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Hydroboration of Ureido-Substituted Olefins!
Sir:

A research program leading to the synthesis of boron
compounds for neutron capture therapy??has prompted
attempts directed toward the synthesis of nucleic acid
bases containing boron as a ring hetero atom. This
has resulted in the preparation of several ureidoalkyl-
boronic acids inaccessible by any previously known
methods. The synthesis of functionally substituted
aliphatic boronic acids has been effected primarily by
radical additions of vinylboronic acid derivatives.*
The scope of the hydroboration reaction for the syn-
thesis of such compounds is indicated in the work of
Brown,” and some examples are realized in this
report.

Diborane normally reacts with unhindered olefins to
produce trialkylboranes.® However, when N-vinyl-
urea’ (1 mole) was treated with diborane (1.5 moles as
BH;) in tetrahydrofuran at 0° and followed by de-
composition of the excess diborane and the inter-
mediate alkylborane with excess methanol, dimethyl
B-ureidoethylboronate (Ia), m.p. 65-68°, was formed
in 80% vyield. Anal. Caled. for CsHiBN:O;: C,
37.54; H,8.19; B, 6.76; N, 17.52. Found: C, 37.81;
H, 820; B, 6.85; N, 17.72. This hygroscopic ester
afforded the corresponding boronic acid (Ib), m.p.
102-104°, on treatment with water. Anal. Caled.
for C;HBNO;: C, 27.30;, H, 6.88; B, 7.64; N, 21.25.
Found: C, 27.35; H, 6.92; B, 7.84; N, 21.30.
The n.m.r. spectrum of this acid in D,O showed five
exchangeable protons and two triplets (each of two
protons, 0.96a nd 3.50, J = 15 c.p.s.), thus establishing
the 1:2-disubstituted ethane structure. Both the
ester Ia and the acid Ib gave the same derivative II,
m.p. 237-238°, when treated with diethanolamine.
Anal. Caled. for C;HBN;O;: C, 41.82; H, 8.02;
B, 5.38; N, 20.89. Found: C, 42.10; H, 8.14; B,
5.71; N, 21.10.
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Using the same conditions, analogous compounds
have been obtained from N-propenyl-® N-cyclo-
hexenyl-,® and N-allylurea, in yields ranging from 30 to
90% of theory.
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The formation of these monoalkylboronic acid de-
rivatives in such high yields rather than the usual
trialkylboron compounds points to the probability of
an internally stabilized intermediate such as III being
involved. This type of coordination would decrease
the reactivity of the monoalkylborane to further hydro-
boration of unsaturated centers. Thus, the reaction
would terminate at this stage. The utilization of one
mole of “hydride’’®® per mole of olefin in the hydro-
boration of certain unsaturated chlorides and tosylates®
and the facile reduction of unsaturated esters® where
such cyclic entities can occur lend support to this type
of coordinated monoalkylborane intermediate.

The extension of this work to other functionally
substituted olefins bearing atoms which can coordinate
with the introduced borane moiety in five-, six- or seven-
membered intermediates is underway in these labora-
tories. In this manner, it is expected that the reaction
will terminate at the monoalkylborane stage, thus
permitting the synthesis of other substituted alkyl-
boronic derivatives. The further interaction of the
boronic acid moiety with the functional group may
permit the synthesis of new boron heterocycles of po-
tential pharmacological interest.
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Dihalomethylenation of Protonic Acids with
Phenyl(trihalomethyl)mercury Compounds
Sir:

The dihalomethylenation by phenyl(trihalomethyl)-
mercury compounds of C-H, Si—-H, and Ge-H bonds,!
as well as the halogenation of Sn—-H bonds by such mer-
curials,? have been reported. We have extended our
studies of the reactions of phenyl(trihalomethyl)-
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