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INTRODUCTIOX

Dibenzylmercury decomposes readily at 170° or above to form bibenzyl and
mercury!—3. Simiiarly, photochemical decomposition of dibenzylmercury in an inert
solvent (e.g. methanol? or pyridine?) yields bibenzyl as the only organic product and
mercury. The formation of bibenzyvi indicates that dibenzylmercury may be used as a
thermal or photochemical source of benzyl radicals in solution; it has been used as a
thermal source in studies of the reactions of benzyvl radicals with substituted tolueness,
and nitrobenzene®, and as a photochemical source in reactions with isopropvlbenzene®.

Benzyl radicals are resonance-stabilised® and few reactions of them, other than
dimerisation, have been recorded. Accordingly, a study was undertaken of the thermal
decomposition of dibenzyvlmercury in organic solvents of various types in an attempt
to obtain further information on the reactions of benzyl radicals in solution. Many of
the organic solvents used proved to be unreactive and the only products izolated were
bibenzyl and mercury. However, the decompositions in g,10-dihydroanthracene,
phenoi or nitrosobenzene were more complex and these investigations are reported
in this paper.

RESULTS AND DISCUSSION

Dibenzyvlinercury and 9,ro-dihvdroanthracenc*

9,10-Dihvdroanthracene is a hvdrogen-transfer reagent which has been used
in several reactions where a hvdrogen donor is required, ¢.g. the formation of quinols
from quinones!® and the hyvdrogenation of thivl radicals to form thiols!!. The thermal
decompositien of dibenzylmercury in the presence of g,10-dihvdroanthracene under
nitrogen gave bibenzyl (729, benzyl), mercury (98 9;), toluene (149, benzyl) and
9.9",10,10"-tetrahvdro-g,9’-bianthryl.

The formation of bibenzyvl and an almost quantitative amount of mercury
indicated homolytic fission of dibenzylmercury:

(PhCH,),Hg —~ :PhCH,* + Hg
:PhCH,> —> PhCH,CH,Ph

The toluene may have arisen by one or both of two reactions. The first is by hydrogen
abstraction from g,10-dihyvdroanthracene by benzyl radicals, with simultaneous

* A preliminary note on the results of this reaction has been published®.
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formation of g,1o-dihydroanthryl radicals (I), which mayv then dimerise in solution
to form 9,9",10,10"-tetrahydro-9,9’-bianthryl (1I):
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g.x0-Dihvdroanthryl radicals are comparativelyv stable radicals, which would have
a high stationary concentration in solution and hence would be expected tc dimerise
rather than react with surrounding molecules. The dimer (I1) and toluene were isolated
in approximately equivalent amounts.

A similar dimerisation product was obtained by Beckwith and \Waters! and
Sisido, Udo and Nozakil3 from the reaction of benzyvl radicals with anthracene. The
products included 10,10"-dibenzi1-9,9°,10,10"-tetrahvdro-g9,9 -bianthrvi (IV); this was
thought to arise from dimerisation of 10-benzvl-g,10-dihyvdroanthry! radicals (III3,
which were formed by reaction of benzyl radicals with anthracene:
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Beckwith and Waters!? generated benzyl radicals in solutior by the thermal
decomposition of di-ferf-butyl peroxide in toluene and Sisido, Udo and Nozaki!3 used
the thermal cleavage of tribenzyvliin acetate in the presence of silver acetate.

The pyvrolysis of dibenzvimercury in the presence of anthracene at 195° gives
(L)1,

Hydrogen abstraction by benzyl radicals in solution has been observed by Hev,,
Shingleton and \Willilams® in the photolysis of benzylmercuric iodide in isopropyl-
benzene. The products were mercurous iodide, bibenzyvl, 1,2,3-triphenvipropane,
toluene and z,x-dimethylbibenzyl. 1.2,3-Triphenylpropane (VI), also obtained from
the photolysis of dibenzvlmercury in isopropylbenzene?®, was probably formed by
x-hydrogen abstraction from the primarv product, bibenzyl, to form toluene and
1,2-diphenylethyl radicals (V), followed by combination of benzyl and 1,2-diphenyl-
ethvl radicals:
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PYROLYSIS OF DIBENZYLMERCURY IN AROMATIC SOLVENTS 3

PhCH,* + PhCH,CH.Ph — PhCH, + *CHPhCH,Ph
)
PhCH.* + *CHPhCH,Ph —> PhCH.CHPhCH,Ph
VD)

a,2-Dimethylbibenzyl (VIII) was formed by a-hvdrogen abstraction from the solvent
followed by combination of x-cumyl («,x-dimethyvlbenzyl) (VII) and benzyl radicals:

PhCH,* = (CH,).CHPh — > PhCH + *C{CH,).Ph
(VII)

PhCH,.* + *C(CH,).Ph —» PhCH.C{CH,).Ph
(VL)

The product of dimerisation of a-cumyl radicals, bicumyl (z,x,2’,«'-tetramethyl-
bibenzyvl) was not isolated, probablyv because, owing to the very low stationarwv
concentration of x-cumyl compared with that of benzyl radicals, it was formed only
in verv small amount. However, it was identified by gas chromatography of the
products from the thermal decomposition of dibenzylmercury in isopropyibenzene®;
bibenzyl and x,x-dimethylbibenzyl were also identified as reaction products by the
same technique.

The second possible reaction for the production of toluene from the thermal
decomposition of dibenzylmercury in g,10-dihyvdroanthracene is the disproportiona-
tion of benzyvl radicals in solution to form toluene and benzvlidene diradicals, {ollowed
by dimerisation of the latter to form stilbene:

2PhCH.* — PhCH,; + PhCH:

2PhCHz —— PhCH=CHPh

This reaction might have occurred simultaneously with the formation of 9,9°,10,10"-
tetrahvdro-g,o’-bianthrvl but there was no indication of the presence of stilbene in the
reaction mixture, and the approximate equivalence of the amounts of the bianthryl
derivative and toluene isolated left very little toluene to be accounted for in this way.

The disproportionation of benzyl radicals produced from the thermal decompo-
sition of x,x"-azotoluene in boiling decalin has been reported by Bickel and \Waters!s.
The products obtained from this reaction were nitrogen, bibenzyvl, toluene and stilbene.
Stilbene was also obtained by Horrex and Miles's from the gas phase pyrolysis of
bibenzyl in a flow syvstemn. The reaction was interpreted as an initial «-hydrogen
abstraction from bibenzyl by benzyl radicals to form toluene and 1,2-diphenylethyl
radicals, but combination of benzyl and 1,2-diphenyvlethyl radicals did not occur
under the conditions used. Disproportionation or decomposition of the 1,2-diphenyl-
ethyl radicails gave stilbene:

:PhCHLPhCH® —— PhCH=CHPh -+ PhCH,CH,Ph
PhCH,PhCH* — PhCH=CHPh + H~

Heyv, Shingleton and \Williams® have suggested that in view of their results and those
of Horrex and Miles!s, it is possible that toluene and stilbene were formed from the
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thermal decomposition of «-="-azotoluene by a similar mechanism to that proposed
for the pyrolysis of bibenzyl.

Dibenzyimercury and phenol

The decomposition of dibenzvlmercury in boiling phenol gave bibenzyl (45 %
benzyvl), mercury (g7 %), toluene (249, benzyl) and phenyl benzyl ether (10%
benzyvl).

Bibenzvl and some of the mercury formed may be accounted for by homolytic
fission of dibenzylmercury. The toluene may have been formed by one or both of
two reactions. The first is by hvdrogen abstraction from the hydroxyl group by benzyl
radicals, followed by combination of the resulting phenoxy radicals with benzyl
radicals to form phenyl benzyl ether:

nyl el

PhCH.* + PhOH —> PhCH, + PhO"

PhO* = PhCH.®* —— PhOCH.Ph

However, no tarry products were formed suggesting that no oxidation of phenol had
occurred, which might have been expected if there had been homoiytic abstraction
of hivdrogen from it. The absence of tar formation is in contrast to the results of
Koton and Bol'shakoval*, who studied the reactions of dibenzylmercury with sub-
stituted phenols at 100°. The products obtained were mercury, bibenzyl and un-
identified tars, reported as oxidation products of the phenols, and the amounts of
mercury liberated were dependent on the phenol.

An alternative origin of the toluene obtained from dibenzvlmercury in phenol
is by a heterolyvtic fission of dibenzylmercury by phenol to form benzylmercuric
phenoxide and toluene:

PaCH.HgCH.Ph + PhOH — PhCH,H5OPR + PhCH,

Similar heterolyvtic fission of the mercurv—carbon bond in diphenylmercury occurs
readily in its reactions with carboxylic acids!S:1? at 100-130° or with phenols®® at 1007,
when phenvimercuric carboxyvlates or phenoxides are formed, but dibenzylmercury
is generally more resistant to heterolyvtic cleavage. At the elevated temperature of the
boiling point of a solution of dibenzvimercury in phenol, however, heterolysis might
occur, and this would give toluene and benzylmercuric phenoxide. Since in the overall
reaction there is a nearlyv quantitative vield of mercury, the benzylmercuric phenoxide,
if it is formed, must decompose to give mercury and other products, possibly
phenyvl benzyl ether:

PhCH.HgOPh —» Hz = PhCH.OPh

Phenyl benzy! ether was identified by hydrolysing it with hydrochloric acid to give
benzvl chioride and phenol. Thus the probable mechanism for the reaction of dibenzyl-
mercury with phenol is that two independent reactions, one homolytic and the other
heterolytic, are occurring simultaneously. The homolytic reaction gives bibenzyvl and
mercury and the heterolytic reaction gives toluene, mercury and phenyl benzyl ether
as final reaction preducts.

The postulaie that two independent reactions are occurring simultaneously
offers an interpretation of the reaction of dibenzylmercury with acetic acid at 160—
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PYROLYSIS OF DIBENZYLMERCURY IX AROMATIC SOLVENTS 5

170°, which was investigated by Jones and Werner?. The products were mercury
(98.9 %), bibenzyl (43 % benzyl), toluene (24% benzyl) and benzyl acetate (19 9%
benzyl). Homolytic fission of dibenzyimercury would give bibenzyl and mercury as
for the phenol reaction, and the heterolytic reaction with acetic acid could give
benzylmercuric acetate and toluene:

PhCH,HgCH.Ph + CH,COOH —— PhCH.HgOOCH, + PhCH,

At the temperature of the reaction, the benzylmercuric acetate could decompose to
form mercury and benzyl acetate:

PhCH,HgOOCCH, —> Hg <+ PhCH.OOCCH,

Jones and Werner®® showed that decomposition of benzvimercuric acetate under
similar conditions gave only mercury and benzyl acetate; no toluene or bibenzyl was
formed. Reaction of dibenzylmercury with benzoic acid at 130° gives benzylmercuric
benzoate (isolated as benzvImercuric chloride) as a final reaction product?!. The other
products obtained were mercury (29.8 9;), bibenzyl and toluene. Also, when benzyl-
mercuric benzoate was heated alone under the same conditions, no decomposition
occurred. These results are in accord with the suggested reaction scheme for the
reaction of dibenzylmercury with acetic acid at 160-170".

Dibenzyimercury and siitrosobenzene”

The reaction of dibenzvlmercury with nitrobenzene has been investigated by
Goble, Lidstone and Pauwels?. The principal products were mercury (9S8 ), bibenzyl
(28 °5 benzyl), benzvlaniline (1S, benzyl), benzyl alcohol and benzaldehvde (de-
termined togetheras benzoic acid: 37 °; benzyvl); small amounts of benzyvlideneaniline
and an unidentified green solid were also obtained. The benzyl alcohol (isolated as the
3-nitrophthalate) accounted for 8.5-0.5 %, of the benzyl originally present. Bibenzyl
and mercury were accounted for by homolvtic fission of dibenzvlmercury and the
following scheme was proposed to account for the other principal products:

PhNO, = PhCH,* —» PhNO + PhCH,O* i
HNO + 2PRCH,* - — PhN*CH,Ph = PhCH,Oe {2
PRXN*CH.Ph + PhCH,O® —= PhNHCH.Ph + PRCHO i3
2PhCH.O* —— PhCH,OH + PhCHO i3y

As nitrosobenzene is postulated as an intermediate in this scheme the reaction
of dibenzylmercury with nitrosobenzene was investigated.

Decomposition of dibenzylmercury in the presence of nitrosobenzene at 185-
1g0° under nitrogen gave: mercury (g8 ;), bibenzyl (52 9, benzyvl), benzaldehvde
{probably with some benzyvl alcohol (although none was detected): determined
together as benzoic acid: 18 2; benzvl: and small amounts of benzylaniline (isolated
as the N-nitroso derivative), aniline {isolated as phenylazo-2-naphthol), an unident-
ified green solid, and a considerable amount of unidentified tar.

The reaction scheme given above requires that the reaction of dibenzvlmercury
with nitrosobenzene should give half the amount of benzoic acid (from benzaldehyde

” A preliminary note on the results of this reaction has been published®2.
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and benzyl alcohol} obtained from the nitrobenzene reaction. Also, the melar ratio
of benzoic acid to benzvlaniline should be 1:I since there is only one benzyloxy
radical produced for each benzvlphenyinitrogen radical {see reaction (2) above]. The
expected amount of benzoic acid (18 9; benzyl) was isolated, but only a small amount
of benzylaniline could be obtained (as the N-nitroso derivative). The precise reason
for the failure to isolate it in quantity is not certain; benzvlaniline did not react with
nitrosobenzene under the conditions of the experiment.

Much of the product from the reaction of dibenzylmercury with nitrosobenzene
was a tar. Nitrosobenzene is itself readilv converted into a tar at high temperatures.
In contrast, the nitrobenzene reaction did not produce any tar. The conditions in the
two reactions are very different. In the nitrosobenzene reaction much nitrosobenzene
is always present and part of it is undoubtedly giving a tar, whereas in the nitroben-
zene reaction the nitrosobenzene probably reacts as fast as it is formed.

EXPERIMENTAL

Preparation of reagents

Dibenzvimercuryv®® (m.p. 111°), g,Io-dihvdroanthracene®® (m.p. 108-1097),
nitrosobenzene* (m.p. 66-67°; from ethanol) and phenyl benzyvl ether® (m.p. 39°,
b.p. 11g—-120°/3.5 mm) were prepared by established methods. 9,¢",10,10"-Tetrahvdro-
9.9"-bianthryvl (m.p. 249°) was prepared from anthrone by reduction to 9.9"-bianthryl
with zinc and hydrochloric acid in acetic acid solution®s, followed by further reduction
with sodium amalgam (3 °; sodium} and ethanol®".

Prrolvsis of dibenzvliercury i the presence of g.10-dilvdroanthraces:e

Dibenzvimercury {12 g, o.03 mole} and g,10-dihyvdroanthracene (I1.3 g, 0.00
mole} were heated together under dryv nitrogen {frecd from oxygen with Fieser’s
solution®™ and dried over potassium hvdroxide and magnesium perchlorate}. The
temperature of the reaction mixture was maintained ar 2ro0-215°, and volatile com-
pounds were allowed to distil out. After 1o min during which mercury was deposited,
the solution became slightly discoloured and 1.3 g of liquid had collected in the
receiver. This was redistilled to give toluene (0.8 g, 139, benzyvl), b.p. 109-110°,
which was identified bs- nitration te 2,4-dinitrotoluene.

The reaction residue, which solidified on cooling, was extracted with anhvdrous
ether to leave mercury (6.2 g, ¢S ?5;. Ether was evaporated from the extract, and the
white solid residue was steam-distilled, to give a distillate as a colourless oil which
solidified to a white solid. {A), and to leave a residue, (B).

The =olid, (7). was filtered off and dried, and a little more of it was obtained from
the mother liquors by extraction with ether, drving of the ether extracts (MgSO,}
and removal of the ether. The total weight of solid (a2 mixture of 9,10-dihydro-
anthracene and bibenzvl} was 12.6 g (m.p.: softened at 72° and melted completely
at 03%}. g.,10-Dihvdroanthracene was removed from it by oxidation to anthraquinone
with chromium trioxide in glacial acetic acid at room temperature. The white solid
was suspended in a mixture of glacial acetic acid {25 ml) and concentrated sulphuric
acid {3 ml} and a solution of chromium trioxide (6.3 g) in water (7 mlj was added
slowly- to the stirred suspension. A vellow solid separated from the reaction mixture,
which was poured into 2 N sulphuric acid. The yellow precipitate was filtered off,
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PYROLYSIS OF DIBENZYLMERCURY IN AROMATIC SOLVENTS 7

washed with water and dried. The dry solid smeit strongly of bibenzyl. (Pure bibenzyl
was unaffected by this oxidation procedure.) It was triturated with petroleum ether
(b.p. 60-80°) and the solvent was removed from the extract to leave a partly solid
residue, which was crystallised from methanol to give bibenzyl (4.1 g, 72 % benzyl),
m.p. and mixed m.p. 3:-52°.

The residue, (B), from the steam-distillation was filtered off, dried and crystal-
lised from benzene to give a white solid (1.5 g), m.p. 249°, which was identified as
9.9°-10,10"-tetrahvdro-g,9’-bianthryl by (i) mixed m.p. 249° (lit.* 248-249°), (5%)
combustion analysis (Found: C, 93.9; H, 6.1. C,;H,, caled.: C, 93.85; H, 6.159%.) and
(f77) conversion to g,ro-dibromoanthracene (vellow needles from xvlene), m.p. and
mixed m.p. 224°, by reaction with bromine in carbon disulphide¥.

Pyrolvsis of dibenzvimercury in the presence of phenol

Dibenzvimercury (10 g, 0.03 mole) and phenol (5.6 g, 0.06 mole} were boiled
together and volatile compounds were allowed to distil out. After o min, during
which mercury was deposited, the solution became slightly discoloured and 2.1 g of
liguid had collected in the receiver. This was dissolved in ether and extracted with 2 V
sodium hvdroxide to remove any phenol. The ether laver was washed with water,
dried {(CaCl,) and the ether removed to leave a residue, which was redistilled to give
toluene (1.2 g, 24 %5 benzyl) b.p. 109-1107, identified by nitration to 2,4-dinitrotoluene.

The reaction residue, which solidified on cooling, was extracted with anhydrous
cther to leave mercury (3.1 g, 97 %,). The ether solution was extracted with 2 IV
sodium hvdroxide to remove all unreacted phenol. A small portion of it was washed
with water, dried {CaCl,) and the ether removed to leave a vellow oil, which was
dissolved in ethanol and diluted with water. No precipitate was formed on the ad-
dition of bromine water.

The ether solution was washed with water, dried (CaCl,) and the ether removed
o leave a vellow oil, which smelt strongly of bibenzyl, but would not solidify at —z0°.
It was heated under reflux for 10 min with a mixture of ethanol (5 ml) and concen-
trated hyvdrochloric acid (5 ml} and then cooled to give a colourless solid, which was
filtered off, washed with water and crystallised from methanol to give bibenzyl (2.1 g,
457, benzyl) m.p. and mixed m.p. 51-52°. The mother liquors were diluted with
water and treated with bromine water to give a precipitate, which was washed with
water and crvstallised from aqueous methanol to give 2,4,6-tribromophenol, m.p. and
mixed m.p. g4-65°.

Unreacted phenol in the reaction residue had been removed by extraction with
sodium hvdroxide and the phenol present after treatment of the yellow oil with
ethanolic hydrochioridic acid was formed by the hydrolysis of a phenol derivative.
It was identified as phenxl benzyl ether in another experimental run by hyvdrolvsing
the ether to benzyl chloride and phenol with a mixture of concentrated hydrochloric
acid and glacial acetic acid. Benzyvl chloride and phenol were not isolated but were
converted to S-benzylthiuronium picrate and phenyl benzoaie, respectively, in amounts
corresponding to 1.9 g (x0°; benzyl) of phenyl benzyl ether.

Further evidence for the presence of a phenolic ether in the yvellow oil was
obtained from the infrared absorption spectra in the range 1330-1000 cm™! of the
following samples (0.1 g in T ml of carbon tetrachloride): (a) bibenzyl, (5} phenyl
benzyl ether, {¢) a fused mixture of phenyvi benzyl ether (5 9;) and bibenzyl and (d)
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the vellow oil. A strong band at 1230 cm™?, characteristic of aryl and aralkyl ethers™,
was present in the spectra of (&), (¢) and (d) and absent from the spectrum of (a).

Pryrolysis of dibenzylmercury in the presence of nitrosobenzesne

Dibenzyvlmercury (15 g, 0.04 mole) and nitrosobenzene (8.4 g, 0.08 mole} were
heated together at 185-190° under oxvgen-free, drv nitrogen. After 2 min, during
which mercury was deposited, a brown tar remained. It was extracted with an-
hydrous ether to leave mercury (7.7 g. g3 2;). The ether solution was extracted with
2 N hvdrochloric acid and the aqueous and ether lavers were treated separately.

The aqueous laver was made alkaline with 2 -\ sodium hydroxide and extracted
with ether. The ether extract was washed with water, dried (CaCl,), and most of the
ether was removed. The residue was shaken with a few drops of concentrated hydro-
chloric acid and cooled to 0°. An ice-cold aqueous solution of sodium nitrite was added
and the small amount of solid which precipitated was filtered off, washed with water
and crystallised from aqueous ethanol to give .\-nitrosobenzvlaniline, m.p. and
mixed m.p. 57-58°. The filtrate from the crude N-nitrosobenzvlaniline was added to
an ice-cold solution of z-naphthol in 2 .V sodium hyvdroxide. A red precipitate was
formed, which was filtered off, washed with water and crystallised from ethanol to
give i-phenylazo-2-naphthol, m.p. and mixed m.p. 130-131°.

The ether laver was washed successively with 10 ¢, sodium carbonate and water
and dried (CaCl,). The ether was evaporated to leave a brown tar, which was steam-
distilled to give a distillate as an orange oil, with the characteristic odour of benzal-
dehvde. (The colour mayx have been due to traces of azobenzene, but no attempt was
made to isolate it.) The residue, which consisted of 2 brown tar, together with traces
of o dark green solid, was not further investigated. Benzaldehyde was identified from
the orange oil by formation of benzaldehvde 2z,4-dinitrophenyvihvdrazone. (The
presence of benzaldehvde and traces of aniline in the reaction mixture suggested that
there may have been some benzylideneaniline in the original reaction residue before
extracting it with hydrochloric acid.}

The amount of benzaldehvde (and undetected benzyvl alcohol} present in the
orange oil was determined by oxidation. Sodium hydroxide (2 N, 50 mlj was added
to the oil and 0.5 g portions of potassium permanganate were added to the stirred
mixture until excess was present (2.5 g of potassium permanganate added). Excess of
oxidant was reduced by the addition of a few drops of ethanol, and the mixture was
filtered to remove manganese dioxide. The manganese dioxide and the filtrate were
washed or extracted with ether and the ether solutions were combined, washed with
water and dried (CaCl,). The ether was removed to leave a low-melting solid. which
was cryvstallised from methanel to give bibenzyl (3.7 g, 52 2, benzyvl), m.p. and mixed
m.p. 5I-52°.

The filtrate from the oxidation was reduced by evaporation and aciditied with
concentrated hyvdrochloric acid to give benzoic acid, which was washed with water
and crystallised from hot water. Yield: 1.7 g (18 °; benzyvl), m.p. and mixed m.p. 122°.

SUMMARY

The thermal decomposition of dibenzylmercury in the presence of g,1o-dihydro-
anthracene, phenol or nitrosobenzene has been studied. The products from the g,10-
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PYROLYSIS OF DIBENZYLMERCURY IN AROMATIC SOLVENTS 9

dihvdroanthracene and nitrosobenzene reactions are consistent with homolysis of
dibenzyimercury to form mercury and benzyvl radicals in solution and stabilisation
of the latter by dimerisation or by hydrogen abstraction from g,10-dihvdroanthracene
or by oxyvgen transfer from nitrosobenzene. Mechanisms are proposed and discussed
for these reactions. A dual mechanism is proposed to account for the products of the
phenol reaction: homolyvsis of dibenzvimercury gives bibenzyl and mercury and
heterolysis of the mercurial by solvent molecules accounts for the cther reaction
products.
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