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Oxidation of limonene catalyzed by Mnm(Salen)C1.H20 
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The cationic MnlII(Salen) complex was proved to be an effective catalyst for the oxidation of limonene with iodosobenzene 
as terminal oxidant. For reactions conducted in CH2C12 at rt, with molar ratio of 1 : 0.05 : 1 (limonene : catalyst : iodosobenzene) 
limonene oxidation does occur with an optimal conversion of 60%. The major products according to HRGC-MS and HRGC- 
IR analyses were cis- and trans-l,2-epoxylimonene (30% and 16.7%, selectivity, respectively), the two diastereoisomers of 1-p- 
menthen-9-al (20% selectivity), and carvone (10% selectivity). A turnover of 60 was observed at 1 : 0.01 : 1 ratio. The higher selec- 
tivity toward epoxide formation supports the rebound oxygen mechanism. 
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Schiff  bases '  complexes  o f  Cr ( I I I )  [1], M n ( I I I )  [2], 
Fe( I I I )  [3], and  Co( I I )  [4] have previously been shown to 
be active cata lys ts  fo r  the epoxida t ion  o f  olefins. In  these 
systems the active oxidizing species are L n M = O ,  which 
are genera ted  u p o n  oxida t ion  o f  the reduced species by 
suitable terminal  oxidants.  Groves  et al. [5] have intro-  
duced  the concep t  o f  r e b o u n d  oxygen to  explain mechan-  
istically oxygen  t ransfer  f r o m  the terminal  oxidant  to 
the catalyst ,  and  then to  the olefin. A l t h o u g h  allylic oxi- 
da t ion  could  also occur  with these systems, these reac- 
t ions are character is t ic  o f  radical  processes tha t  occur  
when the oxidizing species are in a lower oxidat ion  
state [6]. 

Because oxygen conta in ing  monote rpenes  are very 
impor t an t  f lavor  c o m p o u n d s  and  l imonene is available 
in bulk  quantit ies,  we decided to  investigate catalyt ic  oxi- 
da t ion  o f  this c o m p o u n d  by  using Mnln(Salen)C1.H20 
and  iodosobenzene  as a suitable terminal  oxidant .  

The complex  was  obta ined  as previously described 
[7]. I t  was charac ter ized  by  elemental  analysis and  T G A ,  
as well as by  I R  and  UV-Vis ib le  spectra. Iodosobenzene  
was obta ined  by  hydrolysis  o f  the cor responding  diace- 
tare accord ing  to Sa l tzman and  Sharef ldn [8]. U p o n  titra- 
t ion by  i o d o m e t r y  [9], it showed 98% active oxygen. 
Technical  grade  l imonene 96% (orange essential oil) was 
used as feeds tock as received. Reac t ions  were conduc ted  
in CH2C12 under  N2 at r o o m  tempera ture  (rt). Mo la r  
rat ios l imonene : ca ta lys t  : oxidant  f r o m  1 : 0.005 : 1 to 
1 : 0.05 : 1 were invest igated in the present  work.  Reac-  
t ion p roduc t s  #1 were ana lyzed  by H R G C  #2, H R G C -  
MS, and  H R G C - I R .  Convers ions  and  selectivities #3 
were based  on  ca lcula ted  H R G C  results by  using the 
internal  s t anda rd  method .  

I t  was observed tha t  in the absence o f  iodosobenzene  
no  reac t ion  occurred,  while in the absence o f  the catalyst ,  
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keeping a 1 : 1 ( l imonene : iodosobenzene )  rat io,  a 5% 
convers ion of  l imonene took  place. Accord ing  to  
H R G C  #2, H R G C - M S ,  and  H R G C - I R  results, l imo- 
nene (1) oxidat ion yielded cis- and  t rans - l ,2 -epoxyl imo-  
nene (2), ca rvone  (3), and  the two diastereoisomers  o f  
1-p-menthen-9-al  (4). 

1 2 3 4 5 

M a x i m u m  turnover  #2 was ob ta ined  after 25 h, reach-  
ing a lmost  60, with a 1 : 0.01 : 1 ( l i m o n e n e : c a t a l y s t :  
iodosobenzene)  ratio. Increas ing the relative concent ra-  
t ion o f  catalyst  f r o m  0.005 to 0.05, while keeping l imo- 
nene and iodosobenzene  at  1 : 1 ratio,  h a d  a d ramat ic  
effect, so enhancing convers ion  up to 50-60%, at 0 .03-  
0.05 relative catalyst  concent ra t ion .  The  p roduc t s '  nat-  
ure and p ropor t i on  were little affected by  vary ing  either 
cata lyst  concent ra t ion  or  react ion time. 

#1 In a typical procedure a convenient weight of catalyst was added 
to 20 ml of CH2C12 in a three-necked flask equipped with a tube for 
solid addition. While keeping the system under an inert atmosphere, 
5 mmol of limonene was added by using a syringe followed by the 
addition of 5 mmol ofiodosobenzene at once. After a determined re- 
action time, the reaction was worked up, an internal standard was 
added, the volume was made up to 25 ml with CH2C12, and samples 
analyzed. 

# 2  % c o n v e r s i o n  = lO0(neonvertedfeedstoek/nfeedstockitfitial); % y i e l d  = 100 

x(nproduct/nconvertedreedstoek); % s e l e c t i v i t y  = 1 0 0 ( y i e l d / c o n v e r s i o n ) ;  

turnover = F/converte d fcedstock/ncatalyst. 
#3 Silica capillary column (20 m x 0.32 ram) coated with SE-54 (0.3 

pro); H2 as cartier gas (2.5 ml/min); programmed temperature from 
70 to 200~ O~ Standard samples of carvone and 1,2-epox- 
ylimonenes were used to determine these compounds. 1-p- 
mentben-9-al was tentatively determined according to the MS and 
IR libraries. 
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The following selectivities #3 were observed: 30 and 
16.7% for cis- and trans-l,2-epoxylimonene (2), respec- 
tively, 18.4% for carvone (3), and 10% for either diaster- 
eoisomer of 1-p-menthen-9-al (4). A higher proportion 
of the cis-2 was observed when Fe(porphyrin)C1/PhlO 
[5b] or Mn(porphyrin)C1/NaC10 [10] was used. In these 
systems [5b,10] a 1 : 1 ratio for the diastereoisomers of 
8,9-epoxylimonene (5) was observed. Since the same 
ratio was observed by us for the diastereoisomers of 
compound 4, a rearrangement from 5 to 4 catalyzed by 
Mn m can be suggested, since in CH/C12 Lewis acidity of 
Mn nI is increased: 

/'--'~M,~(S~en)+ 
M e ~  H M 

H H 
5 4 

To support this view it is worth pointing out that 
decomposition ofepoxides in CH2C12 in a related system 
was previously described [2c]. The higher selectivity of 
this catalytic system toward epoxide formation suggests 
a rebound oxygen mechanism as previously proposed 
by Groves et al. [5] for related systems. 
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It is important to point out that the catalytic system 
described in the present work has a perceived analogy 
[11,12] with cytochrome P450 enzymatic system in which 
a rebound oxidation mechanism [5] is accepted. 

The above findings, whenever applied on a prepara- 
tive scale, would generate a new process for the produc- 
tion of oxygenated monoterpenes which has been the 

goal of different groups [13]. Since oxidation of this type 
of compounds generally occurs with poor reproducibil- 
ity and very low yields and selectivities [4,12,13], the 
present work constitutes a new good entry for the pro- 
duction of oxygenated monoterpenes. The use of this 
catalytic system in other monoterpenes is under 
investigation. 
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