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The propensity of boron to form six-membered “trimer” rings, (XBNY),, with 
alternating boron atoms, to the considerable exclusion of chains or rings of other 
sizes, has attracted considerable attention. Hopes of effecting a catenation of borazine 
or some related ring structures, or of forming long chains by avoiding ring formation 
have been entertained in connection with the attempts to produce “boron polymers” 
having industrial applicability for special service at temperatures around 500°. The 
first report1 from this aspect was mainly on the formation of hexaphenylborazine 
and on the technical difficulty in the preparation of one of the starting materials, 
dichlorophenylborane, a difhculty since resolved’. 

In attempts to trace the steps by which the borazine ring is developed in the 
phenyl-boron systems we have prepared (Table 1) a selection of primary alkylammo- 

TABLE 1 

PREPARATION OF RNH;(PhB&)- 

R RNH&l Yield 
@I 

PhBClz 
(g) cg (%I1 

Analysis found (c&d.) 

B Cl N 

% % % 

Pr 75.0 127.1 93.5 (Z5) (Z87) (z: 
is&Bu 44.5 67.2 70.6” 4.3 38.7 5.0 

(25.7)0 
set-Bu 53.1 78.1 73.6” 4.1 39.3 4.95 

tert-Bu 75.4 109.6 39.2 5.3 
(39.6) (5.2) 

a From the filtrate 

nium trichlorophenylborates, RNH,CPhBCl;, by procedure (l), -and have studied 
the condensation of these under certain conditions (see Tables). 

RNH;Cl- +PhBCl, - RNHzPhBCl, (1) 
R = Pr, iso-Bu, set-Bu, tert-Bu 

At temperatures. of 106-109” (see Table 2), n-propylammonium trichloro- 
phenylborate evolved hydrogen chloride (0.1 i3 mol.) and benzene (0.8 mol.) ; but at 
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18Cr-220° only hydrogen chloride (1.85 mol.) was evolved, giving the dephenylated 
borazine, (CIBNPr), in 82% yield, presumably by the sequence shown in (2). Dif- 
ferential thermal analysis pointed to a similar sequence3. In boiling chlorobenzene, 

-c&6 
PrNHzPhBCl, - PrNH2* BC13 (2) 

-2HCI 

- (PrNBCl), 

with a stream of nitrogen, there was an evolution of hydrogen. chloride (2.75 mols.); 
the phenylatzd borazine, (PrNBPh), (64% yield), was accompanied by a much 
smaller .yield of the B-chloroborazine (PrNJ3C1)3. In boiling toluene, however, there 
was but a small amount of dephenylation, and condensation proceeded no further 
than the complex, PrNH, - PhBC12, only 1 mol. of hydrogen chloride being evolved. 
In boiling xylene, hydrogen chloride (2 mol.) was evolved; but characterisation of the 
other products was not achieved, although when heated at 170-190° the dried residue 
gave benzene (0.64 mol.) and the B-chloroborazine, (PrNBCl),. In toluene at room 
temperature, treatment with triethylamine gave the phenylated borazine (3). 

PrNHf PhBCl; +3 Et,N - (PrNBPh)3 + 3 Et,NHCl (3) 

The isobutyl system tended to respond similarly, except that the factor due 
to branching in the alkyl group began to show; for, in the presence of triethylamine, 
the trimer (PhBN-iso-Bu), (21% yield) and the tetramer (PhBN-iso-Bu), (4% yield) 
were obtained, these products also being formed from the complex, iso-BuNHz- 
PhBCl,. 

iso-BuNHzPhBCl, + 3 Et,N + (PhBN-iso-Bu)3 + (PhBN-iso-Bu),+ 
3 Et,NHCl (4) 

iso-BuNH2 - PhBCl, + 2 Et,N - (PhBN-Go-%), + (PhBN-iso-Bu),+ 
2 Et,NHCI (5) 

Effect of branching in the alkyl group is again seen in the set-butyl and tert- 
butyl systems; for, although there are indications of predominant dephenylation in 
the absence of solvent, and dehydrochlorination in solvents, a certain lack of ring 
products was evident. Pyrolysis of set-butylammonium trichlorophenylborate gave 
products such as the see-BuNH,- BC13 complex and set-BuNH,Cl; in the presence 
of triethylamine at room temperature, dehydrochlorination proceeded only to the 
2 mol. stage, and gave the (alkylamino)chlorophenylborane, RNHPhBCl, and in this 
respect tbe tert-butyl system behaved similarly. Pyrolysis of the tert-butylammonium 
trichlorophenylborate gave nearly 1 mol. of tert-butyl chloride. 

TYPES OF RING 

Cyclic dimers4, trimers (cf. ref. 5), and tetramer$’ have been described; and 
certain linear polyborazynes ‘AS have been indicated, although for these the definition 
of conditions would appear to require more attentiong. 

The trimer, (PhBN-iso-Bu),, and the tetramer, (PhBN-iso-Bu),“, prepared 
as described herein, have been fully character&d by full elemental analysis and 
mole&lar weight (both by vapour pressure osmometer and by mass spectroscopy). 
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FORMATION OF B-PX-IENYL-N-ALKYLBORAZIIQS 413 

Differential thermal analysis has also been reported”, and the change tetramer -+ 
trimer at 250” revealed. 

We find that (see-butylamino)chlorophenylborane dimerises slowly (a period 
of months) at room temperature, but the tert-butyl compound does not. 

An outstanding feature of the work now reported, as well as that relating to 
the aIkylammonium tetrachloroborate systems is the elusiveness of any intermediate 
on the route from the 1: 1 complex to the borazine. One of the aims of the projects 
referred to herein and in the other paper cited, has been to isolate such intermediates 
so that it could be heated with a different 1: 1 complex in order to produce a mixed 
borazine, e.g. 

Ph 

b RI-N 'N-R _ 

II + 3 HCl 

I 

PYROLYSIS OF ALKYLAMMONILJM TEl-RAPHEWYLBORATES 

Ar = An OrOImJtiC 
group other 

than phenyl 

An approach was made from the fully phenylated boron end. The pyrolysis of 
the chosen alkylammonium tetraphenylborates, RNHz(BPh,)- (R = Pr, iso-Bu, 
set-Bu) at 110-150” in an inert atmosphere gave amine, and the amine-triphenyl- 
borane complex, RNHz- BPh,, which at about 200° gave benzene (1 mol.) and the 
(alkylamino)diphenylborane, d&tillable at atmosphere pressure at about 3009 Dif- 
ferential thermal analysis3 supports these observations. 

-CsHs -Cd% 
RNH,t(BPh,)- - RNH2 - BPh, - RNHBPh2 

110-150' 200' 

The formation of amine and triphenylborane occurred to the extent of 4 %_ tert-Butyl- 
ammonium tetraphenylborate at 120-150° gave tert-butylamine (0.6 mol.) and 
benzene (2 mol.), and up to 300°, more benzene (0.22 mol.) was evolved, and the 
residue afforded triphenylborane (0.07 mol.) and (tert-butylamino) diphenylborane 
(0.27 mol.) on distillation. The formation of a dimer, trimer or tetramer ring was 
not observed. 

ExFzRlMENTAL 

Preparation of primary alkylammoninm trichlorophenylborates 
Dichlorophenylborane (1.1 mol.) was added dropwise to anhydrous alkyl- 

ammonium chloride (1 mol.) suspended in dichloromethane at 5O. The crystalline 
white powder was immediately filtered off, washed with solvent and dried in a 
vacuum. More product was cbtained by evaporating the solvent from the mother 
liquor (see Table 1.) 

Decomposition of the trichlorophenylborates. These systems were heated at 
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the temperatures stated in Table 2, until volatile matter ceased to be evolved. Finally 
the residue was distilled. The decomposition of these systems when heated in solvent 
under reflux was also studied, see Table 3. 

The action of triethylamine (3 mol.) on alkylammonium nichlorophenylborates. 
Tne amine (47.8 g) was added dropwise to a stirred suspension of the trichloroborate, 
PrNHf(PhBCl,)- (40.05 g) in toluene (210 ml). After 7 h triethylammonium chloride 
(2.92 mol.) was filtered off, and the filtrate afforded B-triphenyl-N-tri-n-propyl- 
borazine, (PhBNPr)3 (14.1 g, 60 %), giving large translucent crystals from chloroform 
m-p. 168”. (Found: B, 7.6; N, 9.4; mol.wt., 430. C27H36B3N3 calcd.: B, 7.6; N, 9.6%; 
molwt., 435.) 

The isobutyl compound (11.85 g), by a similar procedure (stirring for 2 h) 
afforded triethylammonium chloride (100 “/,), bis (isobutylamino) phenylborane (2.4 
g),b.p.90-92”/0_2mm(Found:B,4S;N, 12.0_C,,H,,BN,calcd.:B,4.6;N, 12.05x.) 
and white crystals (3.8 g) (Found: B, 8.0; N, 7.95%.). In petroleum (b-p. 30-40°) 
(150 ml) (stirring for 2 h) the isobutylammonium trichlorophenylborate afforded B- 
triphenyl-N-triisobutylborazine (5.5 g, 21.4x), m-p. 134O (Found: B, 6.9 ; N, 8.7. 
C3JIQ2B3N3 calcd.: B, 6.8; N, 8.8 %.). The ebullioscopic method gave molwt. 339 
in CHCI,, 440 in C,H,; the vapour pressure method (toluene at 37“) gave 460 
(calcd. : 477). By washing the precipitated triethylammonium chloride with water, 
hot aqueous sodium hydroxide and hot water, B-tetraphenyl-N-tetraisobutyl- 
borazocine, (PhBN-iso-Bu),, (1.03 g, 4 “/,), m.p. 233O (Found: B, 6.6; N, 8.7%). 
Whereas the ebullioscopic methods gave molwt. 388 in CHC13, the vapour pressure 
method in toluene 37O gave 640 (calcd.: 636). We have strong grounds for suspecting 
the ebullioscopic method for certain B-phenyl compounds related to borazine systems. 
The borazine (PhBN-iso-Bu), (44%) and the borazocine (PhBN-iso-Bu), (5 %) were 
similarly obtained from the interaction of triethylamine and the complex, PhBCl?- 
NH,-iso-Bu. The molecular weights of this borazine and the borazocine were 
confirmed by mass spectrometry. 

set-Butylammonium trichlorophenylborate (33.7 g), in toluene (150 ml) gave, 
during 6 h, triethylammonium chloride (2.3 mol.) (unreacted amine, 0.7 mol.) and 
(set-butylamino)chlorophenylborane, PhB (Cl) NH-see-Bu (A) (18.5 g, 75 %), b-p. 
56°/0.005 mm (Found: B, 5.65; Cl, 17.65; N, 7_4%.). After the original system had 
been shaken for 19 days, the yield of (A) was 51x, and triethylamine/dichlorophenyl- 
borane complex (4.3 %) was isolated, m.p. 8%90°. (Found : C, 55.8 ; H, 8.0; B, 4.3 ; 
Cl, 26.4; N, 5.4. C,zH,,BCl,N calcd.: C, 55.4; H, 7.75; B, 4.2; Cl, 27.2; N, 5.4x.) 

TABLE 4 

PREPAFCATION OF PRIMARY .G_KYLAMMOSIU~~ TETRAPHENYLBORM-ES, RNH: (BPh,) 

RNH,Cl Yield Found (%) C&d. (7;) 

R weight (g) (9) (%) B N B N 

Pr - 6.2 21.3 96.0 2.85 3.6 2_9 3.7 
isc-Bu .7.0 220 96.5 2.8 3.5 2.8 3.6 
set-Bu 8.8 27.3 95.0 2.75 3.5 
tert-Bu 5.3 15.7 91.5 2.7 3.5 

J. Organonierul. Chem, 8 (1967) 411119 
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The thermal transformation (PhBN-iso-Bu), -+ (PhBN-iso-Bu)3 
The tetramer, (PhBN-iso-Bu), (0.83 g) tias heated to X0*, it melted to a pale 

red liquid. After $ h It ;las allowed to cool, the resultant white solid analysed as the 
trimer, (PhBN-iso-bu!, ;P.Sl g, 97.5 %), m.p. 129*_ (Found : B, 6.65 ; N, 8.9 % ; mol.wt. 
cryoscopic in benzene, 439, confirmed by mass spectrometry.) 

Preparation of primary alkylammonium tetraphenylborates 
Sodium tetraphenylborate (1 mol.) was mixed with alkylammonium chloride 

(1.1 mol.) in the minimum amount of water. The precipitate (Table 4) was dried in a 
vacuum for 7 days. 

PyroIysi.s of the tetraphenylborates. These systems were heated at the tempera- 
tures stated in Table 5, until volatile matter ceased to be evolved. Finally the residue 
was distilled. 

Pyroiysis of n-propylamine/triphenylborane complex. The complex (13.6 g, 1 
mol.) was heated at 200° for 3 h, when reaction appeared to have ceased. There was 
no apparent reaction whilst the system was heated to 320”. The distiliate (3.59 g) 
comprised benzene (3.57 g, 1.02 mol.) and n-propylamine (0.5% yield)_ The residue 
afforded (n-prcpylamino)diphenylborane (9.1 ~g 90.5% yield), b-p. 190”/22 mm. 
(Found : B, 49 ; N, 6.2 %.) 

Pyrolysis of (isobutyZamino)diphenylborane. The borane, iso-BuNHBPh, (7.46 
& 1 mol.) was heated for 58 h under a short condenser held at 75-85’ (Table 6). The 

TABLE 6 

PYROLYSIS OF (ISOBUTYW+ IINO)DIPHENyLBORANE 

Temp. 

30%340° 
340--370° 
37o-400” 

Totals 

Time of C&I, iso-BuNI+ 
heating evohed ecoked 

04 {mol.) hl.) 

19.5 0.224 0.021 
31.0 0.686 0.066 

7.5 0.165 0.001 

1.075 0.088 

gluey residue c4.07 g reduced to 3.99 g by extraction with petroleum (b-p. 30-400)] 
(Found: B, 8.25 ; N, 8.4%; B/N, 1.27/l.) gave the amine on complete hydrolysis (OS h) 
with hot 2N NaOH. 
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s-UMMARY 

The preparaticn and decompositiorL of alkylammonium trichlorophenyl- 
borates and tetraphenylborates is reported. The n-propylammonium trichlorophenyl- 
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borate decomposes on heating to give the B-trichloro-N-tri-n-propylborazine 
[(PrNBCI),] and the B-triphenyl-N-tri-n-propylborazine [(PrNBPh)& the relative 
amounts of each depending on the conditions. The isobutyl system in the presence 
of triethylamine gives a mixture of the trimer, (iso-BuNBPh), and the tetramer, 
(iso-BuNBPh)Q Alkylammonium tetraphenylborates on pyrolysis give the amine/ 
triphenylborane complex and then the (alkylamino)diphenylborane. 
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