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Abstract

Six cyanoborane adducts of the heteroaromatic
amines, 2-amino-, 3-amino-, 4-amino-, 2-amino-4-
methyl-, 4-cyano- and 4-ethylpyridines, and four
isothiocyanatoborane adducts of the heteroaromatic
amines, 3-methyl-, 4-methyl-, 4-ethyl- and 4-amino-
pyridines have been prepared. These have been
characterized by elemental analyses and by infrared
and 'H and B NMR spectral study.

Introduction

Cyanoborane adducts of aliphatic amines have
attracted considerable attention in terms of synthesis
[1-8], hydrolytic studies [2,9] and biological
activity studies [10] as they are the precursors to the
amine—carboxyboranes [11], the boron analogues of
amino acids. However, relatively very little informa-
tion is available about the pseudohaloborane adducts
of heterocyclic aromatic N-bases [5,6, 12a].
Recently we described a general method for the
synthesis of isothiocyanatoborane adducts of alkyl-
amines [13]. We now report here the syntheses and
characterization of a few cyanoborane adducts of
heteroaromatic N-bases and the applicability of the
general synthetic procedure developed earlier for the
synthesis of isothiocyanatoborane adducts of hetero-
aromatic N-bases.

Results and Discussion

Various methods for the synthesis of amine—
cyanoboranes have been reported in the literature
[1—7]. These involve primarily the reaction of
NaBH;CN with an amine in the presence of HCl in
ethereal solvents [1,2,12], the reactions of the
in situ generated (BH,CN),, from NaBH;CN [6] with
an amine [6, 12], or amine exchange from methyl-

* Author to whom correspondence should be addressed.

0020-1693/90/$3.50

amine—cyanoborane [7]. However, the most useful
general method is the reaction of amine hydro-
chloride with NaBH;CN for those amines which
easily form hydrochlorides [5,8]. Pyridine—cyano-
borane and picoline—cyanoboranes have been pre-
pared, respectively, by the reaction of the hydro-
chlorides with NaBH3;CN [5] and by the reaction of
the bases with (BH,CN), [6]. The amine—cyano-
boranes reported here have been prepared by the
general method involving the reaction of the hetero-
cyclic N-base hydrochlorides with NaBH;CN in
refluxing THF (eqn. (1)).

THF
N-HCl + NaBH;CN ———
reflux

X
@N-BHZCN + NaCl+ Hp )
Y

(X =2-NH,, 3-NH,, 4-NH;, 4CN, 4-C,Hs, Y=H;X=
2-NH,, Y = 4-CH3)

X

Y

The cyanoborane adducts (1—6) as described by eqn.
(1) were obtained in good yields (66—-86%). Except-
ing 2 and 6 which are colourless liquids, all com-
pounds are colourless air stable solids at room tem-
perature, The analytical data, melting points (m.p.),
yields and characteristic infrared and NMR spectral
data are given in Table 1.

In the infrared spectra of the four aminopyridine—
cyanoboranes (1—4), absorptions in the range 3471
3344 cm! are assigned to the stretchings modes of
the NH, group in consonance with the amino-
pyridine—boranes described earlier [14]. The {NH;)
modes in the latter compounds have been shown to
occur in the range 3460—3180 cm ™. For the amino-
pyridines there are three possibilities of binding with
BH,CN as with BHj;. First, a BH,CN group may bind
to a ring nitrogen; second, it may bind to the nitrogen
in the NH, group; and third, two BH,CN groups may
be bound to the nitrogens of both the pyridine ring
and the NH, group. However, analytical data indicate
the presence of one BH,CN group, thus limiting the
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possibilities to the first two. Previously, from an
infrared spectral study, it was concluded that the
BH; group was attached to the pyridyl nitrogen and
not to the NH, nitrogen. Had it been attached to the
NH, group, there should be considerable shift in
stretching modes of the NH, group in the adducts
to lower energy compared to those in the free amines.
But no such change was observed thereby substantiat-
ing the assumption [14]. In the present study the
»(NH,) modes in the compounds 1—4 occur in the
range of 3471-3344 cm !, which compares very
favourably to those of the corresponding borane
adducts. Moreover, the experimental evidence in
favour of bonding through pyridine nitrogen comes
from the results of two competing reactions, one
involving the exchange of pyridine with aniline
cyanoborane and the other involving the reaction of
hydrochlorides of pyridine and aniline with NaBH;-
CN; both reactions yielded pyridine—cyanoborane
as the product, substantiated by m.p. (34 °C, lit.
34-35 C [5]) and infrared spectra. In the rest,
there are no free NH, groups and their absence is
borne out by the infrared spectra.

The »(CN) modes in the cyanoborane adducts
1—6 appear as strong absorptions at 2245-2175
cm ™. The »(CN) bands reported for aliphatic amine—
cyanoboranes [4—8] are in the range 2280-2170
cm™!, whereas those for the cyanoborane adducts
of pyridine and a-, §- and v-picolines [6] were
reported to be at 2250-2190 c¢cm™ and for
quinuclidine—cyanoborane at 2220 and 2180 cm !
{7]. The infrared spectra of both trimethylamine—
cyanoborane and trimethylamine—isocyanoborane
were investigated by Vidal and Ryschkewitsch [15].
It was found that the »(CN) mode of the cyano-
borane adduct appeared at 2230 cm™! whereas that
for isocyanoborane adduct appeared at 2135 cm™?,
95 ¢cm™' lower than that for the cyano isomer. Also
from an X-ray crystal structure study of NH;*BH,-
(CN) [16] it was shown that the cyano group was
bonded to boron through the carbon end. In the
compounds 1—6 reported here the »(CN) modes
appear in the range 2245-2175 cm™, and therefore
it may be concluded that the mode of binding in the
said compounds is through carbon rather than
through nitrogen of the CN group. For 4-cyano-
pyridine—cyanoborane there are two well separated
bands at 2245 and 2196 cm ™! indicating the presence
of two different types of cyano groups. From a com-
parison of the (CN) in other heteroaromatic N-base—
cyanoboranes and 4-cyanopyridine—cyanoborane (5)
with that of 4-cyanopyridine itself, it may be con-
cluded that in the latter compound the band at 2196
cm ™ is due to the CN group attached to boron while
the band at 2245 cm™ results from (CN) of the
pyridine ring [/(CN) in 4-cyanopyridine is at 2243
cm™]. The (B—H) modes of the compounds 1—6
have been observed as strong bands in the range
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24292320 cm™* and those in a-, B- and y-picoline—
cyanoboranes in the range 2420-2370 cm™! [6]
while those in 2-amino-, 3-amino- and 4-amino-
pyridine—boranes absorb in the range 2370-2260
cm ! [14]. Thus the »(B—H) modes found for the
compounds reported here are in conformity with
those found earlier [6, 14].

In the NMR spectra of the heteroaromatic
N-base—cyanoboranes (1—6), the presence of
aromatic protons was observed in their usual posi-
tions. Also, in 2-amino-4-methylpyridine—cyano-
borane (4) and 4-ethylpyridine—cyanoborane (6), the
presence of methyl and ethyl groups has been
observed. The signals for NH, and BH, protons,
however, could not be detected. In the B NMR
spectra of the compounds 1—6, the 'B NMR signals
appear between § —15.4 and —20.7. The "B NMR
data of the amine—cyanoboranes are so far limited.
The 8(*!'B) for quinuclidine—cyanoborane [7] was
found at —15.2 with Y(*'B—'H) of 103 Hz. For
trimethylamine—cyanoborane §(*'B) values of —15.2
[1] and —14.9 [17] have been reported. Further
reported §(!'B) values are —15.3 for N-methyl-
morpholine—cyanoborane and —20.5 for mor-
pholine—cyanoborane with J(*'B—'H) of 98.5 Hz
[17]. The data obtained for the compounds reported
here are in consonance with those noted above and
that the boron nucleus in these compounds is highly
shielded and the boron atoms are four-coordinate in
nature.

Isothiocyanatoborane adducts reported here are
prepared by the reaction of heteroaromatic N-base
hydrochlorides with NaBH3;SCN, generated in situ
from NaBH,, iodine and NaSCN in monoglyme
according to the following scheme [13]

monoglyme
NaBH, + % I, '—T——’

BH;* monoglyme + Nal + %Hz

BH;*monoglyme + NaSCN —
NaBH;SCN (in monoglyme)

reflux

NaBH;3SCN (in monoglyme) + X-CsHy,N-HCl ——
X'C5H4N'BH2NCS + NaCl + H2

The isothiocyanatoboranes of trimethylamine
[19] and ammonia [18,20] have been known for
some time. However, the only isothiocyanatoborane
adduct of a heteroaromatic N-base known so far is
pyridine—isothiocyanatoborane [21] prepared by the
exchange of iodine by the thiocyanate group from
C;H;N-BH,I by the action of silver thiocyanate
involving a two-step process [21]. 3-Methylpyridine—
isothiocyanatoborane (7) and 4-methylpyridine—
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isothiocyanatoborane (8) were obtained in 85% and
77% yields, respectively, whereas the yields of
4-ethylpyridine—isothiocyanatoborane  (9)  and
4-aminopyridine—isothiocyanatoborane (10) were
comparatively low being 57% and 52%, respectively.
All the compounds are colourless solids except
3-methylpyridine—isothiocyanatoborane which is a
colourless liquid. Adducts derived from 3-methyl-
pyridine and 4-aminopyridine (7 and 10 respectively)
are highly air and meisture sensitive materials. The
liquid (7) obtained was of satisfactory purity as
evident from spectra and analytical data, but further
purification was not attempted considering its sen-
sitivity to air and moisture. Their physical and
spectral data are given in Table 1.

In the infrared spectra, the »(NH,) modes for
4-aminopyridine—isothiocyanatoborane (10) occur
at 3380 and 3220 cm* for the free NH, group. The
WB—H) modes of the compounds 7—10 are found
in the region 2440—2420 cm™. The W(B—H) modes
in CsHsN-BH,NCS [21] and Me;N-BH,NCS [19]
were reported to occur at 2430 and 2433 cm™,
respectively. The bands in the region 2180-2120
cm™! were assigned to the »(CN) modes in analogy
with those for the isothiocyanatoborane adducts
of aliphatic amines (W(CN), 2140 cm™') [13] and
Me;N-BH,NCS (»(CN), 2140 cm™) [19] and
pyridine—isothiocyanatoborane ((CN), 2130 cm™?)
[21]. An X-ray crystal structure study of H;3N-
BH,;NCS [20] indicates that boron is nitrogen
bonded and not sulphur bonded. These observations
suggest that the compounds obtained are rather iso-
thiocyanatoborane adducts of the heteroaromatic
N-bases, similar to those of the aliphatic amines.

In the NMR spectra of the compounds 7 and 8
the methyl protons on the aromatic ring absorb at
6 2.6 ppm as singlets, and in 9 the methyl protons
absorb at § 1.4 and the CH, protons absorb at § 2.9
in the usual ethyl pattern. The aromatic protons show
multiplets in the region § 6.6—8.8 in all the com-
pounds. In the B spectra of the compounds, the
5(*'B) occur at —7.1 to —8.2. This is indicative of the
tetracoordinate nature of boron attached to electro-
negative groups.

Experimental

All chemicals used were of reagent grade quality
unless otherwise mentioned. 2-Amino-, 3-amino-,
4-amino-, 2-amino<4-methyl- and 4-cyanopyridines
were reagent grade commercial products and were
used as received. 3-Methyl-, 4-methyl- and 4-ethyl-
pyridines were dried by refluxing over solid KOH and
were distilled prior to use. All the bases were con-
verted to their hydrochlorides by bubbling dry HCI
gas through their ethereal solutions and were finally
dried in vacuum. Ether was dried over anhydrous

CaCl, followed by refluxing over sodium. Monoglyme
and benzene were dried by refluxing over sodium.
Tetrahydrofuran (THF) was dried by refluxing over
sodium and then over LiAlH,. All the solvents were
distilled prior to use. NaBH3CN (Aldrich, U.S.A.) and
NaBH, (Loba, India) were used as received.

Infrared spectra were recorded on a Perkin-Elmer
model 597 or 883 spectrophotometer. Proton NMR
spectra were recorded on a Jeol JNM FX-100 or
Varian EM 390 and the § values are with reference
to TMS as internal standard. The 'B NMR spectra
were recorded on a Varian XL 200, a Bruker WH 360
or a Bruker AP 200 MHz spectrometer. The § values
(in ppm) are with reference to BF;O(C;Hs), as
external standard. A controlled atmosphere glove box
(Labconco Corpn., Kansas City, MO, U.S.A.) was
used for inert atmosphere handlings.

Elemental (C, H, N) analyses of solid samples were
done on a Perkin-Elmer 240C elemental analyser. The
liquid samples were analysed at the microanalytical
laboratory of Calcutta University. Boron was esti-
mated volumetrically in the presence of mannitol
[22] after decomposition of the samples in presence
of triple catalyst (CuSO,4:K,S0,:Se = 6:2:1) [23].

Synthetic Procedures

(i) Cyanoborane adducts of heteroaromatic

N-bases

NaBH;CN (1.89 g, 30 mmol) and an appropriate
N-base hydrochloride (30 mmol) were placed in a
three necked flask fitted with a reflux condenser, a
magnetic stirrer and a gas bubbler, and the assembly
was flushed with dry nitrogen. THF (40 ml) was then
added through a side arm and the mixture was
refluxed for ¢. 48 h. When the evolution of hydrogen
gas ceased, the mixture was cooled and filtered in a
sintered glass funnel to remove solid residue. The
crude amine—cyanoboranes were obtained by remov-
ing the solvent in a rotary evaporator. All the
N-base—cyanoboranes (except 2 and 6) are solids and
were purified by recrystallization from hot water.
3-Aminopyridine—cyanoborane (2) and 4-ethyl-
pyridine—cyanoborane (6) were liquids. These two
compounds were purified by mixing the compounds
with ¢. 10 ml of distilled water and then extracting
them with ether several times followed by drying the
ether extract over anhydrous MgSQO, and evaporating
under reduced pressure. Their data are given in
Table 1.

(ii) Competing reactions

{a) Exchange reaction of aniline cyanoborane with
pyridine. Aniline cyanoborane (3.96 g, 30 mmol),
pyridine (1.10 g, 30 mmol) and THF (30 ml) were
refluxed for 48 h in a three necked flask assembled as
in (i). Then the solvent was evaporated in a rotary



evaporator and finally in high vacuum at 50 °C when
a thick liquid was obtained. On cooling to room
temperature, pyridine cyanoborane separated out
as colourless solid. Yield 60%.

(b} Reaction of NaBH3CN with a mixture of
aniline hydrochloride and pyridine hydrochloride. In
a three necked flask assembled as in (i), a mixture of
aniline hydrochloride (3.60 g, 30 mmol), pyridine
hydrochloride (3.50 g, 30 mmol) and NaBH,;CN
(1.89 g, 30 mmol) were refluxed in THF (40 ml) for
48 h. This was then filtered to remove NaCl. The
product pyridine cyanoborane was obtained from the
filtrate by a work up similar to that in (a). Yield 55%.

(iii) Preparation of isothiocyanatoborane adducts

of heteroaromatic N-bases

NaBH,; (1.14 g, 30 mmol) and NaSCN (2.43 g,
30 mmol) were placed in a three necked flask
assembled as in (i) and the system was flushed with
dry nitrogen. Monoglyme (35 ml) was then added to
it. A solution of iodine (3.81 g, 30 mmol) in mono-
glyme (15 ml) was added dropwise at room tempera-
ture followed by refluxing for 1 h. The mixture was
then filtered and the filtrate added to an appropriate
amount of N-base hydrochloride in monoglyme (35
ml) taken in another flask assembled as before. This
was stirred at room temperature for 18 h under
nitrogen atmosphere. The solvent was removed after
filtration in vacuum to obtain the crude products.
The solid crude products (8—10) were purified by
recrystallization from chloroform and petroleum
ether (40—60°) mixture. Compound 7 was obtained
as a liquid and purified by extracting the crude
product with dry benzene and evaporating the solvent
and drying in vacuum. Their characterization data
are given in Table 1.
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