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The Source of Hydrogen in Reductive Desulfuration
By WiLLIAM A. BONNER
The literature records conflicting postulates as to the source of hydrogen in reductive desulfuration reactions. One sug-

gestion maintains that surface-bound hydrogen on the nickel catalyst is the source; the other maintaing that the hydrogen

is furnished by the nickel catalyzed conversion of the ethanol solvent to acetaldehyde.

Several critical experiments, in-

volving the action of Raney nickel on g-thionaphthol under varying conditions, have been conducted to determine which

hypothesis is correct.
to the catalyst.

For the commonly employed process of Raney
nickel desulfurization (1) there have been several
suggestions as to the source of the hydrogen
producing hydrogenolysis. In one of the earliest
general investigations of this reaction Mozingo

Ni(H) + R-5-R’ —> RH + R'H + NiS (1)

and co-workers suggested! that surface-bound
hydrogen acted as the hydrogen source. This was
a logical deduction from the finding® that one gram
of Raney nickel catalyst prepared in the ordinary
way held around 40-120 ml. of hydrogen bound
to it in some unspecified fashion. Later workers
have held? to this view and, indeed, Hauptmann
has recently provided® evidence suggesting that
Reaction (1) is followed only if surface hydrogen is
present. Thus with catalyst samples partially or
completely free of hydrogen by heating in vacuo,
diaryls, diaryl sulfides and stilbenes, rather than
simple aromatics, were obtained when nickel acted
on aromatic mercaptals, mercaptols, disulfides and
thioesters in xylene solution.

An alternative suggestion as to the source of the
hydrogen in reductive desulfuration was advanced
by Wolfrom and Karabinos,* who noted the produc-
tion of acetaldehyde as a by-product when Raney
nickel in dilute ethanol converted heptanal diethyl
mercaptal to heptane and ethane. Basing their
reasoning on the known fact® that Raney nickel
converts alcohols to aldehydes or ketones in the
presence of a hydrogen acceptor (such as an olefin),
they suggested that the ethanol solvent might
provide hydrogen for the desulfuration, the net
Reaction (2) presumably applying.

Raney Ni
CH,CH,0H ———> CH,CH=0 + H, (2)
In connection with another problem it became
necessary for us to know accurately the source of
hydrogen in reductive desulfuration and to decide
experimentally between these conflicting hypoth-
€ses.

When [-thionaphthol was refluxed in ethanol
with Raney nickel, and an air current passed
through the apparatus and into a solution of 2,4-
dinitrophenylhydrazine (I) naphthalene was formed
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The results leave little doubt that the hydrogen for reductive desulfuration is provided by that bound

quantitatively. The quantity of acetaldehyde 2,4-
dinitrophenylhydrazone (II) isolated, however,
amounted to only about 119 of that theoretically
required by Reaction (2). Approximately iden-
tical quantities of II were obtained in blank runs
lacking the p-thionaphthol. Thus Raney nickel
apparently slowly catalyzes Reaction (2) at reflux
temperature whether a sulfur compound or other
hydrogen acceptor is present or not.

Similarly, when $-thionaphthol was refluxed with
Raney nickel in benzene solution, naphthalene was
produced in a yield identical with that obtained
using alcohol. Here Reaction (2) could not possi-
bly provide a source of hydrogen, yet the product
and yield were not altered.

While the above results leave little doubt that
surface-bound hydrogen is the source available
for reductive desulfuration, the following con-
firmatory evidence was obtained. When B-thio-
naphthol was refluxed in ethanol containing
“hydrogen-free”” Raney nickel® it was converted
to B-naphthyl disulfide. The quantity of II
formed on sweeping air through the system again
corresponded only to the blank. It is interesting
to note here that, while surface-bound hydrogen is
essential for the normal Reaction (1), Reaction
(2) proceeds independently of its initial presence or
absence. When benzene was used as solvent with
“hydrogen-free” nickel, B-naphthyl disulfide was
again obtained, a result in general agreement with
those of Hauptmann and Wladislaw.

In the conversion of B-thionaphthol to either
naphthalene or B-naphthyl disulfide, hydrogen
must be eliminated from the -SH group. It is
conceivable that our failure to isolate acetaldehyde
in the theoretically predicted quantity from re-
actions in ethanol might be the result of catalytic re-
combination with hydrogen by reversal of Equation
(2). That this explanation is groundless, however,
is shown by the fact that the quantity of II pro-
duced when ethyl sulfide was desulfurated again
corresponded only to that obtained in blank experi-
ments.

Experimental

Raney Nickel and Ethanol.—To see if Reaction (2) oc-
curred in the absence of a hydrogen acceptor Raney nickel$
(20 g.) and ethanol (50 ml.) were refluxed for 45 minutes.
During this period an air stream was passed through the
vessel and conducted through a sintered glass bubbler into a
tower containing a solution of I. This solution was pre-
pared by dissolving 5 g. of I in sulfuric acid (25 ml.), diluting
with methanol (100 ml.) and then water (100 ml.). The
entire solution was used. During the specified time 0.25
g. of II precipitated, m.p. 137-138°%. Since oxygen of the
air might have been the hydrogen acceptor in this blank, the

(8) R. Mozingo, Org. Syntheses, 21, 15 (1941).
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process was continued for two hours sweeping with a stream
of nitrogen. Here 0.45 g. of II resulted, m.p. 137°. The
solid samples were combined and recrystallized from amixture
of ethyl acetate and ethanol, m.p. 147.5-148°, mixed m.p.
with an authentic sample of II (m.p. 148.5°) 148-148.5°,
In another blank run on a second batch of Raney nickel,
bubbling the air stream through (rather than blowing over)
the catalyst bed, 1.35 g. of II, m.p. 145° resulted after four
hours. No. II was formed on adding a solution of I to the
supernatant ethanol over Raney nickel at room temperature
even when the catalyst had been standing for over a year.

Raney Nickel, g-Thionaphthol and ZEthanol.—3-Thio-
naphthol (3.2 g.), Raney nickel (30 g.) and ethanol (60 ml.)
were refluxed in an air stream as above. A precipitate of
II began forming in the I solution after forty minutes. At
the outset of precipitation of II a sample of the reaction mix-
ture was withdrawn, filtered of catalyst and evaporated dry.
The residue smelled of naphthalene and gave a negligible
gualitative test for sulfur, suggesting completion of the re-
action. After 3.5 hours 0.50 g. of II was collected. The
catalyst was filtered, rinsed with hot ethanol and the filtrate
evaporated to dryness, leaving 2.0 g. (78%,) of naphthalene,
m.p. after recrystallization from dilute ethanol 78~80°, no
mixed m.p. depression with an authentic sample. The
theoretical quantity of II in the above reaction would be
4.5 g. if the hydrogen of Equation (2) were involved in the
reductive desulfurization.

When 2.5 g. of naphthalene was dissolved in a comparable
quantity of ethanol and distilled to dryness 2.0 g. (80%) re-
mained. This suggests that the actual production of naph-
thalene in the above experiment was quantitative.

One ml. of acetaldehyde, spent Raney nickel (30 g.) and
ethanol (60 ml.) were refluxed in the usual apparatus, sweep-
ing with an air stream. The formation of II in the bubbler
was instantaneous. After 90 minutes 3.95 g. (99%) of II
was collected, m.p. and mixed m.p. 145-146°. This result
indicates that any acetaldehyde produced by Reaction (2)
would be guantitatively accounted for.

Raney Nickel, (-Thionaphthol and Benzene.—Raney
nickel (30 g.) under absolute ethanol was filtered, rinsed with
benzene and transferred to a flask under 70 ml. of benzene.
The mixture was distilled (ca. 20 ml.) to remove remaining
cthanol azeotropically, then treated with B-thionaphthol
(3.2 g.). After four hours of reflux the catalyst was filtered
and rinsed with hot benzene. It was still strongly pyro-

BONNER Vol. 74

phoric, indicating the presence of adsorbed hydrogen. The
filtrate was evaporated leaving 2.0 g. (78%) of naphthalene,
m.p. 78-80° after recrystallization from dilute ethanol.

‘‘Hydrogen-free’’ Raney Nickel.—This was made by
heating Raney nickel at 200° at oil-pump pressure, after the
general method of Hauptmann and Wladislaw.? Benzene
was admitted over the nickel after completion of the heating
without first breaking the vacuum.

‘‘Hydrogen-free’’ Raney Nickel, g-Thionaphthol and
Ethanol.—About 12 g. of “*hydrogen-free’’ Raney nickel was
decanted of benzene and washed into the usual apparatus
with 80 ml. of ethanol. Approximately 15 ml. of solvent
was distilled to remove residual benzene. B-Thionaphthol
(1.5 g.) was added, and the mixture refluxed in an air stream
for 3.5 hours. Before the first hour the white reaction prod-
uct was noticeable in the flask containing the catalyst. Dur-
ing this period 0.18 g. of II was formed in the bubbling tower.
The catalyst was filtered, rinsed thoroughly with boiling
acetone and the filtrate stripped of solvent to give 0.75 g.
(509%) of B-naphthyl disulfide, m.p. after recrystallization
from a mixture of acetone and ethanol 141.5-142°, A mixed
m.p. with an authentic sample prepared below was unde-
pressed. Similar results were obtained with *“‘hydrogen-
free’”” Raney nickel when benzene replaced ethanol as the
solvent.

3-Naphthyl Disulfide.—g8-Thionaphthol (3.2 g.) was dis-
solved in acetic acid (50 ml.) and treated with 309, hydrogen
peroxide (1.2 g., 6% excess) at 25°. On standing overnight
the flask filled with tan crystals, 2.15 g. (689%), m.p. 139~
140°. After two recrystallizations from a mixture of ace-
tone and ethanol the m.p. was constant at 141-141.5°.
Cleve? gives the m.p. of g-naphthyl disulfide as 139°.

Raney Nickel, Ethyl Sulfide and Ethanol.—Ethyl sulfide
(1.3 g.), Raney nickel (20 g.) and ethanol (40 ml.) were re-
fluxed in the usual apparatus. After 90 minutes II began
to precipitate in the bubbler and 0.97 g. was filtered after
three hours. Hydrogen sulfide was noted on adding hydro-
chloric acid to the spent catalyst. The theoretical quantity
of acetaldehyde from Reaction (2) would here give 3.4 g. of
II. About one gram would be predicted from the previous
rblllnsi{ The amount produced is thus only equivalent to the

ank.

(7) P. T. Cleve, Ber., 21, 1099 (1888).
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Stereochemical Paths of Reductive Desulfuration

By WiLLiaAM A. BONNER

To determine the stereochemical fate of an asym_mefcric center adjacent to a sulfur atom during reductive desulfuration
with Raney nickel, 2-phenyl-2-phenylmercaptopropionic acid has been synthesized and resolved into both enantiomorphs.

The resolved acids were converted into their amides, and the latter subjected to reductive desulfuration.

The products ob-

tained were completely racemic, a result which accogds with a previously proposed free radical mechanism. When the
enantiomorphic 2-phenyl-2-phenylmercaptopropionamides were oxidizgd to the corresponding sulfones, however, and the
sulfones desulfurated with Raney nickel, the products were optically active, enantiomorphic, and about 909, optically homo-

geneous.

differing stereochemical paths followed by sulfides and sulfones on desulfuration.
not -desulfurated vie intermediate sulfides, and that mechanistically the two desulfuration paths are distinct.

Hydrogen bonding between the sulfone and amide groups has been eliminated as a possible explanation for the

The results indicate that sulfones are
An alternative

mechanism involving direct displacement and inversion is postulated for sulfone desulfuration, and optical evidence is pre-

sented suggesting that inversion indeed occurs.

Despite a rapidly growing literature concerning
practical applications of the Raney nickel catalyzed
reductive desulfuration process, very little is
known regarding the essential nature of this useful
reaction. While, as considered later, several mech-
anistic proposals have been advanced little actual
experimental work has been undertaken to provide
mechanistic information. In particular, the stereo-
chemical course of reductive desulfuration has not
been elucidated. While it is known from work with

carbohydrates,! biotin® and amino acids® that the
conditions of reductive desulfuration do not engen-
der change in an asymmetric center situated at a
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