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Abstract 
The naturally occurring, unsaturated, hydroxy 

fat ty esters, methyl lesquerolate (methyl 14- 
hydroxy-cis-ll-eicosenoate), methyl dimorphe- 
colate (methyl 9,hydroxy-trans, trans-lO,12- oc- 
tadecadienoate), and methyl densipolate (methyl 
12-hydroxy-cis, cis-9,15-octadeeadienoate) have 
been converted to the corresponding saturated 
keto esters by two routes. The unsaturated esters 
were subjected to a hydrogenation-dehydrogena- 
tion reaction in the presence of Raney nickel or 
their saturated derivatives were dehydrogenated 
by copper chromite catalysis. Yields of the keto 
esters are 65-82% in the nickel-catalyzed reac- 
tions, and 71-94% by copper chromite-catalyzed 
dehydrogenation. In the hydrogenation-dehydro- 
genation system the order of reactivity is: methyl 
lesquerolate > methyl dimorphecolate > methyl 
densipolate. Relationships between structure and 
reactivity of these compounds, methyl  12- 
hydroxystearate, and methyl ricinoleate are 
discussed. 

Introduction 

M ETHYL 12-KETOSTEARATE can be prepared in ca, 
73% yield by Raney nickel-catalyzed hydro- 

genation-dehydrogenation of methyl ricinoleate (1), 
and in nearly quantitative yield by copper chromite- 
catalyzed dehydrogenation of methyl 12-hydroxy- 
stearate (2). We have now extended these reactions 
to methyl lesquerolate, methyl dimorphecolate, and 
methyl densipolate to determine the effects of struc- 
tural differences on reactivity and yield. The influ- 
ence of catalyst type and concentration, reaction 
scale, and atmosphere (hydrogen vs. nitrogen) was 
also investigated. 

Experimental 
Start ing Materials  

Methyl Lesquerolate. This ester (3,4) was prepared 
by sodium methoxide-catalyzed methanolysis (6) of 
Lesquerella gordonii seed oil. Distillation at 193- 
195C/.080 mm separated methyl lesquerolate from 
nonhydroxy esters, but not from a sterol impurity. 
The ester was saponified, and lesquerolic acid was 
separated from the sterol by low temperature crystal- 
lization in ether. The pure acid, mp 31.7-32.8C, was 
esterified in refluxing methanol-l% eonc H2SO4. Dis- 
til]ed methyl lesquerolate which contained both sterol 
and nonhydroxy ester impurities was also used. 

Methyl Dimorphecolate (5). Base-catalyzed meth- 
anolysis of Dimorphotheea sinuata seed oil gave mixed 
methyl esters. Methyl dimorphecolate was concen- 
trated by repeated liquid-liquid extractions using 
90% aqueous methanol-commercial pentane (6). Ul- 
traviolet analysis (7) showed that the concentrate 
contained 93% methyl dimorphecolate. 

Methyl Densipolate. This ester (8) was prepared 
by base-catalyzed alcoholysis of Lesquerella densipila 
seed oil. Distillation at 163-175C/.004 mm gave a 
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fraction that contained methyl densipolate, methyl 
ricinoleate (9), and a sterol. The sterol was removed 
by crystallization from acetone at -50C. The filtrate 
contained 88% methyl densipolate and 12% methyl 
ricinoleate (GLC). This mixture was not purified 
further because both compounds should give the same 
product. 

Methyl RicinoIeate. This ester was prepared by 
base-catalyzed alcoholysis of castor oil and purified 
by fractional distillation of the mixed methyl esters 
under reduced pressure (10). 

Methyl 14-Hydroxyeicosanoate. Distilled methyl 
lesquerolate was hydrogenated at 3 atmospheres in 
methanol containing platinum oxide at 25-30C. The 
product was purified either by recrystallization from 
acetone at -20C (88% yield, mp 58.0-61.8C), or re- 
crystallization from Skellysolve B (85% yield, mp 
60.4-61.0). Reported mp 56-59C (3). Both products 
contained ca. 98% methyl 14-hydroxyeicosanoatc 
(GLC). 

Methyl 9-Hydroxystearate. Methyl dimorphecolate 
was hydrogenated, the product was distilled at 197C/ 
.080 ram, and then recrystallized from Skellysolve F 
(11) ;mp 51.5-52.8C. Reported mp 49-51C (5). The 
product contained no impurities detectable by GLC. 

Catalysts. The following catalysts were used: cop- 
per chromite (Cu-1106 P) (2), commercial Raney 
nickel (12), and W-4 Raney nickel (12). 

G a s - L i q u i d  Chromatography 

Progress of the reactions was followed primarily by 
GLC. Instrumentation (1) and technique (12) were 
reported earlier. Stainless-steel columns (3-ft, ~-in. 
O.D.) containing 5% Carbowax 20 M on 60-80 mesh 
HMDS Chromosorb W, were used at 210-220C with 
50 ml/min helium flow. 

Reaction Procedures 

Saturated hydroxy esters were dehydrogenated in 
the presence of copper chromite (2), and unsaturated 
hydroxy esters were converted to saturated ketches 
by Rancy nickel catalysis (1) as previously reported. 
Methanol was used for all recrystallizations. 
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Results and Discussion 
Dehydrogenation of  the H y d r o x y  F a t t y  Esters 

The dehydrogenation reactions were investigated 
first, because our earlier studies (1,2) had indicated 
that the keto esters were obtained in higher yield by 
dehydrogenation of the saturated hydroxy compounds 
than by Raney nickel-catalyzed hydrogenat ion-  
dehydrogenation of the unsaturated hydroxy com- 
pounds. Results are shown in Table I. Methyl 14- 
hydroxyeicosanoate (12 g) was dehydrogenated to 
methyl 14-ketoeicosanoate very rapidly; GLC showed 
reaction was 99% complete in 6 rain at 238-260C. 
The IR spectrum and C-H analysis (Table I) of the 
product were consistent with the structure of methyl 
14-ketoeicosanoate, a new compound. Methyl 9- 
hydroxystearate was dehydrogenated much more 
slowly than methyl 14-hydroxyeicosanoate, and re- 
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Dehydrogenation of Hydroxy l~atty Esters to Keto Fatty Esters 
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Starting 
mater ia l  % Compounds  (GLC)  

Copper Melting 
chromite Time, Temp, S t a r t i ng  By- Yield, b point ,  

Compound g w % h r  C P roduc t  mate r ia l  p roduct  a % C 

Me ].4-hydroxyeicosanoate 12 1 0.35 2 3 8 - 2 6 2  100 0 0 94 54 .8-55 .0  c 
Me 9-hydroxystearate 9 1 0.62 2 4 5 - 2 6 9  80 20 0 

1 1.oo 262-303 92 8 o ~i  ~S:5248:~ 
Me 12-hydroxystearate ,1 12 1 0.62 1 8 0 - 2 6 3  97 3 0 99 46 .1 -46 .8  
Me 14-hydroxyeicosanoate 131 3 2.70 2 4 0 - 2 9 9  86 1 13 60 e 54 .2-55 .0  

(13) 54 .4-54 .7  
:Me 14-hydroxyeicosanoate 131 6 2.03 2 3 6 - 2 8 7  97 1 2 67 e 54 .9-55 .1  

a The by-product  is probably a mix tu re  of hydrogenolysis  and dehydra t ion  products  ( G L C ) .  
b The 99 % yield was. for unrecrysta l l ized product .  All other yields are for once-recrystallized products .  The 13 % yieht was  for  mater ia l  f rom the 

mother  l iquor.  
eCalcd,  for  methyl 14-ketoeicosanoate, C~tH400~:C, 74 .06 ;  H, 11.84. l~ound :  (3, 74.1;  t-I, 11.9. The pure  compound melted at  54 .8-55 .0C.  
d This  da ta  was previous ly  repor ted (2) .  
e I n  the recrystal l izat ion step, the products  were not cooled below room tempera tu re  pr ior  to f i l t rat ion.  The final products  were ca. 9 9 %  pure  (GLC). 

quired an additional 1% catalyst to obtain a 92% 
conversion. The yield of the 9-keto compound com- 
pared to the 14-keto was significantly lower. The IR 
spectrum of this 9-keto compound was identical to 
authentic methyl 9-ketostearate (7) ; a mixed melting 
point showed no depression. The reactivity of methyl 
12-hydroxystearate appears to be between that of the 
14-hydroxy and 9-hydroxy compounds. These limited 
observations suggest that the position of the hydroxyl 
group may affect its reactivity in this system. 

Methyl 14-hydroxyeicosanoate was also dehydro- 
genated on a 131-g scale using 3 and 6% catalysts 
(Table I). The 60% yield of product with 3% cat- 
alyst compared to the 94% yield with 1% catalyst 
(12-g scale) may have resulted from insufficient mix- 
ing during the large scale reaction. Product yield was 
lower with 6% than 1% catalyst, because the crude 
products were recrystallized differently (see footnote 
e, Table I). Because conversion to product was al- 
most complete with 6% catalyst, a much higher yield 
of methyl 14-ketoeicosanoate could have been obtained 
by eliminating the recrystallization step. The purity 
of methyl 14-ketoeicosanoate from these experiments 
was 99% or greater (GLC). 

K e t o  E s t e r s  f r o m  U n s a t u r a t e d  H y d r o x y  E s t e r s  

Hydrogen vs. Nitrogen. Conversion of methyl ri- 
cinoleate to methyl 12-ketostearate in a nitrogen at- 
mosphere requires a minimum of 50 weight per cent 
Raney nickel, because the catalyst supplies the hydro- 
gen for the reaction (1). It seemed possible that by 
using a hydrogen rather than nitrogen atmosphere, 
methyl ricinoleate might be converted to product 
more rapidly and completely, and the amount of 
Raney nickel required might be reduced. In run I 
(Table II) conducted in a nitrogen atmosphere, the 
product yield was 74%. When a hydrogen atmo- 
sphere was used (run 2A), the 60% methyl 12-keto- 
stearate which formed initially was partially hydro- 
genated back to methyl 12-hydroxystearate. The 
concentration of these two compounds soon became 
almost equal. Formation of methyl 12-ketostearate 
was favored only by changing to a nitrogen atmo- 
sphere (run 2B). Because the use of hydrogen fol- 
lowed by nitrogen gave a lower yield of product than 
with nitrogen alone, runs 3-8 were conducted in 
nitrogen. 

Results with Commercial Raney Nickel. In runs 
3-5, commercial Raney nickel was used to convert the 
methyl esters of lesquerolie, dimorpheeolic and densi- 
polic acids to the corresponding saturated keto esters. 
Product yield from methyl lesquerolate was somewhat 
higher than from methyl ricinoleate. A mixed melt- 

ing point of this methyl 14-ketoeicosanoate and methyl 
14-ketoeicosanoate prepared by dehydrogenat ion 
showed no depression. 

Methyl dimorphecolate is readily dehydrated to the 
conjugated triene by heat (6,14), and acidic catalysts 
(5). It also dehydrates during GLC analysis (13,15). 
The latter problem was eliminated by use of the tri- 
methylsilyl ether of methyl dimorphecolate, which, 
unlike the hydroxy ester, is stable during analysis 
(13). 

In an attempt to provide sufficient hydrogen to 
rapidly convert methyl dimorpheeolate to product be- 
fore extensive dehydration occurred, the weight ratio 
of Raney nickel to methyl dimorpheeolate used was 
2:1. Although this ratio of catalyst was more than 
adequate to saturate the one double bond of methyl 
ricinoleate, there was no certainty that it would be 
sufficient to saturate both double bonds of methyl 
dimorphecolate. 

After methyl dimorphecolate and catalyst had been 
heated for only 17 min at 33 to 124C, analysis of the 
reaction mixture showed the absence of methyl di- 
morphecolate. I t  had thus reacted about as rapidly 
as methyl ricinolcate. This analysis also showed only 
5% by-product was present. Apparently, the quick 
conversion of methyl dimorphecolate to more stable 
compounds at relatively low temperatures minimized 
by-product formation. The overall reaction (run 4, 
Table II) ,  compared to runs 1 and 3, was slower and 
gave product (methyl 9-ketostearate) in lower yield. 
The infrared spectra of this 9-ketostearate and au- 
thentic methyl 9-ketostearate were identical; a mixed 
melting point was not depressed. 

The reaction with methyl densipolate (run 5) dif- 
fered from that with methyl dimorphecolate in sev- 
eral respects : 1) The overall reaction was much slower, 
by-product formation was higher, and product yield 
was much lower. 2) Under comparable conditions, 
methyl densipolate was hydrogenated much slower 
than methyl dimorphecolate (GLC). The conjugated 
trans bonds of methyl dimorphecolate must therefore 
be easier to hydrogenate than the nonconjugated cis 
bonds of methyl densipolate. Supporting this conclu- 
sion are the observations that methyl dimorpheeolate 
was hydrogenated much faster than methyl densi- 
polate in glacial acetic acid with Pt02 (16); with a 
nickel catalyst, a similar conjugated system was hy- 
drogenated much more readily than a noneonjugated 
system (17). 3) During the methyl den;ipolate con- 
version, an unexpected intermediate was detected by 
GLC. It contained no hydroxyl group (did not form a 
trifluoroacetate), its GLC peak eluted between methyl 
12-ketostearate and methyl ricinoleate (Carbowax col- 
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T A B L E  II 

Convers ion  of U n s a t u r a t e d  H y d r o x y  F a t t y  E s t e r s  to S a t u r a t e d  Keto F a t t y  Es t e r s  a 

% compounds  ( G L C )  

S a t u r a t e d  H y d r o g e n -  
R u n  S t a r t i n g  Time,  Temp,  h y d r o x y  olysis 
no. ma te r i a l  h r  C P r o d u c t  es ter  p roduc t s  

Mel t ing  
Yield. b point,  

% c 
1 Me Ric inolea te  N~ a t m p  1.70 1 2 6 - 2 0 5  93 3 4 
2A Me Ric inolea te  H2 a tmp  0.17 1 3 1 - 1 4 5  60 35 5 

0.50 1 3 1 - 1 5 1  47 44 9 
0.28 1 4 7 - 1 5 5  47 44 9 

2B N2 a t m p  0.33 1 4 2 - 1 5 9  83 11 6 
0.72 1 5 3 - 2 0 5  91 0 9 

3 Me Lesquero la te  2.33 1 3 3 - 1 9 2  94 1 5 
4 Me Dimorpheco la te  2.77 1 2 4 - 2 2 4  90 0 10 
5 Me Dens ipola te  3.57 128 -213  78 0 22 
6 Me Dimorpheco la te  2.43 1 2 2 - 2 0 0  94 0 6 
7 Me I) ensipolate 2.50 1 2 4 - 1 9 2  94 2 4 
8 Me Lesquero la te  r 3.13 1 0 9 - 2 2 1  91 4 5 

74 4 6 . 0 - 4 6 . 5  

82 54 .1 -54 .6  
54 4 6 . 2 - 4 7 . 0  
23 4 5 . 6 - 4 6 . 1  
73 4 7 . 1 - 4 7 . 5  
65 4 6 . 5 - 4 6 . 9  
59 54 .5 -55 .6  

a F i f t y  g of methyl  lesquerolate  w a s  used  wi th  50 g mois t  commerc ia l  R a n e y  
wi th  24.0 g mois t  R a n e y  nickel.  Commerc ia l  R a n e y  nickel  w a s  used  in r u n s  

b Yields are  for  once-recrystal l ized products .  
(~ The  methyl  lesquerolate  content  is ca. 9 2 %  by  i n f r a r e d  analys ts .  

nickel  in  r u n  8. I n  all other r u n s  12.0 g s t a r t i n g  mate r i a l  w a s  used  
1--5, W-4  R a n e y  nickel  in  r u n s  6 and  7. 

umn), and it slowly disappeared as the reaction pro- 
gressed. The compound thus appeared to be methyl 
12-keto-9(15)-oetadecenoate. Its presence suggests 
that methyl 12-hydroxy-9 (15)-octadeeenoate not only 
undergoes hydrogenation followed by dehydrogena- 
tion, but concurrently undergoes dehydrogenation as 
well to give the ketomonoene. In the reactions of the 
other unsaturated hydroxy esters studied, hydrogena- 
tion seems to occur so much faster than dehydro- 
genation that only saturated hydroxy intermediates 
are dehydrogenated. 

Results with W-4 Raney Nickel. We had previously 
shown that methyl ricinoleate was converted to methyl 
12-ketostearate in higher yield by using W-4 rather 
than commercial Raney nickel (1). Methyl dimorphe- 
eolate and methyl densipo]ate were similarly con- 
verted to the corresponding ketostearates in much 
higher yield in the presence of W-4 (runs 6 and 7) 
than by use of commercial Raney nickel (runs 4 and 
5). W-4 thus appears to be superior to the commer- 
cial catalyst for this hydrogenation-dehydrogenation 
reaction. The commercial catalyst, however, is su- 
perior to W-4 for dehydrognation of methyl 12- 
hydroxystearate (12). 

Methyl lesquerolate was converted to methyl 14- 
ketoeicosanoate in lower yield on a 50-g scale (run 
8) than on a 12-g scale (run 3). The lower yield in 
run 8 may have resulted from the use of a lower 
weight ratio of catalyst to starting material (1:1). 
In addition, impurities present in the methyl les- 
querolate of run 8 may have decreased the activity 
of the nickel catalyst, causing by-products to form 
which were not detectable by GLC. 

In summary, the method for converting the methyl 
esters of lesquerolie, dimorpheeolie and densipolie 
acids to the corresponding saturated keto esters by 
separate hydrogenation and dehydrogenation steps 
gives high overall conversion at low catalyst concen- 
trations. The keto esters are also obtained in good 
yields from the Raney nickel catalyzed hydrogenation- 
dehydrogenation reaction. This latter process is con- 
venient because it is conducted at atmospheric pres- 
sure in a single operation. 
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