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mixed acetin fats yield wide plastic range products
of a keeping quality heretofore unknown. Utility in
many other edible fat products will no doubt become
apparent as the fats are investigated further.

The unique properties of mixed acetin fats also
suggest many potential applications to inedible uses.
Some of the more promising ones include plasticiz-
ers for various polymers, a replacement for palm oil
in tinning, and as hydraulic oils.

Summary

The most striking effect of the introduction of the
acetyl group into the glyceride molecule is the reduc-
tion in melting point. This effect permits the prep-
aration of low melting fats and oils, or acetin fats,
of a high degree of saturation and of a significantly
increased oxidative keeping quality.

Mixed acetin fats containing monoacetyl (monoace-
tins), diacetyl (diacetins), and normal triglycerides
were made by random interesterification of normal
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fats or oils with triacetin, followed by removal of the
residual triacetin.

in general, mixed acetin fats may replace normal
triglycerides in any edible fat use. Edible fat prod-
ucts including shortenings, margarines, or spreads,
salad oils, and frying oils were made from acetin fats
and oils.

Suggested inedible use applications of the acetin
fats and oils include plasticizers, tinning oils, and hy-
draulic oils.
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Reactions of Fatty Acid Chlorides. 1. Preparation of

Fatty Acid Anhydrides

N. O. V. SONNTAG, J. R. TROWBRIDGE, and |. J. KREMS, Research and Development Department,
Colgate-Palmolive Company Inc., Jersey City, New Jersey

URING the course of a program of research on
chemical utilization of fatty acid chlorides it
became evident that although there have been

reported a variety of synthetic methods, there does
not exist a systematic survey of the preparation of
the anhydrides of the higher fatty acids. This com-
munieation deals with an investigation of various syn-
theses including a newer one employing fatty acid
chlorides and the application of the optimum to the
preparation of the anhydrides of the fatty acids from
decanoie to stearic including oleic. Furthermore there
are presented revised and new physical data deter-
mined by modern techniques on materials of unam-
biguous purity.

Aliphatic aeid anhydrides have been prepared al-
most exclusively from either the alkali or silver salts
of acids and the corresponding acid chlorides, (B),
(23, 37, 41, 44) ; from certain acids and acetic anhy-
dride, (C), (18, 19, 26, 28, 43); from the acid chlo-
ride, corresponding acid and pyridine, (D), (4) or
from the acid chloride-pyridine adduct and water,
(E), (2):

(B) RCOC! 4 RCOOM — 5 (RCO),0 + MCl

(C) 2RCOOH 4 (CH,(0):0 ——— (RCO).0 + 2CH,C00H

(D) RCOCL + RCOOH + GHN —— (RC0).0 +

CGH,NHCL
(E) 2RCOCHs;NC1 + H.0

- (RCO).0 + 2CG:H;NHC]

The suggestion of Zetzsche (45) that anhydrides
could be easily prepared from the acid chloride and
acetic anhydride, based upon his observation that
benzoic anhydride could be obtained from benzoyl
“chloride and acetic anhydride, has apparently never
been applied to aliphatic acid anhydrides. In the
aromatic series the conversion of phthaloyl chloride to

phthalic anhydride with maleic or succinic anhydrides
at 140-200° in the presence of zine chloride has been
reported by Kyrides (24) .

(0] (6]
N —COC1 CH:—O// N —C//
\. ZnCL \.  OH.coCl
+ 0 - 0+
—CO0C1 C]“H C/ (“/ cr.coa
74 ] \ \/ \

Acetyl chloride has been used to convert efficiently
dicarboxylie acids such as glutarie, adipie, and sebacic
acids to anhydrides (12, 27, 42). Yields of 55-75%
of acid anhydrides have also been claimed by heating

" the acid to 120-125°, adding excess acetyl chloride

dropwise, heating to 180°, and fractionating the prod-
uets under vacuum (13). These reactions may be
postulated as proceeding in three ways based upon
known experimental evidence.

(I) 2RCOOH &—=—= (RCO):0 + H:0
R'COC1 4 H.0 &= = R'COOH -+ HC1

2RCOOH + R'COCl === (RC0).0 4 R'COOH + HCl
(IT) 2RCOOH =—— (RC0).0 + H.0
2R'C0CY + H:0 ==—= (R'CO):0 4 2HCl

2RCOOH + 2R'COCl &==——= (RCO0).0 + (R'C0).0 +
2HC1

(ITI) 2RCOOH + 2R'COCI =—= 2RCOOCOR’ + 2HCl
2RCOOCOR’ =——= (RCO0):0 + (R'CO).0

2RCOOH + 2R'COCl &=———= (RC0).0 + (R'CO).0 +
2HC1
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The intermediate formation of water appears more
probable in the case of the dicarboxyliec acids where
the anhydride formed consists of 5, 6, or perhaps 7
membered rings [equations (I), (II)]. The series of
(1I) is modeled on the reaction in the presence of pyr-
idine (4). The disproportionation reaction sequence
{(II1) appears more probable for monocarboxylic
acids where the elimination of water is not facilitated
by ring formation.

Our work has indicated that elegant conversions of
fatty acid chlorides to anhydrides may be achieved
through the use of acetic anhydride.

(A) 2RCOCI + (CH,CO)-0 — (RCO):0 + 2CHCOC1

This synthetic route to fatty acid anhydrides offers
an alternate path to these derivatives, which has ad-
vantages over other methods of preparation.

Experimental

Decanoic, laurie, myristie, palmitic, stearic, and
oleic anhydrides were prepared in better than 90%
yields from purified acid chlorides with acetic anhy-
dride. The acid chlorides of decanoic, laurie, myristie,
palmitie, and stearic acids were obtained from com-
mercial 90-979% fatty acids with excess phosphorus
trichloride. The excess of reagent was removed com-
pletely before vacuum distillation of the crudes. Ole-
oyl chloride was obtained from high-purity methyl
oleate by saponification to oleic acid followed by
treatment with oxalyl chloride (phosphorus trichlo-
ride and thionyl chloride afforded impurer produets).
The onece-distilled acid chlorides of decanoie, laurie,
myristic, and palmitic acids were then fractionally
distilled through all-glass Raschig-ring packed col-
umns to obtain homolog-free acid chlorides which
contained less than 0.1% free fatty acid by the Bauer
analysis (6). The crude oleoyl chlorides prepared
from both oxalyl chloride and phosphorus trichloride
were purified by a falling-film distillation in a lab-
oratory model of the Gold still (17). The physical
properties of the acid chlorides are given in Table I.

TABLE I
Physical Properties of Fatty Acid Chlorides

Acid chloride B.P./m.m. ay n§ Mp! Mp? Mp?
Decanoyl 82°/4 0.9293 1.4380 53.26 53.87 0.61
Lauroyl 106°/1 0.9169 1.4427 62.50 63.22 0.78
Myristoyl 135°/1 0.9078 1.4460 97173 172,50 0.77
Palmitoyl 154°/1 0.9016 1.4482 80.97 81.65 0.68
Stearoyl 173-175°/1 0.8969 1.4510 90.20 90.94 0.74
Oleoyl, (COC1), | 195°/22 0.9099 1.4610 89.74 90.74 1.00
Qleoyl, SOCl, 170-175°/2 ¢.9032 1.4584 89.74 90.97 1.24
Oleoyl, PCly 195-200°/2» 0.9108 14616 8974 80.75 1.01

1Molar refraction obtained as sum of atomie refractions (Eisenlohr).

2Molar refraction calculated from d%* and n % with Lorentz-Lorenz
formula.

3Positive exaltation of Mn? over Mp'. A brief discussion of this phe-
nomenon is given in Sonntag, N. 0. V., Chem. Rev., 52, 253 (1953),

tB.P. is wall temperature in Gold falling-film distillation column.

1. ANUYDRIDES FROM Acip CHLORIDES AND ACETIC
ANHYDRIDE

To prepare the fatty acid anhydride the acid chlo-
ride was heated together with from 100-3009% excess
of acetic anhydride in a round bottom flask and the
vapors fractionated through a 9-12 in. Vigreux col-
umn until the theoretical quantity of acetyl chloride
had been fractionated off. After removal of the acetyl
chloride the excess acetic anhydride was distilled off

Vor. 31

under vacuum and the residue in the flask was re-
erystallized from ethyl ether or suitable hydrocar-
bons such as Skellysolve F. The preparation of pal-
mitic anhydride is typical.

Palmitic Anhydride. Ten milliliters (9.02 g., 32.8
mmoles) of palmitoyl chloride, n}¥ = 1.4482, and 6.69
g. (6.16 mi., 655 mmoles, 3009 excess) of acetic
anhydride (Carbide and Carbon Chemical Company,
technical grade, redistilled, b.p. 140-145°) were
heated in a 50-ml. round bottom flask arranged for
fractionation through a 9-in. Vigreux column con-
nected to a water-cooled condenser. Two and three-
tenths milliliters of acetyl chloride (2.4 g., 32.3
mmoles, 98.5%) were slowly collected during 30-60
minutes as the boiling point of the fractionated lig-
nid rose to 60° (flask temperature 130-150°). At
this point about 100 mm. vacuum were applied cau-
tiously to remove excess acetic anhydride, heating
being coutinued until the flask temperature was 160°
and the pressure reduced to 10 mm. for 15 minutes.
Total distillables were 4.3 ml. (4.68 g., 45.8 mmoles,
93.2% of excess acetic anhydride). The contents of
the flask solidified on cooling to an almost white solid,
which, after being taken up in Skellysolve F' and be-
ing decolorized with charcoal, gave on erystallization
at 0°, 7.45 g. (15.1 mmoles, 91.6%) of palmitic an-
hydride, pearly white plates, m.p. 63.8-64° [reported
m.p. 65-66° (3), 62-63° (5), 63° (44), 63-64° (18),
64° (20, 41)]. Saponification equivalent—theoretical
247.4; found 247.

Oleic Anhydride. One hundred grams (337 mmoles)
of high-purity methyl oleate prepared from olive oil
essentially by the method of Swern and Parker (39),
[LV.=86.1; analysis: 99.6% methyl oleate, 0% sat-
urated methyl esters, 0.4% polyunsaturated methy!
esters (9, 28), and less than 0.1% methyl elaidate
(38)] were saponified with 40% excess aqueous po-
tassium hydroxide under a nitrogen atmosphere to
yield, after acidification, washing with water and dry-
ing, 89.0 g. (315 mmoles, 93.6%) clear, colorless oleic
acid [1.V.=89.9, n##=1.4582, d2*=0.8869, My, calc.
==86.39, Mp found==86.93, I.R. absorption speetrum
(I'ig. 1I) indicated qualitative absence of elaidic
acid].

Conversion to oleoyl chloride was tried in three
ways. One portion (17.3 g., 61.3 mmoles) was treated
with 9.4 g. (5.7 ml,, 79.2 mmoles, 30% excess) of
freshly distilled thionyl chloride (Eastman, b.p. 75-
76°) at room temperature for 22 hours. The excess
reagent was removed under vacuum and the resi-
due vaenum distilled to give 13.05 g. (43.4 mmoles,
70.6%) crude oleoyl chloride, almost water-white,
b.p. 170-175° at 2 mm., ny=—1.4584. A second por-
tion (17.3 g., 61.3 mmoles) was treated with 3.69 g.
(2.36 ml., 26.9 mmoles, 30% excess) phosphorus tri-
chloride (Oldbury) at 50° for 22 hours, the lower
phosphorous acid layer removed, the upper layer
stripped of excess reagent under reduced pressure,
and falling-film distilled to give 7.73 g. (24.9 mmoles,
42%) oleoyl chloride, almost water-white, b.p. 195-
200° (wall temperature) at 2 mm., n¥=1.4616. A
third portion (16.1 g., 57.0 mmoles) was refluxed with
23.6 g. (187.4 mmoles) of oxalyl chloride, b.p. 62-63°,
for 2 hours and gave, after removal of excess rea-
gent, 12.4 g. (41.2 mmoles, 72.4%) of water-white
high-purity oleoyl chloride, b.p. on falling-film distil-
lation 195° (wall temperature) at 2 mm., n¥==1.4610,
d*=0.9099, My cale.=—89.74, Mp found=290.74.
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TABLE II
Properties of Fatty Acid Anhydrides Prepared from Acid Chlorides

Melting point

l Saponification equiv.

Anhydride Yi;ld Reported 2 Observed [ Calc. Found d§ “'D
Decanoic ) 93.4 23.9°(18) 23.2°p 163.3 164 0.8865% 1.4400%
Lauric 94.8 41°(23); 41.8°(18); 44°(26) 41.2-41.5°¢ 191.3 192 0.85597 1.42997
Myristic 95.0 51°(23); 53.4°(18) 53.2-54.0°¢ 219.0 220 0.85117 1.43347
Palmitic 91.6 55-66°(3); 62-63°(5); 63°(44); 63.8-64.0°¢ 247.4 247 0.8482™ 1.43607

63-64°(18); 63.5-64°(32)
Stearic 92.0 64°(20, 41); 70-71°(5); 70.5° (44); 70.0-70.4°¢ 275.4 273 0.8445™ 1.43847
72°(20)
Oleic (PCls) 90.0 22-22.2°(18) 22.0°b 273.4 | e L e e
Oleoyl, (SOCL) 9ro0 | e 273.4 | | e e
Oleoyl, (COC1L). 936 1 e 22.,1°0 273.4 274 0.8849% 1.4630%

2 Reported m.p. for anhydrides prepared by other methods.
b Qorrected m.p. in capillary.
¢ Corrected m.p. on Kofler stage.

All oleoyl chloride samples were converted to an-
hydrides in the following manner. Ten milliliter por-
tions (30.0 to 30.3 mmoles) and 6.18 g. (5.71 ml,
60.6 mmoles, 3009 excess) of acetic anhydride were
heated under a dry nitrogen atmosphere and fraction-
ated through a 9-in. Vigreux column until nearly
theoretical amounts of acetyl chloride had been re-
moved (flask temperature 140°). Excess acetic anhy-
dride and the traces of the remaining acetyl chloride
were then slowly distilled under vacuum, finishing at
5 mm. for 15 minutes at a flask temperature of 140°.
After cooling, the residues in the flasks were recrys-
tallized from Skellysolve F' at —35°, using cold Buch-
ner funnels to collect the solid anhydrides. Proper-
ties of the products are given in Table II.

2. ANuYDRIDES THROUGH OTHER PREPARATIVE
MEeTHODS

Lauric Anhydride from Louroyl Chloride, Lauric
Acid, and Pyridine. Five grams (25.0 mmoles) of
lauric acid, m.p. 43.5-44.0°, was added dropwise in
the molten state to a preformed mixture of 5.44 g.
(5.94 ml., 25.0 mmoles) of lauroyl chloride, 3.94 g.
(4.01 ml., 50.0 mmoles) of dry pyridine and 25 ml
of dry benzene with stirring. The mixture was stirred
at room temperature for 30 minutes, then the precipi-
tate removed by filtration on a cold Buchner funnel,
washed with two 25-ml. portions of dry benzene, and
filtrate and washings combined. Excess pyridine and
benzene were then removed from the solution by dis-
tillation under vacuum. The residual oil was taken
up in 100-ml. Skellysolve F, filtered, the filtrate con-
centrated to 35 ml.,, and cooled to 0°. Crystallization
gave a white solid which, after filtration through a
cooled Buchner funnel and drying at reduced pres-
sure over phosphorus pentoxide, amounted to 4.0 g.
of erude lauric anhydride, m.p. 40.3-40.8° [analysis
by method of Smith and Bryant (35): 85.0% lauric
anhydride]. From the mother liquor on concentra-
tion and further cooling to 0° there was obtained an
additional 0.6 g. of erude anhydride, m.p. 38.5-39.5°
(analysis: 62.79% lauric anhydride). Total crude an-
hydride was 4.6 g. corresponding to 3.8 g. lauric
anhydride (9.94 mmoles, 39.8%).

Lauric Anhydride from Lauroyl Chloride, Pyridine,
and Water. Lauroyl chloride (5.44 g., 5.94 ml, 25.0
mmoles) was slowly added with stirring to 3.94 g.
(4.01 ml.,, 50.0 mmoles) of dry pyridine in 25 ml. of
dry benzene at 5-10°. After 20 minutes 0.22 ml. of

distilled water was added microdropwise, and the mix-
ture was stirred for 40 minutes at 5-10°. The precipi-
tate of pyridinium chloride was removed after two
filtrations and was washed with two 25-ml. portions
of dry benzene, the washings and filtrate being com-
bined. Evaporation at reduced pressure then removed
the excess pyridine and benzene. The residual oil
was taken up in 100 ml. of Skellysolve F, filtered,
concentrated to 30 ml., and cooled to 0°. Crystalli-
zation afforded 0.7 g. of crude laurie anhydride, m.p.
with sintering 38.0-40.00 (analysis: 67.3% lauric an-
hydride). The mother liquor, concentrated and cooled
to 0° a second time, gave an additional 1.0 g. of an-
hydride, m.p. 31.5-37.0° (analysis: 52.0% lauric anhy-
dride). Total yield erude anhydride was 1.7 g., cor-
responding to 0.99 g. lauric anhydride (2.59 mmoles,
20.8%).

Oleic Anhydride from Oleic Acid and Acetic Anhy-
dride. Four grams (14.17 mmoles) of the oleic acid
prepared from olive oil was converted to oleic anhy-
dride with 2.89 g. acetic anhydride by heating and
fractionally distilling acetic acid from the mixture
with a flask temperature towards the end of 200°.
The excess acetic anhydride was removed by vacuum
distillation to yield the produet, a clear pale colored
oil (3.45 g., 6.3 mmoles, 89%), ny=1.4630, [L.R. ab-
sorption spectrum (Fig. 1H) showed presence of oleic
acid (maxima at 1710 em™) but no evidence of elaidic
acid or anhydride].

Another 4-g. sample of the same acid.was heated
for three hours at a temperature of 230° under a dry
nitrogen atmosphere. After cooling, recrystallization
gave a return of 3.8 g. (13.4 mmoles, 95%) of almost
colorless oleic acid, nf=1.4588 [I.R. absorption spec-
trum (Fig. 1J) showed no evidence for elaidic acid or
for oleic or elaidic anhydrides].

3. PROPERTIES OF THE FATTY AcCIp ANHYDRIDES

The fatty acid anhydrides obtained from purified
acid chlorides with acetic anhydride were all pearly
plate-like erystalline solids except for decanoic and
oleic anhydrides, which were colorless oils at room
temperature. The compounds melted sharply in the
general temperature range of the fatty acids from
which they were initially derived. Some properties
are summarized in Table TI. Previous reports have
emphasized physical properties other than melting
point only briefly, except for certain lower homologs
(25). Infrared absorption spectra for the series as
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Fig. 1. Infrared absorntion svectra for fattv acid anhvdrides.

indicated in Figure 1 and Table III, were taken with
a Perkin-Elmer Model 12C single beam infrared ab-
sorption spectrophotometer and indicate the qualita-
tive absence of free fatty acid in each case for satu-
rated anhydrides. The spectrum of acetic anhydride

(b.p. 141°, Bakers analyzed) has been inserted for
comparison. A trace of oleic acid appears to be in-
dicated in the oleic anhydride from oleoyl chloride
prepared in turn from oxalyl chloride (Fig. 1G, max-
ima at 1710 em™).
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TABLE III

Infrared Absorption Bands for Fatty Acid Anhydrides in CM-?

Anhydride 10=0 II ¢=0 \ -0-C—
Acetic® 1745 1810 1128
Decanoic 1740 1795 1112
Laurie. 1740 1775 1113, 1132
Myristic. 1735 1780 1115, 1132
Palmitic. 1735 1780 1115. 1131
Stearic...... 1735 1780 1116, 1129
Oleic Oleic [from (COCI) 1.. 1745 1810 1122

a2 Acetic anhydride was Baker c.p., redistilled, b.p. 141°,

Discussion

The synthetic route to anhydrides involved in this
method provides an example of the acyl interchange
reaction generally believed to proceed through revers-
ible equilibria.

RCOCT 4 (R'CO):0 =——= R’'COC1 T+ RCOOCOR’
20

The mixed anhydride may disproportionate, as above,
or indeed may react with another mole of acid chloride.

RCOOCOR’ -+ RCOC1 &=———= (RC0).0 4+ R’'COC1 ?
The overall equation in either case is then
2RCOCI 4 (R'CO).0 ==——== 2R'COCL 1 + (RCO).0

To achieve the interchange it is only necessary to re-
move the lower boiling component from the mixture
by fractional distillation. Thus the equilibrium can
be shifted in the right direction if R’COCI has a lower
boiling point than either RCOCI, (RCO),0, (R'CO),0,
or RCOOCOR' and is removed. This condition is eas-
ily achieved with R'=CH,, and a fatty acid chloride,
RCOC], containing from 10 to 18 carbon atoms, the
acetyl chloride, b.p. 52°, being easily distilled from
the mixture and the over-all transformation occurring
at relatively low temperatures {slowly up to 80°, mod-

or Farry Acip CHLORIDES, 1. 155

erately fast near 100°, extremely rapid at 150-160°).
A similar reaction is involved in the preparation of
a fatty acid anhydride from fatty acid and acetic
anhydride.

RCOOH -+ (R'CO).0 =—— R'COOH 1+ RCOOCOR’
2RCOOCOR' &=—= (RC0):0 4+ (R'CO):0

or
RCOOCOR’ + RCOOH ———=— (RC0).0 + R'COOH "
overall:
2RCOOH + (R'CO):0 =——== (RC0).0 + 2R'COOH 1
However, in the wusual case with R’=— CH, and

RCOOH, any fatty acid containing from 10 to 18
carbon atoms, the reaction is slower and requires
that the mixtures be exposed to considerably higher
temperatures in order to fractionate off the acetic
acid, b.p. 116° (slow at 100-130°, moderately fast at
150-170°, rapidly at 200-230°). For the synthesis of
saturated fatty acid anhydrides either synthetic route
is satisfactory as these materials are sufficiently sta-
ble at the temperatures required, and the products
may be decolorized with charcoal before recrystalli-
zation. Although laurie, palmitic, and stearic anhy-
drides have been reported prepared directly from
the acids with acetic anhydride in ouly 68% (18),
50% (5), and 50% (5) yields, respectively, the
method is capable of better conversions as indicated
by the reported 91.5% yields obtained in the prep-
aration of both decanoic and myristic anhydrides
(18).
Yields of high purity acid anhydrides from good
grades of acid chlorides are always greater than 90%
of theoretical including a recrystallization step. Since
most erude fatty acid chlorides, especially those pre-
pared with phosphorus trichloride, contain from 3-
5% free fatty acid and since high-purity acid chlo-
rides slowly generate fatty acid through hydrolysis

TABLE IV
Comparison of Various Preparative Methods for Fatty Acid Anhydrides® with Acid Chloride Method
Method Reference Yield ¢ Solvent Comments

(A) RCOCI+ (CHCO).0 | . Excellent? None High quality obtained without necessity of crystallization. Color
and purity depend only on original acid. Best method for un-
saturated acid anhydrides.

(B) RCOCI+ RCOOM® (44) Good—Excellent | Suspension type | Crude product contains salt and requires solution, filtration, and

solvent ov none recrystallization. A dry solvent must be used.

(C) RCOOH + (CHCO):0 (43} Good—Execellent | None Good, inexpensive method for saturated and unsaturated anhy-
dl‘ldPS Requires higher temperature, is somewhat slower, color
of crude product may be inferior.

(D) RCOCI+ RCOOH - CsHsN (4) Good Benzene D and E not well applied to higher homologs, product contains
considerable free acid. Pyridinium chloride is hygroscopie,

(E) RCOC!+ C:HsN 4+ H,0 (2) Fair~Good Benzene difficult to filter. Strictly anhydrous reactions require dry
benzene and pyridine which may be regenerated but requires
a mol of alkali.

(F) (a) RCOOH + CH,COC1 {(13) Fair-Good None Addition of CH3COCI to the acid at 120-125° is not convenient.

(b) Disproportionation |  .eeee | e e

(G) RCOOH + P:0; (14) Poor Benzene or None | Poor yields and difficulty of separating anhydride from syrupy
by-products make this method unsatisfactory.

(H) (a) RCOOH+CH:=C=0 (22) None Method not suited for laboratory use but could be important

(b) Disproportionation | e | s e industrially. Acetic anhydride prepared this way.

(I) RCOOM 2+ (COCI), (1) Good None Effective but expensive method.

(J) RCOOH + (COCl). (1) Good—Excellent | None Expensive. Product may contain acid chloride.

(K) RCOOH + CsHzN 4+ SOCI (15) Excellent Ethyl Ether More smtable than D and E with reactions occurring rapidly
at —78°C. for lower homologs. Trichloroacetic aeid gives a.cld
chloride rather than anhydride. May cause isomerization in
the case of unsaturated products.

(L) RCOOH + CsHz;N 4 SOBr. (16) Excellent Y¥tbyl Ether No pavticular advantage over K.

(M) RCOOH + CsHsN + ¢4 H,080C! (16) Excellent Ethyl Ether Not practical, starting material relatively inaccessible.

aLower aliphatic acid anhydrides.

bFatty acid anhydrides from acids contdmlng 8 to 18 carbon atoms.

¢Because of large reported variations in yields these are expressed as excellent (90%), good (75-90%), fair (50-75%), poor (<<50%).
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on storage, it would be desirable to conduct the inter-
change reaction with an acid chloride at a tempera-
ture toward the end of the reaction at which acetic
acid will be fractionated off in order to assure that
fatty acid contaminant is converted to anhydride by
means of the excess acetic anhydride present.

On the other hand, while there is only little ad-
vantage in the preparation of saturated fatty acid
anhydrides through the acid chloride, the prepara-
tion of high-purity unsaturated fatty acid anhydrides
like linoleic or linolenic anhydrides would appear to
be more advantageously carried out through the acid
chloride. To prevent thermal migration of double
bonds, conjugation of separated double bonds or in-
terconversion of cis to trans isomers by heat, anhy-
dride formation is preferably carried out at as low a
temperature as is possible.

The choice of reagent in acid ehloride preparation
also determines the quality of the unsaturated anhy-
dride ultimately produced. Thiony! chloride appar-
ently caused a partial elaidinization of oleic acid for
the acid chloride yielded an anhydride which con-
tained an appreciable quantity of elaidic anhydride
as indicated by infrared absorption (Fig. 1K, max-
ima at 961 em™'), Elaidinization may be assumed to
result, probably through the action of the other prod-
uets of acid chloride formation, namely, sulfur diox-
ide and hydrogen chloride, both of which are capable
of causing this cis to trans interconversion (33, 34).

RCOOH + S0CL - RCOCI + HC + SO,

That the effect of the heat required to convert oleoyl
chloride (from thionyl chloride) to oleic anhydride
was probably not responsible for the cis to trans in-
terconversion was indicated by the fact that a sample
of the elaidie acid-free oleic acid was converted to
anhydride with acetic anhydride at a higher temper-
ature than that used in the acid chloride reaction
without noticeable elaidic anhydride formation (Fig.
1H). In addition, heating oleic acid for three hours
at 230° under nitrogen afforded no detectable cis-
trans interconversion or anhydride formation. Al-
though it has been shown that a commercial grade of
myristic acid could be dehydrated to anhydride in 4
to 30% yields by heating from 3 to 12 minutes at
temperatures near 350° (11), this dehydration ap-
parently does not occur significantly with oleiec acid
at 230° [see also (21)]. If hydrogen chloride were
responsible for the eis to trans interconversion dur-
ing the preparation of an unsaturated acid chloride
with thionyl ehloride, it would then be expected that
the same phenomenon would be observed with acid
chlorides prepared with phosphorus trichloride. With
this reagent hydrogen chloride is always evolved dur-
ing the reaction. The anhydride from oleoyl chloride
prepared with phosphorus trichloride, indeed, was
shown to contain a smaller but significant quantity of
elaidic anhydride (Fig. 1L, small maxima at 961 em™).
Phosphorus pentachloride as an acid chloride reagent
is subject to the same objection, as maleic acid has
been reported converted to fumaryl chloride through
its use (29). In addition, the possibility of double
bond addition during attempts to prepare acid chlo-
rides with either thionyl chloride or phosphorus tri-
chloride is a further factor limiting the use of these
reagents -for the preparation of high-purity unsatu-
rated acid chlorides. Presumably double-bond addi-
tion can be minimized by operating at the ice water
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temperature during acid chloride formation (40).
The various effects of different acid chloride reagents
upon unsaturated acids require further elucidation
to establish the extent of these unusual reactions. We
have further indicated that a high-purity oleic anhy-
dride (Fig. 1G) could only be prepared through the
use of an oleoyl chloride in turn prepared from oxalyl
chloride. This result reflects the experience of other
investigators (6, 12), who have recommended the use
of oxalyl chloride for the preparation of unsaturated
acid chlorides.

Some advantages and disadvantages of the acid
chloride-acetic anhydride preparation of fatty acid
anhydrides have been compared with those of other
synthetie methods and are summarized in Table IV,
Our experience with several synthetic methods in-
volving pyridine (Methods D and E) has indicated
that these are not advantageously applied to higher
fatty acid anhydrides. Lauric anhydride could only
be prepared in 39.8% yield through Method D ac-
cording to the general directions of Allen et al. (4),
and in only 20.8% yield by Method E according to
Adkins and Thompson (2). A recent synthesis of an-
hydrides from the acid, thionyl e¢hloride and pyridine
(15, 16), has been reported to give almost quantita-
tive yields.
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Summary

The anhydrides of decanoie, lauric, myristie, pal-
mitie, stearic, and oleic acids have been prepared in
better than 90% yields through the corresponding
acid chlorides with acetic anhydride. Oleic anhydride
could only be prepared satisfactorily when oleoyl
chloride was prepared, in turn, with oxalyl chloride.
A comparison has been made of the various synthetic
methods.
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Lecithin in food processing. F. 'Aylward. Food Manuf. 217,
285-7, 311-4, 355-7, 395-7, 411(1952). Commereial lecithin,
whieh is obtained from soybean, corn, peanut, and rapeseed
oils, is a mixture of phosphatides. The properties of pure leci-
thin are deseribed. The use of commercial lecithin in the manu-
facture of bread, flour, confectionery, biseuits, prepared mixes,
food pastes, cake icings, fillings, and tin-greasing agents is re-
viewed. The applications of phosphatides in the production of
other feoods, such as chocolate and sugar confectionery, ice
cream, and edible fats, are outlined. (Food Seci. 4bs. 25, No.
3196[19531)

Esterified and interesterified fats. A. E. Bailey. Proc. Research
Conf., Council on Research, Am. Meat Institute, Uniw. Chi-
cago 5, 11-17(1953). The inability of lard shortening to retain
air is corrected by interesterification, making it ecomparable to
hydrogenated vegetable-oil shortenings. Means of interesterifi-
cation are disecussed. (C. 4. 58, 901)

The role of surface phenomena in the butter-formation process.
A. Belousov. Molochnaya Prom. 14 (9), 28-34(1953). Rahn’s
foam theory, its Zaikovskil version and the flotation theory,
proposed for the formation of butter from cream during churn-
ing, are discussed together with some of the contributing fac-
tors, namely, the physical chemical properties of the fat-
globule-stabilizing membrane, the breakdown of the membrane,
the air dispersion, and the influence of the surface-active
agents. Evidence supports the flotation theory, according to
which, during churning, the fat globules are drawn into the
air-liquid interface and concentrated on the surface of the air
bubbles. Albumin, lecithin, and saponin prolong, while iso-
amyl aleohol hastens, the churning process. (C. 4. 48, 900)
So-called vitamin F-active fatty acids. Karl Bernhard and Urs
Gloor (Univ. Basel, Switzerland). Helv. Physiol. et Pharma-
col. Acta 11, 323-8(1953) (in German). Addition of stearolic,
9,10-dihydroxystearie, or 9,10-diketostearie acid to a diet de-
void of essential fatty acids given to lactating rats had a
curative effect on the growth and the life expectancy of the
offspring. A possible formation of linoleic acid from these
compounds is diseussed. (C. 4. 48, 827)

Effect of cooking upon the vitamin A content of ghee. I. S.
Bhatia. Bull, cent. Food Tech. Research Inst., Mysore 2, 72-4
(1952). All processes of cooking applied to ghee caused a loss
of vitamin A, When ghee was used for frying, all vitamin A
was destroyed after 15 minutes. (Food Seci. Abs. 25, 3194)

Vitamin A content of cow's butter fat. 1. 8. Bhatia. Bull.
C. F. R. I. (Mysore) 2 (7), 178(1953). The content of vita-
min A of cow’s butter fat in the Punjab varies between 17.5
and 61.0 I.U./g. This content decreases during the lactation
period. (Oléagineuxr 8, 899[1953])

The deodorization of edible oils. J. L. Boyle. Food 21, 372-6
(1952). The deodorization of oils is accelerated by low pres-
sures, high temperatures (up to 250°), and a large area of
contact between the steam and the oil. Designs and flow dia-
grams for several commereial deodorizers are given.

A new index for butter analysis. Bruno Cadrobbi and Franco
De Francesco. Boll. lab. chim. provinciali (Bologna) 3, 7-10

(1952). The eritical temperature of solubility in mitrobenzene
of the nonvolatile fatty acids (T.S.N.) can be used to reveal
adulteration of butter. Omne ml. of the nonvolatile fraetion of
the extracted fatty acids is added, in a test tube of 16 mm.
diameter, to 2 ml. commereial nitrobenzene. A thermometer is
immersed in the mixture and the test tube is heated over a
flame until the solution becomes clear (30°-40°). Then the so-
lution is allowed to eool while being shaken. The temperature
at which the solution starts to become turbid is considered the
T.S.N. index. For genuine butter the index is 27.2°-28.2°; for
margarine, made from coconut fat, below 16°; for lard, below
28°; for the official stearic acid, 46.8°. (C. 4. 48, 899-900)
Preparation of linolenic acid by the bromination-debromination
method. Georges N. Catravas. Compt. rend. 257, 1250-2(1953).
Purified, powdered hexabromide was suspended in acetone and
the solution refluxed with frequent additions of powdered Zn
and cone. HCOL. When the hexabromide had disappeared, the
solution was diluted with a large amount of water and the
linolenic acid extracted with petroleum ether. The petroleum
ether solution was washed with water, dried over Na,SO, and
the solvent removed under CO.. Yields and purity were higher
than when alecohol was used as solvent, for there was less for-
mation of trans-isomers of linolenic acid during the debromi-
nation process.

The antibiotic action of polyunsaturated fatty acids in ster-
ilized milk. H. Cornelissen, M. Lonein, and D. Jacgmain. Proe.
13th Intern. Dairy Congr. (The Hague) 3, 1098-1101(1953).
Total soaps of linseed oil showed a partial inhibition by 100
p.p.m. and practically complete at 1000 p.p.m., the action be-
ing due to linolenie aeid in the oil. Unsaturated acids with 4
or 5 unsaturated bonds gave more activity. The inhibition is
nearly the same in hroth and skimmed milk and less in whole
milk, Because of the taste this method of preservation is not
practical. (C. 4. 48, 296)

Synthesis of phospholipides during absorption of different fats.
P. Favarger (Univ. Geneva, Switzerland). Helv. Physiol. et
Pharmacol. Acta 11, €14-16(1953). (in French). Chiefly dis-
cussion, (C. 4. 48, 244)

Feeding experiment on young calves with flaxseed residues
which split off hydrogen cyanide. A. Orth and F. Mohr (Land-
wirtschaft. Hochschule, Hohenheim, Germany). Arch Tierer-
ndhr, 3, 31-9(1953). The danger involved in the splitting of
the flaxseed glycoside into HCN, grape sugar, and acetone was
studied in young calves. Although HCN is an extremely toxic
material, flaxseed and flaxseed products such as flaxseed cakes
and extraction residues are used as nutrient materials in ani-
mal nutrition. Four kg./day of flaxseed cakes, and extraction
salvage were fed to cattle in doses which theoretically ex-
ceeded the lethal doses of HCN with no toxic effects other
than refarded appetites. A basic difference was demonstrated
between animals with a simple digestive tract and those ani-
mals with a thick forestomach. In the former the activity of
the flaxseed enzymes is destroyed by the gastrie acidity, pre-
venting the breakdown of the glycoside, whereas in ruminants
the HCN is split-off in 6-8 hr.,, quickly resorbed from the
mueus of the forestomach and taken care of through detoxifi-
cation by the liver and expiration. No evidence of accumula-
tion of HON has been presented. (C. 4. 48, 824)

Method for retention stability of margarine in vacuum. Ya. L
Palii (N. L. Pirogov Medical Inst.,, Odessa). Masloboino-Zhir-
ovaya Prom. 18 (9), 9-10(1953). Milk or cream and nonmilk
varieties of margarine which were held in a vacuum chamber



