2098

CRAIG AND HORNING

voL. 25

[CONTRIBUTION FROM THE LABORATORY OF CHEMISTRY OF NATURAL ProDUCTS, NATIONAL HEART INSTITUTES,
Narionan Instrrures oF Heavrs, U. 8. Pueric Heaurn Service, DEpARTMENT oF HEALTH, EpucaTioN aND WELFARE]

Preparation of Esters by Hemiacetal Oxidation

J. CYMERMAN CRAIG! axp E. C. HORNING

Received May 13, 1960

The direct formation of esters by the oxidation of primary alcohols has been shown to oceur by the reaction. sequence:
aleohol — aldehyde = hemiacetal — ester, rather than by the commonly accepted path: alcohol — aldehyde — acid — ester.
Hemiacetal oxidation presents a possible alternative to acid-aleohol esterification as a biogenetic pathway for the formation

of certain long chain esters.

The oxidation of n-butyl alecohol with dichromate
and sulfuric acid was reported? to give n-butyl
butyrate in 759, yield after two-six hours heating.
This process is the basis of the Organic Syntheses
preparation® of the ester (41-479, vield); in both
instances the reaction is assumed to involve an
esterification as the final step. The method, and
the presumed course of the reaction, was derived
from early observations on the oxidation of pri-
mary alcohols. For example, n-propyl propionate
(75-769,) and n-butyl butyrate (87-889,) were
obtained* by the oxidation of the corresponding
alcohols at 0°, and n-hexyl hexanoate was obtained
as a by-product in the oxidation of n-hexyl alcohol.’
Decanol was reported® to give an excellent yield
of decyl decanoate on oxidation at 100°. The al-
dehyde (frequently the objective in early work®)
was recognized as an intermediate step in the oxi-
dative process, and it was concluded that the oxi-
dation proceeded to the acid and that esterification
followed.

It was observed by one of us” that mild oxidation
(chromic acid-sulfuric acid, 10-15°) of 3-phenyl-
propanol-1 gave a 53% yield of 3-phenylpropyl
B-phenylpropionate, and it was suggested that the
reaction course involved hemiacetal oxidation
rather than esterification:

R,CHO -+ R,—CH.0H —
OH

R;(]:HOOHsz —_— R)COOCHQR;

The reversible formation of hemiacetals is known
to occur readily as a proton-catalyzed reaction.’
The fact that hemiacetal oxidation might be a
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road to esters was recognized by Schulz,® who oxi-
dized decanol to decyl decanoate (329;) and a
lauryl aleohol-decanal mixture (1:1) to obtain
both lauryl decanoate and dodecanoate. No sys-
tematic investigation of this reaction, however,
has been undertaken. It has been shown!® that two
stable cyclic hemiacetals, and also an equimolecular
mixture of an aldehyde and an alcohol, showed
much faster oxidation rates than did the aldehyde
or aleohol alone; moreover, the formation of hemi-
acetals from an alcohol and an aliphatic aldehyde
is known to occur readily,!* and has been followed
by physical measurements.® These facts argue
strongly for the hemiacetal as the precursor of
ester formed by oxidation of an alcohol.

These reactions are of interest for two reasons.
First, a simple preparation of symmetrical esters
would be of some value in synthetic work, requiring
only the use of the alcohol (readily purified by
distillation and checked for homogeneity by vapor
phase chromatography) as starting material, and
affording an extremely pure ester, free from ho-
mologous contaminants so often introduced by the
use of incompletely purified acids. Second, the for-
mation of long chain esters of the cetyl palmitate
type occurs in mammalian metabolism (whale),
and hemiacetal oxidation has never been considered
as a possible biogenetic pathway for this or any
other naturally occurring ester. The present pre-
liminary study was undertaken to determine if
the hemiacetal oxidation hypothesis was tenable,
and to discover suitable experimental conditions
for the preparation of long chain esters by this
route.

The oxidation of a heptanol-1: heptanal mixture
(1:1) with chromic acid-sulfuric acid was examined
under a variety of conditions (Table I). The best
vield of n-heptyl heptanoate, 739, was obtained
with the most polar solvent used, acetic acid,
and when a similar oxidation was carried out with
the alcohol alone the yield of ester was 90%.
When a ten-fold excess of the alcohol was used with
one equivalent of both aldehyde and oxidant, the
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vield of ester fell to 409, and 569, of heptanal di-
n-heptyl acetal was formed as well. These results
suggested that the expected aldehyde = hemiacetal
= acetal equilibrium was present. When sulfuric
acid was omitted from the reaction mixture in
acetic acid solution, the yield fell from 909, for
the aleohol alone to 339;. 1t is well known that the
intensity of carbonyl absorption of alcoholic solu-
tions of aldehydes and ketones is greatly reduced on
the addition of mineral acid,!? and the reaction of
hemiacetal formation is taken to proceed through
an oxonium salt intermediate, explaining the sul-

+ R:CH:0H
RiCHO + H* —> R,CHOH —— 5
OH OH
—H+
RI(EH—-(-‘SCHgR, B RCHOCHR,

H

furic acid effect. Hemiacetals may be isolated as
chemical individuals; Erickson and Campbell!?
characterized the hemiacetal of lauraldehyde and
lauryl alecohol (formerly regarded as a higher-
melting crystalline modification of lauraldehyde).

TABLE I

EstEr ForMaTION FROM HEPTANOL-1
AND HEPTANAL

Mole

Ratio Mole Mole

Alde- Ratio Ratio Yield,

Solvent Temp. hyde Aleohol Oxidant 9

Acetone 10 1 1 1 47
Acetone 10 1 1 2 48
Benzene 25 1 1 1 33
Benzene 10 1 1 1 50
Acetic acid 10 1 1 1 73
Acetone 10 0 1 2 72
Acetic acid 10 0 1 2 90
Acetic acid?® 10 0 1 2 33
Acetic acid 10 1 10 1 408

@ The sulfuric acid was omitted. ? 56% of heptanal di-n-
heptyl acetal was also obtained.

When the components required for esterification
were maintained under the same reaction condi-
tions, but without the oxidant, no ester was found;
this was tried with a 1:1 mixture of heptanol-1
and heptanoic acid. Moreover, no trace of n-
heptyl acetate could be detected by vapor phase
chromatography when acetic acid was used as
solvent in the formation of n-heptyl heptanoate
from heptanol-1. Mosher and Preiss’® have simi-
larly reported that oxidation of n-butyl alcohol in
709 acetic acid gave only n-butyl butyrate, no n-
buty! acetate being found. The failure to esterify
in the absence of the oxidant and the lack of ester
formation with the acetic acid present effectively
exclude the possibility of an acid-catalysed esteri-

(12) O. Wheeler, J. Am. Chem. Soc., 79, 4191 (1957).
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PREPARATION OF ESTERS BY HEMIACETAL OXIDATION

2099

fication as the mechanism, and afford conclusive
evidence that the step leading to the ester is an
oxidative one.

When benzyl alcohol was used as the starting
alcohol, oxidation to the aldehyde occurred, but no
ester was formed. This was in agreement with
earlier work,!! and the result has been ascribed to
the failure of aromatic aldehydes to form hemi-
acetals. The lack of success of Mosher and Preiss’
attempt®® to obtain an ester from the oxidation of
a mixture of ethanol and 2,4,6-trimethylbenzalde-
hyde is probably due to the same reason.

Methanol might be expected to form a hemiacetal
more readily than other alcohols, and it should
be possible to prepare methyl esters by hemiacetal
oxidation. This was tested by examining the oxi-
dation of heptanal-methanol mixtures. The ex-
pected ester was formed in 28-619%, yield (depend-
ing on the conditions); unchanged aldehyde was
present at all times, showing that methanol was
being oxidized at a comparable rate to that of
the hemiacetal. That oxidation of the aldehyde to
the acid did not occur preferentially to hemiacetal
oxidation was indicated by an experiment in which
one-half of the theoretical amount of oxidant was
used; the products were the ester (529) and re-
covered aldehyde (459;). In this and other experi-
ments, gas phase chromatography was particularly
useful in determining the composition of product
mixtures. When phenylacetaldehyde dimethyl ace-
tal was used with methanol in acetic acid solution,
and with the usual oxidant, the products included
35% of methyl phenylacetate and 329, of un-
changed acetal.

This method of making methyl esters, although
not of preparative significance, may be useful in
special instances. It is doubtless the reaction in-
volved in the conversion of dl-pseudoyohimbalde-
hyde into dl-pseudoyohimbine by means of chromic
acid-sulfuric acid in methanol-acetone solution.!*

The fact that lauraldehyde and lauryl alcohol
form a well defined hemiacetal suggested that the
reaction might be applicable to long-chain com-
pounds. When cetyl alcohol was used, the product
was cetyl palmitate (48-519;) identical with a
synthetic sample. The shortest chain aleohol
used was n-butyl alcohol, and the ester yield in
this ease was 57-61%,.

It has been reported,’*~17 that the rate of hemi-
acetal formation decreases markedly with in-
creased branching around the hydroxyl group,
but there is also a description® of hemiacetal

(14) E. C. van Tamelen, M. Shamma, A. W. Burgstahler,
J. Wolinsky, R. Tamm, and P. E, Aldrich, J. Am. Chem.
Soc., 80, 5006 (1958).

(15) W. Herold, Z. Blektrochem., 39, 566 (1933).

(16) B. N. Rutovski and K. 8. Zabrodina, J. Appl.
Chem. U.S.8.R., 11, 302 (1938).

(17) F. E. McKenna, H. V. Tartar, and E. C. Linga-
felter, J. Am. Chem. Soc., 75, 604 (1953).

(18) G. W. Mast and F. E. Anderson, U. 8. Patent 2,-
657,241 (1953); Chem. Abstr., 48, 12168 (1954).
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formation from tertiary alecohols. The oxidation
of a cyclohexanol-heptanal mixture (1:1) gave 509,
of cyclohexyl heptancate. When the reaction was
extended to cholesterol, oxidation to 4-cholesten-
3-one!® and other products® was a competitive
reaction. However, yields of up to 109, of choles-
teryl heptanoate were obtained. No attempt was
made to extend this reaction to longer chain
substances.

It is not yet possible to say whether ester for-
mation occurs in this way in any biological en-
vironment. Nevertheless, there are indications
that this reaction pathway is compatible with
observations relating to long chain compounds.
There are two circumstances that are particularly
pertinent. One of these is the occurrence of plas-
malogens in mammalian tissues. These compounds
are vinyl ethers possibly derived from a C-1
reaction with a long chain aldehyde followed by
dehydration of the hemiacetal intermediate:

(ﬁHzOCH = CHR,
lCHO'CORQ
CH;0-—Phos—base

Phos = phosphate ester

base = choline, ethanolamine

Early investigations suggested a hemiacetal
formulation; the current view?.?? is that a vinyl
ether structure is present, and that the principal
groups correspond in chain length to C:18 and
C:16 parent aldehydes.?®?* An analogous saturated
ether structure is also known to exist; a recent
paper described such a C-1 long chain (C:16 or
C:18) ether derivative.?® While the occurrence
of plasmalogens cannot be taken as evidence that
the esterification process leading to phopholipids
of the lecithin-cephalin group occurs by hemiacetal
oxidation at the C-1 position, it is nevertheless
possible that a hemiacetal dehydration process of
this kind may be connected with the plasmalogen
level in a given tissue.

The formation of long chain esters of the cetyl
palmitate type in whales and elsewhere is generally
regarded to occur by a reaction involving some
kind of active palmitate, but the possibility of an
alternate pathway involving hemiacetal oxidation
has apparently been completely overlocked. In
this connection, recent studies of the bacterial
oxidation of long chain hydrocarbons are of
interest.?® The product of bacterial metabolism

(19) A. Butenandt and J. Schmidt-Thome, Ber., 69, 882
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of hexadecane was cetyl palmitate. The oxidation
process required oxygen of the air (by O experi-
ments) as is typical of biological hydroxylations.
The O experiments showed some dilution;
this may have occurred by aldehyde hydration.
When octadecane was used as a substrate, the
metabolic products were octadecyl stearate and
octadecyl palmitate. Current knowledge permits
only the view that the reaction sequence leading to
cetyl palmitate from hexadecane is essentially
hexadecane — cetyl alcohol — palmitaldehyde —
palmitic acid — cetyl palmitate, with the esteri-
fication occurring through an intermediate that
might be palmitoyl Co-A. It seems equally pos-
sible that the metabolic oxidation sequence might
be: Hexadecane — cetyl alcohol — palmitaldehyde
— hemiacetal of palmitaldehyde and cetyl aleohol
—cetyl palmitate.

If hydration of the aldehyde occurs as a reversible
process, followed by formation and oxidation of the
hemiacetal, then the O originally present in the
aldehyde will be distributed at random with O
from water in the medium, leading to a 759
incorporation of O in the final ester, in agreement
with the experimental result,26

The chemical evidence suggests that oxidation
of a hemiacetal is considerably easier than the
corresponding aldehyde oxidation, and that hemi-
acetal formation and oxidation can occur concur-
rently for both long and short chain aldehyde-
aleohol combinations. From a metabolic point
of view, it might be advantageous to have two
alternate routes of ester formation, with different
degrees of specificity. The hemiacetal pathway
might be relatively nonspecific. Further investi-
gations in the general field of hemiacetals and
thiohemiacetals are in progress.

EXPERIMENTALZ

Chromic—sulfuric acid solution. This contained 20 g. of
chromic acid in 150 ml. of aqueous solution containing 35
ml. of sulfuric acid.

Oxidation of heptanol-1 and heptanal. (A). To a well stir-
red solution of 1.16 g. 0.01 mole) of heptanol-1 and 1.14 g.
(0.01 mole) of heptanal in 10 ml. of acetone cooled to 0°,
5 ml. of the chromic—sulfuric acid solution were added over
a period of 15 min., keeping the internal temperature below
10°. After stirring for 15 min. longer at 10° (internal), the
mixture was treated with 56 ml. of water and extracted with
ether. The combined ether extracts were washed with suf-
ficient 109, sodium hydroxide solution to remove all acid,
and then with water, and dried over anhydrous magnesium
sulfate. After evaporation of the solvent, the residue was
kept at 100° (bath temperature) under a short column at

(27) Melting points were taken on a Kofler block. Ultra-
violet and infrared spectra were measured on a Cary model
11 recording spectrophotometer and on a Perkin-Elmer model
21 or Beckman model IR7 double beam recording spectro-
photometer by Mrs. K. Warren. Vapor phase chromato-
grams were run at 150-180° on a Barber-Colman model 10
gas chromatograph, the stationary phase being a glutaric
acid—diethylene glycol polyester on Chromosorb-W (15%)
and the column being 2 m. long.
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0.5 mm. for half an hour, leaving 1.08 g. (47%) of a colorless
oil identified as n-heptyl heptanoate, b.p. 96-97° (1 mm.),
n%? 1.4320, by identity of its infrared spectrum and its re-
tention time, with that of an authentic sample.

(B). An experiment identical with (A), but using 10 ml. of
chromic—sulfuric acid solution, gave 1.10 g. (489%) of n-
heptyl heptanoate, n% 1.4322, identified as before.

(C). A solution of 2.32 g. (0.02 mole) of heptanol-1 and
2,28 g. (0.02 mole) of heptanal in 40 ml. of benzene was
cooled in ice and 10 ml. of the chromic-sulfuric solution was
added over 15 min., keeping the internal temperature below
25°. After being stirred for a further 2 hrs., the mixture was
worked up as described above, to yield 1.5 g. (33%,) of n-
heptyl heptanoate, n%7 1.4309, identified as before.

(D). An experiment identical with (A), but using 20 ml.
of benzene as solvent instead of acetone, gave, after oxida-
tion at 10°, a red benzene layer. The color was not removed
by water or bicarbonate solution, but was instantly removed
by 19 sodium hydroxide solution. This was presumably a
chromate ester.® The product was 1.14 g. (509,) of n-
heptyl heptanoate, n3y 1.4322, identified as before.

(E). An experiment identical with (A) but using 5 ml. of
acetic acid as solvent instead of acetone, gave 1.67 g. (739,)
of n-heptyl heptanoate, n%y 1.4322, identified as before.

Ozidation of heptanol-1 (A). A well stirred solution of 2.32
g. (0.02 mole) of heptanol-1 in 10 ml. of acetone cooled to 0°
was treated dropwise over 15 min. with 10 ml. of chromic-
sulfuric acid solution, keeping the internal temperature below
10°. After stirring (10°) for a further 15 min., the product
was isolated as before to give 1.65 g. (729) of n-heptyl
heptanoate, n3; 1.4310.

(B). Repetition of the experiment using 5 ml. of acetic
acid as solvent instead of acetone, gave 2.05 g. (909%) of n-
heptyl heptanoate, n3) 1.4328.

(C). A solution of 20 g. of chromic acid in 150 ml. of solu-
tion, containing 70 ml. of glacial acetic acid, was made up.
This contained an equivalent amount of acetic acid instead
of the sulfuric acid used previously. An experiment identical
with (B), but using 10 ml. of this chromic-acetic acid solu-
tion, was carried out. The acetic acid was neutralized at 5°
with 109, sodium hydroxide solution. The product was
0.77 g. (339,) of n-heptyl heptanoate, n% 1.4327.

Heptanol-1 and heptanoic acid. A stirred solution of 1.16 g.
(0.01 mole) of heptanol-1 and 1.33 g. (0.01 mole) of heptanoic
acid in 5 ml. of acetic acid was treated at 10° with 5 ml. of
water containing 1.2 ml. of sulfuric acid, but no chromiec
acid. Stirring was continued for 30 min., and the mixture
was worked up as described. A trace (90 mg.) of an unidenti-
fied residue, n% 1.4650, remained. No n-heptyl heptanoate
or acetate was detected.

Oxidation of excess of heptanol-1 and heptanal. A stirred
mixture of 11.6 g. (0.1 mole) of heptanol-1 and 1.14 g. (0.01
mole) of heptanal in 10 ml. of acetic acid was treated at 10°
with 5 ml. of chromie-sulfuric solution over 15 min. After a
further 15 min. stirring at 10°, excess heptanol was distilled
off at 53° (1.5 mm.), (825 g. was collected). The residue
boiled at 100-150° (1 mm.), n% 1.4348. The yvield was 2.9 g.
Infrared spectroscopy showed strong absorption bands at
1745 em.* (ester) and at 1047, 1073, and 1119 em. ! (ace-
tal). The material gave a positive hydroxamic acid test for
csters, and a positive 2,4-dinitrophenylhydrazone test after
heating. Treatment of 0.164 g. of the mixture with 25 ml. of a
solution of 2,4-dinitrophenylhydrazine in 2N hydrochloric
acid at 100° for 20 min. gave 0.083 g. (56¢¢) of heptanal 2,4~
dinitrophenyvlhydrazone (m.p. and mixed m.p. 107-108°).
The mixture consisted of 1.72 g. (569) of heptanal di-n-
heptyl acetal and 1.18 g. (409%) of n-heptyl heptanoate. The
composition was confirmed by gas chromatographic analysis.

(28) W. A. Waters, Quart. Revs. 12, 277 (1958); F. Hol-
loway, M. Cohen, and F. H. Westheimer, J. 4m. Chem.
Soc. 73, 65 (1951); M. Cohen and F. H. Westheimer, .JJ. 4.
Chem. Soc. T4, 4380 (1952).
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Ozidation of phenylacetaldehyde dimethylacetal. A stirred
mixture of 6.64 g. (0.04 mole) of phenylacetaldehyde di-
methylacetal and 1.3 g. of methanol (0.04 mole) in 6 ml. of
acetic acid was treated at 10° over 15 min. with 60 ml. of
chromic-sulfuric acid solution. The mixture was treated at
0° with 45 ml. of 109, sodium hydroxide solution, and the
products were isolated as usual. Distillation gave 4.7 g. of
oil, b.p. 217-219° (760 mm.), n%> 1.5077. Infrared spectros-
copy showed the presence of ester and acetal, with a trace
of free aldehyde, and gas chromatography indicated the
composition of the mixture to be 9.5% of aldehyde, 46% of
acetal, and 449, of methyl phenylacetate. Estimation of total
aldehyde was carried out as described above, and 0.33 g. of
the mixture vielded 0.315 g. of the 2,4-dinitrophenylhydra-
zone of phenylacetaldehyde (using 2,4-dinitrophenylhy-
drazine reagent in 2N hydrochloric acid), corresponding to
52.5%, content of aldehyde plus acetal, in good agreement
with the gas chromatographic analysis. The total yields were
2.1 g. (359, overall) of methyl phenylacetate, 2.15 g. (32%
recovery) of phenylacetaldehyde dimethylacetal, and 0.45
g. (9.5%) of free phenylacetaldehyde.

Ozidation of benzy! alcohol. Treatment of 2.16 g. (0.02
mole) of benzyl alecohol in 5 ml. of acetic acid with 10 ml. of
chromic—sulfuric acid solution at 10° for 15 min., followed by
stirring for a further 15 min. at 10°, gave 1.15 g. of a mixture
of benzaldehyde, benzyl alcohol, and a little benzoic acid.
No benzyl benzoate was detected.

Ozidation of heptanal and eyclohezanol. Oxidation of 1.14 g.
(0.01 mole) of heptanal and 1.0 g. (0.01 mole) of cyclohexa-
nol in 5 ml. of acetic acid at 10° with 5 ml. of chromic-sulfu-
ric acid solution gave 1.05 g. (509,) of cyclohexyl hepta-
noate, b.p. 98° (0.5 mm.), n% 1.4450, identical in properties
with an authentic sample (infrared spectroscopy and gas
chromatography).

Ozidation of heptanal and cholesterol. (A). To a stirred
solution of 4 g. (0.035 mole) of heptanal and 2.02 g. (0.005
mole) of cholesterol in 40 ml. of acetic acid at 15°, 2.5 ml. of
chromic—sulfuric acid solution were added over 5 min., and
stirring was continued for a further 10 min. at 15°. After
addition of 140 ml. of 109, sodium hydroxide solution at 0°,
the mixture was extracted with methylene chloride and
ether, and the products were isolated as usual. The material
(2.15 g., 85%) showed infrared ahsorption bands at 1676,
1735, 3450, and 3600 cm." ! and the ultraviolet spectrum
(isooctane) showed Amax 232 myu, e 2250 (cale. on mol. wt.
384), corresponding to 149, of conjugated cholestenone.?®
Chromatography on silicic acid (100200 mesh) of 100 mg.
of the reaction product [using 69, benzene-hexane (v/v)]
gave 4 mg. of cholesteryl heptanoate as needles, m.p. and
mixed m.p. 110-111°, and identical in infrared spectrum
with an authentic specimen.

(B). A mixture of 2.28 g. (0.02 mole) of heptanal and
1.01 g. (0.0025 mole) of cholesterol in 25 ml. of acetic acid
and 50 ml. of acetone at 5° was treated with 0.25 ml. of N
sulfuric acid and stirred for 5 min. at 5°. The solution was
then treated with 1.25 ml. of chromic-sulfuric acid solution
at 5° over 5 min., and stirred for a further 10 min. at the same
temperature. Working up as before gave 1.15 g. of solid resi-
due, showing identical infrared absorption with that of the
product (A).

Chromatography of 100 mg. of the crude reaction product
on silicic acid afforded 8 mg. (7.59,) of pure cholesteryl
heptanoate, m.p. 109-110.5°, identical with authentic ma-
terial in melting point and infrared spectrum.

(C). An experiment identical with (A), with 1.14 g. (0.01
mole) of heptanal and 0.386 g. {0.001 mole) of cholesterol in
20 ml. of acetic acid and 20 ml. of acetone, was carried out.
The oxidation was effected at 5° during 5 min. with 0.6 ml.
of chromic—sulfuric acid solution, with further stirring at 5°
for 10 min. After chromatography on silicic acid, 35 mg.
(7.59%) of cholestervl heptanoate, m.p. and mixed m.p.
110.5-111.5°, was obtained.

(29) H. Mohler, Helv. Chim. .\cta, 20, 289 (1037).
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(D). An experiment identical with (C), but in which the
solution of heptanal and cholesterol was allowed to stand
30 min. at 25° after the addition of 0.25 ml. of 5N hydro-~
chloric acid, was carried out. The crude product contained
8.5% of conjugated cholestenone (e¢ 1370 at 232 my);
49 mg. (109%) of cholesteryl heptanoate was obtained as be-
fore, and had m.p. and mixed m.p. 110-111°,

Oxidation of cetyl alcohol. A solution of 4.84 g. (0.02 mole) of
cetyl alcohol in 20 ml. of acetic acid and 10 ml. of acetone at
15° was treated with 10 ml. of chromic-sulfuric acid solu-
tion over 15 min., and stirred a further 15 min. at 25°. Ad-
dition of 130 ml. of 109, sodium hydroxide solution at 0°,
followed by working up as usual, gave 2.33-2.48 g. (48.5~
51.5%) of cetyl palmitate, m.p. and mixed m.p. 49.5-
50.5° identical in infrared spectrum with an authentic
specimen.

Oazidation of heptanal and methanol. (4). A mixture of 2.28
g. (0.02 mole) of heptanal and 0.64 g. (0.02 mole) of metha-
nol in 5 ml. of acetic acid was treated at 10° with 10 ml. of
chromic-sulfuric solution during 15 min. After a further 15
min. stirring at 10°, the mixture was worked up as usual.
Distillation gave 2.3 g., b.p. 48-62° (12 mm.), n% 1.4098,
shown by gas chromatographby to consist of 1.5 g. (65%) of
recovered aldehyde and 0.8 g. (289, yield) of methyl hepta-
noate, identical in retention time with an authentic speci-
men.

(B). Repetition of the experiment with 6.4 g. (0.2 mole) of
methanol gave 2 g. of product, b.p. 63-65° (12 mm.),
n% 1.4096, consisting of 0.5 g. (22%) of recovered aldehyde
and 1.5 g. (529, yield) of the methyl ester.
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(C). When a mixture of 2.28 g. (0.02 mole) of heptanal
and 6.4 g. (0.2 mole) of methanol in 3 ml. of acetic acid was
treated with 20 ml. of chromic-sulfuric acid solution at 10°
during 20 min., (stirred for a further 10 min. at 10°), the
product was 2.5 g., b.p. 56-66° (12 mm.), n% 1.4097, con-
sisting of 1.65 g. of methyl heptanoate (57%) and 0.85 g.
(37%) of heptanal (by gas chromatography).

(D). Repetition of experiment (C) using 30 ml. of chromic-
sulfuric acid solution (added over 30 min. at 10°), afforded
2.6 g. of product, % 1.4102, containing 1.75 g. (61%) of
methyl ester and 0.85 g. (379%) of recovered aldehyde.

(E). When experiment (C) was repeated with only 5 ml.
of chromie-sulfuric acid solution, the product was 2.45 g.,
b.p. 56-66° (12 mm.), n% 1.4098, consisting of 1.7 g. of re-
covered aldehyde (f.e. 1.14 g. (0.01 mole) plus 0.56 g.
(45%, of 0.01 mole) and 0.75 g. (529, yield of 0.01 mole) of
methyl heptanoate.

Ozidation of n-butyl alcohol. A solution of 14.8 g. (0.2
mole) of n-butyl alcohol in 10 ml. of acetic acid was cooled to
10°, and 100 ml. of chromic-sulfuric acid solution was added
over 30 minutes at 10°. At 0-10°, 28 ml. of 509 sodium
hydroxide solution was added, and the mixture was ex-
tracted with ether. The combined extracts were washed
with 109, sodium hydroxide solution, with water, and dried
over magnesium sulfate. Distillation through a short
Vigreux column gave 8.2-8.8 g. (57-61%) of n-butyl bu-
tyrate, b.p. 164-166°, n%y 1.4032, identical in its infrared
spectrum and retention time with an authentic sample,
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Procedures are described for the w-chlorination of tetrachloro-o-xylene, for the w-bromination of tetrachloro-o-xylene,
tetrachloro-p-xylene, and trichloromesitylene and for replacement of the bromine by hydroxyl (via the acetates), by carboxy-
methyl (via malonic ester alkylation), by phenyl (via the Friedel-Crafts reaction), and by n-propoxy (via reaction with

sodium propozxide in n-propyl alcohol).

In connection with studies of condensation
polymers, we have prepared the polyfunctional
carboxylic acids and alcohols, which are described
in the experimental section. The structural feature
which these compounds have in common is a fully-
substituted, highly chlorinated benzene ring.
The aromatic ring, when properly inserted as an
element in a polymer chain, is known to raise the
melting point and increase the thermal stability of
a polymer.?2 As these compounds are highly chlori-
nated, they also offer the possibility of conferring
flame retarding properties on a polymer.

The synthetic approach adopted was to use the
methyl groups in three known compounds, tetra-
chloro-o-xylene,® tetrachloro-p-xylene,*%4¢ and tri-
chloromesitylene®3 as handles for the intro-

(1) Department of Chemistry, Bennington College,
Bennington, Vt.

(2) R. Hill and E. E. Walker, J. Polymer Sct., 3, 609
(1948); E. F. Izard, J. Polymer Sci., 8, 503 (1952).

duction of either the aleohol or acid functions.
When adapted to the xylenes, the general ring-
chlorination procedure of Silberrad® proved more
convenient than the methods described in the
references above. Although we did succeed in pre-
paring both 1-methyl-2-chloromethyl-3,4,5,6-tetra-
chlorobenzene and 1,2-bis(chloromethyl)-3,4,5,6-
tetrachlorobenzene, and 1,4-bis(chloromethyl)-2,3,-
5,6-tetrachlorobenzene was known,* the synthetic

(3) (a) R. L. Datta and F. Fernandes, J. Org. Chem., 38,
1810 (1916). (b) L. E. Hinkel, J. Chem. Soc., 117, 1206
(1920). (¢) P. G. Harvey, F. Smith, M. Stacey, and J. C.
Tatlow, J. Applied Chem., 4, 325 (1954).

(4) (a) E. Bures and T. Rubes, Casopis Ceskoslov Lekar-
nictva, 8, 225, 228 (1928); Chem. Abstr., 23, 3674 (1929).
(b) Ibid., Collection Czechoslov Chem, Communicaiions, 1, 648
(1920); Chem. Abstr., 24, 1851 (1930). (¢) P. Ruggli and F.
Brandt, Helv. Chim. Acta., 27, 274 (1944).

(8) E. T. BeBee and R. E. Leech, Ind. Eng. Chem., 39,
393 (1947).

(6) O. Silberrad, J. Chem. Soc., 127, 1267 (1925).



