SEPTEMBER 1901

tricthylamineborane gave an almost quantitative vield,
27.9 g. (0.155 mole, 99.6%) of a mixture of m- and p-ethyl-
phenyldimethylphosphine borane as a colorless liquid, b.p.
89-92° at 0.3 mm.?® (infrared absorptions at 12.2 and
12.65 p).

2,5-Dimethylphenyldichlorophosphine (1Ib). Dichlorophos-
phination of p-xylene, carried out as described above for
ethylbenzene, gave varying yields (19.9-32.89%) of 2,5-di-
methylphenyldichlorophosphine as a colorless liquid, b.p.
134-136° at 18-20 mm.8 An infrared absorption at 12.30 p
indicated only 1,2,4-trisubstitution.

2,5-Dimethy!phenyldimethylphosphine (1111) and 2,5-di-
methylphenyldi-n-butylphosphine (111e). 2,5-Dimethylphenyl-
dichlorophosphine was converted vie the appropriate Gri-
gnard to the dimethyl derivative, h.p. 110-112° at 18 mm.”
in 719, vield and to the di-n-butyl derivative, b.p. 105-108°
at 0.2 mm." in 73.59 yield. Each of these tertiary phos-
phines had a single sharp absorption at 12.34 n in the infra-
red indicative of 1,2,4-trisubstitution.

(Gas chromatography of the di-n-butyl derivative gave a
single slightly tailed peak (Perkin-Elmer Column C). Simi-
larly, analysis of the dimethyl derivative showed it to be
98.5%, pure (Perkin-Elmer Column Q-HT).

2,6-Dimethylphenyldi-n-butylphosphine borane (Vb). Tri-
ethylamine borane (11.5 g., 0.1 mole) exchanged with 25 g.
(0.1 mole) of 2,5-dimethylphenvldi-n-butylphosphine to
vield 23 g. (0.0833 mole, 83.39%,) of 2,5-dimethylphenyldi-n-
butylphosphine borane as a rather viscous, colorless liquid,
b.p. 140-141° at 0.5 mm.?® An absorption supporting 1,2,4-
trisubstitution was observed at 12.17 u for the borane and
also for the tribromoboranes IVb and ec.

2,6-Dimethyl phenyldimethylphosphine irtbromoborane (1Vb).
This adduct wus prepared in 86.39, vield from 7.0 g. (0.0449
mole) of 2,5-dimethyvlphenyldimethylphosphine and 13.3 g.
(0.053 mole) of boron tribromide in petroleum ether at
—78°. The product, after recrystallization from isopropyl
aleohol (Norite), was obtained as white needles, m.p. 162.5~
165°.

Anal. Caled. for C«H;;BBrP: 13, 2.60; Br, 57.52; P, 7.43.
Found: B, 2.63; Br, 57.52; P, 7.47.

2,5-Dimelhylphenyldi-n-butylphosphine tribromoborane
(TVe). A yield of 88.50; was obtained from 6.84 g. (0.0274
mole) of the 25-dimethylphenyldi-n-butylphosphine and
9.3 g. (0.0372 mole) of boron tribromide using petroleum
ether as the reaction solvent and vinder an inert atmosphere.
Reerystallization from methyl aleohol gave white platelets
melting at 107-109°.

Anal. Caled. for Chall-BBrP: B, 2.16: Br, 47.86; P, 6.18.
Found: B, 2.21; Br, 47.72; P, 5.99.

0-, m~, and p-Chlorophenyldichlorophoxphine (11e¢). Dichlo-
rophosphination of chlorobenzene as deseribed above for
ethylbenzene gave 684.807 vield of mixed chlorophenyldi-
chlorophosphines, b.p. 120-130° at 17 mm."" The infrared
spectrum indicated that the produet was a mixture of about
equal quantities of the ortho- and para-isomers, absorptions
at 13.45 and 12.25 u respectively, with a trace of mela-
indicated by a small absorption at 12.76 u.
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In view of the recent interest in amine boranes,!~3
we wish to report a convenient laboratory synthesis
of amine and phosphine horanes. Amine boranes
have previously been prepared by the direct inter-
action of diborane and amine,® by horane exchange
from pyridine to trimethylamine® by the reaction
of an amine hydrochloride with lithium borohy-
dride” and by the reduction of trialkylboranes in the
presence of a tertiary amine.® The only trialkyl-
phosphine borane known with certainty® is tri-
methylphosphine borane.?® It was shown that with
borane (BH;) as the reference acid, the base
strength of trimethylphosphine was greater than the
base strength of trimethylamine!® and, also, that
the base strength of trimethylamine was greater
than that of pyridine,b—i.e., (CH;):P > (CH;);N >
CsH;N. The apparent equilibrium nature of these
reactions suggested that the equilibrium might be
shifted in favor of a desired product by removal of a
volatile amine (Equation 1).

R;N:BH; + R:X (X = Nor P) =
RX:BH; + R:N (1)

This indeed has been found to be the case. Removal
of a volatile amine, such as triethylamine, therefore
provides a convenient method for the essentially
quantitative preparation of a variety of phosphine
and amine boranes by borane exchange. In a typical
experiment, equal molar amounts of triethylamine
borane and tri-n-butylphosphine were mixed, under
argon, and the mixture slowly distilled through a
Vigreux column to remove triethylamine. After
approximately two-thirds of the amine had been
removed, the mixture was aspirated to remove the
remaining amine. Distillation of the residue gave a
799, yield of tri-n-butylphosphine borane. In a
similar manner, triethylamine borane or trimethyl-
amine horane was caused to react with other phos-
phines and amines. Table I reports the pertinent
data for some new compounds prepared by borane
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TABLE I
TERTIARY PHOSPHINE AND AMINE BoranNus
__ Boron B/P Phosphorus

Borane M.P.@ BP. Mm. Yield nh Formula Caled. Found Ratio Caled. Found
Triethylphosphine 4748 —- —  93.5 — CeHisBP 820 824 1.03 2347 229
Tri-n-propyl-
phosphine 22 5-23" 116-118 1.5 02.0 1.4672%  C,H.BP 6.22 6.36 1.02 17.80 17.8
Tri-n-butylphosphine -— 115-117 0.8 79.0 1.4691% Ci.H;,BP 5.00 5.03 1.03 14.33 14.2
Phenyldimethyl-
phosphine — 84-87 0.5 86.6 1.5504% CyH,,BP 7.12 7.07 0.99 20.38 20.3
m- and p-Ethyl-
phenyldimethyl-
phosphine® — 89-92 0.3 100 1.5388% (. H;sBP 6.01 5.81 0.966 17.21 17.22
2,5-Dimethylphenyl-
di-n-butyl-
phosphine — 140-141 0.5  83.3 1.526720% (4H.BP 4.10 4.08 0.99 11.72 11.7
Triphenylphosphine  182-184 — — 834 — CusHigBP 3,92 3.67 0.94  11.22  11.22

Carbon Hydrogen

Triethylenedi-
ammedv”(mono) 164-1865 — — 80 —_ C¢H;:BN. 57.18 57.30 12.00 11.42
Triethylenedi-
amine® / (his) 390 dec. — — 100 — CeHisB.N, 51.52 51.53 12.07 12,82

2 All melting and beiling points are uncorrected. ® Impure tri-n-propylphosphine borane reported to melt at about 10°

(ref. 9a). ¢ See Ref. 15. ¢
ervstallized from benzene. 7 Insoluble in benzene.

exchange. Although triethylamine can be distilled
from a mixture of pyridine and triethylamine
borane, attempted distillation of the liquid residue
at reduced pressures has resulted in sometimes
violent decompositions.!!

The necessary tertiary phosphine intermediates
were prepared via the standard Iriedel-Crafts and/
or Grignard procedures.1?—1

The phosphine boranes were found to be generally
colorless, mobile liquids which were relatively
stable to both water and air. In contrast to the
amine boranes,® the phosphine boranes and the
triethvlenediamine boranes reacted very sluggishly
with 297 aleoholic silver nitrate solution. All of the
phosphine boranes gave strong infrared absorption
near 4.2 u with a weaker band at 4.35 u.

EXPERIMENTAL

Phosphine boranes. In a typical experiment, 23 g. (0.2 mole)
of triethvlamine borane was mixed under argon with 40.4
g. (0.2 mole) of tri-n-butylphosphine and the mixture dis-
tilled slowly through a Vigreux ecolumn to remove tri-
ethylamine, b.p. 88-90° n%) 1.3990. When approximately

(11) A decomposition has been observed during at-
tempted vapor pressure measurements of pyridine borane.
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First prepared in our laboratory by F. F. Caserio, Jr., and R. I. Wagner, unpublished results. ¢ Re-

two-thirds of the amine had heen distilled, the mixture was
attached to a water aspirator to remove the remaining amine.
Distillation of the liquid residue yielded 34.1 g. of tri-n-
butylphosphine borane (0.158 mole, 799;) as a clear liquid,
b.p. 115-117° at 0.8 mm.

The analytical data for this and the other boranes are
listed in Table I.

Phosphines. The necessary tertiarv phosphines were
prepared wia standard Friedel-Crafts and/or Grignard

techniqgues.12-18
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Txperimental work was previously reported!
in which the method of continuous variation was
applied to the reaction between cuprammonium
and diol-containing compounds. I'rom this work, 1t
was concluded that the euprammonium-diol com-
plex has a copper-diol ratio of 2:1. The Jack of
symmetry in the curves obtained for certain
carbohydrates was assumed to be caused by hy-
droxyl groups not associated with the diol structure,
Tormation of a 2:1 copper-diol complex scemed
conclusive from experiments with cis- and (rans-
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