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ABSTRACT AND SUMMARY 

Oleyl and elaidyl alcohol have been stereospecifi- 
cally hydroxylated by cold, dilute alkaline potassium 
p e r m a n g a n a t e  to  erythro- and  threo-9,10- 
dihydroxyoctadecanol ,  respectively, in 40-80% yields 
in a water-methylene chloride heterogeneous system. 
Phase transfer agents (PTA) were used to transport  
permanganate ion from the aqueous to the organic 
phase. In the absence of PTA, hydroxylat ion did not 
take place. Periodic acid cleavage of epoxides in a 
water-methylene chloride system was studied in the 
absence and presence of  PTA. At slow stirring rates 
PTA exert a rate accelerating effect in cleaving certain 
epoxides to aldehydes but with vigorous stirring use 
of PTA has only a marginal advantage. 

INTRODUCTION 

In our previous paper (1) we reported on the compara- 
tive efficiency of quaternary ammonium and phosphonium 
halides as phase transfer agents (PTA) in transferring 
permanganate, periodate, and cyanate ions from aqueous to 
organic phases in heterogeneous systems. With that infor- 
mation we were now in a position to study the reaction of 
those water-soluble inorganic ions with llpids and other  
water-insoluble compounds in heterogeneous aqueous- 
organic solvent systems. In this paper we are reporting our 
results on the stereospecific dihydroxylat ion of oleyl and 
elaidyl alcohol with alkaline potassium permanganate and 
the carbon-carbon cleavage of water-insoluble epoxides by 
periodic a c i d - b o t h  reactions being conducted in the 
presence of  selected PTA. 

No problem exists in the stereospecific hydroxyla t ion of 
oleic and elaidic acid with aqueous alkaline potassium 
permanganate to erythro- and threo-9,10-dihydroxystearic 
acid, respectively, as both  unsaturated fat ty acids form 
water-soluble soaps (2). In contrast, the insolubili ty of  oleyl 
and elaidyl alcohol in aqueous base precludes a similar 
direct hydroxyla t ion procedure. This problem was over- 
come by Collin and Hilditch (3) who prepared the base- 
soluble hydrogen phthalate esters of  these alcohols and 
then hydroxyla ted  the salts of  the monoesters with cold, 
dilute aqueous alkaline potassium permanganate.  This 
hydroxylat ion procedure is indirect and cumbersome as it 
first requires esterification of the alcohols and then hydrol-  
ysis of the resulting hydroxyla ted  esters. We desired a 
direct, single step stereospecific oxidation of oleyl and 
elaidyl alcohol to erythro- and threo-9,10-dihydroxyocta- 
decanol, respectively, by potassium permangana te .  

RESULTS AND DISCUSSION 

Stereospecific Hydroxylation 

Weber and Shepherd (4) were apparently the first to 
show that  certain cyclic olef ins-cyclohexene,  cis-cyclo- 
octene and trans-cyclododecene-can be oxidized stereo- 
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specifically to vicinal cis-diols by cold dilute alkaline potas- 
sium permanganate using catalytic quantities of benzyltri- 
e thylammonium chloride as the PTA in a water-methylene 
chloride system. Yields of  1,2-diols do not exceed 50% with 
the large ring cycloalkenes and are substantially lower 
(15%) with cyclohexene. We have confirmed Weber and 
Shepherd's results and have also shown that  the low yields 
are a consequence of considerable overoxidation to ketols, 
diketones, and dibasic acids (Okimoto and Swern, unpub- 
lished observations). Overoxidation is more severe with 
cyclohexene as the resulting 1,2-diol has considerable solu- 
bility in the aqueous potassium permanganate phase. In the 
absence of  PTA, oxidation is extremely slow and yields of 
diols are less than 10% even in the more favorable cases; 
after lengthy reaction times olefin is largely recovered. 

Based on our work on the efficiency of  transfer of 
M n O 4 -  from water into organic solvents (1) and that of 
Herriott  and Picker (5), we selected te t rabutylphosphonium 
c h l o r i d e  ( T B P C )  and te t rabutylammonium bromide 
(TBAB) as the preferred PTA for studying the alkaline 
potassium permanganate hydroxylat ion of oleyl and elaidyl 
alcohol in water-methylene chloride systems. Tables I and 
II summarize the results of  numerous experiments on the 
hydroxylat ion of oleyl and elaidyl alcohol, respectively, at 
O C in the heterophasic system of aqueous alkaline potas- 
sium permanganate and methylene chloride containing 
PTA. 

Experiment 1, Table I, demonstrates that  hydroxylat ion 
of oleyl alcohol does not occur in the absence of PTA and 
the alcohol is largely unaltered (91-96%). For  best results 
(Expts. 4-6) (a) an excess of  potassium permanganate is 
needed (molar ratio 3:1); (b) the preferred concentration of 
base is 15-20%; (c) the volume of methylene chloride 
should be minimal; and (d) 6-10 hr reaction time are 
optimum. TBPC and TBAB give virtually identical results 
under the opt imum conditions. Maximum yields of  erythro- 
9,10-dihydroxyoctadecanol ,  mp 126 C (3), are 60-80%. 

Elaidyl alcohol does not  give as high yields of tr iol  as 
oleyl alcohol does. As shown in Table II, maximum yields 
of  threo-9,10-dihydroxyoctadecanol, mp 82 C (3), are only 
40-50%. A smaller excess of  potassium permanganate can 
be used but  more methylene chloride is required because of  
the lower solubili ty of  elaidyl alcohol at 0 C. With elaidyl 
alcohol, considerable overoxidation occurs. 

Material unaccounted for in Tables I and II consists 
largely of oily overoxidation products;  they were recovered 
from filtrates in workup procedures. No work was done on 
the byproduct  mixture from oleyl alcohol as its conversion 
to triol was reasonably high but  the byproducts  from 
elaidyl alcohol oxidations were reduced with sodium 
borohydride (6). The major gas liquid chromatography 
(GLC)~ peak had the same retention time as that of  authen- 
tic triol but no further work was done on the complex 
byproduct  mixture.  

Periodic Acid Cleavage of Epoxides 
Cleavage of  the carbon-carbon bond of epoxides by 

periodic acid is well known. The reaction has been con- 

J. AM. OIL CHEMISTS' SOC., November 1977 (VOL. 54) 867A 



TABLE I 

Alkaline Potassium Permanganate Oxidation of Oleyl Alcohol to erythro-9,10-Dihydroxyoctadecanol a 

NaOH Solution 

Expt. No. CH2CI 2, ml KMnO4, mol Conc, % Volume, ml PTA b, mol Time, hr Triol, % Oleyl Alcohol, % 

1 100 0.02 40 100 0 16 0-Tr c 91-96 c 
2 100 0.02 40 100 TBPC 0.005 16 35 c 35 c 
3 80 0. 04 15 200 TBPC 0.002 10 50 c 13 c 
4 80 0.06 15 200 TBPC 0.004 6 70 c 5e 
5 80 0.06 20 200 TBAB 0.004 9 62 d Not determined 
6 20 0.06 20 200 TBAB 0.004 8 80 e Not determined 

aOleyl alcohol (5.37 g, 0.02 mol) and PTA dissolved in CH2CI 2. KMnO 4 dissolved in aqueous NaOH solution. The two phase system was 
stirred vigorously at 0 C for the times indicated. For workup see Experimental Procedures. 

bTBPC = tetrabutylphosphonium chloride; TBAB = tetrabutylammonium bromide. 
CDetermined by gas liquid chromatography using authentic erythro-triol and oleyl alcohol for calibration purposes (see Experimental 

Procedures). 

dThe triol was isolated by washing the reaction mixture successively with aqueous NaHSO 3 and 6 N HC1 and either filtering it off or 
extracting it with ether. The crude triol was usually about 95% pure, mp 126 C. Recrystallization from ethyl acetate yielded analytically pure 
erythro-triol. 

eThe triol was isolated by filtration as described in footnote d but owing to the high concentration of the solution, the product was >90% 
pure, mp 126 C (to turbid liquid). 

TABLE II 

Alkaline Potassium Permanganate Oxidation of 
Elaidyl Alcohol to threo-9, lO-Dihydroxyoetadecanol a 

NaOH Solution 

Expt. No. CH2C12, ml KMnO4, mol Conc, % Volume, ml TBPC, mol Time, hr Triol, % Elaidyl Alcohol, % 

1 80 ~02 40 100 0.002 10 40 b 40 b 
2 80 0.04 15 200 0.004 6 50 b 3 b 
3 120 0.06 15 200 0.004 6 40-45 b 2 b 
4 120 0.06 30 200 0.004 6 45-50 b 9 b 

aElaidyl alcohol (5.37 g, 0.02 mol) and TBPC dissolved in CH2CI 2. KMnO 4 dissolved in aqueous NaOH solution. The two-phase system 
was stirred vigorously at 0 C for the times indicated. For workup see Experimental Procedures. 

bDetermined by gas liquid chromatography using authentic threo-triol and elaidyl alcohol for calibration purposes (see Experimental 
Procedures). 

d u c t e d  in a q u e o u s  d i oxane  so lu t ion  (7) ,  in  aqueous  dis- 
pers ion  (8), and  in o t h e r  so lven t  sys tems  (9 ,10) .  We b e c a m e  
in t e re s t ed  in d e t e r m i n i n g  the  effect ,  if  any ,  of  PTA on  t h e  
ra te  of  c a r b o n - c a r b o n  cleavage of  some m o d e l  water -  
inso lub le  epoxides  in  a two-phase  sys tem ( m e t h y l e n e  
ch lor ide-water ) .  Epoxides  s tud ied  were p repa red  f r o m  
cyc lohexene ,  cyc looc tene ,  s ty rene ,  trans-[3-methytstyrene, 
n o r b o r n e n e ,  a -p inene  and  trans-stilbene. T w o  PTA were  
selected,  name ly ,  t e t r a b u t y l p h o s p h o n i u m  chlor ide  (TBPC)  
and  t r i o c t y l - n - p r o p y l a m m o n i u m  b r o m i d e  (TOPAB) ,  as we 
k n o w  f rom our  earl ier  work  (1)  t h a t  t h e y  were the  m o s t  
ef f ic ient  P T A  we had  e x a m i n e d  for  t r ans fe r r ing  1 0 4 -  f rom 
wa te r  to  m e t h y l e n e  chlor ide.  

F o r  the  m o s t  pa r t ,  resul ts  were d i sappo in t ing .  W h e n  
s t i r r i n g  was vigorous, ra tes  o f  r eac t ion  o f  epox ides  
(0 .01-0 .02  tool )  in  m e t h y l e n e  chlor ide  at  30-55 C w i t h  a 
s l ight  excess (10-20%)  o f  a q u e o u s  per iod ic  acid were a lmos t  
iden t ica l  in the  absence  or  p resence  of  PTA (5 mole  % 
based  on  epoxide) ,  w i t h  the  e x c e p t i o n  of  trans-stilbene 
epoxide ,  cyc looc t ene  epoxide ,  and  n o r b o r n e n e  epoxide .  

S t i lbene  epox ide  u n d e r w e n t  on ly  5-10% cleavage a f t e r  
6-10 h r  a t  55 C in the  absence  o f  PTA b u t  in  t h e i r  p resence  
cleavage to  b e n z a l d e h y d e  [nuc lea r  magne t i c  r e sonance  
(NMR)  i den t i f i c a t i o n ]  was d rama t i ca l ly  increased  to  40  
( T B P C ) - 7 0 % ( T O P A B ) .  Cyc looc t ene  epox i de  was n o t  
c leaved e i the r  w i t h  or  w i t h o u t  PTA;  t he  epox ide  was 
v i r tua l ly  u n c h a n g e d  a f t e r  15 h r  (NMR iden t i f i ca t ion) .  
N o r b o r n e n e  epox ide  was c o n s u m e d  b u t  n o  a l d e h y d e  p r o t o n  
signal was observed  in the  N MR  in the  absence  or  p resence  
o f  PTA,  a l t h o u g h  c o m p l e x  changes  occur red  in the  N M R  
spec t rum.  We assume t h a t  n o r b o r n e n e  epox ide  unde rgoes  
e x t r e m e l y  rapid  pe r iod ic  ac id-ca ta lyzed  Wagner-Meerwein  
r e a r r a n g e m e n t  so t h a t  cleavage c a n n o t  occur.  With  the  re- 
ma in ing  epox ides  cleavage a m o u n t e d  to  35-95% based  o n  

NMR moni to r ing .  
Wi th  slow-stirring, on  the  o t h e r  hand ,  PTA had  a signifi- 

can t  r a t e -enhanc ing  e f fec t  on  t he  c a r b o n - c a r b o n  b o n d  
cleavage o f  s ty rene  ox ide  (85% cleavage, PTA presen t ,  6 h r ;  
40% cleavage, PTA absen t ,  6 hr )  and  of  trans-[3-methyl- 
s ty rene  epox ide  (45% cleavage vs. 12%). We did no t  s t udy  
the  cleavage o f  the  o t h e r  epox ides  at  a s low s t i r r ing rate .  

In view of  these  results ,  t he re  is l i t t le  advan tage  in using 
PTA to  accelera te  epox ide  cleavage b y  per iod ic  acid. 
Vigorous  s t i r r ing accompl i shes  the  desired resul t  in  m o s t  of  
the  cases we s tud ied  and  d i s so lu t ion  of  b o t h  the  epox ide  
and  per iod ic  acid in an  aqueous  organic  so lvent  pe rmi t s  
rapid cleavage w i th  o t h e r  (c leavable  epoxides .  

EXPERIMENTAL PROCEDURES 

Starting Materials 

P T A  were pu rchased  f rom var ious  chemica l  supp ly  
houses  (1)  and  were used as received.  Per iodic  acid was 
pu rchased  f rom the  G.F.  S m i t h  So., (Co lumbus ,  OH) .  
Potass ium p e r m a n g a n a t e  was a n a l y t i c a l r e a g e n t g r a d e .  Oleyl  
a lcohol  (99%),  b p  2 0 7 C / 1 3  m m ,  was p u r c h a s e d  f rom 
Appl i ed  Science Labora to r i e s  (State~ College, PA).  Ela idyl  
a lcohol ,  m p  37.5-38 C, was p r epa red  f rom oleyl  a l coho l  b y  
i somer i za t ion  w i th  se len ium and  mul t ip l e  recrys ta l l i za t ions  
(11) .  M e t h y l e n e  ch lor ide  was the  bes t  c o m m e r c i a l  grade;  i t  
was dr ied and  f r ac t iona l ly  dist i l led be fo re  use (12) .  Cyclo-  
h e x e n e  oxide  and  s t y r ene  ox ide  were  c o m m e r c i a l  samples  

t h a t  were f rac t iona l ly  dist i l led u n d e r  v a c u u m  befo re  use. 
Cyc looc t ene  epox ide ,  m p  5 8 - 6 0 C ,  [lit 56-57 C ( 1 3 ) ] ;  
tranx-stilbene epox ide ,  m p  68-69  C [li t  6 8 - 6 9 C  ( 1 4 ) ] ;  
trans-fl-methylstyrene epox ide ,  b p  60-63 C/0 .8-0 .9  m m ;  
ct-pinene epoxide ,  bp  32-33 C /0 .8  m m ;  and  n o r b o r n e n e  
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epoxide, mp 126 C [lit 126 C (15)] were prepared by con- 
ventional epoxidation of the corresponding olefins with 
commercial 40% peroxyacetic acid that had been buffered 
with excess sodium acetate to neutralize sulfuric acid (16). 

Hydroxylation Studies. Oleyl Alcohol (Table I) 
A solution of  oleyl alcohol (5.37 g, 0.02 mol) and PTA 

(TBAB or TBPC, 0.002-0.004 mol) in methylene chloride 
(20-80 ml) was sitrred vigorously for 6-10 hr at 0 C with a 
solution of potassium permanganate (0.06 mol preferred) in 
sodium hydroxide (20% by weight, 200 ml) that had been 
added dropwise. To the stirred reaction mixture, excess 
aqueous sodium bisulfite was then added slowly below 10 C 
followed by careful acidification with 6 N hydrochloric 
acid to pH 1-2. Triol was isolated by filtration (Expts. 5 
and 6) as it is only slightly soluble in methylene chloride. 
The crude triol was usually of good quality (95-98%); it was 
recrystallized from ethyl acetate to obtain analytically pure 
s p e c i m e n s  o f  erythro-9,10-dihydroxyoctadecanol, mp 
126 C. 

In material balance studies, the sodium bisulfite-hydro- 
chloric acid decolorized reaction mixture was continuously 
extracted with ether in a liquid-liquid extractor. GLC was 
used to determine conversion of oleyl alcohol to erythro 
triol. 

GLC was conducted with a Varian Aerograph 2100 
using 15% SE-30 on Gas Chrom P. Oleyl alcohol and 
authentic triol were used for quantitation. To avoid tailing 
of  GLC peaks, the Gas Chrom P was first washed with 
concentrated hydrochloric acid, treated with hexamethyl- 
disilazane and then coated with SE-30. GLC conditions: 
injection port, 250 C; column temperature, 210 C; carrier 
gas nitrogen 25 ml/min. Retention time of oleyl (or elaidyl 
alcohol) was about 3 min and that of the triol about 15 
rain. 

Elaidyl Alcohol (Table II). 
Hydroxylation was conducted as described for oleyl 

alcohol but considerably more methylene chloride was re- 
quired to maintain a solution of elaidyl alcohol at 0 C. 
Yields given in Table II were determined by GLC. Yields of 
isolated threo-9,10-dihydroxyoctadecanol, mp 82 C, were 
about 60% of the GLC values. 

Periodic Acid Cleavage of Epoxides. Typical Procedure 
The epoxide (0.02 mol) was dissolved in methylene 

chloride (14-15 ml) containing a PTA (TBPC or TOPAB, 
0.001 mol) and benzene (1 ml), in the cases of epoxides 
that did not contain aromatic protons. A solution of 
periodic acid (0.022 mol) in water 5-10 ml) was added and 
the mixture was stirred vigorously (V) or slowly (S) at 
30-55 C. Cleavage to aldehyde, if any, was determined by 
integration of the NMR signal of the aldehyde proton and 
comparison with the signal of aromatic protons initially 
present in the molecule or with the benzene added as 
internal standard. A control experiment under identical 
conditions without PTA was always run. 

Styrene Epoxide 
(V) PTA absent: 80% cleavage to benzaldehyde, 2 hr, 

35 C. PTA present: 93% cleavage. (S) PTA absent: 9% 
cleavage. PTA present: 69% cleavage. Slow stirring for 6 hr 
gave 40% and 85% cleavage with PTA absent and present, 
respectively. 

trans-~-Methylstyrene Epoxide 
(V) PTA absent: 75% cleavage to benzaldehyde, 5 hr, 

35 C. PTA present: 77% cleavage. (S) PTA absent: 12% 
cleavage. PTA present: 45% cleavage. 

Cyclohexene Epoxide 
(V) PTA absent: 66% cleavage, 4 hr, 30 C. PTA present: 

64% cleavage. 

,a-Pinene Epoxide 
(V) PTA absent: 35% cleavage, 4 hr, 35 C. PTA present: 

45% cleavage. 

trans-Stilbene Epoxide 
(V) PTA absent: 5-10% cleavage, 6-10 hr, 55 C. PTA 

present: 40% (TBPC)-70%(TOPAB) cleavage. 
Norbornene and cyclooctene epoxides showed no 

aldehyde proton signals in the NMR in the absence or 
presence of PTA after 6 hr at 35 C. The NMR spectrum of 
norbornene epoxide underwent dramatic and complex 
changes attributable to Wagner-Meerwein rearrangements. 
Cyclooctene epoxide was unchanged. 
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