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tiated by AIBN with vinyl 8-(1,3-dioxolan-2-yl)octa- 
noate also gave a soluble polymer. 

The crosslinking might have been the result of 
trace a m t  of divinyl ester. Since elaborate precau- 
tions were taken to eliminate any diesters, a nmre 
likely explanation may be that  a ter t iary  hydrogen is 
present in an ~-position to an ether group. This hy- 
drogen, doubly labilized by the two oxygen atoms of 
the aeetal, is known to be susceptible to free radical 
attack. For  example, aeetals add to maleic anhydride 
and a,fl-unsaturated esters under  free radical condi- 
tions (13). Also, acetals are unusually susceptible 
to atmospheric oxygen, forming hydroperoxidcs (5).  
Aecordingly, a free radical, formed by a chain trans- 
fer  reaction at the site of the ~-hydrogen (Fig'. 4), 
could enter the usual radical reactions and give cross- 
linking either by coupling two polymer chains or by 
branching in a growing chain. 

Although vinyl esters of aldehydic acid aeetals poly- 
merize readily, they also tend to undergo simultane- 

ous erosstinking. Accordingly, these esters may not 
eopolymerize readily with other vinyl  monomers to 
give a soluble produet.  
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Abstract 
Dichloroearbene was generated in the presence 

of lard, olive, safflower, tung and menhaden oil. 
When solutions of fats or oils in ethyl triehloro- 
acetate were mixed with sodium methoxide in n- 
heptane at 2C, unsaturated components were 
t ransformed in high conversion to diehloroeyclo- 
propane derivatives; fats were converted to 
methyl-and-ethyl esters (90%) or appeared as 
glyeerides (10%).  The proport ion of dichloro- 
eyelopropane rings was the same in the glycerides 
as in the ester products. The reactivity of saf- 
flower oil required metered addition of reactants 
at 25-55C. 

Propert ies were measured on diehlorocyelo- 
propanoid fa t ty  esters freed from glycerides but  
containing saturated esters. Chlorine content 
ranged from 12-33%. Compatibility with silicone 
oils was substantially improved. Viscosities and 
densities increased with chlorine content. Viscos- 
i ty  indices were 135,150,49,67 and 79 for products  
f rom lard, olive, safflower, tung and menhaden oil. 

Dichloroearbene could be generated without al- 
eoholysis of glycerides by decomposition of sodium 
trichloroacetate. This gave dichloroeyclopropanes 
from safflower oil unsaturates in 50% conversion, 
but  failed with lard. 

Analyses were performed by TLC, argentat ion 
and GLC. 

Introduction 

T HE ADDITION of diehlorocarbene to the double bonds 
of cis-9-octadeeene and of methyl oleate, elaidate 

and linoleate was described in a preceding paper (1).  
The present paper, on the other hand, deals with 

the addition of dichloroearbene to unsatura ted fats 
and oils, utilized as the glyeerides themselves. These 
were lard, olive, safflower, tung and menhaden oils. 

1 Presented at the AOCS Meeting, Minneapolis, 1963. 
A laborata)ry of the E. Uti]iz. Res. & Dev. 1)iv., ARS, USDA. 

The first two of these materials have oleic as major  
unsaturate,  and the last three have linoleic, eleostearic 
and a number  of polyunsaturated acids, respectively. 
The start ing fats and oils, as methyl esters, were 
analyzed by a combination of argentative TLC and 
GLC. These analyses, together with iodine number 
and saponification number of the start ing materials 
are given in Table I. 

G e n e r a t i o n  a n d  R e a c t i o n  Course  

F o r  addition to double bonds, diehlorocarbene was 
generated in situ by the action of sodium methoxidc 
on ethyl trichloroaeetate (2).  Consequently, dur ing 
the formation of the dieh]oroeyelopropane derivatives, 
the glyeerides were predominant ly  converted by al- 
koxide to simple esters: 

0 
H H // 

CH3(CH2)7-C C-(CH2) 7-C-O-CH 2 

°l 
// :COl 2 

CH 3 C-O-CH 

0 I RO~' 
H H // 

CH3(CH2)7-C C-(CH2)7-C-O-CH 2 

0 
H H H 

GLYCEROL + CH3(CH2)7-C---~/C-(CH2)7-C-OR 

C 
/ \  

C] CI 

Z'] 

R : Me and Et 

In  general the reaction with dichlorocarbene was 
performed by adding a solution of a fa t  or oil in excess 
ethyl trichloroacetate to a vigorously st irred suspen- 
sion of sodium methoxide in n-heptane at 2C. Af te r  
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a short exothermie reaction and total  s t i r r ing of 3-8 
hr, the reaction mixture  was separated by chromatog- 
r aphy  on Florisil  into simple ester and g]yceride 
fractions, whose wt and iodine numbers  were deter- 
mined. F r o m  these (Table I I )  conversion of glyeeride 
to ester was found to range f rom 84-100% and con- 
version of available double bonds to diehlorocyclopro- 
pane derivatives f rom 85-95%. 

Addit ion of dichlorocarbene to safflower oil was s o  
violently exothermic tha t  special conditions were nec- 
essary: By  metered addit ion of the safflower oil-ethyl 
tr ichloroaeetate solution, the temp was brought  to 
and held at ca. 55C dur ing  the period of exothermie 
reaction. The vigor of the reaction with safflower oil 
may  stem f rom the special react ivi ty  of its penta- 
diene unit.  

Both the ester and glyceride fract ions of each prod- 
uct  had I g  absorption peaks at 805 and 780 era: 1, 
a t t r ibutable  to the two chlorine atoms of dichlorocyclo- 
propane rings. Double-bond peaks at 1650 and 3010 
cm -1 in the s ta r t ing  materials  were missing in the 
products.  The spec t rum of the ester product  f rom 
olive oil, shown in F igure  1, closely resembled that  of 
the dichlorocyelopropane f rom methyl  oleate (1). 

T A B L E  I 

Composit ion of S t a r t i n g  Fa t s  and 

Methyl-Ethyl Esters 

The alcohol moieties of the nlonohydric ester prod- 
ucts were freed by saponification and determined by 
GLC. Results showed that  a mixture  of methyl  and 
ethyl esters was formed f rom each oil, as reported in 
Table I I I .  The mix ture  seems to be due to the method 
used for  earbene generation: 

® 
o o 

@ Ii II 
MeO + Cl3C-COEt ~ CI3C-C-OEt ~ CI3C-C-OMe 

I 
OMe 

// 
0 
II ® 

C13C: + MeOCOEt 

e l l  + CI2C 

EtO ° 

According to this scheme, the orthoester intermediate 
is in equil ibrium with ethoxide as well as methoxide 
ion, both of which apparen t ly  play an active pa r t  in 
the aleoholysis of the glycerides. The high proport ion 
of ethyl ester formed f rom the fa ts  was unexpected 
in view of the insignificance of alcoholysis as a side 
reaction of methyl  f a t t y  esters (1). I t  may  be due 
to a greater  ease of aleoholysis of glycerides compared 
to monohydric  esters. 

Al though mixed esters were avoidable by  pai r ing  
the alkyl groups in the alkyl triehloroacetate and the 
alkoxide ion, lower yields were obtained using methyl  
tr ichloroacetate with sodium methoxide or ethyl tri- 
chloroaeetate with sodimn ethoxide. 

Decomposition of Sodium Trichloroacetate 

To preserve the glyceride s t ructure  dur ing the prep-  
arat ion of dichloroeyclopropanes, sodium triehloro- 
acetate was decomposed to the earbene by refluxing 

VoL. 42 

Oils 

Total  
Fa t  or oil satu- 

()/[aj or unsa tu r a t e )  r a t e s ,  a 
% 

L a r d  (oleic) ................. 4 1 . 6  

Oliv----e (oleie) . . . . . . . . . . . . . . . . .  

Safflower (lino- ~ l . ~ -  
lei c ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T u n g  (eleo- 
s tear ic)  ....................... 

Menhaden 
( po lyunsa tu ra t ed  ) ...... 

U nsaturates, b 
% 

16 :1  2.0 
:18 : 1 46.4 
18 :2  10.0 

58.4 

1 8 : 1  8 4 . 3  
18:2  7.9 

92.2 

18 :1  16.2 
18 :2  71.6 

87.8 

18 :1  9.2 
1 8 : 2  6.5 
1 8 : 3 c o n j .  80.3 

96.0 

16 :1  8.1 
18 :1  16.9 
1 8 : 2  1.8 
1 8 : 3  1.9 
2 0 : 4  3.4 
2 0 : 5  19.4 
2 2 : 5  3.3 
2 2 : 6  12.3 

67,1 

Iodi~ 
no. 

62.4 

83.7 

136.3 

175.0 

174,9 

Sapon. 
no. 

192.8 

1.87.9 

189.6 

191.5 

186.2 

a By  to ta l l ing  ind iv idua I  sa tu ra ted  components.  
b Cha in- leng th :  number  of double bonds.  

a dimethoxyethane solution of the salt and lard or 
safflower oil. In  either substrate  the glyceride struc- 
ture remained intact. The unsatura tes  of the safilower 
oil were converted ca. 50% to dichloroeyc!opropanes, 
but those of lard underwent  vi r tual ly  no addition. 

Although generation of dichlorocarbene f rom phenyl 
( tr ichloromethyl)  mercury  (3) may offer a route to 
dichloroeyelopropanes in which the glyeeride linkages 
are retained, this reagent  was not applied in the 
present  work. 

Properties of Dichlorocyclopropanoid Fatty Esters 

Selected propert ies  were measured on dich]oro- 
cyclopropane derivatives of f a t ty  esters freed chroma- 
tographical ly  f rom glycerides but still containing 
saturated esters derived f rom the original oils and 
minor amt  of unsa tura ted  f a t ty  acids esters. These 
are repor ted in Table I I I .  Previous work with methyl  
oleate had shown that  dich]orocyelopropane rings con- 
fer  compatibi l i ty  with silicone fluids to f a t t y  esters 
originally entirely incompatible. Table I I I  shows that  

U 
1 8 0 0  

J 

I 

,( i t 

1 6 0 0  1 4 0 0  1 2 0 0  I 0 0 0  8 0 0  cm ° l  

FI0. 1. Section of IR spectra of olive oil and of tile cor- 
responding dichlorocyclopropane fatty acid ester product. 
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TABLE I I  

Reaction of Dichlorocarbene with Fats and Oils 

Surviving unsaturation Conversion 

Fat or oil In  esters a In  Unsatn. to 
;lycerid, cyclo~ 
In I. nc propanes 

10.36 16 : t  0 1 O 85 

By I. n, By GI,C 

% % 
Lard 

18:1 7.5 
18:2 0 

Olive 3.89 18:1 ~ 2  
18:2 0 

Safflower 3.65 18:1 < 1  
18:2 0 

Tung 11.91 18:1 <1  
18:2 0 
18:3 0 

Menhaden 3.44 16:1 <1  
18:1 <2  
18:3 

tO 22:6 0 

5.46 

0 

9,08 

3.08 

////I 
/ I / /  

/ / / ~  

/ / / /  

21 

GIycerides 
to esters 

% 
91 

97 

95 

95 

90 

95 

a The difference between nnsaturat ion found by iodine number and 
by GLC seems to be due to poIyunsaturates only partially converted to 
cyclopropanes, which were not detected by GL0 under the conditions 
used. 

increasing content of chlorine or of diehloroeyclo- 
propane rings leads in general to increased compati-  
bili ty with Silicone F lu id  SF-96(50) .  The product  
f rom tung  oil (with a content of 32% chlorine) had 
the greates t  compatibil i ty,  being soluble to the extent 
of 55%. Another  fac tor  enters in, however, i.e. the 
non-cyclic f a t t y  esters, sa tura ted  or unsatura ted ,  sur- 
viving in the ester product .  A high content of such 
non-cyclic esters accounts for  the reversal  evident in 
passing to menhaden. In  spite of 33% chlorine, this 
product,  owing to a 32% content of non-cyclic f a t ty  
esters, was compatible to only 16% with the silicone 
oil. 

GLC analyses showed that  the precipi tates  f rom the 
solubility studies were mainly  f a t ty  esters having no 
dichloroeyclopropane rings. Thus removal  of non- 
cyclic esters by  centr i fugat ion or filtration would lead 
to greater  compatibi l i ty with the silicone fluid. 

Viscosities and viscosity indices are repor ted for the 
ester products  as a gauge to the possible applicat ion of 
these products  or products  related to them in lubrica- 

tL 
o 
o 
o 

I I I 

60 MENHADEN/  1.2 

T U N ~ /  

uJ SAFFLOWER--.... / 

I-- o,1 

F -  

,., O L I V E . . .  P 

¢n 20 - I , 0  
o VT'i (.~ 

_AR 

o i ....... 1 I 0 . 9  
I0 20 30 

CHLORINE, % 
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Fro. 3. Argentative TLC for segregation of nlethyl esters of 
lard acids according to degree of unsaturation: band 2 < 4 < 6. 

tion. Viscosity indices were highest for the products  
f rom lard and olive oil. 

F igure  2 shows the increase of viscosity and density 
with chlorine content. These increases are not l inear 
but  are affected to some extent by the detailed com- 
position of the s tar t ing fa t  or oil. 

E x p e r i m e n t a l  

Analysis of Fats and Oils. Commercial  fa ts  and oils 
were converted to methyl  esters by refluxing one hr  
with 0.3N NaOMe in excess methanol (4).  The esters 
were quant i ta t ively analyzed by GLC ( F  & 5/[ Model 
500 control panel, Model 1720 dual-column oven ,  24- 
volt W-2 thermal  conductivi ty detector) .  A column 
8 f t  long x 1/~ in. O.D. and a balancing column 2 f t  x 
:¼ in. were packed with 10 wt % diethylene glycol 
suceinate on 60-80 mesh Chromosorb W. Peaks in the 
GLC were quali tat ively identified by  comparison of 
plots of log retention volume vs. carbon number  with 
log plots of data  f rom ester fract ions segregated ac- 
cording to unsa tura t ion  by argentat ive  TLC. For  the 
segregation, TLC plates were coated with an 0.5-ram 
layer  of Silica gel G-s i lver  ni t ra te  (80-20) applied as 
an aqueous slurry.  

Af te r  act ivat ion of the plates at  105C for  2 hr, 

ester products as functions of chlorine content. 

the fa t  methyl  esters were applied in 50-rag streaks 
under  a ni t rogen atmosphere.  Ascending develop- 
nlent was carr ied out with solvent systems ranging  

20:Z 1 6 : 2  

, , 5 , r , . ,  ~. .~ , 

BAND 4 

18:1 4 ~~  16:1 

.>2:t 20:1 I I :1 

BAND 2 

~ ~ i I 8 : 0  16:0 
14:0 

1 9 : 0  

2 2 : 0  12 : : : : 

22 20 '18 '6 I~" 12 '0 El 6 4 2 0 
TIME, MINUTES 

FIG. 4. GLC analysis of saturated, mono- snd diunsaturated 
thin-layer bands of methyl esters of lard acids. 
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TABLE I l i  

Properties of Mixed Esters of niehloroeyelopropanoid Fatty Acidsa 

Source CI, % 

Lard  ................................................ 12.1 
Olive ................................................ 20.9 
Safflower . . . . . . . . . . . . . . . . . . . . . . . . .  28.7 
Tung ................................................ 31.8 
Menhaden . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.8 I 

Methyl : ethyl 
ester ratio 

Non-cyclic 2~ Viscosity, ets. I Viscosity t Color, I fatty est ..... 
d4 - - ° 1 ~ ~  index Gardner  % 

41:59 0 .9547  9.08 2.58 ~ ............ ~ 49.1 
45:55 1.0413 16,7 [ 3.93 150.2 ] 9--10 [ 7.7 
35:65 1.1020 21.0 3.90 49.4 2--3 12.2 
47:53 1.1575 43.2 5.65 67.1 11--12 4.1 
22:78 / I 1788 ] 62,0 6.64 I 78.7 I 14-15 I 31.9 

Compatibility 
with silicone 

SF-96 (50),  % 

10 
28 
41 
55  
16 

Containing non-cyclic esters derived from saturates and minor amt  of residual unsaturates. 

f rom hexane-benzene 25:75 to benzene, according to 
the amt of unsaturat ion in the fa t  under  study. 

The methyl esters of lard (Fig. 3) were separated 
into three thin-layer bands. Af ter  detection by spray- 
ing with water, the bands were scraped from the plate 
and the esters extracted with ether. As shown in 
Figure  4, band 2 extract, when analyzed by GLC, 
represented only a homologous series of saturated 
fa t ty  esters; band 4 contained the monounsaturated, 
and band 6 the diunsaturated esters. 

Log plots of the GLC of these segregated fractions 
assured accurate peak assignments in the quanti tat ive 
ehromatogram of total fat  mothy1 esters. In  all the 
fats and oils, trace conlponents appeared in the GLC 
of segregated fractions that had been obscured in the 
total chromatograms. 

Preparation of Mixed Dichlorocyclopropanes. The 
general procedure for reaction of diehloroearbene with 
the present fats and oils was a modification of that  
used earlier (1), and is typified by the reaction with 
lard. 

Dichlorocycloprepanes Prepared from Lard. So- 
dium methoxide, 7 g (0.13 mole), was placed with 14 
ml of u-heptane in a four-necked, round-bottomed 2-1, 
flask fitted with a thermometer,  by-pass funnel and 
large-bore condenser protected with a drying tube. 
Nitrogen was introduced through the addition funnel. 
The reaction mixture  was cooled to 2C by an ice-salt 
bath and stirred at high speed by a cruciform impel- 
lor. A mixture  of lard, 10 g (0.011 mole), and ethyl 
trichloroacetate, 14 g (0.11 mole), was added dropwise 
in 15 min. Af ter  5 rain the ice bath was removed. 
The temp rose in 15 rain to ca. 25C, and the solu- 
tion turned dark brown. Af ter  four hr  s t i rr ing at 
room temp, a sample was removed and chromato- 
graphed in the form of methyl esters. GLC showed 
30% of the 18:1 component still unreacted. An ad- 
ditional 3.5 g (0.06 mole) sodium methoxide, and 7 g 
(0.05 mole) ethyl triehloroaeetate were added to the 
reaction flask. Af ter  a total of eight hr  reaction at 
room temp, GLC showed less than 10% of the 18:1 
component unreaeted. The reaction mixture was now 
extracted with ether. The ether soIution af ter  water- 
washing and evaporation yielded 12.1 g of crude 
product. Argentat ive TLC indicated only minor amt 
of unsaturat ion surviving. In the IR spectrum chlo- 
rine bands appeared at 780 and 805 em -1, and the 
double bonds peaks at 1650 and 3010 cm -1 were absent. 
The product  was dissolved in n-hexane, placed on 
120 g Florisil, and elnted with n-hexane and then 
with benzene. 

GLC and TLC showed that  the u-hexane fract ion 
(9.1 g) consisted of ethyl and methyl esters of the 
saturates, some unreaeted unsatura ted material (7.5% 
of the 18:1 component;  no unreaeted 16:1 or 18:2 
component),  p lus  the desired diehlorocyclopropane 
derivatives. The benzene fract ion consisted of triglye- 
erides (1.0 g), which af ter  methanolysis gave a GLC 
analysis similar to the ~-hexane fraction. By  iodine 
numbers (6.47 and 6.93 compared to 62.44 originally) 

there survived in the ester and gtyceride fractions 
10.4 and 11.1% of the original uusaturates respec- 
tively. Other chemical and physical properties are 
shown in Table I I I .  

Diehlorocyclopropanes from Safflower Oil. In  a 2-1 
four-necked flask equipped as in the lard experiment, 
was placed 8.19 g (0.1.5 mole) sodium methoxide and 
20 ml n-heptane. To this mixture at room temp, 9 .0g  
(0.011 mole) safflower seed oil dissolved in 16.5 g (0.12 
mole) ethyl trichloroacetatc was added with stirring 
at such a rate that  the reaction temp rose to and re- 
mained at 50-55C. Total time of addition was 20 rain. 
The mixture was then stirred unti l  it reached room 
temp (40 min),  when a small sample was taken and 
methylated. GLC analysis showed 30-40% of the 
major component ( ]8:2)  unreaeted. At two and five 
hr (timed from start  of first addition) 4.05 g (0.07 
mole) sodium methoxide and 8.25 ml (0.06 mole) 
ethyl trichloroacetate were added under  conditions 
similar to the first addition. A sample taken before 
the last addition showed less than 10% 18:2 unreacted. 
A sample taken af te r  seven hr showed no unreaeted 
18: 2 component. 

The mixture was extracted with ether and the ether 
solution washed with water and evaporated, yielding 
16.3 g of crude product. This material  was placed on 
a Florisil chromatography column (10:1 ratio of 
Florisil to sample) and eluted with n-hexane and 
benzene. The hexane-eluted material  consisted en- 
t i re ly  of methyl-ethyl esters, and elution with neat 
benzene revealed no surviving glycerides. 

The first hexane fraction, 0.38 g, comprised mainly 
the 16:0 and 18:0 components. The second to tenth 
fractions contained 11.75 g of product  rich in di- 
chlorocyelopropanes. Iodine number, 4.98, of the ester 
product  indicated survival of 3.7% of the original 
unsaturates ; GLC showed the survival of less than 1% 
of the 18:1 component. TLC indicated the absence 
of triglycerides, and argentative TLC indicated no 
unsaturation. The IR spectrum had a chlorine peak 
at 775-800 cnY ~ and lacked the double bond peaks at 
1650 cm 1 and 3020 cm -1 originally present. 

GLC of the alcohol moiety, set free by saponifica- 
tion of a small sample, showed a mixture of methyl 
and ethyl in ratio 35:65. 

Compatibility with Silicone Fluid. To 3-ml samples 
of silicone fluid SF-96(50) st irred and thermostatted 
at 28C, small increments of the diehlorocyclopropanoid 
oils were added. The wt percentage of each oil first 
causing cloudiness was reported as its compatibility. 
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