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Boron-containing Heterocycles. 1.

Synthesis of Several Borimidazolines'?
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A new class of boron-containing heterocycles is formed by the condensation of aromatic boronic acids with o-aromatic

diamines.

A mechanism for this reaction is presented. Support for this postulation is obtained by the isolation of an

intermediate adduct and the use of the infrared and ultraviolet spectra.

Introduction.—The possibility of destroying se-
lectively neoplastic cells in the brain by neutron-
capture therapy is under active investigation3—* in
this and other laboratories. However, this pro-
cedure as yet offers little promise for malignant tu-
mors other than those of the brain.’® The prepara-
tion of a boron-containing purine antimetabolite
might extend this treatment to other neoplasms
and offer a twofold attack. In the first instance,
such a compound by its antimetabolic properties
may competitively inhibit the growth of certain
tumors. This aspect is supported by the discov-
ery that some purine antagonists show definite ac-
tivity against certain animal tumors.!!'—1% Sec-
ondly, the incorporation of such molecules, con-
taining B9, into the nueleic acids of malignant cells
would present a means for their destruction by
thermal neutron irradiation. Thus, the metabo-
lism of the tumor cell would itself serve in its eradi-
cation.

Our experiments were directed to the replace-
ment of carbon 8 in the purines with a boron atom.
In order to prepare some model compounds, aro-
matic o-diamines were condensed with alkyl- and
arylboronic acids to form borimidazolines. For ex-
ample, o-phenylenediamine reacts with phenylbor-
omnic acid in a homogeneous phase at elevated tem-
peratures to produce a single compound in good
yield. The reaction of boric acid with o-phenylene-
diamine, however, failed to yield a discrete isolable
substance. This is not surprising in view of the
fact that no monomers of the borazine type are
known.!*
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These borimidazolines, in general, are stable
compounds which may be recrystallized from non-
polar solvents without alteration. Infrared spec-
tra of the compounds showed the presence of a sin-
gle peak in the region of 3500-3300 cm.~! corre-
sponding to an imino function. There were no
hydroxyl or primary amino groups present. The
ultraviolet spectra of these substances exhibited
two absorption maxima which were not present in
the reactants or in the mixture of these materials.
Finally, microanalytical data confirmed this class
of compounds as being a new type of heterocycle, 2-
substituted borimidazolines.

A previous attempt to prepare 2-phenylborobenz-
imidazoline utilizing different conditions was unsuc-
cessful.’® While this present investigation was be-
ing carried out, the synthesis of this new class of
heterocycle was reported. 877

Discussion.—The condensation reaction of the
aromatic diamine with phenylboronic acid probably
proceeds by the formation of an initial complex of
the two reactants, which is very similar to com-
plexes between the aromatic boronic acids and vari-
ous amines.’® The existence of such a complex and
the suggested pathway of the reaction was indi-
cated by the preparation of the adduct in aqueous
methanol. The infrared spectrum of this low-melt-
ing complex still displays the presence of primary
amino groups, as well as that of the hydroxyl groups
of the boromnic acid shown in Fig. 2A and Fig. 2B.
Subsequently, when this adduct was melted, cycli-
zation occurred with the formation of 2-phenylboro-
benzimidazoline whose spectrum is seen in Fig. 2C.

A characteristic broad band in the infrared spec-
tra of many alkyl- and arylboronic acids occurs in
the region of 1400-1300 cm.~!. One peak of this
band at about 1310 cm.—! is ascribed to the B-O
stretching frequency!? of the free boronic acid, but
it is degenerated in the spectrum of the adduct and
a new band appears in the 1125-1115 cm. ! region
indicative of a B-N link.!%? Finally, both the
peak for the B-O stretching frequency and the
characteristic broad band of the free boronic acid
disappear in the spectrum of the borimidazoline,
but a small peak near 1110 cm.—! ascribable to a
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B-N single bond linkage still remains. A new peak

appears at 1372 cm.—! which can be related to a
B-N bond having double bond character as in the
borazoles. This position of energy absorption is in
good agreement with the findings of Becher and
co-workers?®?! who assigned the absorption fre-
quency of the same bond at the 1378-1332 cm.™!
region. The existence of a semi-polar B-N double
bond is also supported by the ultraviolet spectra
which will be discussed below.

In Table I the series of compounds described
above are listed with some of their analytical and
physico-chemical data. Of special interest was the
relative ease with which 4-nitro-o-phenylenediamine
condensed with phenylboronic acid to yield 2-phen-
ylboro-5-nitrobenzimidazoline, This is in contrast
to the forcing conditions required for the condensa-
tion of the amine with aromatic carboxylic acids.??

Ultraviolet spectral data reveal that a relatively
stable conjugated system is present in the com-
pounds, especially in those with a 2-aryl substituent.
In view of the boron-nitrogen double bond charac-
ter, such a conjugated system is understandable.
The borimidazolinie type exhibits two main peaks
in the ultraviolet spectra, one in the 230-245 mu re-
gion and the other at 285-310 mu. The nature of
the substituent in the 2-position affects primarily
the intensity of the absorbed energy and only to a
lesser extent the wave length. For example, 2-pro-
pyl derivatives have much lower molecular extinc-
tion coefficients than their corresponding 2-aryl
counterparts. Introduction, however, of substitu-
ents into position 5 gives rise to a considerable
variation in the wave length of the absorption max-
ima. Electron-donating substituents produce a
bathochromic shift in the absorption spectra,
whereas electronegative groups result in a hypso-
chromic effect. This can be explained by the meso-
meric action of groups in the 5-position upon the
unshared pair of electrons of the nitrogen in the one
position. Electron-releasing groups in the 5-posi-
tion could result in an increase in the contribution
of the B-N double bond character, whereas elec-
tron-withdrawing groups decrease the availability
of this unshared pair for resonance interaction with
the boron atom and the 2-aryl substituent.

Similar groups attached to the 2-phenyl ring have
a much smaller effect on the spectra. If, as is as-
sumed, polarization of the nitrogen unshared pair of
electrons has a direct bearing on this absorption
spectra, the effect of substituents on the 2-phenyl
group would be sharply moderated by the electron-
deficient boron atom in this resonance pathway.
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This boron heterocycle, as the borazoles, is quite
stable to hydrolysis. 2-Phenylborimidazoline was
recovered from a refluxing aqueous alcohol medium
but on long standing, hydrolysis does occur as
noted by spectral changes indicative of the cleavage
of this compound.

Experimental

Materials,—The boronic acids were prepared in the usual
manner.? The following aromatic diamines were obtained
from commercial sources: o-phenylenediamine, 3,4-
diaminotoluene,?¢ 4-chloro-o-phenylenediamine,?t 4-nitro-o-
phenylenediamine,?® 2,3-diaminonaphthalene?® and 3,4-
diaminobenzoic acid.?® 4-Methoxy-o-phenylenediamine was
prepared by the reduction with tin and hydrochloric acid of
2-nitro-4-methoxyaniline.

General Method.—The compounds were prepared by
two general procedures described below according to the
solubility of the reactants. In general, the condensation
reactions were performed in xylene or toluene which are
suitable solvents for many of the acids and the diamines.
However, where the reactants were insoluble, xylene was
replaced by a xylene—Ansul Ether 1412 (1:1) mixture or
even the ether alone.

Reactions were performed ot a 0.02 mole scale in approxi-
mately 100-ml. quantities of the solvents using equal mole
amounts of the acid and the diamine. The crude products
were then recrystallized from non-polar solvents such as
benzene, toluene or cyclohexane.

Procedure A.—The reactarts in 0.02-mole amounts were
dissolved with gentle heating in 100 ml. of xylene. The
flask was attached to a distillation set up and over a period
of two hours, half of the solvent was distilled at atmospheric
pressure. In order to ensure complete reaction by the re-
moval of any residual water formed in the reaction mixture,
a volume of xylene equal to the quantity distilled was added.
The distillation then was contintted until the solution was
concentrated to a final volume of 25 to 30 ml. A slow crys-
tallization of the reaction mixture was then permitted.
The solution was chilled, filtered, washed with petroleum
ether and dried. Recrystallization was effected from a
small volume of toluene.

Procedure B.—The reaction was carried out as in proce-
dure A except the reactants were dissolved in the required
amount of either a xylene~Ansul Ether 141 (1:1) mixture or
Ansul Ether 141 alone. When the volume had been re_
duced to 25 to 30 ml., atmospheric distillation was discon.
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TasLE I
NH NH
AN N
X NH NH
I-XII XIII
———Ultraviolet absorption-—— Pro-
Substituents M.p., Nitrogen, % Amax, €max mex, emax  Yield,b ce-
No. R X °C. % Formula Caled. Found my X 10-4 mu X —4 %  dure¢

I  #n-Propyl H 92-94 CyHpiN:B 17.51 17.62 232 0.543 284 0.583 53 A
II  »-Propyl Methyl 99-101 C1HisN:B 16.10 16.02 233 0.550 290 0.659 72 A
III Phenyl H 212-214 C;HuN:B 14.44 14.15 245 0.865 296 1.74 91 A
IV p-Methoxyphenyl H 242-243 CiHiON,B  12.50 12.40 248 1.73 205 2,38 8 A
V  p-Chlorophenyl H 210-221 CpHpN.BCl 12.26 12.28 249 0.952 298 1.95 92 A
VI m-Nitrophenyl H 218-219 C1H00:N,B 17.58 17.24 256 1.28 297 1.68 84 B
VII p-Carboxyphenyl H 281-282 CpHypON.B 11.77 11.50 235 2.18 280 0.377 79 B
VIII Phenyl Methyl  224-225 CHisN.B 13.47 13.31 248 0.897 302 1.86 89 A
1X Phenyl Methoxy 138-140 CpHi;ONB 12,50 12.39 249 0.818 308 1.77 59 A
X Phenyl Chloro 183-184 Cp.HioN.BCl 12.26 12.20 245 1.40 301 2.09 79 A
XI Phenyl Nitro 203-204 CroHpO:N3B  17.58 17.33 236 1.49 267 2.19 53 B
XII Phenyl Carboxy 209-210 C;HpjO.N.B 11.77 11.68 222 2.70 308 1.41 95 B
XIII Phenyl  ...... 327-328 CysHyisN:B 11.48 11.40 245 5.33 377 1.63 95 B

¢ Melting points are urncorrected and were determined in capillary tubes immersed initially in an unheated bath. ¢ Re-

crystallized material.

tinued and the mixture was evaporated to dryness in vacuo.
The residue was suspended in 5 to 10 ml. of cold toluene, fil-
tered, washed with petroleum ether and dried. The amor-
phous residue then was recrystallized from toluene.

Adduct of o-Phenylenediamine and Phenylboronic Acid.—
In 25 ml. of 909, methanol was added 2.44 g. of phenyl-
boronic acid and 2.16 g. of o-phenylenediamines. The solu-
tion was warmed at 60° for one hour and then concentrated
in vacuo, to near dryness without warming above 60°. The
solution was filtered, washed with a small volume of water
and dried; a yield of 1.9 g., m.p. 70-72°, was obtained.
At its melting point, the product resolidified and melted at
206~207°. This is the 2-phenylborobenzimidazoline,
characterized by infrared spectra.

Infrared Spectra.—One mg. of twice-recrystallized sub-
stances was made up with 150 mg. of anhydrous potassium
bromide? to a disk in the usual manner, All spectra were

(27) Harshaw Chem. Co., Cleveland 6, Ohio.

¢ This refers to the methods of preparation described in the Experimental part.

taken with a Perkin-Elmer model 21 recording spectro-
photometer.

Ultraviolet Spectra.—The absorption spectra of twice-
recrystallized materials were determined in freshly-prepared
methanolic solutions, approximately 107¢ molar. All
spectra were recorded with a Beckman DK-2 automatic
gbectrophotometer.
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The Mechanism of the Reaction of Some Dialkyl and Diaryl Mercury Compounds with

Hydrogen

Chloride
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The rates of reaction of diphenyl-, dimethyl-, diethyl-, di-#-propyl-, di-i-propyl-, divinyl- and dicyclopropylmercury with
hydrogen chloride in dimethyl sulfoxide have been measured by a convenient conductometric method at various tempera-

tures.
> MepHg.

The sequence of reactivities found is (4), Hg > (H.C=CH), Hg > (CsH;).Hg > > Et,Hg > ¢-Pr.Hg > n-Pr.Hg
The effect of addition of dioxane, water, various inorganic salts and acids, the results of experiments involving

DCl and the observed second-order kinetics all point to a four-center mechanism involving attack by molecular HCI.

In 1935, Ingold? in his classical series on Sy
reactions, proposed what he termed Sg reactions—
electrophilic substitution at a carbon center. This
class of reactions could be divided, as the Sy re-
actions, into two categories—Sgl and Sg2. With-
out experimental evidence, Ingold predicted what
sequence of reactivities might be expected from
each reaction path. Since that time many in-
vestigations have been initiated which involve a
study of Sg reactions. Most of these have involved
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the use of organomercury compounds as the sub-
strate providing the nucleophilic carbon for vari-
ous practical reasons.
Earlier qualitative work by Marvel® with the
reaction
R—Hg—R + HCl —>» RHgCl + R—H (1)

indicated the sequence of reactivity to be #Bu
> s-Bu > #-Bu. No attempt at a rate or kinetic
investigation was made.
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