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Abstract
Nuclear magnetic resonance (N~II-g) spectra

have been obtained dur ing the hydrogenation of
methyl linolenate with platinum, nickel and sul-
fur-poisoned-nickel catalysts a n d dur ing the re-
duction o f linolenie acid with hydrazine. S t ruc-
tu ra l changes have been studied by " p r o t o n
c o u n t i n g " techniques and include those fo r the
t o t a l unsaturation (olefinie protons), 15,16-double
bond (fl-olefinie methyl protons), 1,4-t)cntadienes
(di-~-olefinie methylene protons) and allylic
methylene (a-olefinie methylene protons).

The number of olefinic protons is inversely
related to the degree of saturation as determined
by iodine value, GLC and hydrogen absorption.
Amounts of double bonds in the 15,16-position
and in the 1,4-pentadiene structures decrease lin-
early with increasing saturation, but the slopes of
lines differ fo r specific catalysts. Sulfur-poisoned
nickel has the most negative slope, followed by
electrolytic nickel, and then pla t iuum and hy-
drazine. Amounts of a-olefinie structures with in-
creasing saturation arc roughly constant fo r
hydrazine and pla t inum dur ing reduction with
the f i r s t mole of hydrogen; they fall to zero a t
complete saturation. Fo r the two nickel catalysts,
the a-olefinie structures increase (luring absorp-
tion of the f i r s t mole and a half of hydrogen
before d ropp ing to zero. The possibility of sub-
s t i tu t ing NMR measurements fo r iodine value,
alkali-isomerization spectrophotonmtric determi-
na t ion and other s t ruc tu ra l analyses is discussed.

Introduction

T IIE PI)BLIStlEI) QUANTITATIVE analy t ica l ai)plic.a-
tions of high-resolution NMR spectroscoI)y to fats

are contained in a p a p e r by Johnson and Shoolery (4)
who determined average tool wt and unsaturation
of na tu ra l f a t s . More reeently Glass and Dnl ton (3)
described a procedure fo r determining 15,16-unsatu-
ra ted C~s esters based on pr ior assignment of l)caks
by Storey (9). O the r NMI~ analyses, 1)otcntially
available b u t as yet un t r i ed , fo r s t ruc tu ra l analysis
of hydrogenated fats inc lude allylic mcthylencs and
1,4-pentadienes groups. Now NMR st)tetra have been
obtained dur ing the course of reduction of linole.nate
with platinum, nickel a n d sulfur-poisoned-nickel cata-
lysts, and with hydrazinc. The kinetic data resulting
are in terpre ted in the l ight of t)reviously established
characteristics fo r metal catalysts and hydrazine.

Experimental
Procedures of hydrogenation, manometric manipu-

la t ion and GLC arc st)ecifically described in refcrcn('e.
5 and of hydrazine reduction, in references 7 a n d 8.
One-g ~mples of methyl linolenatc (Ih)rmel) were
hydrogenated with a ) 5% platimm>on-carbon, b) elec-
trolytic nickel, and c) sulfur-poisoned-nickel catalysts,
Hydrogenations with nickel catalysts were maintained
a t 140C, a n d the platimtm was kept a t 50C. The
reaction mixture fo r each catalyst was sampled a t
a p p r o x 0.5-mole intervals of hydrogen uptake by
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inserting a syringe needle t h r o u g h a se rum cap and
withdrawing a p p r o x a 0.22-ml sample fo r GLC and
NMR. Corrections in hydrogen uptake were made fo r
lhe wt of withdrawn samples. Linolenie acid (a.7 g)
was reduced with hydrazinc a t 50C (7,8) NMR arid
GLC .samples were withdrawn a t various time inter-
vals of 0.25, 0.5, 1, 2, 4, 6.3, 12.5 and 15.5 hr. Samples
were acidified with hydrochloric acid, and fa t ty acids
were recovered from the mixtures by ether extrac-
tion. GLC analysis of the fa t ty acids was obtained on
a 4-ft by 1/i-in. glass column packed with 10% diethyl-
ene glyeol succinate plus 1% IIaPO4 on Chromosorb
W and operated a t 190C. A r g o n gas flow (23 ml/min)
and a radium D ionization detector were employed.

Samples fo r N~'IR analysis were dissolved in carbon
tetrachloride (20% W/V) containing a trm.e of te t ra -
mcthylsilane as an in terna l reference. Catalysts when
present were settled out. Spectra were obtained a t a
frequency of 60 me/see with a Varian A-60 NMR
spectrometer. The number of protons involved in eavh
s t ruc tu ra l g r o u p was estimated from areas u n d e r the
appropriate NMR curves as mc,asured by the auto-
matie in tegra to r except fo r the fl-olefinic methyl pro-
tons; ther determination is the subject of a pr ior
communication (3).

Results and Discussion
Figure 1, thc NMR spectrum for methyl linolenate,

also presents the I)eak assignments aud I)roton coullts
associated with the various stmIeturcs of this ester.

Experimental data obtaim',d dur ing the reductions
are shown in Figures 2-5. In these the lmmber o f
(lonble bonds/mole ester, calculated from GLC d a t a ,
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(• ~ - Olefini¢ metkyl protons 0.97 3

O a - Olefini¢ methylene protons* 2.25 6

A Di .a. oleflnk methylene protons 2.80 4

] Olefinic protons ca 5.38 6

V Methoxy protons 3.67 3

O Insulated metkyhoe protnns 1.33 |O
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'Also indndos methylene ad]ecent to ¢arbonyl
iem. 1. NMR spectrum, peak assignments and proton eounts

for methyl l inolenate. Tetramethyls i lane peak at 0 ~ and ben-
zene at 7.4 &
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Pro. 2. Oleflnic protons: NMB~ vs. GI,C. Note, the solid sym-
bols used to designate each catalyst have no relationship to
similar open symbols in Figurc 1.

is plotted on tlm abscissa and protons/mole of ester
are plotted on the ordinate. A theoretical reduction,
represented by a solid Ime in the figures, is t h a t based
upon hydrazine reduction (2,7). This reaction pro-
needs wi thout isomerization a n d bond nfigration and
is nearly nonselective with respect to a t t ack on bonds
at the 9-, 12- a n d 15-positions ; e.g. hydrogenation rate
constants are a p p r o x e q u a l as Shown in Figure 6.

.7~tal unsaturation as determined b y NMR (ordi-
n a t e ) and GLC (abscissa) is given in Figure 2. The
number of olefinic protons is seen to be directly re -
lated to the degree o f uusaturation as determined by
GLC (correlation coe~eient-~-0.992). Also, the num-
ber o f Nefinie protons is directly re la ted to the degree
of unsaturation as determined by hydrogen absorption
(correlation coefficient-4}.989). Statistical calcula-
tions indicate t h a t the mmfl~er of double bonds may be
predicted from N N R data within a ± 0 . 2 4 double bond
unit if 01LC measurements are used and within a
± 0 . 3 0 refit if hydrogen absorption. Such a correlation
was previously demonstrated by Johnson a n d Shoolery
(4) with their more elaborate equipment t h a t gave
nmch h ighe r precision.

fl-Olefinie methyl protons as a function o f degree
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Reductions o f linolenate with pla t inum catalyst and
hydrazine most nearly approach this l ine; reductions
with nickel catalyst closcly follow. As previously
shown b y Seholfield a n d others (7) double bond migra-
tion a n d selectivity are negligiNe with hydraziue re-
duction and are less fo r pla t inum t h a n fo r nickel (5,
6). Sulfur-poisoned nickel shows a much grea te r nega-
five slope t h a n the o t h e r th ree catMysts, thus indicat-
ing significant loss o f 15,16-double bond. Selective
reduction or, more likely, bond migration theories
prov ide al ternat ive explanations.

Di.a-ogefi~nie ~nethylene ~otons are represented by
the "parabol ic" curves in Figure 4. The calculation
of nonselective reduction fo r hydrazine is represented
by the solid l ine. Both hydrazine a n d pla t inum da ta
approach this theoretical curve closely. The curves fo r
nickel and sulfur-poisoned nickel fall off more sharply
than those fo r pla t inum a n d l!ydrazine. Ei ther selec-
tive reduction a t the 12,13-double bond o r a migration
of double bonds to aecomplish the same effect would
seem to account fo r the steeper negative slope o f niekel
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FIG. 5. a-Olefinic methylene protons as a function of catalyst
al~d degree of hydrogenation.
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FIG. 4. Di-a-olefinic methylene protons as a function of

catalyst and degree of hydrogenation,
o f hydrogenation dur ing the reductions are presented
in Figure 3 (3). A solid s t ra igh t line between 3 on
the ord ina te and O on the abscissa indicates the theo-
ret ical nonselective reduction of the ]5,16-double bond,
sm~h as is approximated by hydrazine reduction (2,7).
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Fro. 6. Kinetic rdations d~ring reduction of linolenatc ~nd
proton counts of intermediates.

and sulfur-poisoned nickel since these reactions reduce
the nun lbe r o f di-a-olefinic methylene protons most
rapidly .

a.OIefinic methylene protons as a function of h y d r o -
genation is presented in Figure 5. In arriving a t ~he
p r o t o n counts fo r the a-olefinic methylene structures,
corrections have been made fo r the methylene protons
ad jacen t to the carbonyl g r o u p . These structures are
rouglfiy constant in amt fo r hydrazine and pla t inum
dur ing reduction with the f i r s t mole o f hydrogen ab-
sorption; they fall off to zero a t complete saturation.

The theoretical curve calculated fo r a nonselective
hydrazinc reduction (solid l ine) rises to a s l igh t m a x i -
mum due to t h e 9,15-diene isomer as statistically caL
culated. In Figures 1 and 6 the selective reduction of
the 12,13-double bond yie lds 9,15-octadecadienoate
with a proton c o u n t of 8 fo r the a-olefin s t ruc ture com-
pared to 4 fo r all the o t h e r isomers a n d i so lo~ except
stearate, which is 0. The discrepancy between t h e
hydrazine da t a a n d the theoretical curve appears to be
larger than experimental er ror and a t present is
unexplained.

Figure 5 also presents da t a fo r nickel and sulfur-
poisoned nickel. Apparen t ly the rise in p r o t o n count,
approaching six, fo r these two catalysts a t 1-mole
hydrogen uptake is indicative o f e i the r a ) the migra-
tion o f bonds from the pentadiene s t ruc ture o r b ) the
selective hydrogenation of the 12,13-double bond and
relat ive unreactivity of the resu l t an t 9,15dsomer.

In suppor t o f the migration o f bonds theory, we
have shewn previously (5,6) that p la t inum has low
linolenate selectivity, low nfigration, and low trans
isomerization characteristics fo r double bonds- -near ly
as low as t h a t fo r hydrazine-~whereas nickel has a
much h ighe r linohmate selectivity, g rea te r bond mi-
gra t ion and more trans isomerization. Linolenate
selectbdty, as previously defined, refers to the ratio
o f hydrogenation ra te constants fo r linolenate a n d

linoleate o r the selectivity coefficient (K = K~, ) (2).
KLo

Further , in unpublished work the sulfur-poisoned
nickel showed high lin01enate selectivity (3.0) and
high t ~ n s ( 9 5 % ) ; in fac t it had llhe hi~hest selectivity
ratio observed so far in this laboratory a n d the grea t -
est ac t iv i ty in causing migration o f bonds. These
previously observed characteristics are in accord with
observations made here o f high a-olefinie methylene
protons fo r the nickel, particularly fo r the snlfur~
poisone~ nickel catalyst.

To i l lustrate the effect o f migration by one double
bond in linolenate, Figure 7 w ~ prepared . It shows
the change;s in p r o t o n count fo r fl-olefiuic methyls,
a-olefinic methylenes, and di-a-olefinic methylenes fo r
the resu l t an t six isomers. Fo r example, migration o f
the 15,16-double bond eliminates its corresponding
signal. Wi th no visible doublet between 1.45-1.88

Isomeric Trienes*

8,,2.. ( ® @ & )
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*Assuming one bond only migration

X Conlugated double bond

0 B - Olefinic methyl protons

O a - Olefinic methylene protons

Di -a - olefiaic methylene protons

Humerals contained in symbol indicate proton count
FIe. 7. Proton counts for linolenate :isomers wi~h one bond

migration. (In addition,the 9,12,16~triene would show a olefinic
methyl protons.)
ppm, probably no a-olefinic methyl protons are present
and nfigration o f double bonds to the 16,17-position
must be s m a l l Wi th migration o f the 9,10-, 12,I3- o r
15,16-double bonds the proton c o u n t fo r a-olefinic
methylenes can range from 4-8 and di-a-olefinic meth-
ylenes from 0-2.

An alternative explanation to the bond migration
hypothesis a fo r increase in a-olefinic methylene pro-
tons is the selective formation and low reduction
rate o f the 9,15.diene compared to the 9,12- and
12,15dsomers, hypothesis ft. Fo r hydrazine reduction,
ra tes of formation of d iene isomers kl,ke,ks arc a p p r o x
e q u a l as are their reduction rates k4,k.~,k6 (8). Fo r
pla t inum and even more so fo r the nickel catalysts, the
ra te o f formation of the 9,15- isomer (k:~) is g rea te r
than fo r tile o t h e r two diene isomers; fur ther , the
ra te of its reduction (k6) is smaller than fo r the o t h e r
isomers (k~ a n d k.~) (1). Consequently, the 9,15dso-
mer accumulates in the reaction mixture fo r nickel
catalysts and results in the observed increase of the
a-olefinic methylene protons in the mixture.

It is tempt ing to postulate t h a t hypotheis a, i.e., bond
migrat ion, explains the early rapid rise in a-o]efinic
methylene protons o f Figure 5 fo r the sulfur-poisoned
nickel catalyst a n d t h a t hypothesis fl, o r selective for-
mation and re ta rded reduction, explains the slower
rise fo r the unpoisoned nickel catalyst.
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