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The preparations of.a number of boron-containing analogs of purine, pyrimidine and perimidine derivatives are described
and their properties discussed. These compounds were easily hydrolyzed and in general much less stable than heteroaro-
matic boron compounds containing only one other hetero atom (e.g., 10,9-borazarophenanthrene or 2,1-borazaronaphthalene).

We recently reported? the synthesis of two new
heterocyclic compounds containing boron, one an
analog of a purine, the other an analog of a quin-
azoline. Here we describe this work in more detail
and also the preparation of a number of related
compounds.

Considerable interest has recently been shown in
the preparation of compounds containing boron
which might act as anti-metabolites to neoplastic
cells or which might be preferentially absorbed by
these cells and so be used in cancer therapy by
neutren capture irradiation.* An obvious class of
such compounds are analogs of purines containing
boron in the ring, such as I. The previously re-
ported synthesis and properties of compounds such
as II suggested that these boradihydropurines®
and other related compounds might be relatively
stabld.’
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As a model for the synthesis of 2-phenyl-6-
liydroxy-7-methyl-2-boradihydropurine (I) we first
prepared 2-phenyl-2-boradihydro-4-quinazolone
(III). This compound was obtained from o-
aminobenzamide by three different routes: by
reaction with phenylboron dichloride in benzene
(20-309, yield); by heating with dibutyl phenyl-
boronate with continuous removal of butanol (639,
vield); or (best) by removal of the solvent from a
solution of o-aminobenzamide and phenylboronic
acid (829, yield iu ethanol, 919, yield in benzene).

(1) Part XIII, M, J. S. Dewar and P. M. Maitlis, Tetrahedron, in
press.

(2) Department of Chemistry, University of Chicago, Chicago 37,
111,

(3) 8. S. Chissick, M., J. S. Dewar and P. M, Maitlis, J. Am. Chem.
Soc., 81, 6320 (1959).

(4) A, H. Soloway, tbid., 81, 3017 (1959), and references therein.

(5) The terminology of Dewar and Dietz® for heteroaromatic
boron compounds is not directly applicable in this case, Since the
compounds so far prepared show no marked stability, we have there-
fore used conventional terminology for them., We believe that the
6-boradihydropurines will show stability of a much higher order, but
no such compounds have yet been described,

(6) M. J. S. Dewar and R, Dietz, J, Chem. Soc., 2728 (1959).

(7) M. J. S. Dewar, Ved P, Kubba and R. Pettit, {bid., 3076 (1958).

2-Phenyl-2-boradihydro-4-quinazolone (III) was
a colorless crystalline solid, m.p. 210-211°, stable
to air and moisture. The structure follows from
the methods of synthesis, from analysis, and from
the lack of NH, and B-O bands in the infrared
spectrum. The ultraviolet spectrum of a freshly
prepared solution of III in 959, ethanol was quite
different from that of an equimolecular mixture of
o-aminobenzamide and phenylboronic acid (Fig. 1).
The spectrum of III changed with time, however,
and after 24 hours resembled that of the mixture.
This suggests that III is slowly solvolyzed in 95%
ethanol. Similar results were obtained in the
presence of acid or alkali, though in the latter case
the solvolysis seemed to be slower.

The ease of hydrolysis of III and the marked dif-
ference between its spectrum and that of the
analogous quinazolone IV?® indicate that III is less
aromatic than the compounds described” by
Dewar, Kubba and Pettit (e.g., II). This con-
clusion was supported by the infrared spectrum of
solid III which showed a carbonyl band; and by a
large bathochromic shift of the main ultraviolet
absorption of III (from 312 to 358 my) on addition
of alkali. This spectral shift must be due to a
deprotonation of III to the conjugate ion V. The
quinazolone IV shows no such change in its ultra-
violet spectrum on treatment with alkali.
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Attemipts to O-alkylate III with dimethyl sul-
fate and alkali or with diazomethane failed;
similar results have been reported® for hydroxy-
pyrimidines. With alkali and dimethyl sulfate
ITI gave only o-dimethylaminobenzamide, while
the only reaction with diazomethane was a slow
catalyzed decomposition to polymer.!® Attempts
to chlorinate the compound with phosphorus oxy-
chloride either alone or in the presence of dimethyl-
aniline!* failed. In the first case only o-amino-
benzamide hydrochloride was obtained; in the
second, tars. An attempt to prepare an enamiine
from III and pyrrolidine by azeotropic distillation
in benzene also failed.!?

(8) M. Korner, J. prakt. Chem., [2] 36, 155 (1888).

(9) D. Davidson and O, Baudisch, J. Am, Chem. Soc., 48, 23790
(1926).

(10) Cf. M. J. S. Dewar and P. M, Maitlis, ibid., 83, 187 (1961).

(11) Cf. G. W. Kenner, B. Lythgoe, A. R. Todd and A, Topham,
J. Chem, Soc., 574 (1953); J. Baddiley and A. Topham, §bid., 678
(1954).
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Diborane is known to react with nitriles to give
adducts of the type RCH = N—BIH,!¥; it will also
react with amines to form complexes which on
warming lose hydrogen to form aminoboranes !¢
We therefore hoped that o-aminobenzonitrile (VI)
might react with diborane to form a quinazoline
analog (VII) by the route

C=N CH,
= B:Hg @ \N -H,
' 2 N =,
NP ~~BH
“NH, NH;

VI

VII

Only polymers were obtained, however, using di-
borane prepared ¢ sif2'%®or trimethylamineborine”
in boiling xylene or high-boiling petroleum ether.
The infrared spectrum of this polymer showed only
a weak C==N band and no BH band; hydrolysis
gave only o-aminobenzonitrile (VI). Attempts to
treat VI with phenylboron dichloride also gave
polymers exclusively,

2 - Phenyl - 6 - hydroxy - 7 - methyl - 2 - bora-
dihydropurine (I) was obtained in 629, yield by
heating 4-amino-1-methyl-5-imidazolecarboxamide
(VIII)® with dibutyl phenylboronate with con-
tinuous removal of butanol. A more convenient
method of preparation was to mix hot concentrated
ethanolic solutions of VIII and phenylboronic
anhydride (IX) (the latter being presumably con-
verted to diethyl phenylboronate); on cooling
compound I crystallized in 979, yield. The bora-
dihydropurine was a high melting compound,
stable to air, which was insoluble in all solvents
tried other than alcohols. The structure of I was
indicated by the method of preparation, analysis,
and the infrared spectrum. The ultraviolet spec-
trum of I in ethanolic solution was, however, iden-
tical with that of a mixture of VIII and IX; this
suggests that I is immediately solvolyzed, a con-
clusion supported by the fact that compound I
dissolved only on prolonged boiling with a large
volume of alcohol but did not separate from solu-
tion until most of the solvent had been removed.

The solvolysis presumably gives ethyl phenyl-
boronate and VIII reversibly; on removing the
solvent, recombination to I takes place. Similar
reactions occur in the case of III which slowly sol-
volyzes in ethanol to o-aminobenzamide and ethyl
phenylboronate; the boradihydroquinazolone crys-
tallized when strong alcoholic solutions of the two
components were mixed.

In view of the current interest in 8-azapurines
as carcinostatic agents 2,8-diphenyl-6-hydroxy-
(IH) 8-bora-8-azadihydropurine (X) was also
synthesized. The only feasible route to this was

(12) Cf. M. E. Kuehne, J, Am. Chem, Soc., 81, 5400 (1959).

(13) H, I. Schlesinger and A. B. Burg, Chem. Revs., 31, 1 (1942),

(14) F. G. A. Stone, Quart. Revs., 9, 184 (1955),

(15) A. E. Finholt, A, C, Bond and H, I, Schiesinger, J. An. Chem.
Soc., 69, 1169 (1947).

(18) A. E. Finholt, A. C. Bond, K. E. Wilzbach and H, I, Schle-
singer, §bid., 69, 2692 (1947).

(17) R. Koster, Angew. Chem,, 69, 94 (1957).

(18) J. Sarasin and E. Wegmann, Hely, Chim, Acla, T, 713 (1924).
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Fig. 1.—Ultraviolet spectra in 959, ethanol of III, freshly
prepared ( ) and after 24 hours (— ——-); of an equi-
molecular mixture of o-aminobenzamide and phenylboronic
acid (-——--— Yand of IV (...... ).

by heating 3-amino-1-phenyl-1,2,5-triazole-4-car-
boxamide (XI) with one mole of dibutyl phenyl-
boronate, X being obtained in 239, yield and puri-
fied by vacuum sublimation. Attempts to crystal-
lize the compound from ethanol led to solvolysis.
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The infrared spectra of these compounds show
the expected characteristics. There are no bands
which correspond to normal OH, NH, or B-0O
vibrations. All show strong NH bands, at 3.14 »
in I, at 3.01 and 3.08 x in III, and at 3.03 and 3.13
# in X, Strong carbonyl bands appeared in the
three compounds at 6.10, 6.10 and 6.00 g, respec-
tively, the region quoted for carbonyl absorption
in secondary amides.!® o¢-Aminobenzamide has
NH; bands at 2.94, 3.01 and 3.13 » and a carbonyl
band at 6.04 u; these bands appear at 3.00, 3.12,
3.20 and 5.93 p in VIII and at 2.89, 2.93 and 5.95
w4 in XT.

(19) L. J. Bellamy, "Infrared Spectra of Complex Molecules,”
Methuen, London, 1954, p. 181,
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Fig. 2.—Ultraviolet spectra in alcoholic hydroechloric
acid (0.5 N) of XII ( ) and of an equimolecular mix-
ture of 1,8-diaminonaphthalene and plienylboronic acid

One other cyclic boron compound, 2-phenyl-2-
boradihydroperimidine (XII), has also been pre-
pared. It was obtained in low yield from 1,8-
diaminonaphthalene and phenylboron dichloride in
boiling benzene, or better by fusing the diamine
with phenylboronic anhydride at 100° under re-
duced pressure. The compound could be sub-
limed in a vacuum or crystallized from petroleum
ether, forming pale yellow crystals which slowly
turned red on standing in air. The infrared spec-
trum showed no B-O or NH, bands, and had a
single NH band at 2.91 u. The ultraviolet spec-
trum resembled closely that of a mixture of phenyl-
boronic anhydride and 1,8-diaminonaphthalene;
since, however, the spectrum of XII was quite re-
producible and significantly different from that of
the mixture, and since it did not change with time,
it seems clear that the spectrum is that of XII
rather than its solvolysis products. The differ-
ence was moreover accentuated by addition of
acid, the main band of XII increasing in intensity
whereas that of the mixture is reduced (Fig. 2).
It seems clear that XII is much more stable to
solvolysis than the other new boron compounds
described here; however, the ultraviolet spectrum
of XII was very different from that of 2-phenyl-
perimidine (XIII).

All these compounds are clearly much less
stable than the 10,9-borazarophenanthrenes,?® 2,1-
borazaronaphthalenes,® 10,9-boroxarophenan-
threnes?! or 9,10-borazaroanthracenes.?” It seems
clear that real stability is observed only in cow-

(20) M. J. 8. Dewar, Ved P. Kubba and R. Pettit, J. Chem. Soc.,
3073 (19538).

121) M. J. 8. Dewar and R, Dietz, 7h7d., 1344 (1960).

22y . N Maitlis, %44, 423 (1961).
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pounds where at least one of the ring atoms adja-
cent to boron is carbon. The stability is still fur-
ther decreased by introduction of hydroxyl groups;
thus the perimidine analog XII was the most stable
of the new compounds described here. This is what
might have been expected. Compounds in which
both the ring atoms adjacent to boron are hetero-
atoms are easily hydrolyzed since the high polarity
of the bonds between boron and nitrogen, oxygen or
sulfur, increases the susceptibility of the boron
atoms in such compounds to nucleophilic attack;
while introduction of hydroxyl groups into nitro-
gen heterocycles is well known to reduce their aro-
maticity by cross-conjugation.

This suggests that purine analogs are only
likely to be of interest as chemotherapeutic agents
if they contain boron in positions adiacent to car-
bon in the ring. We are currently trying to pre-
pare compounds of this type.

Experimental

Ultraviolet spectra were determined in 95%, ethanol ou a
Uunicam SP 500 spectrophotometer. Boron analyses were
carried out by decomposing the compound in a mixture of
hot acetone and water and titrating the phenylborouic
acid forined in the presence of inannitol.

o-Aminobenzamide. o-Nitrobenzamide was prepared i1
687, yield from o-nitrobenzoic acid by conversion to the
acid chloride with thionyl chloride followed by treatmnent with
ammonia and crystallization from benzene; 1n.p. 174-175°
(1it.28174°).

Hydrazine hydrate (25 ml.) was added during 45 minutes
to a mixture of o-nitrobenzamide (20 g.), palladized char-
coal (109, Pd, 0.6 g.) and ethanol (250 ml.) heated under
reflux on a steam-bath. After a further 30 minutes the
solution was filtered and evaporated and the residue dried
in a vacuum aud crystallized from benzene, giving o-
aminobenzamide (15.6 g., 95%), m.p. 111-112° (lit.**
109-111°).

2-Phenyl-2-boradihydro-4-quinazolone (III). (a) From
o-Aminobenzamide and Phenylboron Dichloride.—Phenyl-
boron dichloride (2.2 g.) in benzene (10 ml.) was added to a
hot benzene solution of o-aminobenzamide (1.8 g., 60 ml.).
A yellow precipitate formed whiclt oun refluxing turued
paler; refluxing was continued for 24 liours after which the
solution was filtered hot and tlie precipitate washed several
times with boiling benzene., The insoluble precipitate re-
maining was polymeric (1.6 g.) and was uot further inves-
tigated. On cooling tlie benzene filtrate the boradiliydro-
quinazolone (III) crystallized; recrystallization from ben-
zene gave 0.6 g. (209,) of the cyclic compound, m.p. 210 -
211°.

Anal. Caled. for C;HiON.B: C, 70.27; H, 4.95; XN,
12.61; B, 5.0; mol. wt., 213. Found: C, 70.22; H,
4.86; N, 12.68; B, 5.1; mnol. wt. (Rast), 213.

(b) From o-Aminobenzamide and Dibutyl Phenylbora-
nate.—o-Aminobenzamide (3 g.) and dibutyl plienylboro-
nate (10 ml.) were heated together in an oil-batli at 150°
for 12 hours. The mixture of butanol and dibutyl phenyl-
boronate was then removed under vacuum and the solid
residue was crystallized from benzene to give III (3.2 g..
639%,) m.p. 206-209°, wixed m.p. with authentic material
209-210°.

(c) From o-Aminobenzamide and Phenylboronic Anhy-
dride.—o-Aminobenzamide (0.6 g.) in ethanol (10 ml.)
was added to a solution of phenylboronic anhydride (0.55 g.)
inn ethanol (10 ml.). The solution was boiled vigorously
until the volume had been reduced to ca. 5 ml. On cooling,
crystals of III (0.8 g., 82%), n.p. and snixed m.p. with
authentic material 210-211°, were obtained.

When benzene was used as solvent, a slightly higler yield
(919%,) of rather miore impure naterial, m.p. 206 209°
was obtained.

(231 C. P. Baertlein, fer., 10, 1713 {1877).

{24) W. A, Jacobs und M. Heidelberger, J. m. Chemn. Soc, 39,
1435 (19173,
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2-Phenyl-6-hydroxy-7-methyl-(1H)2-boradihydropurine
(I); (a) From 4-Amino-1-methyl-5-imidazolecarboxamide
(VIII) and Dibutyl Phenylboronate.—Using method b for
preparing III, the boraropurine I was obtained from the
imidazolecarboxamide VIIIY in 639, yield. It dissolved in
a large volume of ethanol on prolonged boiling, but no solid
separated on cooling. Crystals of I began to form only
when the solution had been concentrated to a very small
volume; Compound I had no m.p., subliming slowly above
300° (copper block).
Anal. Caled. for CiHuONgB: C, 58.41;

H, 4.87; N,
24.78; B, 4.9. Found: C, 58.40; H,
4.9.

4.78; N, 24.66; B,

(b) From VIII and Phenylboronic Anhydride.—Using
method ¢ for I1I, Compound I was obtajned in 979, yield.
2,8-Diphenyl-6-hydroxy-(1H)2-bora-8-azidihydropu-

rine (X).—A mixture of 3-amino-2-phenyl-1,2,5-triazole-4-
carboxamide (X1I)% (3.0 g.) and dibutyl phenylboronate (3.4
g.) was heated to 160° until the initial vigorous reaction had
subsided. The temperature was then raised to 190°.
After 3 hours the mixture was cooled and the solid which had
separated filtered and washed with hot dry benzene to give
the borazadihydropurine X as pale brown crystals (1.0 g.,
23%). Crystallization from ethanol gave only XI; X

(25) E. Richter and E, C, Taylor, J, Am, Chem. Soc., T8, 5850
(1956).
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was insoluble in all other solvents. Sublimation at 240°
(2 mm.) gave colorless needles, m.p. 300°, which gave a
poor carbon analysis.

Anal. Caled. for CsHiONgB: C, 62.28; H, 4.15; N,
24.22; Found: C, 60.75; H, 4.24; N, 24.36.

2-Phenyl-2-boradibydroperimidine (VII).—Recrystal-

lized ‘“‘pure’’ grade 1,8-diaminonaphthalene (1.9 g.) and
phenylboronic anhydride (1.3 g.) were mixed intimately
and fused under high vacuum for 1 hour at 100°; the liquid
bubbled and turned brown. The temperature was raised
briefly to 140° and then the liquid was allowed to cool to a
glass. This was crystallized from ether-petroleum ether
(b.p. 40-60°) to give 2-phenyl-2-boradihydroperimidine
(2.1 g., 719%,), m.p. 92-95°. Sublimation at 180° (1 mm.)
gave the material pure in very pale yellow needles (which
turned deep red on standing in air for 4 days), m.p. 95-96°.

Anal. Caled. for CieHuNB: C, 78.69; H, 5.33; N,
11.47; mol. wt., 244. Found: C, 78.55; H, 5.15; N,
11.22; mol. wt. (Rast), 225.
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The Dipole Moment and Structure of Some o-Halocamphors, o-Haloindanones and
2-Bromo-4-phenylcyclohexanone

By W. D. KuMLER, N. PEARSON AND F. V. BRUTCHER, JR.
RECEIVED JANUARY 30, 1961

The dipole moments of e-chlorocamphor, e’-chlorocamphor, a-bromocamphor, «,a’-dibromocamphor, 1-chloro-2-indan-
one, 1-bromo-2-indanone and 2-bromo-4-phenylcyclohexanone have been measured in different solvents. «-Chlorocamphor
and «’-chlorocamphor have identical moments indicating that the chlorine atoms occupy an intermediate bisectional position
between axial and equational in these compounds. The «- haloindanones have smaller moments than the e-halocamphors
by an amount expected to result from the presence of the phenyl ring. The moments are in keeping with the geometry,
about the halogen and carbonyl groups, being essentially the same in the two cases. The lack of variation of the dipole
moment with change of solvent in the case of the halocamphors, indicates a rigid five-member ring structure, and the varia-

tion of the moment in case of the indanones suggests some flexibility in this five-membered ring structure.

The moment of

2-bromo-4-phenylcyclohexanone indicates the bromine is in the axial position.

Introduction

Dipole moments have been of use in the eluci-
dation of the structure of «-halocyclohexanones
and «-halocyclopentanones.!=* Infrared spectra!
have been used to study the conformation of sub-
stituted cyclopentanes including the important
a-halocamphors and «-haloindanones. It is of
interest to measure the dipole moments to see if
the two methods are in agreement with regard to
the conformation of these compounds.

Experimental

The dipole moments were measured using an apparatus
described previously,® and the solvents were purified as be-
fore.® The dipole moments were calculated using the
equation and method of Halverstadt and Kumler.8

(1) W. D. Kumler and A, C. Huitric, J. Am. Chem. Scc., T8, 3369
(1956).

(2) N. L. Allinger, J. Allinger and N. A. Le Bel, 7bid., 82, 2926
(1960).

(3) N. L. Allinger, J. Allinger, L. A. Frieberg, R. ¥, Czaja and
N. A. Le Bel, ¢bid., 82, 5876 (1960).

(4) F. V. Brutcher, Jr., T. Roberts, S. J. Barr and N. Pearson, ibid.,
81, 4915 (1959).

(5) W. D. Kumler, {bid., 62, 3292 (1940).

(6) 1. F. Halverstadt and W. D. Kumler, ibid., 64, 2088 (1942).
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The plots of e versus we and v12 versus we were straight lines
within the limits of experimental error. The values of ¢
and v were obtained by the method of least squares. The
standard error in the dipole moments were calculated from
the equation 8§ 4 = 0.0046 Méa/u’ and the standard error in
« from the equation7vs

P2°=

. [ = wr 0
= n~—2 nZ(ws)? — (ZSwe2)? |\

The errors from scatter of the points for specific volume
do not need to be considered since even large errors in 8
produce only very small errors in the dipole moment.? The
a-halocamphors and a-haloindanones were from the same
samples or were prepared in the same way and had the same
melting point as the compounds used in the infrared paper.*
The 2-bromo-4-phenylcyclohexanone was a carefully puri-
fied sample supplied by Professor E. J. Corey to whom we
express our thanks. We also wish to than Howard Schultz
for making some of the preliminary measurements.

(7) Private communication, Dr. E. W. Randall and Dr. Roger Raab.

(8) C. G. LeFévre and R. J. W. Le Févre, J. Chem. Soc., 404 (1953).

(9) K. B, Everard, R, A, W. Hill and L. E. Sutton, Trans, Feraday
Soc., 46, 417 (1950).



