.  Reaction with the 
t rans-epoxide (I) under these conditions gives (HI). Under mild conditions (IlI) is not oxidized by K2Cr207, 
and the IR spec t rum of (III) has the band of a free hydroxyl at 3617 cm -1. The s t ructure  of (IV) was 
proved by oxidation with K2Cr207 to ketone (VI), and by the IR spect rum (presence of the absorption of a 
free OH group at 3635 cm-1). The optically active 3, 5-dinitrobenzoates,  and also their  racemic  forms,  
were obtained for compounds (HI) and (IV). Product  (V) is not oxidized by K2Cr207, and the absorption 
band of the hydroxyl group is found at 3588 cm -1, which test if ies to the presence  of a hydrogen bond. This 
is possible with either a diequatorial (ee) or an equatorial-axial  (ca) arrangement  of the OH and OC2H 5 
groups.  The latter is less probable, since it is realized only with a cis-opening of the epoxide ring, 
which was not observed for s imilar  sys tems [6]. The s t ructure  of the obtained compounds was also proved 
by the NMR method, which will be discussed below. 

Starting with the obtained data, the course  of the react ion in alkaline medium can be depicted by the 
scheme: 
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Fig.  1 NMR spec t ra  of 5% CC14 solutions of s t e r e o i s o m e r i c  de r i -  
va t ives  of p - m e n t h - 8 - e n e s .  Upper  spec t rum = ( + ) - l - h y d r o x y - 2 -  
e t h o x y - c i s - p - m e n t h - 8 - e n e  (V); lower s p e c t r u m  = ( - ) - l - h y d r o x y - 2 -  
e thoxy- t r  a n s - p - m e n t  h -8 - ene  (III). 

Together with the addition products ,  i somer i za t ion  products  a re  a lso  fo rmed (11.6% when based on 
conver ted  oxide) in the reac t ion  of (I) + (II) with ethanol in the p r e s e n c e  of C2H5ONa , and specifically:  di-  
hydrocarvone  {VII), t r a n s - c a r v e o l  (VIII) and t r a n s - i s o c a r v e o l  (IX) in a 1:4:7 ra t io .  The phys icochemica l  
constants ,  :he c rys ta l l ine  der iva t ives ,  and the IR and NMR spec t ra  of these  compounds a r e  identical  with 
the l i t e ra tu re  data [7-9]. 

0= ~ 
] 

/ \  
(vii) (viii) (Ix) 

The reac t ion  products  of the (I) + (II) mix tu re  with ethanol in acid medium are  (III), (IV) and (+)-2- 
h y d r o x y - l - e t h o x y - c i s - p - m e n t h - 8 - e n e  in a 4:6:1 ra t io .  The s t ruc tu re  of (X) was conf i rmed by the IR spec -  
t rum,  which contains the absorpt ion  of a bound hydroxyl  at 3590 cm -i ,  by the NMR spec t rum,  and by oxida- 
tion with KzCr207 to ketone (X!). Compounds (III) and (X) a r e  fo rmed f rom the t r ans -epox ide  under these  
conditions, and consequently compound (IV) can be fo rmed  only f r o m  the c i s - epox ide  (see Scheme 1). 

Among the reac t ion  products  of l imonene oxide with ethanol was a lso  detected { - ) - t rans-1 ,  2 -d ihydroxy-  
trans-p-menth-8-ene: 3% in alkaline medium, and N25% in acid medium. This amount of diol in acid med- 
ium could be formed via the water that is liberated in the dehydration of the ethanol under the reaction con- 
ditions. 

1021 



HOR OR 

CH a 

(1) } (Ill) OH (:.Ha 

j -  

CHa ~ K2CreO'l 

blao 
OH (Xa) BFa (X) CHa (xI) 1" 

OH 
0 I ,'~ 

:1" CH a 
CH a 

R= C~H~ (H) H~R Ov) oR 
S c h e m e  1 

T h e  s t r u c t u r e  of the  ob ta ined  add i t i on  p r o d u c t s  was  a l s o  c o n f i r m e d  by  the  NMR s p e c t r a .  The  s p e c -  
t r a  of the  s t e r e o i s o m e r i c  (III) and (V) a r e  g iven  in F i g .  1. T h e  l ines  of the  Ha and He p r o t o n s  at C 2 s e r v e  
a s  the  key  to  the  p r o o f  of the  c o n f i g u r a t i o n  and c o n f o r m a t i o n  of the  s u b s t i t u e n t s  at  C1, C2, and C 4 of the  
r i n g .  If the  c o n f i g u r a t i o n  of the  s u b s t i t u e n t s  at C 1 was  the  s a m e  in (Ill) and (V), then  the c h e m i c a l  sh i f t s  
of the  Ha and He p r o t o n s  at C 2 would d i f fe r  by  at l e a s t  0 .48  p p m  [10], which  a c t u a l l y  i s  not the  c a s e .  C o n -  
sequen t ly ,  in the  s t e r e o i s o m e r i c  (III) and (V) the  c o n f i g u r a t i o n  of the  s u b s t i t u e n t s  wi th  r e s p e c t  to  t h e C  i 
- C  2 bond  i s  d i f f e r e n t .  In add i t ion ,  a s t r o n g e r  t e m p e r a t u r e  dependence  i s  o b s e r v e d  for  the  OH l ine  in (V) 
than  in  (III), which  p r o v e s  the  e q u a t o r i a l  p o s i t i o n  of the  OH in (V). F r o m  the  s c h e m e  of the  m u l t i p l e t  
s p l i t t i n g  of the  a - C H  2 g r o u p  of the  e thoxyl  r a d i c a l  i t  c an  be s e e n  that  the  m e t h y l e n e  p r o t o n s  a r e  a n i s o -  
c h r o n e s  ( d i a s t e r e o t o p e s )  due to  t he  a s y m m e t r y  of C1" and C2". T h e  c h a i r  c o n f o r m a t i o n  i s  c o n f i r m e d  by  
the  v a l u e s  of the  v i c i n a l  c o n s t a n t s  3Jaa = 11.3, 3Jae = 4.3 and aJea  = 2.8 Hz.  

T h e  s p e c t r a  of the  s t e r e o i s o m e r i c  (IV) and (X) a r e  g iven  in F i g .  2. H e r e  the  s p e c t r a  of t h e s e  i s o -  
m e r s  a r e  shown con ta in ing  added  t r i s ( d i p i v a l o m e t h a n a t o ) e u r o p i u m  ( I I I ) ,whieh  c a u s e s  p a r a m a g n e t i c  p s e u d o -  
con tac t  sh i f t s  [11]. T h e  s a m e  as  in the  p r e v i o u s  c a s e s ,  the  p r o o f  of the  c o n f i g u r a t i o n  and p r e f e r r e d  c o n -  
f o r m a t i o n s  was  b a s e d  on the  c h a r a c t e r  of the  m u l t i p l e t  sp l i t t i ng  of the  Ha and He p r o t o n s .  In the  c a s e  of 
(IV) the  c o n f i g u r a t i o n  of the  s u b s t i t u e n t s  wi th  r e s p e c t  to  C 2 and C 4 can  be  judged on the  b a s i s  of the  t r i p l e t  
at  5 1.90 ppm,  wi th  the  v i c i n a l  c o n s t a n t s  aJaa4a = 12.0 and '~Jsa2e = 2.6 Hz, which  i n d i c a t e  that  the  i s o p r o -  
peny l  g roup  has  an  e q u a t o r i a l  c o n f i g u r a t i o n .  

The  n u m e r i c a l  v a l u e s  of the aJHH1 c o n s t a n t s  can  be  u s e d  to  judge  the  d i s t o r t i o n  of the  c h a i r  c o n f o r -  
m a t i o n  by  the " R - f a c t o r "  m e t h o d  [12]: R = J t r a n s / J c i s ,  w h e r e  J t r a n s  = 1 / 2 ( 3 J a a  + "~Jee), and J c i s  = 1 / 2  
(3Jae + ~Jea), in which c o n n e c t i o n  the R f a c t o r  i s  independen t  of the  e l e c t r o n e g a t i v i t y  of the  a d j a c e n t  h e r e t o -  
a t o m s .  F r o m  the  va lue  of R it i s  p o s s i b l e  to  e s t i m a t e  the  t o r s i o n  angle  @; if  ~ i s  s m a l l e r  than  the  ang le  
r = 56-58~ which  i s  t y p i c a l  fo r  cyc lohexane ,  t hen  the  a n a l y z e d  r i n g  i s  m o r e  p l a n a r ;  i f  it  i s  g r e a t e r  than  
~0 then  it i s  c u r v e d  m o r e .  F o r  m e n t h e n e s  (IV) and (X), R = 1.92; r = 56~ ' ,  wh i l e  for  m e n t h e n e s  (Ill) and 
(V), R = 1.931; r = 56~ ' ,  i . e . ,  the  r i n g  has  a n e a r l y  c y c l o h e x a n e  c o n f o r m a t i o n  in the  s tud ied  s t e r e o -  
i s o m e r s .  

M E T H O D  

T h e  m e l t i n g  po in t s  w e r e  d e t e r m i n e d  on a "Boe t iu s "  hea t ing  s t and .  T h e  IR s p e c t r a  w e r e  t a k e n  on 
UR-10  and UR-20  s p e c t r o p h o t o m e t e r s  in CC14 so lu t i ons .  T h e  NIVIB s p e c t r a  w e r e  t a k e n  on an HA-100D 
i n s t r u m e n t  in CCI 4 so lu t ion ,  us ing  TMS a s  the  i n t e r n a l  s t a n d a r d .  T h e  TLC was  run  on p l a t e s  c o v e r e d  
with  a m i x t u r e  of ASK s i l i c a  ge l  and  5% g y p s u m .  T h e  GLC was  run  on a " K h r o m - 2 "  c h r o m a t o g r a p h ,  
u s ing  a 267 x 0.2 c m  c o l u m n  f i l l e d  wi th  15% of 1, 4 - b u t a n e d i o l  s u c c i n a t e  d e p o s i t e d  on C e l i t e  545, a f l a m e -  
i on i za t i on  d e t e c t o r  and a t e m p e r a t u r e  of 128~ (A condi t ions ) ,  and a 292 x 0.2 c m  c o l u m n  f i l l e d  wi th  15% 
of po ly ( e thy l ene  g l y c o l  ad ipa te )  d e p o s i t e d  on C h r o m o s o r b  W and a t e m p e r a t u r e  of 200 ~ (B cond i t i ons ) .  

( - ) - l , 2 - E p o x y - p - m e n t h - 8 - e n e ,  a m i x t u r e  of the  t r a n s -  and c i s - i s o m e r s  (I) + (II), was  ob ta ined  b y  
the  ox ida t ion  of p - m e n t h a - l , 8 - d i e n e  with  a c e t y l  h y d r o p e r o x i d e  in  e t h e r .  A f t e r  f r a c t i o n a l  d i s t i l l a t i o n  
t h rough  a c o l u m n  with  an e f f i c i ency  of 90 t h e o r e t i c a l  p l a t e s  the  epoxide  had  bp 62 .7-62 .8  ~ (5 .3  ram);  n~ 
1.4460; d~ ~ 0.9279; [a ] ~ _  44.9 ~ 
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Fig .2 .  NMR spec t ra  of 5% CCI 4 solutions of (+ ) -2 -hyd roxy - l - e thoxy -  
c i s - p - m e n t h - 8 - e n e  (X) (upper) and ( - ) - 2 - h y d r o x y - l - e t h o x y - t r a n s - p -  
men th -8 -ene  {IV). 

L 

( - ) - l , 2 - E p o x y - t r a n s - t r a n s - p - m e n t h - 8 - e n e  (I) was  obtained by the Kuvzynski  method [13] and had bp 
86-87 ~ (8 ram); n~ 1.4712; [ a ] ~ - -  72.3 ~ 

Reac!:ion of (I) + (II) Mixture with Ethanol in the P r e s e n c e  of C2H5ONa. To a solution of C2H5ONa f rom 
1.04 g-a tor~s  of Na and 8.24 M of ethanol Was added 1.05 M of a (I) + (II) mix ture  and the whole was heated 
at 80 ~ for 25 h. After  workup the reac t ion  mix ture  was analyzed by GLC (A conditions) and then f rac t iona l -  
ly dis t i l led through a column with an eff ic iency of 90 theore t ica l  p la tes .  The pu re  compounds were  obtained 
ei ther  by the decomposi t ion  of the c rys ta l l ine  3 ,5-d in i t robenzoates  or  by the P repa ra t ive  ch romatography  
of the na r row f rac t ions  using a f rac t ionat ion column. The pur i ty  of the products  was checked by TLC and 
GLC. 

Dihydrocarvone  (VII) was isola ted as the semica rbazone  with mp 189-190.5 ~ ( f rom aqueous methanol) 
(in a capi l lary)  [6]. 

(+)- lV:entha-6,8-diene- t rans-2-ol  ( t r ans -ea rveo l )  (VIII) was obtained by the saponificat ion of the 3,5- 
dini t robenzoate  with nap 110-111.2 ~ ( f rom MeOtt); [a]~ + 236.7 ~ (C 4.3; benzene) [7]. We also i so la ted  the 
3 ,5-dini t robenzoate  of d1-earveol  with mp 118.5-119.5 ~ ( f rom MeOtt); [a]~O ~ (C 4.0; benzene) [71. 

( - ) -p . -Men tha - l (7 ) ,8 -d i ene - t r ans -2 -o l  ( t r ans - t soea rveo l )  (IX) was obtained as a f rac t ion  that contained 
76% of (IX). NNtt s pec t rum  (6, ppm): 4.26 (1It, p ro ton  at C2); 4.66-4.76 (4tt, multiplet ,  vinyl protons)  [8]. 

( - ) - l . - t t yd roxy -2 -e thoxy - t rans -p -men th -8_ene  (III). The 3 ,5-dini t robenzoate  with mp 95 ~ ( f rom EtOH) 
was obtained: [a ]~  _ 25.9 ~ (C 4.08i benzene).  Found: C 58.18; H 6.26; N 7.58%. CtgH24N2OT. Calculated: 
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C 58.16; H 6.17; N 7.14%. Saponification of the 3 ,5-dini t robenzoate  gave (III) with bp 86-87 ~ (4 ram); n~ 
1.4676; d~ ~ 0.9471; [o~]~ _ 53.9 ~ Found: C 72.41; H 11.19%. C12H220 2. Calculated: C 72.68; H 11.19%. The 
3 ,5-dini t robenzoate  of dl-(IID had mp 75-76 ~ {from EtOH); [a]~0 ~ (C 4.1; benzene).  Found: C 57.85; I-t 6.40; 
N 7.24%. CIsH24N207. Calculated: C 58.16; H 6.17; N 7.14%. 

{ - ) - 2 - H y d r o x y - l - e t h o x y - t r a n s - p - m e n t h - 8 - e n e  (IV). The  3,5-dini t robenzoate  with mp 130.5 ~ ( f rom 
EtOH) was obtained; [~]~'8 _ 16.5 o (C 4.0; benzene).  Found C 58.42; H 6.26; N 7.28%. C19H24N2OT. Calcul -  
ated: C 58.16; H 6.17; N 7.14%. Saponification of the 3 ,5-dini t robenzoate  gave (IV) with bp 120-121 ~ (5 ram); 
n~ 1.4750; d~ ~ 0.9622; [o~]~_ 23.4 ~ Found: C 72.41; H 11.12%. C12H2202. Ca|culated:  C 72.68; H 11.19%. 

We also obtained the 3, 5-dini t robenzoate  of dl-(IV) with mp 104-106 ~ (from EtOtt); [~]~ 0 ~ (C 5.0; 
benzene).  Found: C 58.21; tt 6.30; N 7.14%. C19tt24N20 7. Calculated: C 58.16; H 6.17; N 7.14%. 

( + ) - l - H y d r o x y - 2 - e t h o x y - c i s - p - m e n t h - 8 - e n e  (V) was obtained f r o m  the f rac t ion  containing 65% of (V) 
by  p r e p a r a t i v e  ch romatography  on s i l ica  gel, with elution using a 1:1 pe t ro l eum e t h e r - e t h y l  aceta te  mix -  
ture ;  bp 98-99 ~ (5 ram); n ~  1.4695; d~ 0 0.9567; [~]~ + 30.9 ~ Found: C 72.36; H 11.09%. C12H220 2. Cal -  
culated: C 72.68; H 11.19%. 3,5-Dini trobenzoate,  mp 127.0-127.5 ~ ( f rom pe t ro l eum ether);  [~]~.5 + 94.6 ~ 
(C 4.2; benzene) .  Found: C 58.06; H 6.20%'. C19I-I24N20 7. Calculated: C 58.16; H 6.17%. 

( - ) - 2 - O x o - l - e t h o x y - t r a n s - p - m e n t h - 8 - e n e  (VI) was obtained by the oxidation of (IV) with K2Cr20 7 in 
e ther  as  descr ibed  in [14]; bp 99-100 ~ (7 ram); n~ 1,4612; d 20 0.9474; [~]~ - 46.3 ~ Found: C 73.31; H 10.35%. 
C12I-I2002 . Calculated: C 73.42; H 10.27%. In f r a r ed  spect rum:  1715 cm-1 (C =O) .  2 ,4-Dini t rophenylhydra-  
zone, mp 152.0-152.8  ~ ( f rom MeOH). Found: N 14.92%. C18H24N40~. Calculated: N 14.89% . 

( - ) - t r a n s - 1 ,  2 - D i h y d r o x y - t r a n s - p - m e n t h - 8 - e n e  (XII) was detected by G LC (B conditions) in the r e -  
sidue f r o m  the f rac t ional  dist i l lat ion of the reac t ion  mix ture .  

React ion of (I) with Ethanol in the P r e s e n c e  of C2HhONa. The  reac t ion  with 2.2 g of (i) was run under 
the above desc r ibed  condit ions.  The  format ion  of product  (III) was es tabl i shed by G LC (A conditions).  

React ion  of (D + (II) M~xture with Ethanol in the P r e s e n c e  of BF3.O(C2H~) 2. A mix ture  of 0.33 M of 
the (I) + (II) mixture ,  3.3 M of ethanol and 0.24 ml  of BF 3.O(C2I-I5) 2 was  heated at 80 ~ for  20 min. After  
r e m o v a l  of the ethanol the reac t ion  mix tu re  was analyzed by G LC and then f ract ional ly  dist i l led through 
a column with an eff iciency of 36 theore t ica l  p la tes .  Compounds (HI) and (IV) were  identified by GLC and 
by the 3 ,5-dini t robenzoates .  

( + ) - 2 - H y d r o x y - l - e t h o x y - c i s - p - m e n t h - 8 - e n e  (X); f rom the fract ion,  containing a mix ture  of (IV) + iX), 
was isola ted the 3, 5-dini t robenzoate  with mp 112-113 ~ ( f rom EtOH); [~]~.5 + 70.9 ~ (C 5.3; benzene).  Found: 
C 58.32; tt 6.13; N 6.86%. C19H24N207. Calculated: C 58.16; H 6.17; N 7.14%. Saponification of the 3,5- 
dini t robenzoate  gave iX) with bp 121-122 ~ (3.8 ram); n~ 1.4765; d~ ~ 0.9648; [oz]~ + 12.2 ~ Found: C 72.71; 
H 11.30%. C12H2202. Calculated: C 72.68; H 11.19%. 

( + ) - 2 - O x o - l - e t h o x y - c i s - p - m e n t h - 8 - e n e  (XI) was obtained by the oxidation of iX) with K2CR2OT; bp 
100 ~ (9 ram); n~ 1.4680; d 2~ 0.9745; [o~]~ + 8.7 ~ Found: C 73.08; H 10.26%. C12H2002. Calcula:ed: C 73.42; 
H 10.27%. In f ra red  spect rum:  1718 c m  -1 (C =O) .  2 ,4-Dini trophenylhydrazone,  mp 96.5-98.0 ( f rom 
MeOH). Found: C 57.44; H 6.43%. CIsH24N405. Calculated: C 57.43; H 6.43%. 

Diol (XII) was i so la ted  f r o m  the res idue  f rom the f ract ional  dist i l lat ion of the reac t ion  mixture;  rap 
69.5-71 ~ ( f rom aqueous EtOH); [~]~.5_ 50 ~ (C 4.0; acetone) [15]. 

React ion  of (I) with Ethanol in the P r e s e n c e  of BF 3. O(C2t-Ih) 2. The  reac t ion  with 1.76 g of  epoxide 
(I) was run  under analogous condit ions.  The  format ion  of (lid and iX) in a 6:1 ra t io  was es tab l i shed  by 
GLC (A conditions).  

The  G LC analys is  was run by A. A. Martynov, for  which the authors  exp re s s  thei r  grat i tude to him. 

C O N C  L U S I O N S  

1. The  reac t ion  of l imonene oxide with ethanol in both alkaline and acid media  p roceeds  s t e r e o -  
speci f ica l ly  with the formation:  a) in alkaline med ium of ( - ) - 2 - h y d r o x y - l - e t h o x y - t r a n s - p - m e n t h - 8 - e n e  
and the s te r ic  i s o m e r s  of ( - ) - l - h y d r o x y - 2 - e t h o x y - t r a n s - p - m e n t h - 8 - e n e  and ( + ) - l - h y d r o x y - 2 - e t h o x y - c i s -  
p -men th -8 -ene ;  b) in acid medium of ( - ) - l - h y d r o x y - 2 - e t h o x y - t r a n s - p - m e n t h - 8 - e n e  and the s te r ic  i s o m e r s  
of ( - ) - 2 - h y d r o x y - l - e t h o x y - t r a n s - p - m e n t h - 8 - e n e  and ( + ) - 2 - h y d r o x y - l - e t h o x y - c i s - p - m e n t h - 8 - e n e .  The  
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i somer i za t i on  p roduc t s  of l imonene oxide: dihydrocarvone,  t r a n s - c a r v e o l  and t r an s - i soca rveo l ,  a re  a lso  
fo rmed  in alkal ine medium.  

2. • he NIVIR method was used to study the conformat ion  of the obtained addition products  of ethanol 
to l imonene oxide. 
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