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Novel Boron Heterocyeles. 1. 2.3-Dihydro-1,3,2-benzodiazaborin-4(1/1)-ones

and 1,2-Dihydro-1.3,2-benzodiazaborines (1,2

Harry L. Yale

The Squibb Institute for Medical Research, New Brunswick, N. J. 08903
Received October 12, 1970

A series of 2 3-dihydro-1,3,2-benzodiazaborin-4(1/{)-ones have been prepared and their ir

spectra compared with those of their carbon isosteres. Solvolysis of these boron compounds in

cthanol has been followed by uv and reveals a relationship between structure and rates of ethanol-

ysis.  Unexpectedly, these boron heterocycles, in contrast to their carbon isosteres, dissolve in

aqueous alkali to form stable anions and the significance of this is discussed. The 1:1 adducts of

1 and phosphorus oxychloride has been utilized to prepare two derivalives of the very stable

1,2-dihydro-2-phenyl-1,3,2-benzodiazaborin heterocyele.

o-Aminobenzamide, or its substituted derivatives, and
arencboronic acids in nonprotic solvents undergo cyclo-
dehydration at elevated temperatures to give 2,3-dihydro-
1,3,2-benzodiazaborin-4(H)-ones;  the same interme-
diales did not react in these solvents at room lemperature
in the presence of a reagent like dicyclohexylearbodi-
imide.  The reaction was most frequently carried out in
boiling toluene or xylene, was complete in about two
hours and the products were obtained in 60-90% yield.
With the above solvents, the water formed in the reaction
may be removed mechanically from the distillate by
means of a Dean-Stark trap or chemically by allowing the
condensed vapors to dry as they percolate downward
through a bed of calcium hydride before returning to the
reaction flask (3).  Alternatively, with a solvent like
dioxane, the water formed was continuously removed by
a slow distillation of the solvent through a fractionating
column.  These procedures were unsatisfactory for the
preparation of a number of the benzodiazaborinones listed
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in Table II.

amide (1) and mesityleneboronic acid (2) in toluene gave

For example, the reaction of o-aminobenz-

11-25 (4) as the principal product while the desired 11-17
was obtained in about 15% yield. Since 2 could be
recrystallized from boiling water, 11-25, presumably arose
via the hydrolytic cleavage of the carbon-boron linkage of
117 (5). The reaction followed a different course when
a blend of the same dry, powdered reactants was heated,
for example, in an open flask while diffused with dry
nitrogen, or in a drying apparalus at ca | mm. with phos-
phorus pentoxide as the desiccant; at 110°, a clear melt
formed and water vapor was evolved. The melt remained
unchanged at this temperature even after four and one-
half hours. When the temperature was raised to 130-135°,
the melt promptly solidified. Recrystallization of this
solid gave 11-17 in 92% yield and only a trace amount of
the very insoluble H-25 was formed. Additional examples
of the use of the phosphorus pentoxide technique have
been found with the 4- and 5-nitro-substituted o-amino-
benzamides; reaction rate with the areneboronic acid was
so slow that even in boiling xylene, chlorobenzene, or
cumene, the separation of water did not oceur in the
condensed distillate and after twenty-four hours of heating
under reflux none of the desired products could he
detected.  Again, when dry blends of the same reactants
were heated at ca | mm. for several hours, at 135°, the
nitro derivatives were oblained in 50-90% yield, and no
improvement in yields was achieved by carrying oul these
reactions in xylene or chlorobenzene, at the boiling point,
drying the condensed vapors, as described above, by
means of calcium hydride. VFinally, all of these procedures
failed to effect reaction between N-cyclohexyl-2-amino-5-
nitrobenzamide (3) and benzeneboronic acid or between
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Fig. 1. Reactions of 4.Chloro-1,2,3,4-tetrahydro-2-phenyl-1,3,2-benzodiazaborin-4-0l phosphorodichloridate (4).
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contrast to the effect of alkylation at position-1, methyl-
ation or benzylation at position-3 gave a stability greater
than that observed with 1I-1 where both positions were
substituted by hydrogen. So significant was the destabi-
lizing effect of alkylation at position-1 that even the

additional methylation at position-3 in L[-2 did not stabi-
lize 1-6 toward solvolysis. IFinally, basic groups like
3-(dimethylamino)propyl or 4-pyridylmethyl at position-3
in 1I-6 and I1-24, respectively, enhanced the rate of
solvolysis.
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The stability of 6 and 7 could be attributed to their
enhanced aromatic character (8), whereas the stability of
11-17 was due to both steric and inductive effects; the
inductive effects were significant, since the electron-
releasing methyl group in the 2-(p-tolyl) derivative made
11-15 significantly more stable than the 2-phenyl derivative
(I1-1). The striking sensitivity of the 1-methyl derivative
(11-2) could arise by way of the back coordination (9) of
nitrogen Lo boron that produced a labile boron-nitrogen
bond resembling that of boron-oxygen, 8. In contrast,
alkylation at position-3 was presumed to release electrons
toward oxygen, thus setting up the more stable conjugate
anion 9. The decrease in stability seen with 11-6 and 1-24

o :

N N~

"‘:‘?‘@ ?@
NH /NCHB

0 o.

was difficult to explain although there may be a precedent
in the report that the carbon-boron bond in p-(dimethyl-
amino)benzeneboronic acid was more readily cleaved by
mild acid or alkaline hydrolysis than was the same bond in
p-bromobenzeneboronic acid or p-tolueneboronie acid
(10).

While the compounds listed in Table 11 were insoluble
in water, those that carry a proton at cither position-1 or
-3 were readily soluble in dilute aqueous sodium or potas-
sium hydroxide. In aqueous solution, the heterocyclic
anion had an unexpected stability (11). For example,
when 111 was dissolved in one equivalent of N sodium
hydroxide and the solution was kept at room temperature
for 0.25 hour, the uv spectrum underwent slight alteration
from the original and, from the solution, 90% of the [1-1
was recovered. A comparison of the uv spectra of [1-1 and
119 in 0.04 N aqueous sodium hydroxide showed that 11-1
was completely hydrolyzed in 1 hour while the spectrum
of 119 remained unchanged after 5 hours, and the
recovery of 11-9 upon neutralization was quantitative. [t
was of interest that all of the nitro derivatives in Table I1,
although colorless or pale yellow crystalline solids, dis-
solved in aqueous alkali to form deep orange colored
solutions. Another significant finding was that the several
nitro derivatives in Table [I were significantly stronger
acids than the other alkali-soluble derivatives in that
Table, since in acetone solution, when phenolphthalein
was used as the indicator, only the nitro derivatives could
be titrated to a sharp endpoint with exactly one equivatent
of 0.01 N aqueous sodium hydroxide. Mannitol was not
required for these titrations, and its presence during the
titrations did not aid in the titrations of the other deriva-

Vol. 8

tives nol containing the ar-nitro group. These are the only
known organic compounds of boron that possess this
property.
phenanthrenes reported by Dewar, Jones, and Logan (12)

[t was noteworthy that the nitroborazaro-

also developed intense colors on treatment with alkali and
these authors have presented evidence to prove that the
phenomenon involved salt formation by addition of base
to boron, rather than loss of a proton from oxygen or
nitrogen. The anion was, therefore, represented by 10,
and proof for this structure was found in the ir spectra of
the nitro compound under neutral and basic conditions in
a potassium bromide pellet; -both spectra showed strong
NH absorption at 3030-2940 em™ ', The ir spectra of 11-9
were determined in similar fashion under both neutral and
basic conditions and both spectra showed strong Nt
absorption.  These data suggest that the anion of 119 is
represented by 11,

0N
2 OH
N/
N-H \I‘B
)
B—OH N-C,H
£ 0N Cots
0CH3 0
1

10

The ar-nitroderivatives, in contrast to the others in this
paper, form stable pyridine salts (13) and the latter also
give precise neutralization equivalents with one equivalent
of 0.01 N aqueous sodium hydroxide.

It should be emphasized that these 2.3-dihydro-1,3.2-
benzodiazaborin-4(1H)-ones are isosteres of the 2.3-
dihydro-4(1I)-quinazolinones. None of the latter, even
those with ar-nitro groups (3) was soluble in aqueous
alkali, and none titrated with aqueous base.

Although 11-26 was obtained in 70% yield as a by-
product of the reaction belween o-aminobenzamide and
mesityleneboronic acid in boiling toluene, these 2-hydroxy
derivalives were more conveniently prepared by the slow
distillation of a solution of the oe-aminobenzamide in
trimethylborate followed by workup that exposed the
intermediate 2-methoxy derivative to normal laboratory
humidity. The yields were about 20% but the availability
of trimethylborate as an industrial chemical made this
synthetic roule more attractive than that involving
mesityleneboronic acid.

Infrared Spectra.

A study of the ir spectra of a number of boron hetero-
eycles has suggested (14) that the absorptions at ~ 1465,
~ 1362, and ~ 1175-1115 ¢m™! were due to nitrogen-
boron bonds having double bond character. Our exper-
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ienee would suggest that the assignments in the [405-
1115 em™! region arc not definitive. Thus, in Fig. 3 are
listed, for comparison, sclected ir absorption bands for
four pairs of related 2,3-dihydro-1,3,2-benzodiazaborin-
(1 )-ones and 2,3-dihydro-4(1H)-quinazolinones. These
ir absorptions in potassium bromide pellets were typical
of those scen with fifteen pairs of isosteres. It was
apparent Lhat absorptions assigned to boron-nitrogen
bonds with double bond character were also seen with the
carbon isosteres that had no double bond character. Such
assignments, therefore, must he considered as questionable.

Fig. 3. Infrared Spectra of 2,3-Dihydro-1,3,2-benzodiazaborin-4(1#)-ones and
2.3-Dihydro-4(1H)-qui Li s in Potassium 8 ide Pellet.

i
Neg
|
R MR
o

A: R=CHg R = ON

Hon
N\é—@
IIV (s, broad) 1470 ()

3280 (s) 1610-1630 1450 (s) 1370 (m) 1155 (s}
R ~R

o]
B: R=Clg R =0,N

3310 (3) 1610-1630 1160 (3) 1365 (3) 1145 (x)
(s, broad) 1470 (s)

At R=R'=H 3340 (s) 1600-1640 1480 (s) 1360 (m) 1140 (s)
(8, broad)
B: R=R'=H 3300 () 1635-1655 1477 (s) 1357 (m) 1142 (x)

(s, broad)

A: R=H; R =Br 3300 (s) 1640-1660 1470 (s) 1350 (m) 150 (3)

(8, broad)

B: R=H; R =br 3300 (5) 1640-1660 1470 (s) 1355 (m) 1160 (s)

(3, broad)
A: R=H; R’ = PhCH, 3310 (s) 1625 (3) 1477 (s) 1347 (m) 1150 (s)

B: R=H; R =PhCH, 3400 (s) 1610-1630 1480 (s) 1350 (m) 1145 (s)

(8, broad)

Ultraviolet Spectra.

The 2,3-dihydro-1.3.2-benzodiazaborin-4(1H)-one sys-
tem showed three maxima in the uv at ~ 220, ~ 260, and
~ 320 mu. The introduction of bromine at position-6 did
not alter the spectrum, but the introduction of a nitro
group, as anlicipated, produced a bathochromic shift of
the ~ 320 mu band to 340-360 mu. The carbon isosteres
show maxima at 219-225 my.

Proton Magnetic Resonance Spectra.

These compounds are too insoluble for their pmr
spectra to be determined in deuteriochloroform. The
spectrum of H-1 in DMSO-dg showed all eleven protons
in a complex group of signals at 7 1.7-3.0, and no assign-
ments were possible.  When deuterium oxide-triethyl-
amine were added, the spectrum became far more complex,
and no information was derived from this experiment.

Mass Spectroscopy.

The mass spectroscopy of organic compounds of boron
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has been reviewed (15a) and reveals that very little is
known concerning the fragmentation of nitrogen contain-
ing boron heterocycles. The high resolution mass spectral
data on [1-1 has been examined with the aid of a computer
program. The molecular ions are found at mass 222.0946
(theory 222.0964) ((313||11N2()|3”). [oss of water
to give the aromatized species, 12, 204.0820 (theory
204.0859) (C;311gN; B!, Toss of CO to give 13, 1930885
(theory 193.0947) (Cya 11 N, B! D), or loss of HCN to
give the anticipated Cya11 0N B, 194.0938 (theory
194.0892) can be confirmed. The remainder of the spec-
trum is represented by ions of mass 181.0665 and lesser

B
N§B N\
[ /B
=N N/

12 13

mass, and the molecular formulas assigned to these frag-
ments do not correspond to any possible structures (15b).

o-Aminobenzamide Intermediates.

A number of the o-aminobenzamides required as inter-
mediates have been prepared in good yields by Method A,
Experimental, the reaction of isatoic anhydride or a
substituted isatoic anhydride (14) with ammonia or a
primary aliphatic amine in an alcohol solvent.  This
approach was not generally useful with primary aromatic
amines (16), particularly those with ortho-substituents,
where the major reactions became the formation of a urea,
15, or an ester, 16, derived from the alcohol solvent. The
N-aryl-o-aminobenzamides were best prepared by the

o 0
o r*ot OR,
R R
NS0 NHy
H
18
lu‘Nn,
R = H, Br, C1, NO,

R' = 0 and p-CH,ColH,, 2,6-(CH3),C6H,

i R? = CH,, C,H,

OH
NHCONHR!

16

sequences outlined in Fig. 4. Even with these procedures,
2,4-dichloro-N-(2,6-xylyl)benzamide could not be con-
verted to the 2-amino derivative.
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CHy
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Fig. 4. Preparation of N-Aryl-o-aminobenzamides.
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EXPERIMENTAL

The ir spectra were determined on mineral oil mulls by means
of a Perkin Elmer 621 spectrophotometer, the uv spectra were
determined with the Cary 14, the pmr spectra were carried out
with a Varian A-60, and the mass spectrum on an AE1 MS902
double focusing high resolution mass spectrometer, analyzing the
data with the Squibb computer program. The author is indebted
to Miss Barbara Keeler and Dr. A. L. Cohen for these spectra. The
microanalyses were carried out by Mr. J. Alicino and his associates
of this Institute.

N-Methyl-o-methylaminobenzamide (1-6) (Method A, Table I).

To 1-methylisatoic anhydride (17) (13.0 g., 0.07 mole)
suspended in 150 ml. of 95% ethanol was added dropwise, at room
temperature, 40% aqueous methylamine (5.8 g., 0.07 mole). A
solution formed during the addition; subsequently, the solution
was concentrated in vacuo on the steam bath. The residual oil
crystallized spontaneously, m.p. 82-84°, Reerystallization from
hexane gave 10.8 g. of 1-6, m.p. 89-91°; » 3360 (s), 3300 (s),
1630 (s) em™1,

o0-Amino-N-[3{dimethylamino)propyl |benzamide (I-7) (Method
A, Table T1).

To isatoic anhydride (10.0 g., 0.067 mole) suspended in 125
ml. of 95% ethanol was added, dropwise, redistilled 3(dimethyl-
amino)propylamine. The product was isolated as in the procedure
above but the residue in this instance did not crystallize. Distil-
lation gave an oil, b.p. 174°/0.5 mm., that crystallized spontane-
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ously. Reerystallization from Skellysolve E gave 11.6 g. of 1-7,
m.p. 76-78°% v 3435 (s), 3280 (s), 3160 (m), 1615 (s) ecm™!.

2-Amino-N-(2,6-sylyl)-4-nitrobenzamide (1-14).

To 2-chloro-4-nitrobenzoic acid (50.5 g., 0.25 mole) in 200 ml.
of anhydrous chloroform was added thionyl chloride (40.0 ml.,
0.55 mole), dropwise. The solution was heated under reflux for
2 hours, and then concentrated to dryness in vacuo. The residue
was dissolved in 200 ml. of dry chloroform and the concentration
repeated. To the residue, in 200 ml. of anhydrous chloroform,
was added, dropwise, a solution of 2,6-xylidine (36.3 g., 0.3 mole)
and dry pyridine (20.0 g., 0.25 mole) in 200 ml. of anhydrous
chloroform. Subsequent to the addition, the semisolid mixture
was stirred and heated under reflux for 18 hours, cooled, and the
solid filtered. Recrystallization from 2-propanol gave 35.0 g, of
I-13, m.p. 240-242°; » 3210 (m), 3180 (m), 1700 (s) cm~ 1. The
chloroform filtrate from the above product was concentrated to
dryness in vacuo, the residual solid was washed with water, dried,
and recrystallized from 2-propanol to give 17.0 g. of additional
product. The combined yield was 52.0 g.

The 1-13(15.2 g., 0.05 mole), copper bronze (1.5 g.), sodium
iodide (1.5 g.), and 360 ml. of 1.8 N absolute ethanolic ammonia
were heated for 20 hours at 120° in a sealed glass vessel. The
reaction mixture was concentrated to dryness in vacuo, the residue
was suspended in 100 ml. of water containing 1.0 g. of sodium
bisulfite, and the whole extracted with four 50 ml. portions of
ether., The ether extracts were dried, and concentrated. The
residual solid, 15.0 g., m.p. 180-185°, was dissolved in 150 ml, of
benzene and the solution chromatographed on 150 g. of activated
alumina (ITarshaw Chromatographic Grade). The colorless benzene
eluates yielded no product. Continued elution with benzene gave
deep vellow eluates; these were concentrated in vacuo, the
residues combined, and recrystallized from benzene to give 6.4 g.
of I-114, m.p. 178-180°; v 3460 (s), 3350 (s), 3260 (s), 1610 (s)
ecm™,

5-Nitro-N-(2,6-xylyl)-2-aminobenzamide (I-16).

To 2-chloro-53-nitrobenzoic acid (101.0 g., 0.5 mole) in 500 ml.
of anhydrous chloroform, with stirring, was added, dropwise,
thionyl chloride (80.0 ml., 1.1 mole); following the addition, the
mixture was stirred and heated under reflux for 22 hours, concen-
trated to one-half volume, 250 ml. of anhydrous chloroform added,
and the solution concentrated to dryness in vacuo. The residue
was dissolved in 200 ml. of dry chloroform and to this, with
stirring, was added, dropwise, a solution of 2,6-xylidine (72.5 g.,
0.6 mole) and pyridine (40.0 g., 0.5 mole) in 400 ml. of anhydrous
chloroform. The mixture was subsequently stirred and heated
under reflux for eight hours, cooled, and the solid filtered.
Recrystallization from 2-propanol gave 1-15, m.p. 194.195°;
v 3200, 1700 cm~!. The yield was 101.0 g. The chloroform
solution from the crude 1.6 on concentration gave 8.0 g. of
2-chloro-5-nitrobenzoic acid. Into each of four glass tubes was
placed 1-15 (2.5 g., 0.0082 mole), ethanolic ammonia (100 ml.,
5.5 N), sodium iodide, and copper bronze (0.25 g. each), the
tubes sealed, and heated for 18 hours at 130°, cooled, opened,
and filtered. The combined filtrates were concentrated to dryness
to give 10.0 g. of solid, giving a positive test for halogen, m.p.
208-215°. This was distributed between ether and aqueous
sodium bisulfite and agitated vigorously. The ether solution was
washed with water, dried, and the solution concentrated to give a
halogen-free solid, m.p. 207-211°. Repeated recrystallizations
from 70% 2-propanol-30% water gave 5.7 g. of 1-16, m.p. 212-
215°%; v 3470 (s), 3370 (s), 3260 (s), 1670 em™!,
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2-Amino-N-(2,6-xylyl)benzamide (1-18).

To 2,6-xylidine (36.3 g., 0.3 mole) in 300 ml. of anhydrous
chloroform was added dropwise 50 ml. of a chloroform solution
containing o-nitrobenzoyl chloride [0.15 mole, from o-nitro-
benzoic acid (25.0 g., 0.15 mole)}. A solid separated during the
addition and persisted during the one-hour reflux. The cooled
mixture was filtered to give 37.5 g. of crude product, m.p. 210-
212°. Recrystallization from 2-propanol gave 25.5 g. of [-17, m.p.
unchanged at 210-212°; » 3210 (s), 1700 (s) em~}. The .17
(9.0 g., 0.033 mole), 5% palladium on carbon (1.0 g.), and 250 ml.
of absolute ethanol were hydrogenated at 45° and 50 psi of
hydrogen. Reduction was rapid to give 8.0 g. (100% yield) of
[-18, m.p. 128-130°; » 3400 (s), 3240, 1610 ecm~!. When the
1-18 was dissolved in boiling 10% aqueous hydrochloric acid and
the solution cooled, there was obtained the hydrochloride, m.p.
238-240°; » 3240 (s), 2600 (s), 1620 (s) em~!.

2-Amino-N-(o-tolyl)benzamide (I-11).

The above procedure, using o-toluidine, gave an 86% yield of
110, m.p. 171.173°, and, the 1-10, hydrogenated at 50 psi over
5% palladium on carbon in absolute ethanol, gave an 89% yield of
11, m.p. 115-117°%; » 3450 (m), 3340 (m), 3280 (m), 1630 (s)
em™1,

Attempted Preparation of 2.Amino-4-chloro-N-(2,6-xylyl)benz-
amide.

The procedure described above employing 2,4-dichlorobenzoic
acid (201.0 g., 1.0 mole) gave 215.0 g. of [-19, m.p. 158-160°;
v 3240 (s), 1700 (s) em™! after recrystallization from toluene.
Heating 1-19 as described above in absolute ethanolic ammonia,
with copper bronze and potassium iodide, yielded only unchanged
starting material as shown by m.p., mixture m.p., and a comparison
of ir spectra.

Reaction of 5-Chloroisatoic Anhydride with 2,6-Xylidine; Forma-
tion of 5-Chloro-N-[(2,6-xylyl)carbamoyl ] anthranilic Acid.

5-Chloroisatoic anhydride (19.8 g., 0.1 mole), 2,6-xylidine
(24.2 ¢g., 0.2 mole), and 750 ml. of t-butyl alcohol were stirred and
heated under reflux for 114 hours, the whole cooled, the solid
filtered, and dried to give 5.5 g. of material, m.p. 237-239°. The
t-butyl alcohol filtrate was concentrated to dryness to give 17.0 g.
of solid, m.p. 230-232°, The combined solids were stirred at room
temperature with a solution of 8.0 g of sodium hydroxide in
200 ml. of water, and filtered. The filtrate was cooled, and treated
with an excess of 10% aqueous hydrochloric acid to give 13.0 g.
of solid, m.p. 225-227°, Recrystallization from 95% ethanol gave
7.5 g. (24% yield) of 5-chloro-N-[(2,6-xylyl)carbamoyl ] anthranilic
acid, m.p. 226-227°; » 3300 (s), 2700 (w), 2600 (w), 2530 (w),
1700 (s), 1660 (s), 1540 (s), 1250 (s) cm™1,

Anal. Caled. for C,6H;5CIN,03: C, 60.29; H, 4.74; N, 8.78.
Found: C,60.48; H, 4.82; N, 8.88.

Authentic 5-chloro-N-[(2,6-xylyl)carbamoyl |anthranilic acid,
m.p. 226-227° was prepared by the reaction of 5-chloroanthranilic
acid and 2,6-xylylisocyanate; a mixture m.p. with the above
product was 226-227°,

The solid insoluble in the aqueous sodium hydroxide was
unchanged 5-chloroisatoic anhydride.

Reactions of 5-Nitroisatoic Anhydride with 2,6-Dimethylaniline
in Various Solvents,

(a) 5-Nitroisatoic anhydride (20.8 g., 0.1 mole), 2,6-xylidine
(24.2 g., 0.2 mole), and 100 ml. of absolute ethanol gave after one
hour of heating under reflux 16.5 g. (79% yield) of ethyl 2-amino-
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5-nitrobenzoate, m.p. 149.151° (18) after recrystallization from
Skellysolve E; v 3410 (s), 3300 (s), 1695 (s), 1625 (s) cm~L.

Anal. Caled. for CoH1oN,04: C, 51.42; H, 4.80; N, 13.33.
Found: C,51.52; H, 5.01; N, 13.50.

(b) The use of methanol as the solvent in (a) gave a 28% yield
of methyl 2.amino-5-nitrobenzoate, m.p. 167-168° (19), after
recrystallization from Skellysolve E; v 3450 (s), 3340 (s), 1720 (s),
1635 (s) em™1.

Anal. Caled. for CgHgN,O4: C, 48.97; H, 4.11; N, 14.28.
Found: C, 49.03; H, 4.11; N, 14.23.

The recovery of 2,6-xylidine was 16.0 g. (66%), b.p. 126-128°
(50 mm.), ng 1.5612; its ir spectrum was identical with that of
authentic material.

(¢) The substitution of t-butyl alcohol for the ethanol in (a)
gave S5-nitro-N-[(2,6-xylyl)carbamoyl]anthranilic acid, m.p. 233-
235°, after recrystallization from acetonitrile; v 3280 (s), 2620
(w), 2560 (w), 1695 (s), 1665 (s) em™~!.

Anal. Caled. for C14H sN30s: C,58.35; H, 4.66; N, 12.76.
Found: C,58.55; H, 4.37; N, 12.95.

Attempted Ammonolysis of Methyl 2-Amino-5-nitrobenzoate.

When the methyl ester (2.45 g., 0.0125 moles), 2,6-dimethyl-
aniline (3.0 g., 0.025 mole), and 40.0 ml. of o-dichlorobenzene
was heated under reflux and under nitrogen for eight hours,
2.42 g. of the methyl ester was recovered.

Cyclization Procedures to Prepare 2,3-Dihydro-1,3,2-benzodiaza-
borin-4(1H)-ones.

(a) 6-Bromo-2,3-dihydro-2-phenyl-1,3,2-benzodiazaborin-4(1H)-
one (11-8).

A solution of 5-bromo-2-aminobenzamide (2.15 g., 0.01 mole)
and benzeneboronic acid (1.22 g., 0.01 mole) in 200 ml. of dry
toluene was heated under reflux for two hours, collecting the
water formed in a Dean-Stark trap. The cooled solution was
filtered to give 2.7 g. of crude product, m.p. 279-281°. Recrystal-
lization from dry xylene gave 2.53 g. of 11-8; » 3280 (s), 1640 (s)
em™!

(b) 2,3-Dihydro-1-methyl-2-phenyl-1,3,2-benzodiazoborin-4( 1 H)-
one (11-2).

o-(Methylamino)benzamide (20) (3.0 g., 0.02 mole), benzene-
boronic acid (2.44 g., 0.02 mole) and 100 ml. of dry xylene were
distilled so that the condensed distillate percolated down through
a bed of calcium hydride (3.0 g., 8-14 mesh) before returning to
the reaction flask. A vigorous evolution of hydrogen continued
for about one hour, but the distillation was continued for one
more hour, the whole cooled, and the solid filtered to give 3.3 g.
of crude I1-2, m.p. 166-168°. Recrystallization from Skellysolve
E gave 2.5 g of 11-2;, » 3200 (s), 3070 (m), 1670 cm™!.

(¢) 2,3-Dihydro-2-mesityl-1,3,2-benzodiazaborin-4(1H)-one (11-17)
and 2,3-Dihydro-2-hydroxy-1,3,2-benzodiazaborin-4(1H)-one (11-25).

(1) A solution of anthranilamide (0.71 g., 0.052 mole) and
mesityleneboronic acid (0.86 g., 0.052 mole) in 50 ml of dry
benzene was heated as in (a); no water was evolved and only the
reactants were recovered. The same reactants in 50 ml. of dry
toluene were heated as in (1); water was evolved, a clear solution
remained for 25 minutes, but at that time a flocculent solid began
to separate. When one hour of heating was completed, the mixture
was cooled and filtered to give 0.56 g. of I1-25, mp. > 315°;
v 3400 (s), 3340-3160 (broad, s), 1655 em~1; 11-25 was too
insoluble in all of the solvents available to recrystallize. The
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filtrate from the [1-25 was concentrated to dryness in vacuo to
give 0.56 g. of an oil that crystallized spontaneousty, m.p. 110-
140°. Recrystallization from dry Skellysolve E gave a product,
m.p. 202-204°% and this m.p. was not altered by a second recrystal-
lization from the same solvent. The yield of 11-17 was 0.20 g.
(15%).

(2) A thoroughly blended mixture of anthranilamide (1.49 g.,
0.01 mole) and mesityleneboronic acid (1.80 g., 0.01 mole) in an
open 25 ml. round bottom flask was swept continuously with
nitrogen while heating in an oil bath maintained at 110- 113°. A
clear melt formed within 10 minutes and water vapor was evolved.
The clear melt persisted during 4.5 hours but solidified on cooling
to give a solid, m.p. 70-110°, effervescing at 130°, resolidifying at
135°, and melting clear at 198-200°. When this solid was returned
to an oil bath at 135° it remelted, and within two minutes,
resolidified. The heating at 135° was maintained for 2.5 hours to
give 2.59 g, of product, m.p. 203-205°. Recrystallization from
dry Skellysolve E gave 2.42 g. (92% yield) of 11-17; v 3400 (s),
3280 (s), 1655 em™!.

(d) 2,3-Dihydro-2-phenyl-1,3,2-benzodiazaborin-4(1H)-one (IL-1).

A solution of anthranilamide (8.1 g., 0.06 mole) and benzene-
boronic acid (7.32 g., 0.06 mole) in 250 ml. of reagent grade
dioxane was heated so that the vapors distilled through a helice-
packed column, 15 mm. in diameter and 6 in. long. During two
hours, 50 ml. of distillate was collected. The solution was filtered
hot and allowed to cool. The crystalline product that separated
was filtered to give 8.52 g. of II-1, m.p. and mixture m.p. 214-
215°% v 3350 (s), 3250 (m), 1640 (s) cm™!. The filtrate was
concentrated to one-half volume in vacuo and cooled to give an
additional 2.80 g. of 1I-1. The combined yield was 11.32 g. (85%).

(e) 2,3-Dihydro-3-ethyl-6-nitro-1,3,2-benzodiazaborin-4(1H)-one
(11-9),

2-Amino-N-ethyl-5-nitrobenzamide (I-3) (2.09 g., 0.01 mole)
and benzeneboronic acid (1.22 g., 0.01 mole) were thoroughly
blended, placed in a porcelain boat and heated in a drying pistol
(phosphorus pentoxide) by means of boiling xylene for 6 hours.
The yellow solid remaining in the boat, m.p. 270-280°, was dis-
solved in 50 ml. of 2% aqueous potassium hydroxide solutlon, the
deep orange colored solution was filtered, and the filtrate adjusted
to pH 7.0. The colorless solid that separated was filtered, dried,
and recrystallized from toluene to give 1.3 g. of colorless 11-9;
A max (tetrahydrofuran) 319, 330 (sh) mu (e, 17,900, 16,900);
v 3310 (s), 1640 (s) cm™!,

2,3-Dihydro-3-ethyl-6-nitro-1,3,2-benzodiazaborin-4(1H)-one, Pyr-
idine Salt, Monohydrate.

To reagent grade pyridine (1.0 ml.) at room temperature was
added 11-9 (0.30 g., 0.001 mole). The deep orange solution was
evaporated at room temperature in a stream of nitrogen to glve
0.04 g. of a yellow, crystalline, non-hygroscopic solid, m.p. 135°
with immediate solidification followed by remelting at 265°;
A max (tetrahydrofuran) 333 mu (e, 16,000). The analytlcal
sample was prepared by drying in vacuo at room temperature.

Anal, Caled. for C15H]4BN303'C5H5N'H202 B, 276, N,
14.29; N.E. 392. Found: B, 2.99; N, 14.36; N.E. (aqueous
sodium hydroxide) 375.

(f) 3-Benzyl-2,3-dihydro-2-hydroxy-1,3,2-benzodiazaborin-4(1/f)-
one (11-25).

A solution of 2-amino-N-benzylbenzamide (1.85 g., 0.082
mole), redistilled trimethylborate (0.85 g., 0.082 mole), and 125
ml. of dry xylene were distilled slowly while exposed to atmo-
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spheric humidity during two hours. The still head temperature
rose slowly from 40° to 130° during this time, and a solid
separated. The reaction mixture was cooled, the solid filtered, and
dried; it weighed 1.28 g. and was a mixture of white and yellow
solid. The white solid was separated and recrystallized from
industrial grade xylene to give 0.44 g. (21% yield) of 11-26, no
m.p. to 315% v 3470 (s), 3390 (s), 3360 (s), 3300 (s), 1620 (s),
1610 (s) em™1,

The derivatives of 2,3-dihydro-1,3,2-benzodiazaborin-4(1H)-
one are found in Table II.

4-Chloro-1,2,3 4-tetrahydro -2- phenyl-1,3,2-benzodiazaborin -4-ol
Phosphorodichloridate (4).

To redistilled phosphorus oxychloride (800 ml.) was added in
small portions with stirring, at room temperature, 1I-1(20.0 g.,
0.09 mole), the whole stirred until solution occurred, then heated
under reflux for 0.75 hours, filtered, and the filtrate concentrated
to 100 ml. On cooling, a deep yellow colored crystalline solid
separated; this was filtered, washed with anhydrous ether, and
dried to give 28.6 g. (85% yield) of 4, m.p. 181- 182° dec.; A max
(tetrahydrofuran) 323 mu (e, 4,805); v 3080 (s), 1905 (s), 1625
(s), 1603 (s), 1577 (s) em™1.

Anal. Caled. for Cy3H;BN,O-POCl3: B, 2.88; CI, 28.40.
N, 7.47; P,8.26. Found: B, 2.61; Cl,28.21; N, 7.53; P,7.98.

This compound, in glacial acetic acid-mercuric acetate, was
neutral toward perchloric acid.

4-Ethoxy-1,2-dihydro-2-phenyl-1,3,2-benzodiazaborine Phosphoro-
dichloridate (D).

The adduct, 4, (9.1 g., 0.024 mole) and 5 liters of reagent grade
chloroform (stabilized with 0.75% ethanol) were heated under
reflux for 0.33 hour under anhydrous conditions, filtered, and the
filtrate concentrated in vacuo to 500 ml. The solid that crystal-
lized from the cooled solution was filtered to give 7.0 g. (76%
yield) of 5, m.p. 138- 140° dec; A max (tetrahydrofuran) 359 mu
(e, 4,200); v 3175 (s), 1635 (s), 1610 (s), 1595 (s) em~L,

Anal. Caled. for CysH gBCl,N,05P: B, 2.81; Cl, 18.42;
N, 7.28; P, 8.04; OEt, 11.70; N.E., 385. Found: B, 2.53;
Cl, 18.64; N, 7.33; P,7.48; OEt, 11.93; N.E. [HCIO4 in AcOH,
Hg(OAC), ], 388.

4-Ethoxy-1,2-dihydro-2-phenyl-1,3,2-benzodiazaborine  Monohy-
drate (6).

To a suspension of 5(2.0 g., 0.05 mole) in 50 ml. of methylene
chloride was added, in portions, sodium bicarbonate solution
(1.26 g., 0.15 moles in 20 ml. of water), the whole shaken, the
methylene chloride solution separated, dried, and concentrated in
vacuo. The residual solid, m.p. 118-119° was reecrystallized from
methylene chloride to give 0.5 g. (30% yield) of 6, m.p. 120-121°;

A max (ethanol) 233, 390 my (e, 29,400, 4,790); v 3520 (s),
3340 (s), 1640 (s), 1615 (s), 1590 (s), 1560 (s) em™ 1.
Anal. Caled. for C;sH;sBN,0-H,0: C, 67.19; H, 6.38;

N, 10.44; EtO, 16.80; Total Volatiles, 6.7. Found: C, 67.12;
H, 6.43; N,10.90; EtO, 16.74; Total Volatiles (78°), 2.2 ,(100°%)
9.28.

The methylene chloride filtrate from the recrystallization when
kept in a stoppered flask slowly deposited a crystalline solid, m.p.
213-215°, shown to be identical with II-1 by m.p. and mixture
m.p.

4-Amino-1,2-dihydro-2-phenyl-1,3,2-benzodiazaborine (7).

Compound 6 (8.0 g., 0.021 mole) and 100 ml. of concentrated
aqueous ammonia (d. 0.7) were kept at room temperature for 24
hours. The crystalline product was filtered to give 3.8 g. of
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material, m.p. 249-252° dec. Recrystallization from boiling water
gave 1.0 g. (14% yield) of the product as a trihydrate; this was
stable at room temperature but drying at 110° in vacuo gave
anhydrous 7, m.p. 260-263° dec.; A max (ethanol) 378 mu
(e, 4,350); v 3330 (s), 1640 (s), 1600 (s) cm™~1,
Anal. Caled. for C3H1,BN3: C, 70.65; 11, 5.48; N, 19.02;
B. 489. Found: C, 70.45; H, 5.84; N, 18.61; B, 4.73.
Evaporation of the ammonia filtrate from the above crude
product yielded 0.25 g. of benzeneboronic acid, m.p. and mixture
m.p. 218-220°,
Reaction of 4 with Aqueous Ammonia.

To 100 ml. of concentrated aqueous ammonia (d. 0.7) was
added, with stirring, 4 (4.8 g., 0.013 mole), at room temperature.
The solid, except for a trace of gummy material, dissolved to form
a coloriess solution. The solution was filtered and the filtrates
evacuated at room temperature to remove excess ammonia.
During this process, a solid separated and this was filtered to give
0.50 g. (37% vyield) of o-aminobenzonitrile, m.p. 44-46°. Recrys-
tallization from hexane raised the m.p. to 49-51°, identical with
that of authentic o-aminobenzonitrile, alone, or mixed, and their
ir spectra were superimposable.

Anal. Caled. for CqHgN: C, 71.16;
Found: C,70.78; H, 5.04; N, 23.49.

The aqueous filtrate from the above product was lyophilized
to give 3.5 g. of residual solid, m.p. about 200°. This was extracted
with hexane to give 0.7 g. (45% yield) of benzeneboronic acid,
m.p. and mixture m.p. 218-220°.

H, 5.12; N, 23.70.

2-Cyclohexyl-2,3-dihydro-6-nitro-4( 1H)-quinazolinone.

A solution of N-cyclohexyl-4-nitro-o-aminobenzamide (1.32 g.,
0.005 mole), benzaldehyde (1.05 g., 0.01 mole), 150 ml. of
anhydrous chlorobenzene, and p-toluenesulfonic acid (0.25 g.)
was distilled so that the condensed distillate was dried by passage
through a bed of calcium hydride (3.0 g., 8-14 mesh) before
returning to the reaction flask. The heating was continued for
two hours, the hot solution filtered, and the filtrate cooled to give
1.0 g. of crystalline material, m.p. 217-222°, Recrystallization
from Z-gropanol gave 0.86 g. (49% yield) of the product, m.p.
231.2327,

Anal. Caled. for C9H, N303: C, 68.35; H, 6.02; N, 11.97.
Found: C, 68.35; H, 6.04; N, 12.11.
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