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sodium borohydride reductions of 1 is consistent with 
the free-radical pathways proposed for this reaction.8 
The production of alcohols in the presence of oxygen 
is also consistent with the formation of intermediate 
radicals since oxygen is known to be an efficient radical 
~ c a v e n g e r . ~ ~ ~ ~  It is tempting to conclude that the 
sodium borohydride reduction of organomercurials 
proceeds via a noncage process since the rate of rear- 
rangement of the 2,2,2-triphenylethyl radical (5 X 
lo7 sec-l a t  100°)11,12 would be expected to be several 
orders of magnitude slower than diffusion-controlled 
rates a t  room temperature.13 However, since the al- 
coholic products from the sodium borohydride reduc- 
tion of 1 are rather anomalous, it is not certain that 
these conclusions are applicable to other systems. 

In  contrast to the sodium borohydride reduction, 
the reduction of 1 with either lithium aluminum hydride 
or sodium bis(2-methoxyethoxy)aluminum hydride 
in tetrahydrofuran under an argon atmosphere pro- 
duced only the unrearranged hydrocarbon, l,l, 1- 
triphenylethane, in 9270-9870 yields. Similarly, re- 
duction of 1 with sodium amalgam in aqueous methanol 
under argon produced only l,l,l-triphenylethane in 
99% yield. Neither rearranged hydrocarbon nor oxida- 
tion products could be detected by vpc analyses of 
these reaction mixtures. Therefore, these reagents 
would seem to be preferrable to sodium borohydride 
for reduction of organomercurials since intermediate 
radicals apparently are not involved. 
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The mechanism of the borohydride reduction of 
organomercurials is a subject of considerable current 
interest.2-6 The formation of radical intermediates 
in these reductions has been inferred from labeling 
experiments, observations of loss of stereochemistry, 
and structural rearrangements; however, a clear dis- 
tinction between radical-cage and radical-chain pro- 
cesses has not been p~ss ib l e .~  While investigating 
the chemistry of 2,2,2-triphenylethyl organometallic 
derivatives, it was found that alcohols rather than hy- 
drocarbons are the major products from the sodium 
borohydride reduction of 2,2,2-triphenylethylmercuric 
chloride (1). 

The sodium borohydride reduction of 1 in basic 
aqueous tetrahydrofuran for 1 hr according to the pro- 
cedure of Brown and Geoghegan6 (ie., open to the at- 
mosphere) produced only a 6% yield of the correspond- 
ing hydrocarbon l,l,l-trjphenylethane, although ele- 
mental mercury was approximately quantitatively 
deposited (90-100%). The principal product (70%) 
was found to be the rearranged alcohol, 1,1,2-tri- 
phenylethanol. It was considered that this unusual 
product could have resulted from solvolysis of the 
mercurial' or from oxygen trapping of intermediate 
radicals. A control experiment involving stirring 
the mercurial 1 without sodium borohydride in basic 
aqueous tetrahydrofuran open to the air for 7.5 hr 
did not produce any detectable amounts of mercury 
or alcohol products. This experiment also indicates 
that oxygen-induced decomposition of the mercurial 
is not competitive with the reduction reaction. The 
role of oxygen in the course of these reactions was in- 
vestigated by carrying out the reductions on a vacuum 
line after careful degassing. The reaction products 
using degassed solutions are l,l,l-triphenylethane (8%) 
and 1,1,2-triphenylethane (92y0) in addition to ele- 
mental mercury (99%). It is significant that under 
these conditions no alcoholic products are observed 
although predominant rearrangement still occurs. 
If molecular oxygen is introduced into the reaction flask 
after the degassing cycles, the reaction products are 
1,1,l-triphenylethane (137,), 1,1,2-triphenylethane 
(37,), 1,1,2-triphenylethanol (By0), and 2,2,2-tri- 
phenylethanol ( 19y0). 

The observation of rearranged products from all the 

Experimental Section 

Melting points were determined with a Thomas-Hoover 
capillary melting point apparatus and are uncorrected. Kmr 
spectra were obtained on dilute solutions using a Varian Model 
A-60 spectrometer and TMS as an internal standard. The ir 
spectra were obtained using a Perkin-Elmer Model 337 grating 
spectrophotometer. Vpc measurements were conducted with a 
Varian-Aerograph Model 90-P using the internal standard method 
for quantitative analyses. Hydrocarbon products were sep- 
arated using a 13-ft, 57, Apiezon 1, on Chromosorb W column a t  
200"; the alcohols were analyzed using a 4-ft, 37, Carbowax 20RI 
on Chromosorb G column a t  210". Combustion analyses were 
performed by Alfred Bernhardt RIikroanalytische Laboratorium, 
5251 Elbach uber Engelskirchen, West Germany. The yields 
of elemental mercury were determined by direct weighing of 
samples after careful washing with water, acetone, and diethyl 
ether followed by drying. 
2,2,2-Triphenylethylmercuric Chloride (l) .-A solution of 

2,2,2-triphenylethyllithium was prepared from chloro-2,2,2- 
triphenylethane and lithium ribbon in freshly distilled tetra- 
hydrofuran a t  -70" according to the procedure of Grovenstein 
and Williams.14 The lithium reagent was quenched at  -70" 
with mercuric chloride in diethyl ether to  afford after recrystal- 
lization from ethanol-benzene a 42% yield of 1 as colorless 
crystals: mp 196.5-197.5'; nmr (CS?) 6 7.17 (s, l5) ,  3.0 ( 6 ,  2). 

A n a l .  Calcd for C20H17HgCl: C, 48.68; H, 3.47. Found: 
C, 48.76; H, 3.48. 

Reduction of 1 with Sodium Borohydride.-The reduction of 
1 with sodium borohydride was carried out employing the pro- 
cedure of Brown and GeoghehanP The products were recovered 
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by extraction with diethyl ether followed by drying of the solution 
over hfgSO4. 

In general, product identification was based on nmr analysis 
of the crude reaction mixtures and vpc retention times by com- 
parison with known compounds. 1,1,2-Triphenylethanol, mp 
88-89', mmp 88-89' (lit.15 mp 88-89'), was also identified as the 
major product from the reductions in the presence of air by 
column chromatography of the crude reaction mixture on silica 
gel using hexane as eluent, followed by recrystallization from 
hexane and comparison of its ir and nmr spectra with those of 
an authentic sample. 

The following procedure was followed for reactions carried out 
on a high vacuum line. The mercurial 1 and the basic aqueous 
sodium borohydride solutions were mixed in a flask followed by 
six freeze-evacnate-thaw cycles to remove dissolved oxygen 
and other gases A degassed flask of tetrahydrofuran over lith- 
ium aluminum hydride was then opened to the manifold and the 
desired amount of tetrahydrofuran was flash distilled into the 
reaction flask. The evacuated flask was then isolated from the 
vacuum system and stirred for the desired period. Normal 
work-up procedure followed. 

It is noteworthy that, contrary to previous reports regarding 
reductions in aqueous solution,le significant gas evolution was 
observed in all sodium borohydride reductions carried out in 
aqueous tetrah,ydrofuran. This indicates that diborane may 
be produced since i t  would be rapidly hydrolyzed with evolution 
of hydrogen under the reaction ~onditions.1~ 

Reduction of 1 with Lithium Aluminum Hydride and Sodium 
Bis(2-methoxyethoxy)aluminum Hydride.-The reductions of 
the organomercurial 1 with lithium aluminum hydride and sodium 
bis(2-methoxyethoxy)aluminum hydride were carried out in 
freshly distilled tetrahydrofuran under an argon atmosphere. 
After stirring for several hours the reaction mixtures were 
quenched with 10% H2S04, extracted with diethyl ether, dried 
over IV1gS04, and analyzed by vpc and nmr. 

Reduction of the Organomercurial with Sodium Amalgam.- 
The reduction of 2,2,2-triphenylethylmercuric chloride with 1.5% 
sodium amalgam was carried out according to the procedure of 
Sokolov, Rodina, and Reutov.l* The products were recovered 
by extraction with diethyl ether followed by drying with MgS04. 
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The hydrogenolysis of aromatic halides has received 
at'tention both as a mechanistic curiosity2 and as a 
synthetic t o d 3  Reagents employed for halide hydro- 
genolyses include Friedel-Crafts catalysts12 triphenyl- 
phosphine14 triphenyltin hydride13 and st'andard re- 
ducing agents such as Raney nickel with base, hydrogen 
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iodide, and catalytic systems. Of these reagents, only 
the triphenyltin hydride system offers much synthetic 
utility. We wish to report an additional system for 
effecting hydrogenolysis of aromatic halides. 

I n  an investigation of the reaction of ketenimines 
with thiols, we observed that treatment of diphenyl- 
ketene-N-(p-bromopheny1)imine (1) with excess thio- 
phenol a t  169" resulted in the production of diphenyl- 
ketene diphenylmercaptal (2) and aniline hydrobro- 

Ph,C=C=N+Br + PhSH 1693, 
1 

Ph2C=C(SPh)2 + PhNH,.HBr 
2 

mide in 84y0 yields, re~pectively.~ To test the utility 
of the unexpected debromination observed, a series of 
model aromatic halides was treated with thiophenol. 

The o- and p-bromoanilines and p-iodoaniline were 
found to undergo hydrogenolysis readily in refluxing 
thiophenol to produce aniline hydrobromine and aniline 
hydriodide in 78%, SS%, and quantitative yields, re- 
spectively. Only a 15.8% yield was obtained with p- 
chloroaniline, and no aniline hydrohalide was obtained 
from the treatment of p-fluoro- or m-bromoaniline with 
thiophenol. Hydrogenolysis of iodine also occurs with 
p-iodonitrobenzene (44.3%) and, in fact, with iodo- 
benzene (9.0%). However, p-bromonitrobenzene did 
not undergo this reaction. 

The results indicate that the ease of halogen removal 
is I > Br > C1 > F, and that haloanilines undergo hy- 
drogenolysis of the halide more easily than halonitro- 
benzenes, which undergo hydrogenolysis of the halide 
more easily than halobenzenes. Although no mecha- 
nistic study has been undertaken on the reaction, the ob- 
servation that radical initiators do not effect the reac- 
tion at  a lower temperature leads one to lean toward an 
ionic mechanism such as has been demonstrated for the 
triphenylphosphine hydrogenolysis of aromatic ha- 
l i d e ~ . ~  The greater facility of hydrogenolysis of the 
iodide on p-iodonitrobenzene compared to iodobenzene 
would indicate the advantage of having an electron- 
withdrawing substituent in the para position and would 
suggest that the anilines may well be protonated prior 
to hydrogenolysis of the halide. 

The excellent yields obtained for the hydrogenolysis 
of haloanilines with thiophenol and the reported utility 
of the triphenyltin hydride hydrogenolysis of other 
aromatic halides offer good synthetic procedures for the 
hydrogenolysis of bromo- and iodo-substituted com- 
pounds. In  essence, thiophenol can be used effectively 
on aniline compounds for which the use of the tin hy- 
dride system is limited. 

Experimental Section 

Hydrogenolysis of Haloanilines .-The following procedure for 
the hydrogenolysis of p-bromoaniline with thiophenol typifies the 
method used for all haloanilines. A solution of 5.0 g (0.028 mol) 
of p-bromoaniline in 20 ml of freshly distilled thiophenol was 
heated to reflux for 3 hr. During reflux, aniline hydrobromide 
precipitated. The reaction mixture was cooled and the solid was 
collected to yield 4.4 g (88%) of aniline hydrobromide which was 
identical (ir and mixture melting point) with an authentic sample. 
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