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Abstract 
Mixtures of f a t t y  acids and of hydrocarbons 

have been reduced by hydrazine in ethyl alcohol 
solution at  50 C. Samples were removed dur ing  
reduction for  analysis and the relative reduction 
rates calculated by  digital computer,  cis-15- 
Octadecenoic acid is reduced 1.3 times as fast  as 
its cis-9-isomer. No differences were found among 
cis-6,9- and -12-oetadecenoie acids, cis-3-Octade- 
eene was also reduced 1.3 times as fast  as the 
cis-9-isomer and cis-l-octadecene 8.6 times as fast. 
Elaidic acid was reduced 1.27 t imes  as fast  as 
oleic. 

Introduction 
Previous work has shown that  a l though reduction 

rates of unsa tura ted  f a t ty  acids by hydrazine are 
roughly proport ional  to the number  of double bonds 
in the acid, changes in position and geometric con- 
figurations of double bonds also affect the rates of 
reduction (1,2,10,14,15). Although these differenees in 
rates are small compared to those between monoun- 
sa turated and some polyunsatura ted  esters in catalytic 
hydrogenation,  they are large enough to affect the 
composition of reduced products. The relative reduc- 
tion rates with hydrazine for  various monounsatura ted  
acids also are not the same as those for catalytic 
hydrogenation,  such as the miero vapor-phase hy- 
drogenation rates repor ted by Mounts and co-workers 
(11). 

When par t ia l  hydrazine reduction is used to deter- 
mine position and configuration of double bonds in 
polyunsatura ted  acids (13,15), especially in mixtures  
of polyunsatura ted  acids, a knowledge of relative rates 
of reduction of double bonds aids in terpre ta t ion of 
data. Pr ive t t  and Nickell (13) have noted that  selec- 
t iv i ty  of hydrazine for  certain double bonds may  
complicate such interpretat ion.  In  a s tudy of 
monoenes fronl hydrazine reduction of mixtures  of 
linolenic acid geometrical isomers, we found tha t  
calculating the composition of the trienoic acid mix- 
ture f rom analysis of the monoenoic acids, assuming" 
equal react ivi ty  for all double bonds, did not produce 
reasonable values. We suggested this difficulty might  
be caused, in par t ,  by faster  reduction of double 
bonds with certain positions or configuration (15) ;  
results in the present  paper  suppor t  our in terpreta-  
tion. 

Experimental Procedure 
H y d r a z i n e  R e d u c t i o n s  

Reductions were carried out in a closed flask to 
prevent  release of hydrazine fumes. Air  was drawn 
through the flask under  slightly reduced pressure f rom 
the vacuum system. Before passing through the flask, 
the air was drawn through a flow meter  and through 
a 95% ethanol bubbler  to minimize evaporat ion of 
ethanol in the reaction flask. A magnetic  s t i r rer  was 
used to stir the solution in the flask, which was im- 
mersed in a 50 C constant t empera ture  bath. Samples 
were wi thdrawn as the reaction proceeded and added 

1 Presented at the AOCS ~Ieeting, Chicago, October 1967. 
2No. Utiliz. Res. Dev. Div., ARS, USDA. 

323 

immediately to dilute hydrochloric acid. Free  acids 
were extracted into diethyl ether, washed unti l  neutra l  
and freed of solvent under  nitrogen. Fo r  analysis 
these acids were esterified with methanol and per-  
ehloric acid catalyst  (20). 

In  a typical  reduction 168 mg of c/s-15-octadecenoic 
acid (16) and 138 mg of cis-9-octadecenoic acid were 
dissolved in 16 ml of 95% ethanol. A 3 ml sample 
was removed at  zero time and 3 ml of 95% hydrazine 
was added. Wi th  this la rger  ratio of hydrazine to 
f a t ty  acid the reduction was more rapid  than  in some 
of our previous work (4,17,18). Samples were re- 
moved af ter  15,30 and 60 rain and the reaction was 
stopped af ter  100 rain. 

Most analyses were by gas liquid chromatography  
(GLC) with the following columns and conditions: 
(a) a capi l lary 200 f t  x 0.01 in. D E G S  column at  
165 C and 45 psi inlet pressure;  (b) a capi l lary 200 
f t x  0.01 in. 100% cyanoethyl  silicone column (Gen- 
eral Electr ic experimental  nitri le silicone 238-149-99) 
at 200 C with 20 psi inlet pressure (9) ; (c) a capi l lary 
150 f t  x 0.01 in. polyphenyl  ether column at  190 C 
and 40 psi inlet pressure (8) ; (d) a packed 4 f t  X 
1~ in. OD 11% E G S S - X  glass column at  170 C. A 
rad ium D ionization detector with argon gas was 
used with all columns. A n y  var ia t ions in these pro- 
cedures are noted in the descriptions of the individual 
experiments. 

With  the polyphenyl  ether column it  was sometimes 
necessary to use correction factors as described for the 
individual  experiments  to correct area percentage to 
mole percentage. Uncer ta in ty  in these correction 
factors may  limit the accuracy of reaction rates based 
on measurements  with the polyphenyl  ether column. 
No similar difficulty was experienced with other 
columns. 

C a l c u l a t i o n  o f  R e l a t i v e  R e a c t i o n  R a t e s  

Relative reaction rates were calculated (as pre- 
viously) b y  plot t ing f a t t y  acid composition against  
extent of reaction (18). Rate constants were deter- 
mined by a digital computer  so tha t  the sum of the 
squares of the differences between calculated and 
analyt ical ly determined compositions was a minimum. 

15- v s  9 - O c t a d e c e n o i c  A c i d  

The 15-octadecenoic acid was isolated by  argentat ion 
chromatography  (16). Af te r  reduction, fract ions were 
analyzed both on the capi l lary D E G S  and the packed 
E G S S - X  columns. Results agreed well and were 
averaged for  rate  calculations. Two experiments gave 
excellent agreement  for the reaction rate  ratios with 
values for  k15/k9 of 1.2968 and 1.3046 or an average 
value of 1.30. Results of one of the experiments  are 
i l lustrated in F igure  1. 

6- v s  9 - O c t a d e c e n o i c  A c i d  

Since methyl  petroselenate and oleate are not 
separated by  GLC, an al ternate  analytical  procedure 
was followed. 1-14C Oleic acid was added to petro- 
selenic acid so tha t  each mg of the mixture  contained 
approximate ly  1 ~c. Since a negligible weight of oleic 
acid is added, it  gives no GLC response. Af te r  re- 
duction by hydrazine and conversion to methyl  esters, 
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FIG. 1. Reduc t ion  of  a m i x t u r e  of  15- and 9-octadecenoic 

acids by  hydraz ine  showing per  cent  of  each acid r e ma in ing  
p lo t ted  a g a i n s t  a m o u n t  o f  double bond  r ema in ing .  Po in t s  
are  exper imen ta l  resul ts .  L ines  are ca lcula ted  for  kls/k9 = 
1.305. 

the samples~ taken dur ing  the reduction described 
above, were separated and analyzed by gas radio- 
chromatography  in a Cary-Loenco ins t rument  (12). 
This appara tus  provides for thermal  conductivi ty de- 
tection of mass peaks and contains a 275 cc spherical 
ion chamber in the detector oven, in tandem, to moni- 
tor the effluent for  radioactivity.  Separat ions were 
made on a 15% E G S S - X  (6 f t  × 1/4 in.) a luminum 
column at 175 C. Reduction of petroselenate is indi- 
cated by the thermal  conductivi ty analysis and of 
oleate, by  the radioact ivi ty analysis. The value for  
k6/k~ was 0.97. 

12- v s  9 -0c ta f l eceno ic  A c i d  

The acids for  this reaction were p repared  by par -  
t ial ly reducing linoleic acid with hydrazine. Af te r  the 
methyl  esters were prepared,  the monoene fract ion was 
isolated by  chromatography  on a rubber  column (6) 
to yield a mixture  of methyl  12- and 9-octadecenoates. 
Samples f rom hydrazine reduction of this monoene 
fract ion were analyzed on the polyphenyl  ether 
column. While this substrate has given good separa- 
tions of isomeric cis-octadecenoates (8), i t  does not 
separate stearate f rom oleate. Stearate  was measured 
on the packed E G S S - X  column. Comparison with 
s tandard  mixtures  has shown that  with the polyphenyl  
ether column, corrections must  be applied to the mea- 
sured areas. Correction factors were 1.068 (S + O) 
and 0.940 (A12). A value for  kle/k~ of 1.10 resulted. 

Since the accuracy of this value is l imited by un- 
cer ta inty  in the gas chromatographic  analyses another  
exper iment  was run  in which a mixture  of c/s-12- 
octadeeenoic acid and 1-1~C oleic acid was reduced 
and samples analyzed in the same way as with petro- 
selenic acid. The cis-12-octadecenoic acid was pre- 
pa red  f rom par t ia l ly  hydrazine-reduced linoleic acid 
by  low tempera ture  crystallization f rom acetone, using 
a process based on one described by Pr ive t t  (pr ivate  
communication).  Ten samples were taken dur ing the 
reduction and a good fit with a value for kle/k9 of 
1.027 was obtained. 

3- v s  9 -Octadecene  

Methyl 15- and 9-octadecenoates were reduced to 
their  alcohols by l i thium a luminum hydride. Tosyl 
esters were formed with p-toluenesulfonyl chloride 
and these were again reduced with l i thium a luminum 
hydride to hydrocarbons.  

To 150 mg of 3-octadecene and 128 mg of 9-octa- 

decene in 16 ml of ethanol, 0.1 ml of acetic acid was 
added to supply  the acid groups necessary for  reduc- 
tion (3). In  reduced fractions the best separat ion of 
oetadecane f rom the octadeeenes was made on the 
100% cyanoethyl-silicone column at 165 C with 5 to 
10 psi. To separate  3-octadecene f rom 9-octadecene 
and octadecane, both D E G S  at  130 C and 20 psi and  
polyphenyl  ether at  125 C and 45 psi were used and 
the values were averaged. 9-Octadecene was measured 
by difference a f t e r  3-octadecene and octadecane had 
thus been determined. A value for  k3/k9 of 1.31 
was obtained. 

1- v s  9 -Octadecane  

The reduction was similar to that  of 3- and 9- 
octadecene except that  the s tar t ing  mixture  was 78% 
1-octadecene. The polyphenyl  ether column was em- 
ployed to separate  octadecane and 9-oetadecene f rom 
1-oetadecene and 100% cyanoethyl  silicone, to separate 
octadecane f rom the octadecenes. The value for kl/k9 
was 8.6. 

9 ,15-Octadecadienoic  A c i d  

This acid was isolated by  argentat ion countercurrent  
distr ibution of the dienoic methyl  esters f rom hy- 
drazine-reduced linseed acids (4). Analyses for 9,15- 
octadecadienoate, 9- and 15-octadecenoates and stea- 
rate  were by GLC on both the capi l lary D E G S  and 
the packed E G S S - X  columns. Average values were 
used. In  two experiments  when kls/k9 in the monoene 
was taken as 1.30 as determined above, values for  
k~.~/k9 in the diene were 1.219 and 1.203. 

9 ,12-Octadecadienoic  A c i d  

Stearate  and linoleate were measured on the packed 
EGSS-X column. The stearate oleate combination 
and 12-octadecenoate were separated on the capi l lary 
polyphenyl  ether column and corrections were applied 
to measure areas as described for the 9- and 12- 
monoene reduction. Relative rates were as follows: 

1.06 9 1.00 

9 1 2  ' S t  

E l a i d i c  v s  Oleic  A c i d  

Three reductions were made of mixtures  of elaidic 
and oleic acids. Stearate  in the reduced samples was 
measured by  GLC on the E G S S - X  column and 
elaidate by  inf ra red  absorption. Oleate was deter- 
mined by difference. Wi th  this procedure i t  was clear 
tha t  elaidate reduced fas ter  than oleate. However,  
values for kelaidate/koleate Of 1.75, 1.15 and 1.94 showed 
that  the analytical  precision was not high enough to 
give good reproducibi l i ty  for the rate calculations. 
Two reductions were made with elaidic acid and 1-14C 
oleic acid in the same way as described for  petro- 
selcnic and oleic acid. Values for kehidic/koleic w e r e  
1.21 and 1.34. These values are believed to be more 
reliable than those based on GLC and inf rared  mea- 
surements. Results of one of the radiochemical ex- 
per iments  are i l lustrated in F igure  2. 

R e s u l t s  a n d  D i s c u s s i o n  

The rate of reduction of double bonds by hydrazine 
or other diimide-producing reagents depends upon the 
s t ructure  of the unsa tura ted  compound. F o r  example, 
Garbisch et aI. (5) using p-toluenesulfonyl hydrazine 
found a difference of 38,000 in the relative reduction 



J U N E ,  1969 S C H O L F I E L D  E T  A L . :  R E D U C T I O N  R A T E S  OF F A  I S O M E R S  BY H Y D I ~ A Z I N E  325 

rate of bicyclo (2.2.1) heptene and 1,2-dimethyl- 
cyclohexene. However, the variations in rates of re- 
duction of straight-chain fa t ty  acids caused by changes 
in location and configuration of double bonds are 
much smaller. 

In our previous work on reduction of linolenic 
acid (18) we found that  any difference in reactivity 
of the double bonds was small. The composition of 
the monoenate suggested a slightly greater  reactivity 
for the 15 double bond relative to the 9 and 12. 
Results reported here confirm this conclusion. Two 
independent hydrazine reductions of mixed 15- and 
9-cis-octadeeenoic acids gave an average value for 
kls/k9 of 1.30 with excellent agreement between the 
two runs. With 3- and 9-octadecenes our value for 
k3/k9 of 1.31 was in agreement with the value for 
acids. These values for reactivity of the double bond 
in the 3 position compared with a double bond far ther  
removed from the end of the chain are in good 
agreement with Asinger and his co-workers' (1) data 
for undecenes where k ~ / k ~ - 5  : 1.25. 

When the double bond is in the 1 position, reactivity 
is much greater. With 1- and 9-octadecenes our value 
for kl/k9 of 8.6 is in good agreement with tha t  of 
Schilling (14) for  kl0-unde . . . .  ic/koleic of 8.3 and of 
Asinger et al. (1) for kl_undeeene/kcls_5_unde . . . .  Of 9.3. 

No significant difference was found in reactivity 
between oleic acid and isomers with double bonds in 
the 6 and 12 position. Very  small changes in the gas 
chromatographic correction factors used with the poly- 
phenyl  ether column caused appreciable changes in 
the relative rates calculated. The value for  kle/k9 
of 1.027 obtained with radioactive oleic acid is more 
reliable and does not differ significantly f rom one. 

In  the 9,15-dienoic acid, the 15 double bond is also 
reduced faster than the 9. An average value for 
kl~/k9 of 1.21 for  double bonds in the diene resulted. 
I t  is doubtful  if this value differs significantly f rom 
that  for  the monoene. 

In  the 9,12-dienoic acid, the value for k12/k9 is 
1.00 for double bonds in the diene. This value is also 
uncertain because of the correction factors used with 
the polyphenyl  ether column, but  there is no reason 
to believe that  the relative rates differ f rom one in 
either the 9,12-diene or the mixture of 9- and 12- 
monoenes. I t  may also be questionable if the overall 
reduction rate for  double bonds in the diene is greater 
than in the monoene, but  we find the value for 
klinoleate/kmonoene Of 2.19 in agreement with Schilling 
(14) who found in three experiments values for  
klinolele/koleic Of 2.2, 2.4 and 2.5. 

Since completion of the rest of this work we have 
obtained additional evidence that  knno]eate/kmonoene is 
slightly greater than two. Ten samples of methyl  
linoleate have been reduced by potassium azodicarbox- 
ylate (19), a dimide forming reagent, under  a 
variety of experimental  conditions to establish a suit- 
able procedure for part ial  reduction of polyun- 
saturated isomers and location of cis and trans 
double bonds (13,15). No samples were taken during 
the reduction;  the rate ratios are based only on the 
final composition and so are less accurate than those 
in the rest of the paper. However, an average value 
was found for kzinoteate/kmonoene of 2.16 with a range 
from 1.7 to 2.8. 

In linolenic acid the faster disappearance of triene 
is mainly caused by more rapid reduction of the 15 
double bond. In previous work (18) we reported 
relative rates for  linolenate-diene-monoene-stearate of 
3.46, 2 and 1. Schilling (14) reported for kli~ol~nie/ 
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Fro. 2. Reduct ion  of a mix tu re  of  e la id ic  and  1-~4C oleic 
acids  by  hydraz ine  showing per  cent  of  each ac id  r e m a i n i n g  
p lo t t ed  a g a i n s t  amoun t  of double bond remain ing .  P o i n t s  
are  expe r imen ta l  resul ts .  L ines  are  ca lcu la t ed  for  ke,aidl¢/ 
koleate : 1.34. 

ko~eie 3.3. I f  all 15 double bonds are assumed to have 
a rate of 1.3 relative to 1.0 for  12 and 9 double bonds, 
the apparent  overall rate for linolenate-diene-monoene- 
stearate will be 3.12, 2.04 and 1.00. For  the 50:50 
linolenate-linoleate mixture  we used (18), rates will 
be 3.25, 2.00 and 1.00. 

Previous results leave some uncer ta inty  as to the 
effect of cis or trans configuration on rate of hydrazine 
reduction. Aylward  and Rao (2) stated that  under  
comparable conditions, rates of hydrogenation of 
elaidic and oleic acids were almost identical and 
Schilling (14) found trans double bonds were hydro- 
genated practically with equal velocity as the cis 
double bonds. Garbisch et al. (5) using p-toluene- 
sulfonyl hydrazine, a diimide-producing reagent which 
should give results comparable to hydrazine, reported 
similar rates for  cis and trans. 2-pentene relative to 
cyclohexene. However, Asinger et al. (1) found trams 
undecenes were reduced more rapidly  than the cor- 
responding cis isomers. Hiinig et al. (7) gave several 
examples of more rapid trans double bond reduction 
by diimide. They suggested that  cis substituents are 
more strongly affected than trans by the change in 
bond angle in the transit ion state and so react more 
slowly. Mikolajczak and Bagby (10) wrote tha t  trans 
double bonds reduced more rapidly  than cis in 
cis,trans conjugated dienoic fa t ty  acids. Our results 
with oleic and elaidic acids, and by two independent 
analytical techniques, consistently showed faster re- 
duction for  elaidic acid. We believe tha t  the results 
with radioactive oleic acid are more reliable. The 
average values for  kelatdic/koleate Of 1.27 obtained by 
this method agree well with the Asinger et al. (1) 
undecene values for  trans-4/cis-4 of 1.28 and trcns- 
5/c4s-5 of 1.32. 

Our best values may be summarized as indicating a 
value of 1.30 for  cis-15- compared to cis-9-octadecenoic 
acid; the same value for  cis-3- compared to cis-9- 
oetadecene, the hydrocarbons from these acids; equal 
reactivity for  cis-6-, 9-, and 12-octadeeenoic acids and 
1.27 for  elaidic compared to oleie acid. 
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