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Routes to the Formation of 1,3,5-Triaryl- and 2,4,6-Trichloro-1,3,5-triaryl-
borazines and Intermediate Compounds

By I. B. Atkinson, and D. B. Clapp, Yarsley Research Laboratories, Clayton Road, Chessington, Surrey
C. A. Beck, and B. R. Currell,* The Polytechnic of North London, Holloway Road, London N7 8DB

The effect of ortho-substitution has been investigated in routes to the formation of 1,3.5-triaryl- and 2,4,6-tri-

chloro-1,3,5-triaryl-borazines.

The presence of two substituents in the ortho-positions inhibits the formation of

the equivalent borazine, both in reactions involving the heating of a mixture of arylamine and triethylamine—borane

and in those which involve heating the 1:1 adduct of the arylamine and trichlioroborane.

Products isolated in these

cases include diazaboranes (bisaminoboranes) [(ArNH),BH], aminodichloroboranes [ArNHBC,], and triaza-

boranes (boronamines) [ArNH'BX-NAr-BX:NArH] (X = Cl or H).

A possible reaction path to the formation of

borazines involving these intermediates is discussed.

KosTER ! ¢f al. have reported the preparation of 1,3,5-
triphenylborazine by heating a mixture of aniline and
triethylamine-borane above 100°.

Et,N,BH; + PhNH, —» }(PhNBH), + Et,N + 2H,

At 50—60° they obtained a mixture of bis(phenyl-
amino)borane [(PhNH),BH] and tris(phenylamino)-
borane [(PhNH);B]. On treatment with more triethyl-
amine-borane at 100° bis(phenylamino)borane gave the
triazaborane {[PhNH-BH-NPh-BH-NPhH].

Further investigation of this reaction using a variety
of arylamines is now reported. Table 1 gives the results
obtained on heating mixtures of the arylamines and
triethylamine-borane. Except for the cases of 2,6-di-
chloroaniline and 2,6-xylidine the 1,3,5-triarylborazines
(1a, b, ¢, d, and f) are the major products.

g Ar
PN a; Ph
ArN NAF b} o-cic,,
¢; 0-CF,C,H
HB\N/BH d; ¢ F, "
e; 2,6-Cl,CH,
Ar 2
f; 2-Cl-6-FC,H,
{n g; 2,6-Me,CiH,

In the case of 2,6-dichloroaniline, the 1,3,5-triaryl-
borazine (Ie) was only obtained in 3%, yield, the major
product being the triazaborane (IIa). In the case of
2,6-xylidine no borazine was obtained, the triazaborane
(ITb) and the diazaborane (III) were the only products.

o
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At \?/ \B[/ Nar b: 2.6-Me,CoH,
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The triazaboranes (IIa and b) when treated with tri-
ethylamine-borane in excess at 180—190° gave the
corresponding 1,3,5-triarylborazines (le and g).
ArNH-BH'NAr-BH-NHAr + Et;N,BH; —»

(ArNBH); 4 Et;N 4 2H,

The interaction of arylamine (1 mol) and trichloro-
borane (1 mol) gives 1 : 1 adducts (Table 2). The results
of thermal decomposition of equimolar mixtures of
arylamine and trichloroborane when heated in refluxing
benzene or toluene are summarised in Table 3. All
systems with one or no substituents in the oréko-
position give the corresponding 2,4,6-trichloro-1,3,5-
triaryl-borazine (IVa—d). If there are two substituents

Cl
B Ar = a; m-CIC;H,—
PN r=a; m
Arfil I}JAI‘ b; o-BrC:H;L
¢; m-BrC,H,—
CLB\N/BCl d; p-FCH,~
Ar
{TY)

ArNHz,BCl3 —-—)’/3(ArNBCH3 + 2HCH

in the ortho-positions, z.e. in the case of the 2,6-xylidine,
2,4,6-trichloro- and tribromo-aniline-trichloroborane
adducts, the corresponding borazine is not obtained.
The 2,6-xylidine trichloroborane adduct gave a high
yield of the aminodichloroborane (Va). The 2,4,6-
trichloro- and tribromo-isomers gave lower yields of the
aminodichloroborane (Vb and c¢) and corresponding
greater amounts of the triazaborane (VIa and b).

Cil
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H\N/B\c[ b; 2,4,6-C213&,}}2-
| c; 2.4.6-BryC,H,-
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Preparation of the triazaborane from the aminodichloro-
borane was confirmed by heating the pure aminodi-
chloroborane under reflux and recovering the calculated
amounts of boronamine (VIa and b), trichloroborane and
hydrogen chloride (Table 4).

1 R, Koster, H. Bellut, and S. Hattori, Aun. Chim., 1968, 720,
1.
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TABLE 1
Reactions of primary arylamines with triethylamine—borane
Product
R

ArNH, Et,N,BH, ‘ Vield Found Calculated A

— el ¢ y ‘ y

K; g mol g mol Reaction time  Nature (%) M.p. C H B Cl F N [o} H B Cl F N

Ph 428 046 529 046 140°,50min  (la)s 70 158—160° 6945 595 105 136 700 58 105 13-6
180° 2 h

0-CIC.H, 425 033 383 0-33 140°% 50min (Ib) & 80  126—128% 51-6 37 783 100 5245 37 79 10-2
180°, 2 h

0-CFyCeH, 322 020 230 0-20 140—150°,80 (Ic)¢ 31 134—135-5 493 31 53 353 79 492 295 63 3335 82
min
180°, 2 h

C,Fs 30-6 017 192 017 145°2h (1d) @ 56  138—140 3735 005 55 494 72 374 05 56 4925 7.3
180°% 1 h

2,6-C1,C(H, 267 0-16 190 016 140° 2h (Ila)e 75  191—192 423 25 41 412 82 428 26 43 421 83

185°, 30 min  (Ie) e 3 216—218¢ 54 401 7-9 63 413 815

2,6-Me,CoH, 371 0-31 352 031 140°2h (1Ib) £ 4  218—220 75-3 80 56 107 752 815 565 11-0

185°, 30 min  (II1)f 90 73—76 760 85 44 112 762 84 43 11-1

9-Cl-6-FC,H, 378 026 30-0 0-26 145°,2h (If) a 71 165—166 70 228 9-0 70 230 9:0
180°,2 h

a Purified by recrystallisation from n-hexane. & Lit. (G.P. 1,169,445) m.p. 118—119°. ¢ Purified by recrystallisation from n-hexane followed by sublimation (130°
0-01 mmHg). @ Purified by distillation (b.p. 162—168°, 0-8 mmHg) followed by sublimation (120°, 0-05 mmHg). e Products separated by fractional crystallisation from
light petroleum [compound (Ie} is the more soluble]. f Products separated by fractional crystallisation from light petroleum [compound (III) is the more soluble, and
was purified by sublimation {70°, 0-05 mmHg)]. ¢ Crude material, probably contaminated with some of (IIa).

TABLE 2

Preparation of arylamine—trichloroborane 1 : 1 adducts (ArNH,,BCl,)

Found 9, Required %

Ar Yield 9, C H B C* Ctf B N € H B cC* Clt Br N
0-CIC¢H, 51-8 44 440 568 57 44 435 579 57
$-CICH, 80-7 44 438 564 56 44 435 579 5-7
$-BrCH, 64-4 36 398 4.7 37 368 4-8
2,4,6-C1,C.H, 64-9 230 135 35 337 695 44 232 128 35 339 697 4-5
2,4,6-Br,C,H, 83:1 16-0 09 26 235 53-8 31 161 09 2.4 238 536 31
2,6-Me,C,H, 668 402 44 42 444 57 403 47 45 446 59

* Chlorine easily hydrolysed by water. { Total chloride.
TABLE 3
Thermal decomposition of arylamine—trichloroborane adducts
Product
ArNH,,BCl, Solvent Reflux Found Calculated -
— ——  time I - N - N
Ar g mol mls (h) Nature Yield C HB Br Cl*Clt F NM C H B Br Cl*Clt F N M
m-CIC{H, a Toluene 1000 24  (IVa) 8781 44’ -6 41-8 22 61 20-9 412 7-9 419 28 63 20-7 413 82
0-BrC,H, 45 0-05 g::loro- 150 24 (IVb) 2587 765 332 18 51 367 162 64 33-3 19 50 369 164 65
m-BrC,H, b Tolueme 1000 24 (IVe) 172 1 484 332 21 50 367 163 65 333 19 50 369 164 65
$-FC.H, c Toluene 250 6 (IVd) 7187 61-1 462 2:6 7-0 227 12-0 8-8 464 2:6 70 22-8 122 90
2,6-Me,CoH, 26-2 011 Toluene 100 6 (Va) 197/ 88:7 4744 48 53 35-3 6:9 195 47-6 50 54 35-1 6-9 202
2,4,6-Br,C,H, d Bénzene 200 4 (Vb) 40-8¢ 712 17-8 0-6 2-6 595 175 3-6 392 180 08 27 59-8 17-7 3-5 410
2,4,6-C1,C(H, e Benzene 250 6 (Vo) 456h 658 261 12 38 25:6 637 49 272 260 11 3-9 26-0 64:0 5-0 277
L :gm—CII)C,H. NH, (1464 g, 1-2 mol), BCl, (144-7 g, 12 mol). ? m-BrC,H,"NH, (294 g, 1-7 mol), BCl, (350 g, 3-0 mol). ¢ $-FC,H,NH, (845 g, 0-76 mol), BCl, (175 g,
* mol).

d 2,4,6-BryC,H,"NH, (46 g, 0-14 mol), BCl, (123 & 1-05 mol). e 2,4,6-Cl,C,H,NH, (50 g, 0-25 mol), BCl, (99-8 g, 0-85mol). f Crystalline product obtained

by concentration of reaction mixture. ¢ Liquid, b.p. 160°, 0-1 mmHg leaving an intractable residue {12-2 g) probably a mixture of (Br,C, H,'NBCI),and (VIb). h Liquid,
b.p. 134°, 1-0 mmHg and a residue (18-3 g) probably a ‘mixture of (CI,C,H,-NBC!), and (VIa).
* Chlorine easily hydrolysed by water. + Total chlorine.
TABLE 4
Pyrolysis of arylaminodichloroboranes
Products
’ Triazaborane (ArNH-BCI-NAr-BCI-NArH) A
Pyrolysis — e .
ArNHBCI, — A - HCI BCl, Found Calculated
— Time — A — ~ A N
Ar I mol (h) Conditions g mol g mol % C H B Br Ci* Clt N M C H B Br Cl* Ot N M
2,4,6-C1,C.H, 85 003 05 200°, 760 0-3 0-008 1-3 0-011 7-0 « 100 320 1-2 3-2 11-1 554 6:3 700 31-8 1-2 3-2 10-5 53-1 63 679
mmHg
05 250°, 0-1
mmHg
2,4,6-Br,C¢H, 123 003 10 250°0-8 0-44¢ 0-012 1-1 0-009 10-9% 100 20-3 0-9 1-9 678 6-2 3-9 1058 20-1 0-8 20 66:7 6-6 3-9 1078
mmHg

a B.p. 219—221°, 0-01 mmHg.
* Chlorine easily hydrolysed by water.

b B.p. 280°, 001 mmHg.
t Total chlorine.
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These results are analogous to those of Turner and his
co-workers 2 who reported the formation of a mixture of

ArNH,,BCl, —» ArNH-BCl, + HCl

3ArNH-BCl, —»
ArNH-BCI-NAr-BCINHAr + HCI + BCl

aminodichloroborane and the triazaborane when the 1:1
adduct of 2,6-xylidine and trichloroborane was heated in
toluene under reflux.

Attempts were made to interact these triazaboranes
with trichloroborane in the hope that ring closure to give
the borazine might be effected. The trichlorophenyl-
triazaborar e (VIa) did not form an adduct with tri-
chloroborane at —80° and was recovered unchanged.
Similarly the tribromophenyltriazaborane (VIb) when
heated in benzene under reflux with triethylamine—
trichloroborane adduct showed no reaction.

Possible Reaction Paths.—The interaction of triethyl-
amine-borane and arylamines may involve the initial
formation of the 1:1 adduct ArNH, BH;. Decomposi-
tion of 1:1 adducts ArNH,,BX, (where X = Cl or H)
may be envisaged as following reaction paths involving
initially elimination of HX to form ArNH-BX, which
then undergoes further condensation reactions with
elimination of HX or BX,.

ArNH,;BX, —» AINH'BX, + HX
2AINH-BX, —» AINH-BX-ArNH + BX,
2ArNH-BX, —» ArNH-BX-ArN-BX, + HX

ArNH-BX-ArN'‘BX,; + ArNH'-BX, —»
ArNH'-BX-ArN-BX-ArNH + BX,

Ring closure to form the borazine may now be effected
as follows:

ArNH-BX-ArN-BX-ArNH + BX; —»
(ATNBX), + 2HX

In the cases where X = H, ring closure to give the
borazine by reaction with Et,N,BH; has been demon-
strated. Although not demonstrable experimentally
similar ring-closure reactions may occur in those cases
involving X = Cl which give yields of the borazine from
the 1:1 adduct. In the cases where there is 2,6-
disubstitution in the aryl group the inhibition of borazine
formation may be due to steric hindrance.

EXPERIMENTAL

Reactions of Primary Avylamines with Tviethylamine—
Borane.—The arylamines were added dropwise to stirred
triethylamine-borane at 140—150°; hydrogen and tri-
ethylamine were evolved. The mixtures were then heated
at 180—185° then any unchanged triethylamine-borane
removed at 100°, 10 mmHg.

Preparation of Avylammonium Tetrachlovoborates.—The
amine hydrochloride was suspended in dry dichloromethane
and the suspension cooled to —80°, an excess of trichloro-
borane added and the mixture allowed to stand for up to

2 R. K. Bartlett, H. S. Turner, R. J. Warne, M. A. Young,
and I. J. Lawrenson, J. Chem. Soc. (4), 1966, 479.
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30 min. The filtered solid was then washed with chilled
dichloromethane and dried under reduced pressure.

Preparation of Arylamine—Tvichlovoborane 1 : 1 Adducts.—
Solutions of the appropriate amine in dichloromethane were
added to solutions of an excess of trichloroborane in di-
chloromethane at —80°. The mixtures were then set aside
at —80° for periods up to 1 h. The white precipitates were
filtered off, washed with dichloromethane, and dried under
reduced pressure.

T hermal Decomposition of Arylamine—-Trichlovoborane 1 : 1
Adducts.—The arylamine-trichloroborane 1:1 adducts
were heated for 24 h in refluxing toluene or chlorobenzene.
The reaction mixture was then concentrated by distilling
off the bulk of the solvent.

Pyrolysis of Arylaminodichlovoboranes.—These compounds
were heated under reflux under the conditions given in
Table 4. The resulting boronamine was isolated by distilla-
tion.

Reaction between ArNH'-BH-NAr-BH:-NHAr (Ar = 2,6-
Cl,CcHy) and Triethylamine—Borane.—The triazaborane
(12-4 g, 0-025 mol) and triethylamine-borane (4-4 g, 0-04
mol) were heated at 180—190° for 9 h. Triethylamine
(identified by its ir. spectrum) distilled into a receiver.
After the removal of some unchanged triethylamine—
borane by distillation i» vacuo, the product was recrystal-
lised from n-hexane, to give colourless crystals of 1,3,5-tris-
(2,6-dichlorophenyl)borazine (10-5 g, 81%,), m.p. 221—223°.
Further purification by recrystallisation (light petroleum)
gave a sample, m.p. 222-5—224-5° (Found: C, 42:9; H,
2-4; B, 5-0; Cl, 41-05; N, 82%,; M, 545. C,;H,,B,CI;N,
requires C, 41-95; H, 2-35; B, 6-3; Cl, 41-3; N, 8:29,; M,
507). After the compound (0-1613 g) had been heated with
water under reflux for 1 h, 0-1592 g (98:79%), m.p. 220—
222-5°, was recovered.

Reaction between ArNH-BH-NAr-BH-NHAr (Ar = 2,6-
Me,CeH;) and  Triethylamine—Borane.—Triethylamine—
borane (3-1 g, 0-03 mol) and the triazaborane (49 g, 0-01
mol) were heated at 180—190° for 85 h. Triethylamine
(identified by its i.r. spectrumn) was collected as a distillate.
The glassy residue remaining after the unchanged triethyl-
amine-borane had been distilled off was crystallised from
light petroleum (b.p. 60—80°), to give crystals of 1,3,5-tris-
(2,6-dimethylphenyl)borazine (2-1 g, 549%,), m.p. 151—
154° (lit.,® 1564—155°). Their. spectrum of the product was
practically identical to that given by Turner et al.?

The Attempted Reaction between ArNH-BCI-NAr-BCl:-
NHAr (Ar = 2,4,6-BryCH,-) and Triethylamine—trichlovo-
borane Complex—The triazaborane (10-0 g, 0:01 mol) was
dissolved in benzene (100 ml) and freshly prepared triethyl-
amine—trichloroborane (1-7 g, 0-01 mol) was added to it.
The mixture was heated under reflux for 1 h and any gases
evolved were passed through potassium hydroxide solution
(Found: Cl, 09%). The benzene was removed by evapora-
tion under reduced pressure to leave a white solid (12-1 g),
presumably a mixture of the triazaborane and the triethyl-
amine complex (Found: B, 2-4; Cl, 10-29,). A portion
(5-8 g) of this material was heated to 200° under reduced
pressure to remove the complex by sublimation. The
residue weighed 54 g (Found: B, 1-9; Cl, 6-4; N, 3-9.
C,sHB,Cl,BrgN, requires B, 1-9; Cl, 6-2; N, 3-9%,).

Attempted Reaction of ATNH-BCI'NAr-BCI'NHAr (Ar =
2,4,6-Cl,C.Hy- and Trichlorobovane.—A solution of tri-

3 R. K. Bartlett, H. S. Turner, R. J. Warne, M. A. Young,
and I. J. Lawrenson, ‘ DMS Index,” Butterworths, Card No.
13,327 (1966).
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chloroborane (8-8 g, 0-07 mol) in dichloromethane (20 ml)
was cooled to —80° and added to a solution of the triaza-
borane (1-9 g, 0-003 mol) in dichloromethane (25 ml) also
cooled to —80°. The mixture was allowed to warm up
slowly to room temperature and then trichloroborane and
dichloromethane were evaporated under reduced pressure.
The residue solid (1-8 g) was determined by analysis to be

185

the unchanged triazaborane (Found: B, 3-0; hydrolysed
Cl, 10-6; total Cl, 52:8, N, 6-4. C,H B,Cl,;N, requires
B, 3-2; hydrolysed Cl, 10-5; total Cl, 53-1; N, 6-39%,).

‘We thank the Ministry of Technology for partial sponsor-
ship of this work.
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