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Grignard Cleavage of Allylic Esters. IV.
Steric Hindrance in the Grignard Reagent

BY RicuarDp T, ARNOLD, R. WinNsTON LI1GGETT! AND ScoTT
SEARLES, JR.2

A Grignard reagent may react with an allylic
ester of a tertiary carboxylic acid in two ways:
(1) by addition to form a ketone or an alcohol and
(2) by cleavage to form an olefinic hydrocarbon
and a salt of the acid. The two processes gener-
ally take place simultaneously and are the results
of different modes of rearrangement of the codrdi-
nation complex which is formed as the first step in
the Grignard reaction.?4
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Unless retarded by steric hindrance the addition
process (1) usually predominates over the cleav-
age process, as in the reaction of allyl benzoate
with phenylmagnesium bromide.? With allylic
esters of sterically hindered acids, however, it has
been shown in previous communications,*® that
the phenyl Grignard reagent reacts chiefly by the
cleavage process.?

It would be anticipated that the Grignard re-
agent may have the degree of steric hindrance re-
quired to retard the addition reaction and permit
cleavage to predominate with allylic esters of un-
hindered acids. Actually it was found that in the
reaction of mesitylmagnesium bromide with allyl
benzoate, the cleavage process occurred to the ex-
tent of at least 579,7 while the normal addition
reaction to form 2,4,6-trimethy1benzoyhenone pro-
ceeded to the extent of about 15%.7 The Grig-
nard cleavage of allylic esters due to steric hind-
rance in the Grignard reagent has not been re-
ported previously.

Experimental

A Grignard solution prepared from bromomesitylene
(25 g.), magnesium (3.2 g.) and ether (60 ml.) was allowed
to react for eighteen hours at 25-35° with a solution of allyl
benzoate (16.2 g.) in ether (50 ml.). The reaction mix-
ture was then decomposed with slightly acidified ammo-
nium chloride solution, and the ether solution was ex-
tracted thoroughly with sodium carbonate solution (109%,).
Acidification of the alkaline solution gave benzoic acid
(5.1 g., 429% of theoretical) ; m. p. 121-121.3°,

Because of the similar boiling points of allylmesitylene
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and allyl benzoate, the neutral material obtained from the
ether solution was saponified by refluxing four hours with
alcoholic potassium hydroxide. Extraction of the mixture
with water and ether and acidification of the alkaline ex-
tracts gave benzoic acid (8.2 g., corresponding to 269, re-
covery of unchanged allyl benzoate). Distillation of the
ether layer gave allylmesitylene (5.7 g., 36%), b. p. 215-
222°(737 mm.), n%p 1.5149,and 2,4,6-trimethylbenzophen-
one (2.4g.,119%,),b. p. 174° (12 mm.), n2lp 1.5738, as well
as some mesitylene (5.5 g.), as expected from the hydroly-
sis of unused Grignard reagent.
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The Osmium Tetroxide Oxidation of Some
Long-Chain Unsaturated Fatty Acids

By ALFRED R. BADER

As a means of extending the evidence of the con-
figurations of the products of oxidation of oleic,
elaidic, linoleic, erucic, and brassidic acid with
permanganate and peracids, a study has been
made of their oxidation by osmium tetroxide.
Since this reacts through a cyclic ester inter-
mediate,! a cis-ethylene must give an erythro diol
and a trans ethylene a threo diol. In each case the
oxidation products obtained were the ones ob-
tained also in the alkaline permanganate oxidation
of the same acids. Hence the 9,10-dihydroxy-
stearic acid melting at 132° and the 13,14-di-
hydroxybehenic acid melting at 132° are the
erythro-diols, the two isomers melting at 95° and
101°, respectively, are the threo-diols and the eight
diastereoisomers of 9,10,12,13-tetrahydroxystearic
acid have the configurations assigned them by
McKay and Bader.?

This is in accord with the work of Wittcoff and
co-workers®* who pointed out that the criteria
(viz., formation of boric acid complexes, rate of oxi-
dation with lead tetraacetate and periodate, and
rate of formation of isopropylidene compounds)
which characterize cis-glycols in cyclic structures
also characterize threo- rather than erythro-diols in
straight chain compounds.

Swern® has criticized McKay and Bader? for
their supposed assumption that alkaline perman-
ganate oxidation proceeds by “trans hydroxyla-
tion”; this criticism is due to the use? of the con-
fusing designation ‘“‘frans” glycol to describe a
compound of the erythro series. ‘‘trans” was
used? for erythro and ‘‘cis” for threo, because the
vicinal hydroxyl groups in threo diols possess a
closer spatial relationship than those in erythro
diols.* The present work supports the actual con-
clusions reached?3®%% which are the opposite of
those of Hilditch and co-workers®”:# and of Dorée
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and Pepper.! They assumed that the alkalinity
of the permanganate solutions causes inversion,
but in the osmium tetroxide reaction the medium
is acidic throughout and yet the same products are
obtained.

The author wishes to thank Professor and Mrs.
L. F. Fieser for helpful advice during the course of
this investigation.

Experimental

Oleic,!° elaidic,!! linoleic,!? erucic® and brassidic® acids
were prepared by the standard procedures. Omne gram
lots of each were oxidized with osmium tetroxide by the
method of Butenandt.!® In each case there were obtained
in about 609, yield the hydroxyacids obtained also in the
alkaline potassium permanganaie oxidation of the same
acids. Their identity was established by melting point
and mixed melting point. The mixture of stereoisomers
melting at 156° obtained in the oxidation of linoleic acid
was separated into the two isomers melting at 173° and
164 °, respectively, by the method of Riemenschneider and
co-workers.!¥ The experimental data are summarized in

Table I.
TasLe I
Pure product
Crude product Mixed
Compound Wt. M. p., wt., M. p., m, p.,
oxidized g. °C. g. °C. °C.
Oleic acid 0.8 126-129 0.67 132 132
Elaidic acid .82 88-91 .62 94-95 94-95
Erucic acid .90 124-127 |70 132 131-132
Brassidic acid .79  94-96 .89 101 101
Lineoleic acid .80 156-157 .28 172-173 172-173
.17 164 164
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Chemical Degradation of Isotopic Succinic and
Malic Acids!®

By A. A. BENSON AXD J. A. BASSHAM

The path of carbon in photosynthesis' may be
traced by determination of the positions of labeled
carbon atoms in the intermediates involved. En-
zymatic degradation of succinic and malic acids
have been reported? but require pure enzyme prep-
arations. Unequivocal chemical degradations of
these intermediates are reported in this note.
Succinic and malic acids containing C!* were iso-
lated from plant extracts using silica gel partition
chromatography? and co-crystallized with conven-
ient amounts of carrier acids.
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The Curtius* degradation of succinic acid has
been modified to give good yields on small
amounts. Methyl succinate, prepared using di-
azomethane, i{s converted to the diazide through
the dihydrazide.*® Rearrangement of the diazide
in ethanol gives ethylenediurethan which was hy-
drolyzed to give carbon dioxide from the carboxyl
groups and ethylenediamine from the methylene
groups of the original succinic acid.
Curtius

HO,C-CH—CH,—COH :
reaction

489, HBr
—_—
reflux

i .
2C0, 4+ HyN+—CH,—CH,—N *H,

With this method it is possible to determine the
activity of the methylene carbon atoms® without
interference from any amount of carboxyl carbon
activity.

Malic acid has been oxidized with chromic acid
to yield two molecules of carbon dioxide from the
carboxyl groups and one molecule of acetic acid
from the alpha and beta carbon atoms.

CoHe—O-CO-NH-CHyCH,- NH-CO-OC:H;

* % ¥ CrO;
HOOC—CH,—CHOH—COOH ———> s .
4 *
2C0O, + CH;—COOH

The same procedure has been used to determine
radioactive carbon fixed in the alpha and beta car-
bon atoms of aspartic acid. Degradation of the
acetic acid may then be performed by decarboxyl-
ation.”

Experimental

Ethylenediurethan.—A tracer amount of unequally C!4-
labeled succinic acid synthesized in the dark by preillumi-
nated Chlorella was diluted by crystallizing with 300 mg. of
succinic acid. The 280 mg. yield of crystalline acid was
converted to methyl succinate in the usual manner with di-
azomethane and distilled quantitatively into a conical re-
action flask. The hydrazide was prepared from the ester
in 909, yield and was converted to the diurethan using the
methods of Shofer and Schwan® and Curtius.* The prod-
uct was recrystallized from water and sublimed 7% vacuo to
give a yield of 117 mg. (36%). The specific activity of a
thin (less than 0.2 mg./sq.cm.) sample was determined
with a Geiger counter and found to be 21.7 = 1 ¢./m./mg.

Hydrolysis of Ethylenediurethan.—In a 30-ml. two-neck
flask equipped with a reflux condenser and nitrogen inlet
tube was refluxed a solution of 104 mg. of ethylenediure-
than in 5 ml. of 489, hydrobromic acid for two hours. A
slow stream of nitrogen gas during this period carried the
evolved carbon dioxide through the condenser into a so-
dium hydroxide bubbler from which it was recovered as
barium carbonate, 210 mg., specific activity 10.0 c¢./m./
mg. The ethylenediamine was obtained upon evaporating
excess acid iz vacuo and adding excess methanolic potassium
hydroxide. After evaporating the methanol, ethylene-
diamine was distilled i» vacuo and converted to the dihydro-
chloride, 52 mg. (theoretical yield 68 mg.) by addition of
methanolic hydrogen chloride. After recrystallization
from methanol-water, the specificactivity of the pureethyl-
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