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Abstract 
Iron pentacarbonyl is an effective homogeneous 

catalyst for the reduction of polyunsaturated fats. 
Hydrogenation of soybean oil and its methyl 
esters has been achieved at 180C, hydrogen pres- 
sures of 100-1,000 psi, and 0.05-0.5 molar concen- 
trations of catalyst. Analyses of partially reduced 
products show considerable isomerization of dou- 
ble bonds, reduction of linolenate and linoleate 
with little or no increase in stearate, and aecunm- 
lation of cis, trans- and trans,trans-eonjugated 
dienes, and isolated tra~ts monoenes. The unre- 
duced trienes include diene conjugated fatty 
esters. The noneonjugated dienes contain large 
amounts of trans and nonalkali conjugatable un- 
saturation. Considerable scattering of double 
bonds is evident in different fractions between the 
C4 and C~6 positions. Complex formation between 
iron earbonyl and unsaturated fats is also indi- 
cated. 

The course of the homogeneous hydrogenation 
catalyzed by iron pentacarbonyl appears similar 
to the heterogeneous catalytic reaction. Metal 
carbonyls are well known for their isomerizing 
effects and their ability to form stable complexes 
with olefins. These homogeneous complexes pro- 
vide suitable model systems to study the mecha- 
nism of catalytic hydrogenation of fats. 

Introduction 

S TUDIES IN homogeneous catalytic hydrogenation 
with soluble ions or organic complexes of transi- 

tion metals have generated considerable interest re- 
cently in elucidating the mechanism of heterogeneous 
catalysis (10,11,12,36). Greater selectivity also may 
be possible with certain homogeneous catalysts. For 
example, the selective reduction of sorbic acid (2,4- 
hexadienoie acid) was achieved by using pentaey- 
anocobaltate (II) as catalyst under homogeneous con- 
ditions (8,19). With this catalyst the selective for- 
mation was obtained of 82% 2-hexenoie acid in aqueous 
solution and 93% in methanolie solution (21). Ho- 
mogeneous catalytic hydrogenation, however, has been 
achieved in relatively few polyunsaturated compounds 
(13,19). 

Metal carbonyls have received considerable atten- 
tion recently because of their use in the hydroformyla- 
tion (oxo) reaction and particularly their role in 
elucidating the chemistry of organometallic com- 
pounds. Several reviews have appeared on the struc- 
ture of metal carbonyls and of olefin-metal carbonyl 
complexes (3,5,24). Homogeneous reactions catalyzed 
by metal earbonyls have been reviewed by Wender 
and Sternberg (36), but relatively little has been re- 
ported about these catalysts in homogeneous hydro- 
genation in the absence of carbon monoxide. This 
group of workers (32) recently found that cobalt and 
manganese carbonyls catalyze the hydrogenation of 
1-octene at 80 150C and hydrogen pressures of 3,000- 
3,500 psi. With cobalt carbonyl, some nonyl alcohol 

1 Presented  at  the AOCS Meeting, At lanta ,  1963. 
z A labora tory  of the No. Uti l iz .  Ros. & Dev. Div.,  AI~S, U S D A .  
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was formed as a result of the hydroformylation reac- 
tion. 

Waterman (34) reported the "homogeneous" hy- 
drogenation of ethyl linoleate and linseed oil by means 
of nickel carbonyl at 50C and atmospherie pressure 
hydrogen. However, the catalyst was first decom- 
posed at 120-145C in nitrogen to colloidal niekel. 
The slow accumulation of saturated fatty acids was 
taken as evidenee of high selectivity. More recently, 
Hashimoto and Shiina (14) reported the hydrogena- 
tion of soybean oil with iron pentacarbonyl. At 180C 
and hydrogen pressure of 280 psi, the reaction was 
sluggish and the iodine value (I.V.) was not reduced 
below 100. However, when the catalyzed reaction 
mixture was first heated in nitrogen at 180-200C for 
1 hr then cooled and the nitrogen replaced with hydro- 
gen, subsequent hydrogenation at 180C and 280 psi 
proceeded smoothly and the I.V. was reduced to 40. 
The reduced product had measurable amounts of 
conjugation. Later, the same workers (15) obtained 
up to 30% conjugated dienes (cis,trans and trans, 
trans) and noneonjugated trans unsaturation by heat- 
ing soybean oil and methyl linoleate with iron penta- 
earbonyl at 180-200C under nitrogen. 

Research has been initiated at this Laboratory to 
survey potential fat-soluble organometallie complexes 
that ulay act as selective homogeneous hydrogenation 
catalysts for soybean oil. Metal carbonyls constitute 
a readily available source of fat-soluble transition 
metals that complex with various olefins, and catalyze 
reactions at the double bond. Because reactions cata- 
lyzed by metal surfaces are also catalyzed by metal 
carbonyls (33), our understanding of heterogeneous 
catalytic hydrogenation of fats may be improved by 
studies with these soluble catalysts. 

In both studies of Waterman (34) and Hashimoto 
and Shiina (14) the extent of hydrogenation of oils 
was followed by I.V. determinations. This measure is 
in doubt since the decrease in I.V. may well be largely 
contributed by the conjugation and isomerization of 
the unsaturation in the oils. Therefore, the homogene- 
ous hydrogenation of unsaturated fats with iron 
pentacarbonyl was investigated in detail ; the products 
were analyzed by GLC, UV, and IR spectroscopy, 
countercurrent distribution, TLC, and oxidative cleav- 
age. This paper deals with the reduction of soybean 
oil and its methyl esters. Reduction with manganese 
and cobalt carbonyls will be reported subsequently. 

Experimental 
Materials. The soybean oil was commercially re- 

fined and bleached, and laboratory deodorized. The 
methyl esters were obtained by transesterification of 
the oil with potassium methoxide and distilled from 
a Claisen flask under vacuum. The I.V. by hydrogen 
absorption (23) was 135. 

Hydrogenation. Soybean oil and methyl esters were 
hydrogenated in either a 100-ml high-pressure rocking 
stainless steel autoclave, or in a 500-ml Magna-Dash 
autoclave. Low pressure hydrogenations were con- 
ducted in a heavy glass bottle of a Parr  laboratory 
shaking apparatus. The hydrogenated products were 
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T A B L E  I 
Hydrogena t ion  of Soybean Oil a wi th  I r o n  Pen taea rbony l  (180C, 0.5 ~Iole Catalyst)  

R u n  No, 

1 ............................................................. 
2 ............................................................. 
3 ............................................................. 
4 ............................................................ 
5 ............................................................ 
6 ............................................................. 
7 ............................................................. 

Hydrogen  
pressure 

psi 

50 
100 
100 
100 
3 5 0  

400 + 1000 
120 

Time 
hr  

3 
2 

I-~I c 
l ( N e )  q -1  c 

l q - 2  e 
I + 2  ~ 

2 

B o m b  

P a r r  
Rocker 
Rocker  
Rocker  
Rocker  
Rocker 
Magna- 

Dash 

J )  ecrease 

I.V. 
( t a l c )  }) Tr iene  n i c h e  

T / - ~ T - - . 7  - -1 .T~ 
118 7.4 17.0 
118 I 7.2 20.6 
121 7.7 18.9 
107 6.3 27.5 

90 9.2 33.2 
91 9.2 36.5 

Increase  

~[onoene q- 
sa tura tes  

0.3 
6.1 
6.0 
3.4 

16.1 
28.4 
83.5 

Con.]. 
diene 

a 233 ,n~ 

0.9 
18.0 
19.8 
18.4 
17.3 
11.6 
13.6 

~'ra n,~' 
( as 

elaidate)  % 

0 
13.7 
15.0 
12.8 
18.6 
32.7 
34.8 

a Compositiort ( G L C ) ,  % :  Pa lmi ta te  11.0, s tearate  3.6, oleate 25.8, l inoleate 50.5, l inolenate  9.2;  I .V . :  135. 
b Calculated from GLC composition. Inc ludes  conjugated  dienes. 
c I n t e r r u p t e d  runs .  Example  R u n  3:  react  1 hr, cool to room temp, release pressure,  recharge wi th  hydrogen,  and react  another  hr. 

dissolved in petroleum ether and washed 3-4 times 
successively, first with dilute HC1 (2:1), then with 
dilute KOH (10%), and finally with distilled water 
until the washings were neutral. After drying over 
sodium sulfate and removal of solvent, the products 
were deep yellow. The reduced soybean oils were 
converted to methyl esters before analyzing by the 
transmethylation procedure of Luddy et al. (20). The 
reduced methyl esters were analyzed either directly 
after washing, or after vacuum distillation through a 
short Vigreaux colunm. Clear methyl esters were 
distilled at 120-140C/0.02 mm Hg in 90% yield, and 
a deep reddish-brown residue was left. 

Analyses by GLC were carried out with a Hy-Fi  
flame ionization Aerograph and a 4 ft  x 1/~ in. column 
packed with Chromosorb W, 60-80 mesh, coated with 
15% diethylene glycol suceinate. Optimum separa- 
tions were obtained at 170-175C and nitrogen flow 
rate of 30.40 ml/min. Peak-area measurements were 
made by triangulation. 

IR and UV spectrophotometric analyses of geo- 
metric and conjugated isomers were made by pro- 
cedures described previously (29). The presence of 
iron earbonyt in the reduced products was detected 
by IR measurements in the 5 ~ region (carbonyl 
stretching) with CC14 solutions. UV analyses of 
alkali-isonlerized acids (45-rain heating) were made 
by the procedure of Brice et al. (4). 

Countereurrent distribution (CCD) between ~- 
hexane and acetonitrile was used to fraetionate fat ty 
methyl esters according to degree of unsaturation 
(30). hIdividual fractions were monitored by GLC 
and TLC. Fractions were then combined into nmno- 
enes, dienes, and trienes for further analyses, TLC 
was carried out on glass plates coated with silica gel 
G and silver nitrate according to the procedure of 
Barrett  et al. (2). The developing solvent used, how- 
ever, was pure benzene and the spots were detected 
by charring with sulfuric acid. 

Alkali-conjugated fatty methyl esters were pre- 
pared to serve as identification standards. Methyl 
linoleate was isomerized by the procedure of Kass and 
Burr  (17) and linseed oil by a similar procedure ex- 
cept that the heating was done at 165C for only 30 

rain to minimize eyclization (26). The conjugated 
soaps were converted to methyl esters (methanol- 
sulfuric acid) and fraetionated by CCD (hexane- 
acetoaitrile). The diene fraction from alkali-conju- 
gated linoleate had an absorptivity at 230 m~ of 105.2 
and the triene fraction of alkali conjugated linseed 
oil, an absorptivity at 233 nIt~ of 66.4 and at 268 Int~ 
of 59.2. 

Permanganate-pcriodate oxidation was used to de- 
termine double bond position according to the proce- 
dure of Jones and Stolp (16), except that the cleavage 
acid products were transmethylated and analyzed by 
GLC with programmed tenlperature. 

Results 
Iron pentacarbonyl catalyzed the hydrogenation of 

soybean oil at 180C and hydrogen pressures of 100- 
1,000 psi. No reduction occurred at 50 psi or less 
(Table I).  When some reactions were interrupted to 
remove any inhibiting carbon monoxide formed by 
decomposition of iron carbonyl, the extent of hydro- 
genation was not greater than equivalent continuous 
runs. Adequate agitation was necessary as evidenced 
by the greater reaction observed in the Magna-Dash 
bomb than in the rocking autoclave. Although the 
reaction occurs under homogeneous conditions, ef- 
ficient diffusion of the hydrogen gas through the 
reaction mixture is necessary for effective hydrogena- 
tion. 

Analyses of the hydrogenated products by GLC 
show relatively high reduction of triene and diene. 
The change in monoene and saturates is reported to- 
gether in one colmnn because of the poor separation 
of these components by GLC, but the observed in- 
creased appears almost entirely due to the monoene. 
The reduced products are characterized by high con- 
centrations of conjugated dienes (cis,trans and trans, 
trans) and tra ns unsaturation. 

Soybean oil methyl esters were hydrogenated at 
different concentrations of iron pentaearbonyl in the 
presence or absence of cyclohexane as solvent. Table 
II  shows a small increase in hydrogenation at higher 
concentrations of catalyst. The hydrogenation was 
considerable in the presence of eyelohexane as solvent, 

T A B L E  I I  

Hydrogena t ion  of Soybean Oil Methyl Esters~ wi th  I r o n  Pen taca rbonyl  (180C)  

R u n  No. mole P psi L 
Hvdrogen  Time 

y Catalyst  ressure  hr  

8 .............................................. 0.5 125 2 
9 ............................................. I 0.1 } 125 1 1 

10 .............................................. 0.05 c 3104 1 
11 .............................................. 0.1r 310'1 / 1 
]2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0 .2 ,  ] 390 (' [ 1 

Bomb 

Rocker 
~ a g n a - D a s h  
Magna-Dash  
Magna-Dash  
l~agna-Dash 

(talc.  b) 

116 
116 
109 
103 

94 

De(rca~el " Monoene 4- diene T r a n s  
Increase  Conj. (as 

Tr iene I Diene 1 elaidate)  sa tura tes  a233 m/J, % % % % 

- T ~ 3 - - , ~  62 ~ 8 . V -  14.----~ 
4.8 21.2 9.6 12.6 17.6 

9.5 19.2 18.4 16.6 
9.5 I 28.5 J 27.8 23.1 

'~ Composit ion ( G L C ) ,  % :  Pa lmi ta t e  10.4, s teara te  3.7, oleate 26.7, l inoleate  50.4, l inolenate  9.5;  I .V. :  135. 
i) Calculated f r o m  GLC composition. Inc ludes  conjugated  dienes. 

In  solution in cyclohexane ( 4 0 %  w / w ) .  
a I n i t i a l  p res su re :  100 psi.  
" I n i t i a l  p res su re :  125 psi. 
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FIG. 1. IR spectra of CA) iron earbonyl reduced soybean oil 
esters, (B) iron pentaearbonyl, and a mixture of A and B. 

probably  because of lower viscosity, bet ter  agitation, 
and diffusion of hydrogen gas through the reaction 
mixture.  The hydrogenated soybean oil methyl  esters 
are similar in gross composition to the hydrogenated 
soybean oils al though the concentration of conjugated 
diene is somewhat lower. With  both soybean oil and 
methyl  esters the trans uusatura t ion is generally in- 
creased in proport ion to the level of hydrogenation.  
The conjugated diene, on the other hand, appears  to 
reach a maxinmm (absorpt ivi ty  at 233 m~, 18-20) and 
then decreases at lower I.V. 

The relation between the increase in monoene and 
saturates  and the decrease in trienes and dienes is not 
a simple one. Trienes and dienes are both conjugated 
and hydrogenated.  Fur thermore ,  the trienes may  be 
hydrogenated successively to dienes and monoenes or 

700[ I "Monoene". I 

! .~. 

600I '*1 --*--Weight 
..... o,.- -Steorate 

500 i  ----~----Palmitate ---,~-Monoene 
- - - §  Oiene 

. . . . . . . . . .  Conjugated Diene 
. . . . . . . . . . .  w..,-..,...Diene Conjugated Triene 

~ 400~- ..... ~--.-rriene 

~r 30() 

 oO, oo 

250 300 3S0 

Diane i 

c\ 

. . . . . .  '. 

400 450 500 550 600 
Transfer Number 

FIG. 2. CCD of  i ron  e a r b o n y l - r e d u e e d  s o y b e a n  oil m e t h y l  
es te rs  ( n - h e x a n e - a e e t o n i t r i l e ) ,  I .V.  116. 

i 
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FIG. 3. GLC of iron earbony]-reduced soybean oil methyl 
esters and corresponding CCD fractions. 

direct ly to monoene. GLC analyses are also compli- 
cated by the format ion of a complex between polyun- 
sa tura ted  f a t t y  esters and iron pentaearbonyl  as in- 
dicated later. 

Hydrogena ted  products  were deep yellow even af ter  
removal of the catalyst  by washing with dilute acid 
and alkali. The yellow color was associated with two 
strong absorption bands in the I R  at 4.88 and 5.05 
in the carbonyl stretching region. These bands are 
not due to any free residual iron pentacarbonyl ,  which 
absorbs at 4.91 and 4.97/~ (31) as shown in F igure  1. 
The iron carbonyl material  responsible for  the absorp- 
tion at 4.88 and 5.05 u is soluble in organic solvents 
and nonvolatile. Efficient ni trogen s t r ipping of the 
hydrogenated oils at 180C under  vacuum did not de- 
crease these earbonyl  absorption bands. The iron 
carbonyl mater ial  also remains in the residue af ter  
vacuum distillation of the hydrogenated methyl  esters. 
A distillation residue was chromatographed on an 
alumina column, and a deep yellow band was isolated 
by elution with n-hexane. The yellow mater ial  ob- 
tained in 75% yield gave the characteristic carbonyl  
absorption at 4.88 and 5.05 u. Addit ional  bands for  
CH (3.4-3.5 u), ester carbonyl  (5.7 u), methyl-methyl-  
ene (6.8-7.25 u), ester (8.5 ~), and trr  unsatura t ion 
(10.15 and 10.35 ~) indicate that  an unsatura ted  fa t ty  
ester is associated with the iron carbonyl material .  
Since this material  did not emerge f rom a GLC col- 
umn, the presence of any noncomplexed f a t t y  ester 
is ruled out. Therefore,  a relat ively stable molecular 
conIplex between iron earbonyl and unsa tura ted  f a t ty  
esters is indicated. 

Selected iron earbonyl-hydrogenated soybean oil 
and methyl  esters were analyzed in more detail a f te r  
eountereurrent  separat ion into monoene, diene, and 
triene fractions. F igure  2 shows the weight-composi- 
tion curves for a nondistilled sample of reduced soy- 
bean oil methyl  esters ( run  9, Table I I ) .  F igure  3 
gives the GLC separat ions of the origiiml reduced 
esters and of the combined CCD fractions. Stearate 
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Monoenes Standards Dienes 

V Jv ~ ~ FOI El Conj. '~F ~ 
Transfer No. Lo OI Lo 9,15 Transfer No. 

Solvent Front .~ 290 3 0 330 350 Ln Diene 370 390 410 430 450 

(:,niugnin$ I)ienes--ti.- :]: ::.3 (2 . 1'~ f l  ~ ~ /+~ FI 

i0 
Trienes ~ 

FzO. 4. TLC of CCD men| and diene fractions of ~ron 
carbonyl-reduced soybean oil methyl esters (O1: oleate, Lo: 
linoleate, Ln: linolenate, El: elaidate). 

and palmitate arc distributed in the "monoene" peak 
and conjugated dienes in the diene and triene peaks. 
The UV-absorbing conjugated diene in the triene peak 
has the same GLC and TLC retention as the diene 
conjugated t r iunsatura ted  fa t ty  acids obtained by 
CCD from alkali-conjugated linseed oil. This evi- 
dence, together with the IR absorption observed at 
]0.35/ ,  for an isolated trans configuration, indicates a 
triene consisting of a conjugated diene and a third 
isolated double bond. The triene CCD fraction was 
yellow and showed bands at 4.88 and 5.05 ~, which 
indicates the presence of the iron earbonyl-unsaturated 
fat  complex. This complex can, therefore, be purified 
by CCD and this approach has been used to isolate it 
from iron carbonyl-hydrogenated methyl linoleate. 
Fur the r  characterization of the complex will be re- 
ported elsewhere. 

Figures 4 and 5 present analyses of individual CCD 
fractions by TLC. The monoenes show three compo- 
nents, two of which correspond to methyl oleate and 
elaidate (sample 6). The dienes give spots correspond- 
ing to alkali-conjugated diene (sample 7), linoleate, 
and a slower moving component with retention similar 
to 9,15-diene [(sample 8) : f rom hydrazine-reduced 
linolenate (28)] .  The triene fractions in Figure  5 are 
most complex and include components corresponding 
to alkali-conjugated diene, eleostearate, linolenate, 
diene-conjugated triene (sample 7; alkali-conjugated 
linseed oil), several intermediate spots, and polar 
material  at the origin. 

Table I I I  summarizes analyses of CCD fractions 
from three runs of hydrogenated soybean oil methyl 
esters and one run of hydrogenated oil af ter  trans- 
methylation. Fa i r  agreement was obtained in the 
monoene concentrations as determined by CCD and 
GLC. The analyses of the diene and triene fractions 
by GLC are not reliable in the nondistilled samples. 
The diene fractions contain substantial amounts of 
conjugated dienes which on GLC are par t ly  resolved 
into three components with considerable tailing (Fig. 
3). Er rors  in the GLC analyses of the trienes arise 
f rom the poor separation between triene and conju- 
gated dienes and the omission of conjugated trienes. 
The triene fract ion from nondistilled samples shows 
by IR the presence of an iron carbonyl-fat complex 
(which is nonvolatile and does not analyze by GLC),  
accounting for the higher triene concentration ob- 
tained by CCD than by GLC. The presence of non- 
volatile iron carbonyl-fat  complex in these triene frac- 
tions is also indicated by the necessity of using about 

Solvent Front 

Conjugated Dienes~m. 
nnd Trienes 

Dienes ( 

Trienes ( J  

Origin 

Trienes Studards T~ienes 

( 2~. ~(0| Cae[ngated Methyl ~ 
Transfer No. Lo Linseed Eleostearate Transfer No. 

470 490 510 540 Lu Lo Oil (~- ,8- 550 560 570 600 

@ @ | | �9 . . �9 �9 | | | | 
1 2 3 4 S 6 7 8 9 10 I1 12 13 

Fro. 5. TLC of CCD triene fractions of iron carbonyl-redueed 
methyl esters (Abbreviations: same as in Fig. 4). 

twice as much sample injection as the other fractions 
to obtain the same total peak area. These GLC chroma- 
tograms were fur ther  complicated by the appearance 
of volatile decomposition products near the injection 
point. 

UV analyses for  conjugation before and after  alkali 
isomerization give the amount  of conjugatable dienes 
and trieues, which is a measure of 1,4-diunsaturation. 
In the more highly hydrogenated samples (Table I I I )  
the unconjugated dienes are largely noneonjugatable 
by alkali and contain substantial isolated trans un- 
saturation. The double bonds are therefore separated 
by several methylene groups. A colloidal black filter- 
able precipitate identified as iron was formed af ter  
alkali conjugation of the triene fractions from nondis- 
tilled ~mples.  Apparent ly ,  the iron carbonyl-fat  com- 
plex in these fractions is decomposed by the alkali- 
conjugation treatments. IR analyses show trans con- 
figuration in the monoenes; and for the dienes and 
trienes, noneonjugated trans unsaturat ion (10.35 /,), 
cis,trans (10.2 and 10.55 /,), and trans,tra~s conju- 
gated unsaturat ion (10.15 t*). Tra~ts,trans conjugation 
can be estimated f rom the ratios alo.2,/alo.6,, pure 
methyl 9-cis,ll-trans oetadeeadienoate having a ratio 
of 1.198 (7). 

Figures 6 and 7 show the dibasic acid analyses of 
CCD fractions from two soybean oil samples, one 
hydrogenated as the methyl esters and the other hy- 
drogenated as the triglycerides. Considerable scatter- 
ing of double bonds is evident in the monoene frac- 
tions between the C6 and C16 positions. Most of the 
double bonds formed between the C9 and C~2 positions 
must have come f rom the original C9 and C~ positions 
in linoleate and linolenate. The double bonds in the 
diene and triene fractions show less scattering. The 
picture is complicated, however, by the presence of 
internal  dibasic acids derived from cleavage between 
two double bonds. I f  one assumes that  the dibasic 
acids shorter than seven carbons are internal  (27), the 
distribution of double bonds around the original C9 
position is skewed toward the Clo and Cu positions. 
These data pertain only to the double bond on the 
carboxyl end of the molecules. The double bond posi- 
tions on the hydrocarbon end are reflected by the 
men| acid cleavage products  which are not re- 
covered quanti tat ively by the procedure used, es- 
pecially the acids lower than C6. Among the higher 
men| acids, those in the C7 to C9 range predomi- 
nate in the men| in agreement with the dibasic 
acid analyses. In the dienes and trienes, the C~ to Cs 
men| acids corresponding to the C~o to C~o double 



190 VOL. 41 THE JOURNAL O F  T H E  / ~ M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  

T A B L E  I I I  

Analysis of C C D  F r a c t i o n s - - I r o n  C a r b o n y l - R e d u c e d  S o y b e a n  O i l  a n d  M e t h y l  E s t e r s  

A n a l y s i s  

W e i g h t  % 
C C D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G L C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G L C  analysis 
S a t .  (C~6, C~s, Ceo) . . . . . . . . . . . . . . . . . . . . . . . . . .  
M o n o e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o n j u g a t e d  d i e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U V  analysis 
a2aa In~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a~o8 lnp, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A f t e r  a l k a l i  i s o m e r i z a t i o n  
a233 In~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a2(t7 n l ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I R  analysis 
Trans a s  e l a i d a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
alo.2 ~t/al0.6 U b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R u n  9 (undistilled, 
I . V .  1 1 6  

Monoenel D i e n e  T r i e n e a  
B 

5 6 . 5  3 4 . 8  8 .7  
5 2 . 5  ( 4 2 . 8 )  ( 4 . 7 )  

2 8 . 3  . . . . . . . . . . . .  
6 8 . 6  ( 1 . 7 )  

32 ~E~ (2.0) 
. . . . . .  ( 3 1 . 9 )  ( 7 7 . 1 )  
. . . . . . . . . . . .  ( 1 9 . 3 )  

. . . . . .  2 3 . 8  3 5 . 9  

. . . . . . . . . . . .  l l . O  

8 1 . 7  6 3 . 5  
1 5 . 5  

2 3 . 1  1 2 . 2  8 .9  
. . . . . .  1 . 7 9  5 . 2 2  

R u n  11  ( u n d i s t i l l e d ,  
I . V .  1 0 3  

Monoene D i e n e  

5 9 . 1  3 2 . 6  
6 1 . 7  ( 3 8 . 3 )  

2 8 . 4  . . . . . .  
7 0 . 4  
1.2 s~:~ 

. . . . . .  ( 1 3 . 8 )  

. . . . . .  1 3 . 9  

. . . . . .  7 4 . 7  

2 2 . 9  1 0 . 6  
2 . 0 9  

R u n  12  ( d i s t i l l e d ,  R u n  7 ( d i s t i l l e d ,  
I . V .  9 4 )  I . V .  9 1 )  

T r i e n e  a M o n o e n e  D i e n e  T r i e n e  M o n o e n e  I D i e n e  T r i e n e  

08.3 7 5 . 0  2 3 . 5  ~ .5  8 5 . 3  1 3 . 7  1 .0  
7 4 . 1  ( 2 5 . 9 )  8 0 . 2  ( 1 9 . 8 )  0 

2 7 . 3  . . . . . .  
(~:~) 70.7 ~:~ "~:~ ...... 
( 1 . 0 )  1.O 7 4 : 5  6 9 . 9  3 4 . 8  . . . . . .  

( 5 4 . 7 )  1 . 0  ( 2 5 . 5 )  (25~ '6)  2 . 7  ( 6 2 . 3 )  . . . . . .  
( 4 3 . 3 )  . . . . . . . . . . . .  ( 7 4 . 4 )  0 . 9  2 . 3 ?  . . . . . .  

3 0 . 2  2 2 . 0  1 4 . 2  . . . . . .  5 1 . 2  2 1 . 1  
6 .5  . . . . . .  1 0 . 7  . . . . . .  7 .3  

5 7 . 3  7 8 . 5  1 9 . 8  6 5 . 8  2 6 . 5  
9 .0  7 .9  . . . . . .  ~ 7 . 7  . . . . . .  

53 304 i~:~ 8.8 448 25.7 12.63 
7 . 1 9  ...... 2.20 3.46 2.42 3.2 

a V a l u e s  i n  p a r e n t h e s e s  a r e  e s t i m a t e d .  S t r o n g  a b s o r p t i o n  a t  4 . 9  /L a n d  5 . 0 5  ~.  
b p u r e  9-cis,ll-trans m e t h y l  octadecadienoate has a ratio a l o . ~ / a l o . s  u of  1 . 1 9 8  ( 7 ) .  

bond positions predominate.  Double bonds in the 
C13 to C17 end of the molecule are not taken into ac- 
count in these analyses. 

D i s c u s s i o n  

Reduction, isomerization, and migrat ion of double 
bonds in soybean oil and methyl  esters are effectively 
catalyzed by iron pentaearbonyl.  Isomerization of lino- 
lenate and linoleate to conjugated dienes appears  to be 
an impor tan t  step in the reaction. The nonconjugated 
dienes include large amounts of trans unsatura t ion and 
double bonds separated by more than one methylene 
group. The trienes and dienes are predominant ly  re- 
duced to monoenes as evidenced by the negligible 
increase in saturates  and by the large accumulat ion 
of trans monoenes. 

I R  analyses of the hydrogenated products  show evi- 
dence of complex format ion between iron earbonyl 
and unsatura ted  fats. The absorption bands of iron 
pentaearbonyl  in the carbonyl  s tretching region at  
4.91 and 4.97 ~ are shifted to 4.88 and 5.05 ~ af ter  
hydrogenation.  The la t ter  I R  bands are identical to 
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Carbon Atoms in Dibasic Acids 

]PIG.  6 .  D i b a s i c  a e i d s  f r o m  C C D  f r a c t i o n s  o f  i r o n  c a r b o n y l -  

r e d u c e d  s o y b e a n  o i l  m e t h y l  e s t e r s  ( R u n  9 ,  T a b l e  I I ) .  

those reported for 1,3-pentadiene-iron t r iearbonyl  and 
isoprene-iron t r icarbonyl  (18,22). These stable com- 
plexes are prepared  by heating under  ni trogen the 
dienes with t r i i ron dodecacarbonyl or iron penta- 
carbonyl. 

The active catalytic intermediates in the hydrogena-  
tion reaction may be iron carbonyl hydrides,  which are 
known to isomerize and reduce olefinic double bonds 
(33,35,37). The mechanism of these reactions would 
be similar to that  advanced for the hydroformyla t ion  
reaction (33) involving the format ion of an olefin- 
metal  hydrocarbonyl  complex catalyzing the t ransfer  
of hydrogen. This process may  be analogous to the 
hydrogen t ransfer  occurring on metal  surfaces in 
heterogeneous catalysis (33). Fu r the r  s tudy of iron 
carbonyl-fat  complexes would thus facil i tate basic 
studies of fa t  hydrogenation.  

The fai lure of unsa tura ted  fats  to hydrogenate  with 
iron carbonyl at hydrogen pressures below 100 psi 
indicates that  the format ion of the active intermediate 
iron hydrocarbonyl  may require higher hydrogen pres- 
sures. Alternatively,  the carbon monoxide formed 
f rom the decomposition of iron carbonyl may  compete 
with hydrogen at low pressures. Hydrogenat ion  is 
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FIG. 7. Dibas ic  acids  f r om CCD f rac t ions  of i ron earbonyl-  
reduced soybean  oil ( R u n  7, Table  I ) .  
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not accelerated by interrupting the reaction to release 
any carbon monoxide formed. This result does not 
agree with those of Hashimoto and Shiina (14) and 
indicates that carbon monoxide does not inhibit the 
homogeneous hydrogenation catalyzed by iron car- 
bonyl. By analogy, the failure of sulfur compounds to 
act as poisons has been used as evidence that the cata- 
lytic reactions of metal carbonyls (37) and platinum 
salts (25) are homogenous. 

The reduced fat products fronl the homogeneous 
hydrogenation catalyzed by iron pentaearbonyl are 
similar to those of heterogeneous hydrogenation. 
Therefore, the course of these two catalytic reactions 
may be similar. Metal carbonyls are well known for 
their ability to form complexes with conjugated dienes 
(3) and uneonjugated dienes in which the ligand be- 
comes conjugated (18). The findings of Hashimoto 
and Shiina (15), that iron pentacarbonyl acts as an 
isomerization catalyst to conjugate unsaturated fats 
in inert atmosphere, has been confirmed in this lab- 
oratory. This evidence suggests that eonjugation may 
be a requirement for the homogeneous catalytic hydro- 
genation reaction. There is nlueh evidence to indicate 
that conjugated unsaturated systems are required for 
homogeneous hydrogenation (8,13,19,21). Therefore, 
a catalyst that isomerizes fats and also activates hy- 
drogen should be one of the best ways to achieve homo- 
geneous hydrogenation. Conjugation may also be an 
important process in heterogeneous catalytic hydro- 
genation of fats. The formation of conjugated inter- 
mediates during heterogeneous hydrogenation of fats 
has been demonstrated and suggested previously (1, 
6,9,35). The greater susceptibility of these conjugated 
forms to hydrogenation and isomerization into un- 
conjugated isomeric forms would account for their 
limited accumulation in hydrogenated fats. 

A C K N O W L E D G M E N T  
I ron  pentacarbonyl  from An ta r a  Chemcals, General  Aniline and  :Film 

Corporation. 
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New Nonionic Detergents Derived from Epoxidized Oils 
K. L. JOHNSON, Swift & Company, Research Laboratories, Chicago, Illinois 

Abstract 
A new class of nonionie detergents derived 

from epoxidized oils having an oxirane oxygen 
content of 6-10% is discussed. Their tool wt and 
mieellar wt distributions, as studied in the 
ultracentrifuge, are presented and cited as par- 
tial explanations for their unique properties as 
compared to conventional nonionic detergents 
such as ethoxylated alky] phenols. Critical mi- 
eelle concentrations (CMC) determined by light 
scattering data are presented. 

Discussion 

T HE M I C E L L A R  structure and detersive ability for 
two families of derivatives are studied as a 

function of the weight percent of the polyoxyethylene 
hydrophil. The evaluation of these materials as 
emulsifiers, detergents, and lubricants is presented, 
with some theoretical reasons for their performance. 
Surface tension, foaming, and wetting characteristics 
are also given a comparative evaluation, and some 
second generation derivatives are briefly discussed. 

The unique behavior of these materials as foaming 
agents, effects on surface tension, broad utility as 

* Presented a t  the AOGS Meeting, New Orleans, La. 

enlulsifiers, and unusual performance in scattering 
light, are explained by their broad distribution of 
molecular weight as verified by the ultracentrifuge. 
The broader distribution of mol wt is, however, 
not the whole story. The magnitude of the tool wt, 
being from 4-10 times as great as the materials cur- 
rently available in this area, undoubtedly affects 
their properties. Perhaps these materials will do 
more efficient jobs in applications where the present 
nonionic detergents perform poorly. 

During the past decade, the growth of the plastics 
industry and its attendant technology have resulted 
in the commercial production of a great many new 
materials, i t  is inevitable that the availability of 
such materials results in their application to other 
areas, e.g., the introduction of epoxidized unsaturated 
vegetable oils and their derivatives. These materials, 
designed primarily as combination plasticizer-stabi- 
lizers in plastic fihns and coatings, have made com- 
mercially available polyfunctional chemicals from 
which the organic chemist can fashion unique new 
molecules for a variety of applications. 

Chemistry 
The polyfunctionality of these materials and the 

wide spectrum of reactions that they may undergo 


