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Thermal decompositions of tetraalkylammonium haloborates, R,N+*BX;" (where
R = Etor n-Bu, and X = CI, Br or PhBCl,), have been studied by both bench pyrolysis
and thermoanalytical techniques. The first stage in the thermal decomposition of the
haloborates involves the loss of one mole of an alkyl halide with the formation of a
1 : 1 complex. Thermal decomposition of the haloborates beyond the stage of forma-
tion of haloboranes leads to the evolution of further quantities of alkyl halides together
with the corresponding boron trihalide. In many instances the final products were poly-
meric materials of the general type:

R X R
o
R—(N—B),~N—R.

During the past decade much interest has been shown in the study of thermal
decompositions of primary alkylammonium haloborates leading to the syntheses of
polyborazynes (RNBX), [1 —4]. The major tendency of reactions between boron
and nitrogen compounds is to generate small rings (#n = 2, 3, 4). It was thought
that it would be interesting to constrain polymerization to obtain only linear struc-
tural compounds, by introducing steric conditions to inhibit the formation of ring-
type structures.

In attempts to prepare linear polymers, a number of tetraalkylammon halobo-
rates were taken, and pyrolysis studies of these compounds using thermoanalytical
[5] and bench techniques have yielded very interesting results. This paper reports
the second part of the findings of a continuing investigation to trace the reaction
sequence in the preparation of linear polymers.

Experimental

Preparation of tetralkylammonium haloborates

Tetraalkylammonium halides were dissolved in dichloro methane (500 ml) and
stirred with boron trihalides. The tetrahaloborates were filtered off and washed
with the solvent (Table 1).
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Table 1

Tetraalkylammonium haloborates (R,N*BX,™)

Found, Required,
Compound RX; |R,N+X= Yiue/ld, % %
g °
B X ‘ N B X N
Et,N*BCl; 7.16 | 10.11 99 39| 50.2 4.9 3.8 | 502 4.9
Et,N*BBr; 20.96 | 17.57 95 24 1 694 3.1 24 | 694 3.0
Et,N*BI, 27.55 | 18.10 71 1.6 | 78.2 2.3 1.6 | 78.2 2.2
Et,N*BPhCly 21.34 | 22.47 95 3.3 | 328 4.3 3.3 | 32.8 4.3
Et,N+tBPh; 8.5 4.2 72 2.4 — 3.1 2.4 - 3.1
n-Bu,N+BCl; 585 | 13.14 94 2.7 | 359 2.5 2.7 | 359 2.4
n-Bu,N*BBr; 25.05 | 32.2 96 1.9 | 55.8 2.7 1.9 | 558 2.7
n-Bu,N*BPhCly 6.35 | 12.20 93 25| 274 3.6 25| 273 3.5
n-Bu,N+BPh; 17.12 | 16.12 78 1.2 - 16 1.2 — 1.6
!

Preparation of trialkylamine trihaloboranes

Trialkylamines were added dropwise to boron trihalides in dichloromethane (500
ml) at — 80°, resulting in white crystalline trialkylamine trihaloboranes (Table 2).

Table 2

Trialkylamine haloborate (R;NBX;)

| Found, Required,
Compounds B)g(“ ngN’ Yl;{d’ : % ' %
B ' X | N B ‘ x | w
Et;NBCI, 58.58 | 58.58 99 5.0 | 48.7 6.4 49 | 48.7 6.4
Et,NBBr, 25.05 10.11 95 31 68.3 3.9 3.1 68.2 3.9
Et,;NBPhClI, 15.87 | 10.11 92 4.2 | 27.3 5.3 42 | 27.3 54
n-ProNBCl, 39.56 | 47.76 95 4.1 40.6 5.4 4.1 40.7 5.4
n-PryNBBr, 50.11 28.66 98 2.8 60.9 3.5 2.7 60.9 35
n-Pro,NBPhCl, 39.72 | 35.82 99 3.6 | 234 4.6 3.7 | 235 4.6
n-BugNBCl, 29.29 | 46.34 96 3.6 | 352 4.7 3.6 | 352 4.6
n-BusNBBrg 25.05 | 18.53 93 2.5 ] 550 3.3 2.5 | 55.0 32
n-Bus;NBPhCI, 39.72 | 46.34 98 3.0 | 20.1 3.9 3.0 | 20.0 ! 3.9
!

Preparation of dialkylamino dihaloborenes

(i) Diethylamine (2.03 mole) in dichloromethane (500 ml)} was added (4 hr) to
borous trichloride (1.0 mole) at —80°. Volatile matter on distillation at 144 —145°
afforded a colourless liguid of diethylaminoboron dichloride (Found: B, 7.0; Cl,
46.1; N, 8.9; Calc. for C,H;,BCI,N: B, 7.0; CI, 46.1; N, 8.9%).

J. Thermal Anal. 18, 1980



SHEIKH: TETRAALKYLAMMONIUM HALOBORATES 301

(ii) Triethylamine (1.0 mole was added dropwise to a solution of di-n-butylamine
boron trichloride (1.0 mole) in dichloromethane (500 ml), and the mixture was
heated (24 hr) under reflux until hydrogen chloride evolution ceased. The dark
brown liquid was distilled at 41° (0.1 mm), which gave a colourless liquid of
di-n-butylaminoboron dichloride (Found; B, 5.2; Cl, 33.8; N, 6.7; Calc. for
CH:BCLN: B, 5.2; Cl, 33.8; N, 6.7%).

Pyrolysis of tetraaikylammonium haloborates and trialkylamine
trihaloboranes

The flask containing the sample was fitted with an air condenser leading to a trap
maintained at —80°, further connected to a potassium hydroxide trap. The flask
was heated in a covered furnace. The temperature of pyrolysis was maintained at
various levels until reaction ceased (3 — 6 hr), to evolve any volatile matter. The alkyl
halides and boron trihalides were retained in the trap at —80°. The condensates
were analyzed for boron, nitrogen and the halogens. Separations were carried out
by GLC, and identification by IR spectroscopy.

Pyrolysis residues were obtained which were analyzed to obtain a mass balance.
These residues were further subjected to distillation under vacuum to recover linear
structure polymers, and final identifications were achieved by mass spectrometry,
infrared spectroscopy and molecular weight determinations.

Preparation of borozines

Equimolecular proportions of reagents were mixed in chlorobenzene and the
system was heated under reflux (6 —7). Sublimations or distillations afforded B-
trichloro-N-triethyl borozine or B-trichloro-N-tri-u-butyl borazine, respectively.

Differential thermal analysis

The results were obtained using a Standata 6—25 (manufactured by Stanton
instruments Ltd., London). All runs were of sample (100 — 150 mg) against alumina
as reference. The sample and reference material were contained in platinum cru-
cibles (8 mm diam. x 10 mm depth) with a central base recess. These crucibles can be
mounted (i) in wells within a stainless steel sample blockmounted on ceramic stems;
(ii) in a sintox ceramic block similarly mounted; (iii) on a palladium-ruthenium
crucible support platform on twin ceramic stems. In each case the crucibles are
mounted so that the beads of two Pt/Pt 139 Rh thermocouples come within the
base recess of each crucible. The sample temperature () is taken from the sample
thermocouple, the differential temperature (AT) is amplified, and then (7)) and (4AT)
are recorded on a Leeds — Northrop X;—X, 10 in. recorder. The furnace is con-
trolled. Heating rates were varied from 2°/min to 16.75°/min, but all results re-
ported in this paper were obtained at 16.76°/min. All experiments were performed
under a nitrogen atmosphere with a flow rate of 200 ml/min.
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Thermogravimetry

The technique used for TG is described in Part 1 [5].

Results and discussion

Tetraalkylammonium haloborates (R,;N*BX;) and trialkylamine trihalo-
boranes (R;NBX;) were prepared by the interaction of the appropriate alkylammo-
nium halide and trialkylamine with boron trihalide:

R,N*X™ + BX, » R,N"BX_
R,N*Cl~ + NaBPh, - R,;N*BPh; + NaCl
RN + BX; - RyNBX,
R = Et, n-Pr or n-Bu
X = Cl, Br or PhCl,
Thermal decompositions of tetraalkylammonium haloborates and trialkylamine

trihaloboranes were studied by bench and thermal analytical techniques and their
results are summarized in Tables 3—4 and Fig. 1(a—b). In the thermal decomposi-

n-Bu,N" BCl;
Et,N*BCl;
n-Bu3NBCl,
2 Et3NBCl3
“ n-Bu,NBCl,
AT
| Et,NBCl,
!
2
wi 113(n-Bu NBCl);
113 (Et NBCls3)
d) b
N R TR R
0 200 400 0 200 400

Temperature, °C

Fig. 1. DTA curves of compounds investigated
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Table 3

Volatiles obtained on pyrolysis of borates

303

Borates RX BX, Ph H Pyrolysis conditions
mols mols mols
Et,NBCl, 0.91 — — 260 —280°/2.15 h
Et,NBBR, 0.89 - — 240—270°/2 h
Et,NPhBCl, 0.81 ~ — 200—250°/5 h
Et,NBPh, — - 1.10 | 350-370°26 h
BuiNBC], 1.56 0.05 — 260—280°/2.1 h
BujNBBr, 2.08 0.16 — 280—-290°/3.1 h
BuiNPhBCl, 1.08 0.03 0.83 260 —280°/10.3 h
(PhBCL,)
BujNBPh, — ’ — 2.6 280—290°/7.45 h
No volatiles were obtained.
Table 4

Volatiles obtained on pyrolysis of haloborane

Haloborane RX, BXa, PhH, Pyro}ysis
mols mols mols conditions
Et;N - BCl, 0.026 — — 140-165°/24 h
Et,N - BCl, - — — | 280 —300°/40 h*
Et,N - BBr, - 007 - 280—300°/31 h*
Et,N - PhBCI, — - - 270 —295°/28 h*
Et,N - BCl, (2.16 g)* .006 — 260 —280°/42 h*
Et,NBBr, 0.08 0.48 — ! 240 —250°/48 h*
PriNBCI, 087 | 016 - 110—180°/20 h*
‘ 210 -260°/21 h
BujiNBCl, 1.20 ‘ 0.43 — 140 -165°/24 h
\ 240 - 260°/48 h
BuNBCl, 1.31 0.42 - | 260 -300°/26 h
BuZNBCI, 0.51 0.17 - 240 - 260°/48 h
BuNBCI, 0.82 0.23 - 240 —260°/71 h
BuNBCI, 1.0 0.31 - | 240 —280°/72 h
Bu!NBBr, 1.45 0.26 - | 280 -280°/5.1 h
|
BuNPhBCI, 0.68 0.12 1.0 | 280—310%24 h
(PhBCL,) |

1

* In these experiments, pyrolysis was carried out under reflux conditions
+ Mixture of ethyl chloride and boron trichloride
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tion of tetraalkylammonium haloborates (R,NBX,) when R was ethyl and X was
chloride, bromide or phenyl dichloride, the first stage of thermal decomposition
involves loss of 1 mole of ethyl halide with the formation of triethylamine trihalo-
borane, but the isolation of the 1 : 1 complex was not possible in the system where
R was p-butyl and X was chloride or phenyl dichloride. The residues recovered
were intractable and no identification was accomplished. When X was bromide the
residue gave a polymeric product (ii) of molecular weight 994 (where n = 5).

Pyrolysis of trialkylamine trihaloboranes, under reflux at 240—280° for 41—71
hr, when R is ethyl or n-butyl and X is chloride, bromide or phenyl dichloride,
indicated the formation of dialkylamino dihaloborene, R;NBX,, together with a
mixture of alkyl halides, boron trihalide and short-chain polymers (i) where n = 1,
2 and 3). When R is n-butyl and X was chloride, bromide or phenyl dichloride
the residue obtained consisted of varying amounts of n-butylammonium halide and
polymeric materials possibly of structure (i) (where n = 2 to 4)

R X R X
L oo R
R-¢N-BI;X R-¢€N-B);N
\R
(W (i)

The TG curves of tetraalkylammonium haloborates show that a loss in weight
corresponding to the formation of the 1 : 1 complex is possible in the ethyl series
but not in the n-butyl series; instead, the compound ejects two molecules of butyl
halide in one step. TG of the trialkylamine trihaloboranes, R;NBX;, shows a fur-
ther loss in weight corresponding to the formation of dialkylamino dihaloborene,
R,NBX,, when R is ethyl or #-butyl and X is PhBCl,.

A comparison of DTA traces is presented in Fig. 1(a —b). Tetraalkylammonium
haloborates (R,NBX,), trialkylamine trihaloboranes (R;NBXj;), dialkylamino di-
haloborenes (R;NBX,) and B-trihalo-N-trialkyl borazines (1/3 (RNBX),) all show
interesting transformations. DTA affords no evidence of the thermaldecomposition
sequence beyond the point of formation of 1 : 1 complexes, except in the cases of
triethylamine and tri-n-butylamine trihaloboranes, when there are indications of
the possible formation of diethylamino and di-n-butylamino borenes. Indication of
the formation of borazines is not obtained from comparison of the relevant DTA
curves. Tetraalkylammonium haloborates and trialkylamine trihaloboranes (as
shown by the results of bench pyrolysis DTA and TG) yield products consistent
with a reaction involving intramolecular loss of alkyl halides from 1 : 1 complexes
to give dialkylamino dihaloborenes, followed by intermolecular loss of alkyl halides
between molecules of dialkylamino dihaloborene. The formation of BX; could be
explained on the basis of reaction (5) below:

R,N*BX; — R,NBX, + RX (1)
R,NBX, - R,NBX, + RX @
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R X
2 R,NBX, — R—el\lr—ﬁagx + RX 3)
R X R X
R—eiN—]’392—X + R,NBX, - R~ell\I—}=39:,;X + RX @)
R X R X R
R—el\lI—IIB%TX + R,NBX, — R—EIl\I—!Ba,Tll\I—R + BX, (5)

R=Etorn — Bu
X = Cl, Br or PhBCl,
n=1-5

Polymers with these end-groups were not isolated in the ethyl systems, but were
obtained in the n-butyl systems. It is possible that they were formed in the ethyl
systems but were not amenable to isolation. A study of the effects of heating di-
ethylamino dichloroborenes and di-n-butylamino dichloroborene under reflux has
not provided any support for these reaction sequences. In the case of diethylamino
dichloroborene the temperature of reflux (144 — 146°) was not high enough to effect
decomposition. At 320—380° (96 hr) di-n-butylamino dichloroborene partially
decomposed (36.6%) to give di-n-butylamine boron trichloride, presumably by
intermolecular abstraction of hydrogen chloride.

*

The author wishes to thank Dr. B. R. Currell and Dr. W. Gerrard for providing facilities
during the course of this work.
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NV W
Hommwug

ZUSAMMENFASSUNG — Die thermische Zersetzung von Tetraalkylammoniumhaloboraten,
R,N+BX;/R=Et und n— Bu, X=Cl, Br, PhBCl,) wurde durch Pyrolyse und Thermische
Analyse untersucht. In der ersten Stufe der thermischen Zersetzung verlieren die Haloborate
ein Mol eines Alkylhalids unter Bildung eines 1 : 1 Komplexes. Nach der Stufe der Halobor-
anbildung fiihrt die thermische Zersetzung der Haloborate zur Entstehung weiterer Mengen

6% J. Thermal Anal. 18, 1980



306 SHEIKH: TETRAALKYLAMMONIUM HALOBORATES

von Alkylhaliden und dem entsprechenden Bortrihalid. In vielen Fillen waren die Endpro-
dukte Polymer Typ
R X R
(I [
R-(N-B),—N—-R

Pestome — M3ydeHO TepMuyeckoe pas3jioxeHHe TeTpaajKuIaMMOHEEBBIX COJeil ranorenbopa-
ToB 061IeH Gopmynnr I, TBX, rne SI = stun u w-6ytun, a X = Cl, Br, ®BCl, ¢ moMoImsio
CTEHIOBOTO IMMPOJM3a H TEPMOAHATATUYECKUM MeTOAOM. [lepBas cTaays TepMHIYECKOTO Pas3iio-
JKEHHs TaloreHGopaToOB BKIIOYACT [OTEPIO OJHOIO MOJIA AlKMITAIONIa ¢ 00pa3oBaHMEM KOM-
mexca coctasa 1 : 1. TepMHUeckoe pa3ioXeHHE TajJoreH0opaToB BeIie CTaIWA 00pa3OBaHUIL
TAJOreHOOPAHOB NPHBOIMT K BBIACICHUIO IOCTSOYIOIIMX KOJUYECTB AJKUJITAJIONIOB BMECTE C
COOTBETCTBYIOIIMME TPHTATOMONPOU3BOIHBIME Gopa. BO MHOTHX ClIyvyasiXx KOHSYHBIMH IIPO-
AYKTAMH Pacnana sBIsUTACh [OTMMEPHbIC COSAMHEH NS OOIIIEro THia

R X R

[ ‘
R- (N—~B),—N—R
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