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An examinat ion of the l i t e ra tu re  data on the oxidation of olefins with lead t e t r aace ta t e  d i sc loses  that 
the cour se  of the reac t ion  is explained well  f r o m  the standpoint of the fo rmat ion  of the adduct of the lead 
sa l t  with the olefin in some  cases ,  and of the al lyl ic  organolead compound in other cases ,  as  the i n t e r -  
media te  compound. Espec ia l ly  c lea r  in this sense  is the behavior  of a - c y c l o g e r a n i o l e n e  (I) [1], which when 
oxidized in benzene gives 3 ,5 ,5- t r imethyl -A2-cyclohexenyl  ace ta te  (II), while in AcOH it gives 2 ,4 ,4 - t r i -  
methyl-A2-cyclohexenyl  ace ta te  (III) 

4 J Pb(OAc)3 OAc 
(m) 

P.b(OAc)~ + AcO (II) 

Scheme 1 

All of this tes t i f ies  to the fact  that the course  of the oxidation reac t ion  with lead t e t r aace t a t e  is a f -  
fected not only by the s t ruc tu re  of the olefin [2], but a l so  by the reac t ion  medium and the t empera tu re .  

P rev ious ly  we had studied the oxidation of 3 - ca rene  under sundry conditions. A compar i son  of the 
reac t ion  products  that were  isolated he re  with those that could be expected on the bas i s  of the above - sa id  
regard ing  the influence of the med ium on the reac t ion  cour se  makes  it poss ible  to a s s u m e  that the i n t e r -  
media te  compound when the reac t ion  is run  in benzene [3] is mainly  the al lyl ic  organolead compound (VII), 
but together  with it  is fo rmed  the adduct a t  the double bond (XVII); in AcOH the oxidation evidently proceeds  
to a l a r g e r  degree  via the adduct, but the al lyl ic  organolead compound is a l so  fo rmed  [4]. 

In Scheme 2 a r e  shown both of the poss ib le  d i rec t ions  of the reac t ion  of 3 - ca r ene  (IV) with Pb(OAc)4. 
Prev ious ly  f r o m  the oxidation products  of (IV) in benzene we failed to identify the alcohol ace ta tes  (XIV), 
(XVI) and (XXI) that could be expected accord ing  to Scheme 2. However ,  we could not truthfully say  that 
these  compounds a r e  not fo rmed ,  since the main  purpose  of the or iginal  study was the synthes is  of p-  
m e n t h a - l , 5 - d i e n - 8 - o l  a c e t a t e  (XI), which proved to be the main  reac t ion  product.  We made a second, m o r e  
carefu l  s tudy of the products  of the oxidation of 3 - ca r ene  with lead t e t r aace t a t e  in benzene using the method 
suggested in [5] fo r  working up the reac t ion  mixture .  

Based on the data of the IR spec t r a ,  the complex  mix tu re  of products  that was  obtained as  an oxida-  
t ion re su l t  contained, bes ides  ace ta t e s ,  a l so  ketones (v C =O 1725, 1695, 1668, 1650 cm-l ) .  We were  able 
to identify the following carbonyl  compounds: 3-ace ty l -6 ,6-d imethylb icyclo[3 .1 .0]hexane  (XXIII), 3 ,6 ,6 - t r i -  
m e t h y l - 2 , 4 - c y c l o h e p t a d i e n - l - o n e  (XXV), 4 - c a r e n - 3 - o n e  (XXVI) and 4 (7 ) - ca r en -5 -one  (XXVII). It is ob-  
vious that  during the reac t ion  cour se  there  occur red ,  together  with ace ty la t ive  oxidation, a l so  autoxidation 
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Scheme 2 

of the 3 -ca rene  by a tmospher ic  oxygen, catalyzed by lead salts,  which led to the format ion of carbonyl 
compounds [6]. As was a l ready shown previously [3], p -men tha - l , 5 -d i en -8 -o l  acetate {XI) was found as 
the main c3mponent. Besides it, the aceta tes  of m - m e n t h a - l , 3 - d i e n - 8 - o l  (XXI) and 2- (m- to ly l ) -2-propanol  
{XXVIII) were  identified 

~{.XV) (XXVI) (XXVII) (XXVII[) (XXIX~ 

The [R spect ra  of the saponification products of the acetate  f ract ions  testified to the presence  of a 
secondary  alcohol. We were  unable to isolate this alcohol by preparat ive TLC and charac te r ize  it as the 
crystal l ine ester .  But f rom the oxidation products of the mixed alcohols,  using the procedure given in 
[7], we obtained the 2,4-dini t rophenylhydrazone (DNPH) of 4 - c a r e n - 3 - o n e  [8]. Consequently, the react ion 
products s:aould contain the t r a n s - 4 - c a r e n - 3 - o l  acetate  (IX) corresponding to this ketone. Since the mix-  
ture  of alcohols being oxidized also contained the t e r t i a ry  alcohols,  p -men tha - l , 5 -d i en -8 -o l  and m-men tha -  
1 ,3-dien-8-ol ,  which a re  inclined to undergo dehydration during oxidation, then the oxidation products 
contained, besides ketone (XXVI), a lso a mixture  of the a romat ic  alcohols:  2- (p- to ly l ) -2-propanol  (XXVIII) 
and 2- (m- to ly l ) -2 -propanol  (XXIX). 

As a result ,  in addition to the previously identified aceta tes  of unsaturated alcohols,  the aceta tes  of 
m-mentha--1 ,3-dien-8-ol  and 2- (m- to ly l ) -2-propanol  were  found in the products of the oxidation of 3 -ca rene  
with Pb(OAc)t in benzene. Their p r ecu r so r  is probably 2 - c a r e n - 3 - o l  acetate (XIX), the format ion of which 
can be depicted only if it is assumed that adduct (XVII) is formed as an intermediate  compound in the r e a c -  
tion. Ace~ttes (XIV) and (XVI) were not found in the react ion products;  apparently the corresponding a l -  
lylic organolead derivat ive {XII), with an exocyclic double bond, is not formed during the course  of r e a c -  
tion. 

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

The :3pectra were taken on a UR-10 instrument,  while the GLC analysis  was run on a Khrom-2 
ehromatog:eaph, using nitrogen as the c a r r i e r  gas, r e f r a c t o r y  br ick as the solid support,  10% of poly- 
(ethylene glycol adipate) as  the li.quid phase, and a tempera ture  of 138-143 ~ 

Oxidation of 3-Carene with Pb(OAc)4 in Benzene. The reaction mixture, containing 0.53 M of 3- 
carene and 0.306 M of Pb(OAc)4 in 1 liter of benzene, was stirred at 38 ~ The oxidation went very slowly, 
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and the oxidizing agent  was not consumed in 31 h. The t e m p e r a t u r e  was ra i sed  to 50 ~ and 50 g of 3 - ca rene  
was added; the oxidizing agent  reac ted  comple te ly  in 22 h. The benzene solution was poured into water ,  and 
the AcOH was removed  by washing in success ion  with water ,  NaHCO 3 solution and water ,  followed by d r y -  
ing over  Na2SO 4. The solvent was dist i l led off. We obtained 304 g of a mix tu re  of products ,  which con-  
s i s ted  of 244 g of vola t i le  products  and 60 g of nonvolatile products.  The hydrocarbon  port ion was separa ted  
by dist i l l ing the reac t ion  products  f r o m  an Arbuzov f lask,  while the oxidation products  (37.9 g) were  f r a c -  
t ional ly disti l led through a column with an eff iciency of 17 theore t ica l  p la tes  (Table 1). 

3-Acetyl -6 ,6-dimethylbicyclo[3 .1 .0]hexane (XXIII) and 4 - C a r e n - 3 - o n e  (XXVI). F r o m  0.1 g of f rac t ion  
4 (see Table 1) we obtained a 2,4-DNPH mix ture  with mp 70-96 ~ which by chromatographing  on A1203 (35 
cm a of neut ra l  product,  IV activity) was separa ted  into th ree  2,4-DNPH: 1) the 2,4-DNPH of 3 - ace ty l -6 ,6 -  
dimethylbicyclo[3.1.0]hexane,  mp 135-137 ~ the mixed mel t ing point of which with the 2,4-DNPH of (XXIII), 
obtained as  descr ibed  in [9], was not depressed ;  2)the 2,4-DNPH of 4 - c a r e n - 3 - o n e ,  mp 165-167.5 ~ which 
fai led to dep re s s  the mixed mel t ing  point with the previous ly  obtained [8] sample ;  3) a 2,4-DNPH with mp 
144-146.5 ~ which was not identical  with the known 2,4-DNPH der iva t ives  of the carenones .  

4 (7 ) -Ca ren -5 -one  (XXVII) and p - M e n t h a - l , 5 - d i e n - 8 - o l  Acetate  (XI). When 2.5 g of f rac t ions  6-8 was 
chromatographed  on 70 g of AlzO 3 (neutral,  IV activity) we isolated: 1) 0.3 g of substance  with n~ 1.5035, 
which fo rmed a 2,4-DNPH with mp 134-137.5 ~ The mixed mel t ing point with the 2,4-DNPH of 4 (7) -caren-  
5-one [10] was not depressed ;  2) 0.15 g of a product  with n}~ 1.4972 (v C =O 1670, 1690; Uc_  H 2730 cm-1), 
which fo rmed  a s em i ca rbazone  with mp 214-216~ 3) 1.2 g of a product  with n~ ul.4775andoz D -32 .8  ~ (IR 
s p e c t r u m  1737, 1260 cm-l ) ,  the saponif icat ion of which with alcoholic NaOH solution (0.3 g of NaOH in 60 
ml  of C2HsOH) gave an alcohol (n}~ 1.4985), the 3,5-DNB of which (rap 92-93 ~ failed to dep re s s  the mixed 
mel t ing  point with the 3,5-DNB of p - m e n t h a - l , 5 - d i e n - 8 - o l .  

m - M e n t h a - l , 3 - d i e n - 8 - o l  and 2 - m - T o l y l - 2 - p r o p a n o l .  F rac t ions  9-16 (Table 1) (9.3 g) were  c h r o m a -  
tographed on A120 a (neutral,  IV act ivi ty,  90 g); the product,  eluted with pe t ro leum ether  (2.98 g, a D - 8  ~ 
IR spec t rum:  710, 790, 820, 930, 980, 1027, 1145, 1250, 1520, 1615, 1672, 1740 cm- l ) ,  was saponified 
with 3% alcoholic NaOH solution to give 2.15 g of (A), bp 65-70 ~ (3 mm);  n}~ 1.4975, c~ D +14 ~ IR spec t rum:  
710, 730, 795, 830, 910, 980, 1000, 1040, 1140, 1170, 1520, 1610, 1660, 1715, 3400 cm -1. F r o m  the 
saponif icat ion product  we obtained the 3,5-DNB with mp 92-93 ~ which was identical  to the analogous p- 
m e n t h a - l , 5 - d i e n - 8 - o l  der iva t ive .  The noncrys ta l l iz ing oil that was separa ted  f r o m  this 3,5-DNB underwent 
par t ia l  saponif icat ion when chromatographed  on A1203; the mix tu re  of a lcohols  (0.3 g) that was eluted with 
e ther  gave a 3,5-DNB mixture ,  which by chromatographing  on AI203 was separa ted  into two products:  I, 
with mp 100-103 ~ which was identical  with the 3,5-DNB of m - m e n t h a - l , 3 - d i e n - 8 - o l  [11] (the mixed mel t ing 
point was 101-104~ and II, with mp 89-92 ~ the mixed mel t ing  point o f  which with the 3,5-DNB of 2 - ( m -  
to ly l ) -2-propanol  [12] was not depressed .  

TABLE I 

1 4O 
2 40--43 
3 43--64 
4 88--94 
5 94 
6 94 
7 94--95 
8 95--96 
9 96--98 

10 98--t00 
11 iO0--10t 
12 101 
13 t01 
14 ilOt 
t5 1102 
t6 t02 
t7 t02,5 
18 103 

Residue 

2,7 
1,85 
4,6 
0,6 
0,55 
0,85 
0,45 
t,25 
t ,1 
1,t 
1,t5 
t,05 
t,4 
1,3 
0,9 
t,3 
1,65 
1,5 
6,7 

n2~ a D 

t.4860 +t,3 
t .4825 + t  ,1~ 
t.4840 --2,3 
1.4825 0 
t.4835 +7,6 
1.4830 +8 

+3,t 
- - 6  
--20 
--24 

t.4820 --27,6 
t.4822 --29,3 

- -  - - 2 6 , r  
- -  - - 2 6 , ~  
- -  - - 2 7 , C  

- - 2 8 , ~  
- -  - - 3 3 , 2  
- -  --37,C 

* The ratio of the components 
of the GIs analysis. 

in the 

~9 

Hydro- 
carbons 

28,9 
33,9 

41,7 

t8,9 

32,1 

33,7 

t9,0 

t9,6 

Composition* (~0) 

13,7 29,t 15,0 
12,8 18,3 20,0 

6_3  6-5 
14_0 38 5 
t5_9 32 t 
t0,5 -- 4t,6! 

1 9 , 4  -- 41,t 

26,8 -- 27,4 

9,7 
t4,6 

t ~ , 0  - -  

2~1 

t~,0 
2 0 , 0  

~4 

16,8 

separate fractions was determined from the data 
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Oxidation of Saponification Product  A as  Descr ibed  in [7]. A solution of 0.4 g of the subs tance  (n~ 
1.4975, a I )  +14~ in 6 ml  of benzene was oxidized a t  r o o m  t e m p e r a t u r e  with a solution p repa red  f r o m  2 g 
of Na2CrO~,, 1 ml  of H2SO 4 and 15 Inl of H20. We obtained 0.3 g of product,  in whose IR s p e c t r u m  was 
p resen t  an intense band at 1675 cm -1 (shoulder at  1695 cm-1). The oxidation products  were  separa ted  by 
chromatograph ing  on A I203 into 8 f rac t ions:  the f i r s t  three  f rac t ions  (0.1 g) contained the m a x i m u m  amount  
of carbonyl  compounds,  while the subsequent  f rac t ions  (0.07 g) contained alcohols.  The products  of the 
f i r s t  th ree  f rac t ions  gave a 2 ,4-DNPH mixture ,  f r o m  which by chromatographing  on A1203 (neutral,  IV 
activity) we re  isola ted th ree  2,4-DNPH: 1) the 2 ,4-DNPH of (XXVI), mp 163-166~ 2) the 2 ,4-DNPH of 4(7)- 
c a r e n - 5 - o n e ,  mp 132-136~ and 3) a 2 ,4-DNPH with mp 146-148 ~ which was not invest igated in m o r e  de -  
tail. 

The alcohol f rac t ions  (0.07 g) we re  es te r i f i ed  with 3 ,5-dini t robenzoyl  chloride;  the 3,5-DNB mix ture  
was separa ted  by f rac t iona l  c rys t a l l i za t ion  into two products:  1) with mp 90.5-93 ~ the mixed mel t ing 
point of which with the 3,5-DNB of 2 - ( m - t o l y l ) - 2 - p r o p a n o l  was not depressed ;  and 2) with mp 104 ~ which 
solidified a t  105 ~ and mel ted  again  a t  193-195 ~ and whose mixed mel t ing point with the 3,5-DNB of 2-  
(p- to ly l ) -2-propanol  was not depressed .  

CONC LUSIONS 

The ~roducts of the oxidation of 3 - ca r ene  with lead t e t r aace t a t e  in benzene contain, bes ides  the p r e -  
v iously  identified compounds,  a l so  the ace ta t e s  of t r a n s - 4 - c a r e n - 3 - o l ,  m - m e n t h a - l , 3 - d i e n - 8 - o l  and 2- 
(m- to ly l ) -2 -propanol ,  which s e r v e s  to conf i rm the assumpt ion  that the given reac t ion  proceeds  in two d i -  
rec t ions:  a) with the fo rma t ion  of the al lyl ic  organolead der ivat ive;  and b) of the adduct of 3 - ca rene  with 
Pb(OAc)t , as  in te rmedia te  products.  
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