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Abstract 
Economically attractive catalytic methods for 

the conversion of methyl  12-hydroxystearate to 
methyl ]2-ketostearate have been developed on a 
laboratory scale. With  1.0 wt% copper chromite 
catalyst, pure  methyl 12-hydroxystearate is de- 
hydrogenated at 180-263C to methyl 12-keto- 
stearate in 99% yield and 97% puri ty.  Commer- 
cial methyl 12-hydroxystearate required 3% 
catalyst but  gave a 98% conversion to product  
and 100% crude yield. 

Introduction 

W E I-lAVE S H O W N  T H A T  M E T H Y L  12-hydroxystea- 
ate can be dehydrogenated to methyl 12-keto- 

stearate by the use of catalytic amounts of Raney 
nickel (1). Another  catalyst that  appears suitable 
for  this dehydrogenation is copper chromite. This 
catalyst has several advantages compared to Raney 
nickel. I t  is less expensive on a weight basis, is non- 
pyrophorie,  is less easily poisoned, and is an easily 
handled solid. Copper chromite should therefore be 
more economical and convenient than Raney nickel. 

The l i terature contains several examples of the de- 
hydrogenation of secondary alcohols to ketones by 
copper chromite catalysis (2-5) ,  but  this catalyst has 
apparent ly  not been used in the dehydrogenation of 
hydroxy fa t ty  esters. We have investigated this re- 
action to determine the influence of such parameters  
as catalyst type and concentration, start ing material  
type, scale, and other factors. We also studied this 
process for the dehydrogenation of methyl ricinoleate, 
methyl ricinelaidate, and hydrogenated castor oil. 

Experimental 
Start ing  Materials  

Methyl 12-Hydroxystearate. Four  types of this 
ester were evaluated. Samples A, B, and C have been 
previously described (1). Sample A was commercial 
methyl  i2-hydroxystearate.  Sample B was commer- 
cial material which contains no citric acid and less 
glycerine than sample A. Sample C was laboratory- 
made material. Sample D was obtained by distilling 
sample B with a 3-ft, heated, Vigreux column; bp 
206-210C/0.040 ram, mp 57.8-58.0C. The methyl 12- 
hydroxystearate  content of sample D was 99% by gas- 
liquid chromatography (GLC).  

Methyl Ricinoleate. This ester was prepared by 
base-catalyzed alcoholysis of castor oil and purified 
by fractional distillation of the mixed methyl esters 
under  reduced pressure (6). 

Methyl Ricinelaidate. Methyl ricinoleate was isom- 
erized according to McCutcheon et al. (7), and the 
product  had mp 29.0-29.2C. Reported (7) 28.5-29.8C. 

Hydrogenated Castor Oil. This material was pro- 
vided by the Baker Castor Oil Company, Bayonne, 
New Jersey. 

Catalysts. The two copper chromite catalysts, Cu- 

1 Presented at the AOCS Meeting in Cincinnati, October, 1965. 
2W. Utiliz. Res. Dev. Div., ARS, USDA. 
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1106 P and Cu-1800 P, and the copper carbonate 
catalyst Cu-2501 G4-10, were provided by the Har-  
shaw Chemical Company, Cleveland, Ohio. Cu-l l06 P 
contains barium, but  Cu-1800 P does not. The copper 
carbonate catalyst contains 6% copper as copper car- 
bonate mounted on a silica support.  We ground it 
to a fine powder for  better  mixing. 

Gas Liquid Chromatography 

The GLC instrumentat ion (8) and columns (1) 
used were previously described. 

Reaction Procedure 
Methyl 12-Hydroxystearate. In  general, the pro- 

cedure described earlier (1) was employed. Benzene 
ra ther  than ether was used dur ing filtration because 
the copper chromite catalysts are somewhat soluble 
in ether but  not in benzene. Where GLC indicated 
95% or better product  formation, products of satis- 
factory pur i ty  were obtained, without recrystalliza- 
tion, by simply removing the benzene from the filtered 
reaction mixture. Maximum yields were obtained by 
vigorous stirring, limited exposure to air, and avoid- 
ance of prolonged heating of the reaction mixtures. 
Specific examples are discussed below. 

Methyl Ricinoleate. A mixture of 12.0 g of this 
ester and 0.360 g (3%)  Cu-1106 P was heated 23 rain 
at 220-300C with stirring. The mixture was then 
cooled to room temperature,  7% more catalyst was 
added, and heating was continued for an additional 
47 rain at 295-320C. 

Methyl Ricinelaidate. Twelve grams of this ester 
and 1.2 g Cu-1106 P were first heated with stirring 
for 18 min at 269-310C. The mixture  was cooled to 
room temperature,  saturated with hydrogen du r ing  
the remainder of the run, and heated with stirring an 
additional 32 rain at 294-300C. 

Hydrogenated Castor Oil. Two runs were made. In 
the first, 36.0 g of s tart ing material  and 3.6 g of 
Cu-1106 P were heated 30 rain at 325C. The second 
run was made with 50% catalyst for 2 hr at 252-320C. 

Results and Discussion 
Dehydrogenat ion of Methy l  12-I-Iydroxystearate 

Catalyst Type. Runs were first made to determine 
which of the three catalysts was most effective for 
this dehydrogenation reaction. The supplier indi- 
cated that  barium in a catalyst such as Cu-1106 P 
(10% as BaO),  stabilizes copper chromite for hydro- 
genation, but unstabilized copper chromites, such as 
Cu-1800 P are prefer red  for dehydrogenation (9). 
The copper carbonate catalyst, Cu-2501 G4-10, is used 
to effect the dehydrogenation of alcohols to aldehydes 
and ketones (9). The results we obtained with these 
catalysts are shown in Table I, runs 1-3. Each cat- 
alyst was used under  similar conditions. Although 
the two copper chromite catalysts gave about the same 
reactant  conversion, 70% by-product  formed with the 
copper carbonate catalyst. Thus fa r  it appeared the 
activities of the two copper chromite catalysts were 
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S t a r t i n g  mater ia l  % of Compounds by GLC a 
R u n  Catalyst  W t  % Time, Temp, Yield, r 

S t a r t i n g  By- % No. type catalyst  Sample Quant i ty ,  hr  ~ P roduc t  mate r ia l  p roduc t  b g 

mo, 
~ 

1 Cu-1106 P 2 A 12 0.50 2 2 0 - 3 0 9  75 8 17 (87)  
2 Cu-1800 P 2 A 12 0.37 2 3 5 - 3 0 0  76 20 4 ........ 
2A Cu-1800 P 1 A 0.35 30G 68 0 32 ........ 
3 Cu-2501 24 A 12 0.68 2 9 0 - 3 1 0  30 0 70 
4 Cu-1106 P 3 A 12 0.50 2 5 1 - 3 1 3  98 1 1 (100)  

87 a 
5 Cu-18O0 P 3 A 12 0.58 2 3 9 - 3 0 1  100 0 0 (98)  

68 ~ 
6 Cu-1800 P 1 B 12 1.2 2 8 5 - 3 1 0  71 20 9 (100)  
6A Cu-1800 P 1 B e 0.75 300 66 0 34 
7 Cu-1800 P 2 B i 2  0.72 2 6 2 - 2 9 0  88 0 12 ( 9 7 )  

68 a 
8 C u - l l O 6  P 1 C 12 0.62 180 -263  97 3 0 (99)  t 
9 Cu-1800 P 1 C 12 0.50 180 -285  97 3 0 (99)  f 

10g Cu-1800 P 10 C 12 0.27 2 2 0 - 2 5 7  95 5 0 
10Ag 1.0 2 5 7 - 3 1 4  75 0 25 "'57'" 
11 C~:iib6'P ~ ~ i~ 1.38 2a0-265 92 s 0 75 
12 C u - l l 0 6  P 3 D 100 1.28 2 2 8 - 2 6 8  96 4 0 88 
13 C u - l l 0 6  P 3 D 150 2.50 2 3 0 - 2 8 1  96 4 0 86 
14 h Cu-1106 P 3 D 150 3.50 2 3 7 - 3 0 2  45 
15 '  C u - l l O 6  P 6 D 150 5.83 2 2 8 - 3 1 1  30 5 70 . . 

43 .5 -44 .0  

43 .5 -44 .0  

46 .0 -46 .1  
46 .1 -46 .8  
46 .0 -46 .8  

46 .0 -46 .5  
46 .8 -47 .0  
46 .9 -47 .1  
46 .0 -47 .5  
45 .0 -46 .0  

a Adjus ted  for  the amoun t  of methyl  12-hydroxystearate  i n  samples A a n d  B :  sample A, 8 1 %  ( G L C ) ;  sample B, 8 3 %  ( G L C ) .  
b The by-product  is  probably a mix tu re  of hydrogenolys is  and dehydra t ion  products .  
c Yields in  parentheses  are c rude  yields, Other  yields were obtained after  one recrystal l izat ion.  
d The amoun t  of catalyst  used was  ad jus ted  to g ive  the equivalence of 2 % .  
e Sample B in  this  case was  the filtered react ion mix tu re  f rom r u n  6. 
f These products  contained 9 7 %  methyl  12-ketostearate by GLC. 
g R u n  10 is the first stage of heat ing,  r u n  10A the second stage of hea t ing .  
h S t i r r i n g  was  inadequa te  in  this, run ,  and  He evolved was  8 3 %  of t ha t  expected. 
I The hot  react ion mix tu re  was exposed to air.  

about equivalent, but the copper carbonate catalyst 
was considered unsuitable for this reaction. 

In run 2A we tried to convert the remaining 20% 
starting material from 2, but the amount of product 
decreased and the amount of by-product increased. 
Runs 6 and 6A gave similar results. Apparently, ad- 
dition of catalyst is not helpful when reaction is 
incomplete. 

Relationship Between Catalyst Concentration and 
Type of Starting Material. In the runs just discussed, 
sample A was not completely converted to product 
with 2% catalyst. As shown in runs 4 and 5, with 
either 3% of Cu-ll06 P or Cu-1800 P conversion was 
essentially complete, and the catalysts were about 
equivalent in effectiveness. In contrast, the same type 
of starting material and 10% Raney nickel gave only 
an 80% conversion (1). These results indicate that 
the copper chromite catalysts are much less suscep- 
tible to poisoning by impurities in commercial methyl 
12-hydroxystearate than is Raney nickel. Copper 
chromite catalysts also give high conversions at lower 
catalyst concentrations than Raney nickel. Since 
commercial methyl 12-hydroxystearate can be quanti- 
tatively converted to methyl 12-ketostearate at this 
low catalyst level and the product quantitatively re- 
covered, this process should be economically attrac- 
tive. Methyl 12-ketostearate was isolated in 87 % yield 
(run 4) and 68% yield (run 5) from these crude 
products. However, by starting with distilled methyl 
12-hydroxystearate from commercial material (sam- 
ple D) better yields of pure methyl 12-ketostearate 
were obtained. 

Because the second commercial material, sample B, 
contained fewer impurities than sample A, an at- 
tempt was made to catalyze the dehydrogenation of 
sample B with only 1% catalyst. As shown in run 
6, conversion was only 71%, and an attempt to con- 
vert the remaining starting material (run 6A) with 
an additional 1% catalyst was unsuccessful. Since 
2% catalyst (run 7) gave only 88% product, appar- 
ently 3% catalyst was required for complete reaction 
of sample B. Thus samples A and B behaved similarly 
when dehydrogenated in the presence of copper chro- 
mite but behaved very differently in the presence of 
Raney nickel (1). 

Runs 8 and 9 demonstrate that laboratory-made 
methyl 12-hydroxystearate can be converted almost 
completely with only 1% catalyst. Because of this 
high conversion, the product was isolated in 99% 
yield and 97% purity without recrystallization. The 
high yield and simplicity of this process make it 
preferable to the chromic acid oxidation of methyl 
12-hydroxystearate from which methyl ]2-ketostea- 
rate has been obtained in 70% yield (10). Because 
the two copper chromite catalysts showed no signifi- 
cant difference in the runs in which they were com- 
pared, they were considered equally effective for this 
reaction. 

Runs 10 and 10A exemplify the undesirability of 
heating the mixture beyond completion of the reac- 
tion. After the first stage of heating (run 10), GLC 
indicated 95% of the starting material was converted 
to product. While confirmation for this conversion 
was being sought, heating was continued (run ]0A). 
At the end of this time, 20% of the product had con- 
verted to by-product. Less by-product formation 
might be expected with 1% than 10% catalyst under 
the same conditions. 

Distilled methyl 12-hydroxystearate from commer- 
cial material (run 11) did not dehydrogenate as 
satisfactorily as laboratory-made methyl 12-hydroxy- 
stearate (run 8). Nevertheless, pure methyl 12- 
ketostearate was obtained in higher yield by the use 
of sample D than samples A or B. 

Scale of Reaction. The dehydrogenation was next 
run with 100 g of starting material (rather than 
]2 g) to determine whether comparable yields could 
be obtained with the larger-scale reaction. Because 
the 12 g-scale reaction seemed to be exothermic, it was 
also necessary to determine whether the 100 g-scale 
reaction would be excessively exothermic. To insure 
a more complete reaction, 3% rather than 1% cat- 
alyst was used with sample D. As shown in run 12, 
the reaction was equally successful on the larger 
scale. Hydrogen evolution was smooth and there was 
no difficulty with temperature control. In run 13, 
150 g of sample D gave essentially the same results. 

Runs 14 and 15 illustrate reactions that were im- 
properly conducted. In run 14, inadequate stirring 
slowed the reaction, and lowered the yield. Run 15 
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was undertaken to determine how 6% rather than 
3% catalyst would influence the reaction. Inad- 
vertent exposure of the hot reaction mixture to air 
apparently deactivated the catalyst, since very little 
gas evolution was observed after this. Even after an 
additional 6% catalyst was added to this cooled mix- 
ture, and the contents reheated, only a very slow con- 
version of starting material to by-product was ob- 
served. This behavior suggests that the oxidized prod- 
ucts function as a catalyst poison, and/or the deacti- 
vated catalyst alters the course of the reaction. 

Attempted Dehydrogenation of Methyl Ricinoleate, 
Methyl Ricinelaidate and Hydrogenated Castor 0 i l  

Methyl Ricinoleate. The products expected from 
the dehydrogenation of this ester are methyl 12- 
ketooleate and/or methyl 12-ketostearate. We had 
previously prepared methyl 12-ketooleate (8), and 
subsequently found that this compound could be sepa- 
rated from methyl I2-ketostearate by GLC with an 
8-ft, 1/s-in. , column packed with 10% F F A P  (Wilkens 
Instrument and Research, Inc.) on 70-80 mesh, AW- 
DMCS, Chromosorb W, used at 230C, 50 ml/min 
helium flow. When methyl ricinoleate was heated 
with 3% catalyst under conditions which gave sub- 
stantial dehydrogenation of methyl 12-hydroxystea- 
rate, no reaction occurred. This was ascertained both 
by the absence of gas evolution and by GLC which 
showed only starting material. Further  heating with 
7% catalyst resulted in a slow distillation of an un- 
known liquid which appeared (GLC) to contain ap- 
proximately 30% 12-hydroxystearyl alcohol, 30% 
dehydration and hydrogenolysis products ,  22% 
methyl ricinoleate, 18% methyl 12-ketostearate, but 
no methyl 12-ketooleate. The reaction mixture con- 
tained an equal proportion of starting material and 
dehydration-hydrogenolysis products. Apparently 
these forcing conditions favor dehydrogenation less 
than other reactions. Possibly the double bond in the 
9-position of methyl ricinoleate forms a pi complex 
with the catalyst, and this complex strongly retards 
the dehydrogenation reaction. With methyl 12- 
hydroxystearate such a complex is not possible. 

Methyl Ricinelaidate. It  seemed possible that be- 
cause of the difference in stereochemistry between 
methyl ricinoleate and methyl ricinelaidate the latter 
compound might dehydrogenate satisfactorily. How- 
ever, when methyl ricinelaidate was heated with 10% 

catalyst, very little hydrogen evolved, and GLC 
showed that practically no reaction had occurred. In 
the second stage of the heating, hydrogen was bub- 
bled into the reaction mixture in an attempt to satu- 
rate the olefinic group and thus promote dehydro- 
genation. This attempt was not successful. The mix- 
ture of products formed was similar to that observed 
with the methyl ricinoleate reaction. 

Hydrogenated Castor Oil. Gas evolution indicated 
this material dehydrogenated only slightly when 
heated with 10% catalyst. With 50% catalyst, gas 
evolved slowly. Water distilled from the reaction 
flask, which indicates that dehydration had occurred. 
This was confirmed by IR analysis; the crude product 
contained trans unsaturation (10.3 ~) and little hy- 
droxyl absorption. The crude product was mostly 
intractable and was assumed to be polymeric when 
base-catalyzed methanolysis failed to solubilize most 
of the reaction mixture. The small amount of esters 
obtained showed very little methyl ]2-ketostearate 
present by GLC and thin-layer chromatography. 
Steric effects may prevent effective approach of the 
bulky triglyceride to the catalyst surface. 

We have shown that the saturated hydroxy fatty 
ester, unlike the unsaturated hydroxy fatty ester or 
saturated hydroxy glyceride derived from castor oil, 
can be readily dehydrogenated to the corresponding 
keto fatty ester. This process should be of commer- 
cial interest because it uses low levels of inexpensive 
catalysts, is simple, and converts starting material to 
product almost quantitatively. A continuous rather 
than batch system would make this process even more 
economically attractive. 
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