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Exposed samples of N-pentylhexanamide were extracted
witll water and the extract evaporated to dryness. The low-
melting residue was recrystallized from isodctane to obtain
white crystals melting at 88-90° (hexanamide nielts at 97—
98°). The identity of these crystals as hexanamide was es-
tablished by the exact correspondence of tlie X-ray diffrac-
tion pattern obtained from tliem with that given by au-
thentic hexanamide.

Addition of 109, sodium hydroxide solution to plioto-
oxidized N-pentylhexanamide caused evolution of sufficient
amounts of either amnmonia or an amnine to be detected by
litmus paper. Quantitative estimation by the ninhydrin pro-
cedure and by the method of Van Slyke and Cullen!s estab-
lished that less than 2 mg. of ammonia was formed upon
exposure of 10 g. of N-pentylliexanamide for 285 hours.
Qualitative tests for hydroxylamine and hydrazinel® were

(15) P. B. Hawk, B. L. Oser and W. H. Summerson, 'Practical
Physioclogical Chemistry,” twelfth edition, Blakiston Co., Philadel-
phia, Pa., 1947, p. 50,

(16) T. Feigl, ""Spot Tests,’’ translated by R. E. Oesper, third
edition, Elsevier Publishing Co., New York, N, Y., 1947, p. 186.
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negative, Infrared spectra of irradiated N-pentylhexanam-
ide and of the residual amide after acids had been removed
showed no indication of nitriles, .

Gas samples were analyzed by the Orsat procedure using
a Burrell build-up laboratory niodel analyzer., Carbon di-
oxide, oxygen and unsaturated hydrocarbons were deter-
mined by usual absorbing reagents. Hydrogen and carbon
monoxide were determined by combustion over hot copper
oxide in the normal way. Oxygen was added and par:}ﬁ"m
hydrocarbons were burned to carbon dioxide over platinized
silica at 500°. Inert residual gas was reported as nitrogen.
Identity of tlie inert gas was verified by 1nass spectrometric
analysis.
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Thiyl radicals from e-thioglycerol and from sun lamp irradiation of bis-(2,2’-carboxyphenyl) disulfide (II) failed to ab-
stract hydrogen from acetic acid or an electron from acetate anion, and irradiated I1 failed to undergo intramolecular hydrogen

or electron transfer.
oxidized to II by acetone.
and of reduction of acetone by thiosalicylic acid.

On irradiation, II was reduced to thiosalicylicacid I by ethanoland 2-propanol, and compound I was
Pinacol appeared to be the major product of oxidation of 2-propanol by di-z-butyl disul‘ﬁde
Disulfide II was not reduced under our conditions by f-butyl alcohol, diiso-

propyl ether, isopropyl acetate, benzeue, toluene, chloroforin and lactic acid, but appeared to be reduced by ethyl lactate,

leading to etliyl pyruvate.

In the course of our study of the exchange of
diphenylmethyl radical, produced from azo-bis-
diphenylmethane, with diphenylmethane, we have
observed? catalysis of this process by thiophenol
by the reversible process 1. Conditions were

a
(CeH;).CH: 4+ C¢H;SH <_; (CeH;):CH, + CeHsS- (1)
b

found under which approximately half of the di-
phenylmethyl radicals which became free reacted
with mercaptan (reaction la) before dimerizing
or reacting with thiyl radical, while approximately
one-fourth of the thiyl radicals so formed abstracted
a-hydrogen from solvent diphenylmethane (re-
action 1b) before dimerizing or reacting with di-
phenylmethyl. It seemed desirable to review and
investigate hydrogen transfer reactions of mercap-
tans and thiyl radicals.

Mercaptans are oxidized by a variety of reagents,
including organic free radicals,® the first product
normally isolated being the disulfide. The tran-
sient thiyl radicals may, before entering into radi-
cal combination processes, act as hydrogen ab-
stracting agents. Thiyl radicals, formed by re-
action of 2-cyano-2-propyl radicals with mer-
captans,® oxidize 9,10-dihydroanthracene to a
derivative of 9,9’-dianthranyl,* an aliphatic azo
compound to an azine,* and a disubstituted hy-

(1) To whom inquiries should be addressed.

(2) C. H. Wang and S. G.. Cohen, THis JourNaL, 79, 1924 (1957).

(3) P. Bruin, A. F. Bickel and E. C. Kooyman, Rec. frav. chim., T1,
1115 (1952).

(4) A. F. Bickel and E. C. Kooyman, Nature, 170, 211 (1952).

Tlie course of these reactions is discussed.

drazine to an aliphatic azo compound® They
may also abstract hydrogen from the carbonyl
carbon of aldehydes, catalyzing their decarbonyla-
tion,®leading in this case to chain reactions.

The disulfides are also very reactive, undergoing
rupture of the S-S linkage under acidic’®P and
basic™¢ catalysis and by radical dissociation.®b
The dissociation into thiyl radicals may be thermal,
at elevated temperature,® and this may be facili-
tated by radical-type initiators,®® or it may be in-
duced by light, Diisoamyl disulfide, presumably
acting by formation of thiyl radicals, aromatizes
tetralin and ionene,* and diphenyl disulfide aroma-
tizes! tetralin and other hydroaromatics at 260°
and is reduced by cyclohexene at 140°, The
photolysis of disulfides initiates the polymeriza-
tion of styrene,!! catalyzes the addition of mer-
captans to olefins'® and converts diphenyl-
methane to tetraphenylethane,? Disulfides in

(5) M, Okawara, J. Chem. Soc. Jopan, B8, 142 (1955); C. 4., 50,
4012 (1956).

(6) (a) E. F, P. Harris and W. A. Waters, Nature, 170, 212 (1952);
(b) K. E. J. Barrett and W, A, Waters, Disc. Faraday Soc., 14, 221
(1953).

(7) (a) A. P, Ryle and F. Sanger, Biochem. J., 60, 535 (1955); (b)
R. E. Benesch and R. Benesch, Tuis Jour~ar, 80, 1666 (1958); (c)
A. Fava, A. Iliceto and E. Camera, bid., 79, 833 (1957).

(8) (a) G. Leandri and A. Tundo, Ann. chim. (Rome), 44, 63 (1954} ;
(b) H. Z. Lecher, Science, 130, 220 (1954).

(9) (a) A. Schénberg, E. Rupp and W. Gumlicli, Ber., 66, 1932
(1933); (b) J. J. Ritter and E. D. Sharpe, Tuis JoUrNAL, 59, 2351
(1937).

{10) M. Nakasaki, J. Chem. Soc. Japan, T4, 403, 518 (1953),

(11) T. Otsu, J. Polymer Sci., 21, 559 (1956).

(12) M. S. Kharasch, W. Nudenberg and T, H. Meyer, J. Org.
Chem., 18, 1233 (1953).
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light convert benzohydrol to benzopinacol and
benzyl alcohol to some extent to benzaldehyde,
while mercaptans convert benzophenoue to benzo-
pinacol.’®  These aromatic systeuts may be par-
ticularly reactive, photochemical reduction of
benzophenone to benzopinacol being very readily
effected by alcohol! and even by ether,’* and cer-
tain hydrocarbons®; such reductions are sensi-
tive to structural change'™P’ in both components.
It scemed to us to be of interest to examine the
oxidation-reduction reactions of disulfide-mercap-
tan with some organic compounds in which reactiv-
ity was not highly enhanced by allylic or benzyl-
type resonance. In most of the experiments
solutions or suspensions of a disulfide were ir-
radiated with a sun lamp in Pyrex for several days.

In one group of experiments the action of thiyl
radical on carboxylic acids and carboxylate anion
was examined. In some preliminary experimerts
azo-bis-isobutyronitrile was decomposed in acetic
acid containing potassium acetate and e-thio-
glycerol, and in others the acetic acid-sodium ace-
tate-mercaptan solution was warmed with hexa-
phenylethane. Thiyl radicals presumably were
formed in both cases,' but there did not appear
to be any appreciable reaction between them and
the acetic acid or the acetate anion. In the ex-
periment with the azo compound the loss in weight
was less than the theoretical weight of the nitro-
gen to be evolved, indicating that abstraction by
the thiyl radical of the carboxyl hydrogen or the
carboxylate electron, which would lead to evolu-
tion of carbon dioxide, probably had not occurred.
The reaction in the presence of hexaphenylethane
was examined for succinic acid, but none was found,
indicating that abstraction of a-hvdrogen had not
occurred. Irradiation of bis-(2,2’-carboxyphenyl)
disulfide (IT) then was examined as a source of thiyl

COOH COOH
[ y-S-8 ’ ~
wv/ P

I

radicals in a variety of solvents. This compound
was used primarily because both the mercaptan
and disulfide could be isolated fairly readily as
solids without excessive inconvenience.

A suspension of this in acetic acid was irradiated
for 92 hours, the disulfide being recovered in 739
yield as the only isolable product. Similarly,
irradiation of (i) a suspension of the disulfide in
water for ten days, (ii) of a solution of the disulfide
in dioxan-water for one day, and (iii) of a solution
of the potassium salt of the disulfide in water for
six hours led to recovery of the original disulfide
itn greater than 909 vield. In this example the
carboxyl group or carboxylate anion and the sulfur
radical appear to be well located for interaction.
The reactions would be reversible, and, on energetic

(13) A, Nakasaki, J. Chem. Sec. Jupan, T8, 405 (19533).

(14) . Ciamician and P. Silber, Ber., 34, 1541 (1001);
(lo11).

(15) (a) 15, Bergmann and S, Pujise, Ann., 483, 65 (1930);
Bergmann ana Y. Hirshberg, THis Jol'rnaL, 65, 1429 (1943).

(16) Nuate the abstraction of hydrogen from mercaptans by the very
highly stabilized radical, diplienylpierylhydrazyl; K. E. Russell, J
Phys. Chem,, 88, 437 (1051)

44, 1554

(L) F.
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grounds, the initial radicals I1Ia and IVa wotld be
favored over the possible product radicals IIIb and
IVb. However, decarboxylation mnight displace the
equilibria aud lead to cousutnption of the initial
disulfide. Recovery of the disulfide indicated that
the forward reactions were too unfavorable under
our conditions. Tt may be uoted that the electron

0. 0 (ONot
~c ~H e 0 .
. ~. L\\—ig/l‘l
;/ 8 e Q (2a)
Pz >
IIla 11Ib
o\\c/o- 0‘\0&/0
BN q R
» o= » (2b)
A =
IVa IVb

transfer reaction between a radical and an anion of
type IVa, IVb, need not be very rapid; it has been
reported recently that the thermoneutral exchange
between benzoyloxy radical and benzoate anion at
70° is rather slow, considerably slower than the
rate of decomposition of benzoyl peroxide at that
temperature.’”

Irradiation of disulfides in alcohols and their
derivatives was next examined. Irradiation of II
in ethanol led to reduction of the disulfide and iso-
lation of thiosalicylic acid (I), in 409 yield and

O\C/OH
WJ‘\w— SH

I

recovery of none of the disulfide, while a control
run under similar conditions in the dark led to
recovery of the disulfide in 889 yield. Irradiation
of a suspension of II in 2-propanol, led to reduc-
tion: the mercaptan I was isolated in S8 yield
and a small quantity of the disulfide was recovered.
However, irradiation of II in {-butyl alcohol led to
recovery of 639, of the disulfide and a gum from
which a small quantity of lower melting solid was
obtained. Although a reaction appeared to occur
to some extent with the tertiary alcohol, only the
primary and secondary alcohol led to ready reduc-
tion of the disulfide and isolation of the mercaptan.

The carbon-hydrogen bond has a lower dissocia-
tion energy than the oxygen-hydrogen bond and a
value not much greater than that of the sulfur-
hydrogen bond, ca. 90 kcal.®® Inalcohols and ethers
the hydrogen on the earbon of the functional group
may be the more readily abstracted, the resulting
radical being stabilized by resonance with the p-
electrons of the oxyget1, the pertinent carbon-
hydrogen bond being in effect weakened. Hy-
drogen is removed by methyl radical from the
carbinol carbon of primary and secondary alcohols
in preference to hydrogen on oxygen or on more
distant carbon atoms, as shown by deuterium
labeling!%-P; it probably is removed preferentially

(17) % Cincometti and A. [iceto, Ricerca sci., 2T, 743 (1937).

(18) T. I.. Cottrell, "*The Strengths of Chemical Bonds,” Butter-
worths Scientific Publications, London, 1954, Chapter 10.

(19) (@) F. Glockling, J. Chem. Soc., 3640 (1956); (1) M. 5. Khar
aselt, T I. Rowe and W, H. Urry. J. Org. Chem., 16, 903 (1051)
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by ¢-butoxy radical also, as shown by alkylation of
such alcohols at the carbinol carbon® by olefins
in the presence of di-t-butyl peroxide. On the
other hand, the l-isobutenyl radical attacks the
hydroxyl'®® hydrogen of ethanol preferentially,
while the hydroxyl radical is comparatively in-
discriminate, attacking hydrogen on the carbinol
carbon and on more distant carbons®! and on the
hydroxyl of tertiary alcohols.?? The thiyl radical
would appear to be a selective one which preferen-
tially attacks hydrogen on the carbinol carbon;
abstraction of hydrogen from hydroxyl would
presumably be even less favored than abstraction
from carboxyl.

However, irradiation of the disulfide II in di-
isopropyl ether led to recovery of II in 949, yield
and detection of no acetone, while irradiation of II
in isopropyl acetate led to its recovery in 829,
yield and formation of a viscous residue. The
carbon-hydrogen bond at the carbinol carbon in the
alcohol and the ether, and perhaps in the ester,
have similar dissociation energies, and this bond in
ether is sensitive to attack by radicals in autoxi-
dation, in reaction with acyloxy radicals?® and in
light-induced reactions with ketones. Observable
reduction of the disulfide under our conditions re-
quires both hydrogen on the carbinol carbon and a
free hydroxyl, neither one alone being sufficient.
However we were unable to obtain unequivocal
evidence for conversion of the alcohol to acetone,
In one irradiation of the disulfide II in 2-propanol
a derivative of acetone was obtained in about 209
yield but a blank irradiation of 2-propanol under
similar conditions also led to acetone, isolated as
the 2,4-dinitrophenylhydrazone. Furthermore, pin-
acol appears to be a major product, isolated in
about 259, yield from irradiation of di-n-butyl
disulfide in 2-propanol,

It is possible that this results in part from di-
merization of radicals formed in the hydrogen ab-
straction process (3), in which case our failure to

RS + RLCHOH = RSH + RL,0—OH  (3)
2R1,C—OH —> RLC(OH)C(OH)R!, (5)

observe reaction with the ether or ester is due either
to less facile abstraction of hydrogen from these by
the thiyl, or less facile dimerization, which may
lead to reversalof reaction 3. On the other hand, the
progress of the reaction may require formation of the
ketone and mercaptan as intermediates, subsequent
interaction of these two leading to the major part of
the pinacol, this accounting for the lack of reaction
withtheetherandester. Theketonemightbeformed
by reaction of the intermediate radical either with
thiyl radical or with disulfide, with the former, 4a,

R;IC—OH + RS == R:.C=0 + RSH  (4a)

R,!C—OH + RS—SR —> R,C=0 + RSH + RS-
(4b)

being favored on energetic grounds and likely to be
quite rapid. Although it cannot be ruled out, it
seems less likely that ketone may be formed by

(20) W. H. Urry, F. W. Stacey, E. J. Harper and 0. O. Juveland,
THIS JOURNAL, 76, 450 (1954).

(21) D. D. Coffman and E. J. Jenner, sbid., 80, 2872 (1958).

(22) J. H. Merz and W. A, Waters, J. Chem. Soc., S.15 (1949).

(23) W. E. Cass, THIS JOURNAL, 69, 500 (1947),
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concomitant attack on the alcohol by two thiyl
radicals or by a molecule of disulfide under the in-
fluence of light, leading in a single transition to
two molecules of mercaptan and a carbonyl group.

That the reverse reaction, oxidation of the mer-
captan by the ketone, takes place readily was indi-
cated by experiments in which thiosalicylic acid
was irradiated in acetone, the latter being an ef-
fective photosensitizer®® for reactions of mer-
captans, and in this case a reactant as well. Ir-
radiation of thiosalicylic acid in a mixture of equal
quantities of 2-propanol and acetone led to isolation
of the disulfide in 83% yield, indicating that oxi-
dation to the disulfide by acetone was favored. Ir-
radiation of thiosalicylic in acetone which was free
from 2-propanol led to 2-propanol isolated as its
phenylurethan in 99 yield, to the disulfide in 809
yield and to pinacol in 149, yield, identified by
oxidation to acetone by periodic acid.

A few additional experiments were carried out
and may be mentioned. Irradiation of suspension
of the disulfide II in benzene, toluene and chloro-
form led to recovery of IT in 93-95% yield and little
evidence of reaction, Strangely, irradiation of
II in lactic acid did not lead to reduction of the
disulfide, which was recovered in 969 yield, How-
ever, irradiation of a suspension of II in the ester,
ethyl lactate, led to dissolution of the disulfide.
The solution was distilled, and the disulfide was
recovered in only 289 yield, while the presence of
ethyl pyruvate was demonstrated in the forerun
by formation of its 2,4-dinitrophenylhydrazone.
Irradiation of ethyl pyruvate itself led to gross
decomposition and this system was not investi-
gated further.

Experimental

Anhydrous sodium acetate (5 g., 0.06 mole), 4 g. (0.024
mole) of a,a’-azo-bis-isobutyronitrile and 1 g. (0.009 mole)
of a-thioglycerol were dissolved in 60 g. of glacial acetic acid
and heated at 80-90° for three hours; loss in weight, 0.45 g.;
calculated for nitrogen evolution, 0.68 g,

Hexaphenylethane was prepared® from triphenylmethyl
chloride, magnesium and iodine, melting 140-150° dec.

Anhydrous sodium acetate (2 g., 0.024 mole), 4.8 g. (0.01
mole) of hexaphenylethane and 1 g. (0.009 mole) of a-thio-
glycerol in 30 g. of acetic acid were boiled under nitrogen for
40 hours. The product was concentrated in vacuum, the
residue was extracted with water, and the extract was treated
with barium hydroxide, leading to no barium succinate.
Tle residue was treated with ethanol, leading to triphenyl-
(I:arlginol, 2 g. (0.008 mole), m.p. and mixed m.p. 155-

60°,

Thiosalicylic acid (I) (Eastman Kodak Co.) was crys-
talliozed from ethanol, m.p. 163-164°, reported? 164°-
165°.

Bis-(2,2’-carboxyphenyl)disulfide (II) was prepared by
treatment of 8 g. (0.05 mole) of thiosalicylic acid with 8 g.
(0.063 mole) of 1odine in 300 ml. of ether at room tempera-
ture with stirring for 20 hours. The solvent was evaporated
and the residue was waslied with cold 95¢; ethanol and
crystallized from ethanol, 5 g., 639, vield, m.p. 287-290°,
reported? 289°.

Di-n-butyl disulfide was obtained from Eastman Kodak
Co. and used without further purification.

Ethyl Pyruvate.—A solution of 50 g. (0.57 mole) of py-
ruvic acid (Matheson) and 100 ml. of absolute ethanol was
heated in a pressure bottle at 90° for 20 hours. The mix-
ture was distilled and a fraction was collected, b.p. 144—
147° (reported?” 145-146°), 37.5 g., 579, yield.

(24) W. E. Vaughan and F. F. Rust, J. Org. Chem., T, 472 (1942).
(25) J. Schmidlin, Ber., 41, 423 (1908).

(26) L. Gattermann, 7bid., 32, 1149 (1899).

(27) M. Steude, Ann,, 261, 25 (1891),
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Irradiation Procedure.—Solutions or suspensions of tlie
disulfides in the several solvents were placed in a Pyrex
flask, evacuated with an oil-pump, closed and irradinted with
a 275 watt G.E. sunlamp at 40-50° withl magnetic stirring.
Thie solvents were distilled off and thie residues were worked
1p.

Irradiation of Bis-(2,2’-Carboxyphenyl) Disulfide (II).
1. In Acetic Acid.—A suspension of 1 g. of IT in 80 nil. of
acetic acid was irradiated for 92 hours, cooled and filtered,
leading to recovery of II in 729 yield, n1.p. and mixed m1.p.
287-288°, Tle filtrate was concentrated and from tle res-
Z;l;e additional II was rccovered, 39. A gum was left,

2g.

2. DPotassium Salt in Water.—A solution of 3 g. (0.01
mole) of the disulfide IT and 1.12 g. (0.02 mole) of potassium
hiydroxide in 100 ml. of water, pH about 7, was irradiated
for 6 hours, made alkaline witli sodium bicarbonate and ex-
tracted with two 40-mml. portions of ether. Evaporation of
the ether extract led to no residue. The aqueous portion was
brought to pH 4 with concentrated hydrochloric acid, leading
to a white precipitate, 2.8 g., 949 yield, m.p. and mixed
m.p. with starting disulfide, 275-292°,

3. In Dioxane-Water,—A solution of 4 g. of the disulfide
IT in 50 ml. of purified dioxane and 25 ml. of water was ir-
radiated for 24 hours. Tlie mixture was treated as above
(2) leading to 3.6 g., 909, recovery of disulfide and to 1o
ctlier-extractable residue.

4. In Water.—A suspcnsion of 1 g. of the disulfide in ITin
100 ml. of distilled water was irradiated for 10 days, leading
t)(;g recovery of 0.94 g. of II, m.p. and mixed u.p. 285-
287°.

5. In Ethanol.—A solution of 4 g. of the disulfide IT in 100
ml, of absolute ethanol was irradiated for 150 hours, the
color changing froni light yellow to green, A small quan-
tity, 0.031 g., of white solid was collected: it did not melt at
300°. The solution was distilled, no material boiling below
ethianol being observed, and tlie dark residue was taken up in
aqueous sodium bicarbonate and extracted with two 40-ml.
portions of etlier. The aqueous portion was acidified with
dilute hydrocliloric acid, leading to 0.9 g. of solid, sinter
150°, m.p. and mixed m.p. with thiosalicylic acid I, 160°.
Thie etlier extracts were dried over magnesium sulfate and
concentrated, leading to 2 g. of yellow pasty residue. Treat-
ment of this with benzene and petroleum ethier led to 0.7 g. of
yellow-green solid, sinter 130°, m.p. and mixed ni.p. with I,
157°, Concentration of the filtrates led to 1.1 g. of oil
whiclt we failed to crystallize. Infrared spectra of the two
solids and tlie oil fraction were quite similar to that of I.
The yield of solid I recovered was 1.6 g., 409,. No starting
disulfide IT was found. In a control run, a solution of 4 g.
of the disulfide in 100 1nl. of ethanol was kept in the dark at
50° for 170 hours. Tle solution was concentrated under
nitrogen and 3.5 g., at 88% of the disulfide was rccovered,
unp. and mixed m.p. with IT, 275-2835°,

6. In 2-Propanol.—A suspension of 3.2 g. of the disulfide
inn 100 ml. of 2-propanol, b.p. 82-83°, was irradiated for 90
lours, leading to a green solution. The solvent was dis-
tilled, 82-83°, leading to a brown residue, 6 g., whicli was
dissolved in aqueous sodium liydroxide and extracted with
cthier. Evaporation of the ether led to a brown solid, 0.035
g., which did not nielt at 300°. Acidification of the aqueous
solution led to thiosalicylic acid (I), 2.91 g., 889 yield, m.p.
and mixed m.p. 158-161°. Concentration of tlie filtrate led
to the disulfide 11, 0.155 g., 5% yield, m.p. and niixed m.p.
287-289°,

A suspension of 7.45 g. (0.025 mole) of disulfide IT in 300
nil. of 2-propanol was irradiated for 6 days. The suspension
was filtered leading to recovery of 1.80 g. (249%) of II, and
tlie filtrate was distilled. The distillate was treated with
(1.5 g. of dinitrophenylhydrazine aud a few drops of concen-
trated hiydrochloric acid, leading to acetone 2,4-dinitrophen-
viliydrazone, m.p. aud mixed m.p. 124-126°. The treat-
ment was repeated tliree times on the filtrate and on other
fractions leading in all to 1.23 g. (0.005 mole), 209, yield,
of the dinitroplienylliydrazone. In a blank run irradiation
of 50 ml. of 2-propanol for six days led to recovery of 0.19 g.
of acetone 2,4-dinitrophenylhydrazone. A blank test on the
aleoliol without irradiation led to 1o acetone derivative.

7. In ¢-Butyl Alcohol.—A solution of 4.0 g.of the disulfide
i1 250 ml. of ¢-butyl alcohol (Merck and Co., Inc., b.p. 82—
83°) was irradiated for 96 hours and distilled. Distillation
began at 80°, and was continued, leading to 2 guminy res-
due, ca. 8 g. This was dissolved 11 109, sodium hivdroxide
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and extracted with etlier, the etlier extract leading on evap-
oration to no residue. The aqueous solution was acidified.
leading to a crude yellow solid, melting 170-250°, which on
recrystallization from chlorofori-acetone led to 2.5 g.,
639 yield of II, m.p. and mixed m.p. 275-290°, and to a
siall quantity of solid, nelting 140-200°,

8. In Diisopropyl Ether.—A suspension of 2.22 g, of I
inn 200 ml. of di-isopropyl ether (Eastinan Kodak Co., b.p.
67-68°, distilled over sodium) was irradiated for 92 hours
with little apparent change. Residual II was filtered off,
1.98 g.; the filtrate was distilled leading to 0.08 g. more of
II, total recovery 949; treatment of tlie distillate with
semicarbazide led to no semicarbazoue.

9. In Isopropyl Acetate.—A suspension of 1.7 g. of II in
80 ml. of isopropyl acetate (Eastman Kodak Co., b.p. 86~
87°) was irradiated for 96 liours and filtered, leading to II,
1.14g., m.p.and mixed m.p. 285-290°. Tle filtrate was con-
centrated and the residue was triturated with methanol, lead-
ing t00.19 g. more of II, and a gummmy residue, which on treat-
ment with 109 sodiuin hydroxide, extraction with benzene
and acidification of the alkali led to 0.07 g. of II, total re-
covery 829;. A dark residual gum remained, 0.34 g.

10, In Lactic Acid.—A suspension of 1.09 g, of II in 40
ml. of lactic acid (Merck and Co., Inc., reagent grade, 85-
909%) was irradiated for 96 hours witli no apparent change,
1T being recovered i1 969, yield, 1.04 g., m.p. 284-289°.

11, In Ethyl Lactate.—A suspension of 1.0 g. of IT in 80
ml. of ethyl lactate (Eastinan Kodak Co., b.p. 152-153°)
was irradiated for 100 hours, leading to a green-yellow solu-
tion. This was distilled leading to foreruns boiling (i) 80—
100°, 0.16 g.; and (ii) 100-151°, 0.865 g. The remainder
of the ethiyl lactate was distilled inn vacuum, and the residue
led to 0.28 g., 287, of II, m.p. and mixed m.p. 280-286°,
Forerun (i), one drop, was treated with 2,4-dinitrophenyl-
hydrazine in alcoliol, leading to the 2.4-dinitrophenylliydra-
zone of ethiyl pyruvate, m.p. 135-137°, nixed m.p. 135~
138°, autlientic sample 136-138°. Awnal.?® Caled. for Cy-
HpN,Oe: C, 44.59; H, 4.08; XN, 18.91. Found: C, 44.27;
H, 4.20; N, 18.84.

12. In Benzene; Toluene; Chloroform.—Suspensions of
1.0 g. of the disulfide IT (i) in 80 ml. of benzene, (ii) in 100
ml. of toluene and (iii) in 30 ml. of chloroform were irradi-
ated for 92 hours, leading to recovery of IT in 95, 94 and 9397
vield, respectively. The experinients in benzeue and in
toluene led to clean recovery and no residue. Concentration
of thie filtrate from the reaction in cliloroform led to a trace
of solid, melting 150-250°, and to an oily residue, the infra-
red spectrum of which in chloroform was quite similar to
that of liexachloroethane in chloroforin.

Irradiation of Di-n-butyl Disulfide in 2-Propanol.—A solu-
tion of 25 g. (0.14 mole) of di-n-butyl disulfide in 60 g. (1
mole) of 2-propanol was irradiated for 120 lours, the ini-
tially colorless solution becoming yellow, The solution was
distilled, nothing appearing below 78°%; tlie distillate was
returned to the flask, 0.2 ml. of dilute liydrocliloric acid was
added and the distillation was resumed, nothing appearing
below 78°; 20 ml. of water was added, the solution was
boiled briefly and distilled, again witli no sign of acetomne.
Tlie residue was neutralized and cooled, leading to a white
compound, 8 g. (0.035 mole), 259, yvield, pinacol hydrate,
m.p. 32-35°. This was treated witl 10 ml. of water and 10
ml. of sulfuric acid, boiled for 10 minutes and distilled, lead-
ing to pinacolone, b.p. 105-106°.

Irradiation of Thiosalicylic Acid I in Acetone.—(1) A
solution of 9.7 g. of thiosalicylic acid in 100 ml. of acetone
and 100 ml. of 2-propanol was irradiated for 140 liours and
concentrated. The disulfide II was isolated in several frac-
tious, 8.0 g., 83, vield, m.p. and mixed m.p. 280-285°.

(2) A solution of 1.0 g. (6.5 mmoles) of thiosalicylic acid in
100 ml. of acetone, which hiad been distilled from potassium
permanganate, was irradiated for 96 hours and fractionated.
Fractious from wlicl much of the acetone had been removed
were treated witll plienyl isocvanate, leading to isopropyl
phenylearbamate, m.p. (from alcoliol) and mixed m.p. with
an authentic sample, 75-76°, 0.055 g. (0.30 mmole), 9%
yield. The residue was crystallized fromn ethanol leading toa
low melting mixture, 0.050 g., nielting over a wide range
above 160°, and to the disulfide II, 0.80 g., 809% yicld, m.p.
and mixed m.p. 280-285°, The residues after isolation of the
disulfide were concentrated and crystallized from alcohol,

(28) Microanalysis by Dr. 8. M. Nagy, Massachusetts Institute of
Technology.
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leading to a yellow solid, 1.3 g., which was chromatographed
on alumina. The portion eluted by 95:5 ethanol-acetone
was concentrated and dried in vacuum, washed with petro-
leum ether and treated with a small quantity of water,
leading to white crystals, 0.102 g. {0.44 mmole), 14%, pin-
acol hydrate, m.p, 35-37°. A portion of this, 0.05 g., was
dissolved in 10 ml. of water and treated with 0.25 g. of peri-
odic acid in 40 ml. of water at room temperature overnight.
Tlhie solution was distilled into a solution of dinitroplienyl-

PoprcORN AND CROSS-LINKED VINYL BORON POLYMERS

3009

liydrazine in acidified ethanol-water, whicli was allowed to
stand for two hours and tlien was evaporated, leading to
acetone 2,4-dinitrophenylliydrazone, 0.017 g., m.,p. and
miixed m.p. with an authentic sample, 125-127°,
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Organoboron Compounds. X.'?

Popcorn Polymers and Highly Cross-linked Vinyl

Polymers Containing Boron

By ROBERT L. LETSINGER AND STEPHEN B, HAMILTON
RECE1VED NOVEMBER 6, 1958

Several substituted styrene compounds possessing boron functional groups were synthesized and subjected to polymeriza-

tion conditions.
styrene and diallyl maleate.
peroxide.

from solutions.

For studies on the catalytic action of organo-
boron compounds it was desirable to have a low
density, porous, highly insoluble polymer that con-
tained firmly bound -B{(OH). or >B~OH groups.
We undertook the preparation of two different
types of polymers which held promise of exhibiting
such properties. One was a ''popcorn-type’” poly-
mer? derived from p-vinylbenzeneboronic acid (Ia).
It should contain relatively few cross links, The
other was a copolymer of styrene and an ester of
bis-p-vinylphenylborinic acid (II), which should be
highly cross-linked. The first section of this paper
deals with the synthesis of the monomers, and the
second, with the preparation and some properties
of the polymers. Vinyl-type polymers containing
boron have not previously been reported.

Monomer Synthesis.—Initial efforts were di-
rected toward the preparation of p-vinylphenyl-
lithium, from which the boron compounds should be
obtainable by reaction with butyl borate. Unfor-
tunately, all attempts to prepare this lithium com-
pound were attended by extensive polymer forma-
tion. Thus, p-bromostyrene reacted with butyl-
lithium in ether solution; however, the arylcar-
boxylic acids obtained on carbonation were all
polymeric.* From the carbonation products of a
similar interchange reaction which was carried out

R OH
! / H A\ H
me=c{ B cmme~{ V-p Wl=cn,
_ on — L=
Ia, R=H R
lbw R=CH3 1I

(1) This work was supported by the National Science Foundation,
Grant G-2361.

(2) For the previous paper in this series see R. L. Letsinger and S.
Dandegaonker, THIS JOURNAL, 81, 498 (1959).

(3) For a review of popcorn polymerization see (a) E. H. Immergut,
Makromol. Chem., 10, 193 (1953); (b) J. L. Amos, K. E. Coulter and
F. M. Tennant in "Styrene,” edited by R. H. Boundy and R. F,
Boyer, Reinhold Publishing Corp., New York, N. V., 1952, p, 729.

(4) Similar results were reported by G. B, Bachman, C. L, Carlson
and M. Robinson, Tars Journal., 73, 1964 (1951).

A popcorn-type copolymer was obtained from the ethyl tartrate ester of p-vinylbenzeneboronic acid,
Although highly insoluble, this polymer reacted with plienylenediamine, alcohol and hydrogen
Copolymerization of 2-aminoethyl bis-p-vinylphenylboriniate and styrene yielded a highly cross-linked, powdery
solid, fron1 which ethanolainine could be removed by hydrolysis,

The resulting polymer readily adsorbed amino alcohiols

in pentane a small anount of p-vinylbenzoic acid
was isolated, but the quantity was not of prepara-
tive significance.

We next turned to p-bromo-a-methylstyrene,
which polymerizes much less readily than p-bro-
mostyrene, An interchange reaction with butyl-
lithium proceeded satisfactorily to give, on carbon-
ation, p-isopropenylbenzoic acid. With butyl
borate the interchange products yielded p-isopro-
penylbenzeneboronic acid (Ib).

At this phase of the research the method of Lee-
brick and Ramsden for preparation of p-vinyl-
phenylmagnesium chloride’ appeared in the litera-
ture. Following their procedure, we prepared this
Grignard reagent and treated it with butyl borate.
A 609, yield of p-vinylbenzeneboronic acid was
isolated from the reaction mixture.®

Compounds Ia and Ib rapidly decolorized bro-
mine in carbon tetrachloride solution and yielded
sharp melting dihydrobenzoboradiazole deriva-
tives’” with o-phenylenediamine. p-Vinylbenzene-
boronic acid also furnished a solid ester (III) when
heated in toluene with (+4)-ethyl tartrate; the
corresponding derivative of Ib did not crystallize,

EOOCZHS
—CH
H,o=H— 5"
= ~0—CCOOC,H;
11 H

The reaction of two mole equivalents of p-vinyl-
phenylmagnesium chloride with butyl borate
yielded bis-p-vinylphenylborinic acid, which was

(5) J. R. Lubrick and H. E, Ramsden, J. Org, Chem., 28, 935 (1958).

(6) A. Hoffman and W. M, Thomas recently prepared p-vinylben-
zeneboronic acid by dehydrohalogenation and hydrolysis of $-(a-
bromomethyl)-phenylboroxine, THIS JoURNAL, 81, 580 (1959). Also, H.
R. Snyder, M. S. Konecky and W. J. Lennarz, THIS JOURNAL, 80, 3611
(1958), listed some frequencies at which p-vinylbenzeneboronie acid
absorbs in the infrared, without however, giving any further informa-
tion about the compound.

(7) R. L. Letsinger and 8. B. Hamilton, ibid.. 80, 5411 (1038).



