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Triethyl-, tri-re-hexyl- and triphenylborane are capable of alkylating mercuric salts to form the corresponding dialkyl- or 
diarylmercury compounds. The reaction has been carried out in ethers and in aqueous solution. Tetraethyllead has also 
been prepared from triethylborane and divalent lead compounds. Tri-w-hexylborane similarly reacts with lead salts to 
give an RiPb derivative. 

Jones and Gilman2 have pointed out that the 
most widely used synthesis of organometaUic 
compounds is by the reaction of an organometaUic 
derivative with a metal salt 

R M + M ' X — > • R M ' + M X 

Most often, X is a halide ion, although it can be 
hydride or alkoxide. The Grignard and organo-
lithium reagents are the usual alkylating agents and 
their use is well known.2 More recently, organo-
aluminum derivatives have been found to undergo 
this reaction. With the aluminum reagents, or
ganic derivatives of boron,3'4 silicon,5 titanium,6 

arsenic,7 cadmium,6 tin,7>8 antimony,6'7 mercury7 

and lead6 '9-11 have been prepared. 
We have found that trialkyl- and triarylboranes 

can also be used to prepare organometaUic deriva
tives of certain elements. The formation of di-
ethylmercury from triethylborane in aqueous and 
organic media was reported by us in a preliminary 
Communication.12 The reaction now has been 
extended to tri-w-hexylborane and triphenylborane, 
both of which yield organic derivatives of mercury. 
The results are summarized in Table I. As with 
the ethyl analog, the above-mentioned boranes 
react with the mercuric salt in an aqueous solution 
or in an ether. In addition to alkylating mercuric 
compounds, triethylborane and tri-M-hexylborane 
are capable of reacting with lead salts in aqueous 
systems. The same two boranes also yield the cor
responding tetraalkyllead compounds in ether solu
tion. 

Three-quarters of a century ago, the formation 
of phenylmercuric chloride from mercuric chloride 
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and benzeneboronic acid, CeH5B(OH)2, was re
ported.13 The reaction was carried out in water 
under mild conditions. Other reports of similar 
preparations with arylboronic acids have since 
appeared.14-17 It was claimed that «-propane-
boronic acid behaved similarly with mercuric 
chloride,18 but the report has been disputed.19 

To our knowledge, this ability of the Ar-B groups, 
and possibly R-B groups, to effect arylation or 
alkylation has not previously been extended to the 
triorganoboranes. 

Based upon this background, our observation of 
the reactivity of triorganoboranes with mercuric 
chloride, and the assumption that the alkylation 
proceeded stepwise, it was thought that possibly 

R3B + HgCl2 + 2NaOH >• 

R2BONa + RHgCl + NaCl + H2O 

RoBONa + RHgCl + 2NaOH — > 
RB(ONa)2 + R2Hg + NaCl + H2O 

R3B + HgCl2 + 4NaOH > 
RB(ONa)2 + R2Hg + 2NaCl + 2H2O 

all three organic groups from the R3B might be 
utilized. While we have not yet conclusively 

2R3B + 3HgCl2 + 12NaOH > 
3R2Hg + 2B(ONa)3 + 6NaCl + 6H2O 

shown that such is the case, the very high yield of 
diethylmercury obtained in alkaline solution leads 
us to the belief that it is possible. Under these 
conditions essentially all of the available mercury 
reagent was fully ethylated. This point will be 
explored further in future work. 

An interesting aspect of the reaction with mer
curic compounds is the relationship of our synthesis 
of mercury compounds to an earlier preparation of 
organoboron derivatives. Michaelis20-21 used di
arylmercury reagents and boron trihalides to form 
ArBX2 or Ar2BX depending upon the quantity of 
mercury compound employed. The direction and 
extent of alkyl or aryl group transfer probably 
depends upon the particular organic and anionic 
groups involved. Thus, with proper choice of 
reagents, it should be possible to form organo-
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mercury compounds from organoboranes or al
ternatively to proceed in the opposite direction. 

Further extension of the work reported here is 
planned. With organoboranes more readily ob
tainable than in the past, another convenient syn
thesis of various organometallic compounds is 
available. This is particularly true for the forma
tion of organomercury derivatives in aqueous 
media. 

Experimental22 

Triorganoboranes with Mercuric Oxide in Water.—As 
briefly described earlier,12 to a stirred solution of 13.5 g. 
(0.05 mole) of mercuric chloride in 100 ml. of water was 
added 6.0 g. (0.15 mole) of sodium hydroxide in about 25 ml. 
of water. The resulting yellow mercuric oxide, without 
isolation, was heated to 70-80° and then 4.9 g. (0.05 mole) 
of triethylborane was added from a dropping funnel. The 
addition of the borane required 15 minutes. Stirring was 
stopped after an additional 10 minutes, and two colorless 
liquid phases separated. The lower layer was washed with 
100 ml. of 2 N aqueous sodium hydroxide and with water. 
The remaining oil was distilled to yield 9.5 g. (95%) of 
diethylmercury, b.p. 67-68° (19 mm.)".25 

A suspension of 10.8 g. (0.05 mole) of commercial yellow 
mercuric oxide in 100 ml. of water containing 6.0 g. (0.15 
mole) of sodium hydroxide was stirred and heated to about 
75°. Slowly, 4.9 g. (0.05 mole) of triethylborane was added 
dropwise. After about 15 minutes the mixture was worked 
up as described above to give a 65% yield of diethylmercury. 

Using mercuric oxide generated in situ from the chloride 
as described above, the alkylation was repeated using tri-n-
hexylborane24 and triphenylborane.25 The yields of di-K-' 
hexylmercury,26 b .p . 155-157° (10 mm.), and diphenyl-
mercury,27 m.p. 120-121°, were 55 and 52%, respectively. 

Triorganoboranes with Mercuric Acetate in 1,2-Dimeth-
oxyethane.—With shaking, 3.9 g. (0.04 mole) of triethyl
borane was added slowly to a mixture of 6.4 g. (0.02 mole) 
of mercuric acetate and 25 ml. of 1,2-dimethoxyethane.12 

(This addition was accomplished with a hypodermic syringe, 
the needle of which was inserted through the rubber stopper 
of the reaction flask.) The mercuric acetate slowly dis
solved and the mixture became warm. The solution was 
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refluxed for about 2 hours. A small amount of a light gray 
solid appeared during this operation. After cooling, 5 g-
(0.12 mole) of sodium hydroxide in 15 ml. of water was added 
with shaking. Two clear layers separated. Continued 
addition of 20% aqueous sodium hydroxide and then water 
gave a small amount of a heavy oil which on distillation 
yielded 66.7% of diethylmercury. 

In a similar fashion, mercuric acetate was allowed to react 
with tri-M-hexylborane and with triphenylborane. The di-
n-hexyl- and diphenylmercury were obtained in yields of 52 
and 47%, respectively. Using tetrahydrofuran as the sol
vent, a 50% yield of di-M-hexylmercury was realized. 

Triorganoboranes with Lead Oxide in Water.—A stirred 
mixture of 13.4 g. (0.06 mole) of lead(II) oxide, 14.8 g. 
(0.37 mole) of sodium hydroxide and 250 ml. of water was 
heated to 80°. Over a 6-minute period, 12.7 g. (0.13 mole) 
of triethylborane was added. A black solid began to form 
almost immediately. After 30 minutes the mixture was 
allowed to cool and treated with 100 ml. of hexane to extract 
the tetraethyllead. The resulting partial emulsion was 
allowed to stand for 3 days to effect complete separation of 
the layers. Analysis of the hexane phase28 showed that a 
42% yield of tetraethyllead had been formed. A similar 
experiment, in which the alkali was omitted, gave a 19% 
yield of product. 

Triorganoboranes with Lead Naphthenate29 in Ethers.—A 
solution of 6.9 g. (0.07 mole) of triethylborane, 25.9 g. (0.03 
mole) of lead naphthenate and 100 ml. of T H F was refluxed 
for 6-7 hours. A black solid slowly separated and the yel
low-brown color of the solution faded to a pale yellow. 
After cooling, the mixture was diluted with 200 ml. of toluene 
and hydrolyzed with 50 ml. of 10% aqueous sodium hy
droxide solution. The two layers were separated and the 
organic layer was washed with several portions of sodium 
hydroxide solution, then with water. Analysis28 of the 
dried toluene layer showed a 27% yield of tetraethyllead. 

Using 1,2-dimethoxyethane as the solvent and a reflux 
time of 6.5 hours, tri-M-hexylborane was similarly treated 
with lead naphthenate. The yield of tetraalkyllead com
pound was 18%. 
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