
t rieth).lainirieboriLiic gave an almost quantitative yield, 
87.9 g. (0.155 inole, !)9.6%) of B mixture of ?ti- and p-ethyl- 
phenyldiniethylphosphine borane as a colorless liquid, b.p. 
89-92' at, 0.3 r n ~ n . ~ o  (infrared absorptions a t  12.2 and 
12.65 1). 

Z,j-0iir~etli?/lphenyldzchlorophosphine (111)). Dichlorophos- 
phination of p-xylene, carried out as described above for 
ethylbenzcne, gave varying yields ( 19.0-32.870) of 2,5-di- 
mt:thylphen~ldichlorophosphine as a colorless liquid, b.p. 
134-136" at 18-20 n i n i . 8  An infrarrd ahsorption a t  12.30 p 
indicated only 1,2,4-trisuhstitutiori. 

2,5-l)itneth!/!pheni/Irlii,rethylphosph irie (11111) arid 2,5-(Zi- 
1tiethi/lphen?/lclz'-n-b,it!/lpho.rphine ( I I Ic  j. 2,,5- Dimethylphrn>-l- 
dichlorophosphine was convertrd e i r ~  thc :ippropriate Gri- 
gnard t,o the dimethyl derivative, h.p. 110-112° a t  18 1nm.' 
in 71y0 yield and to the di-n-butyl derivntivc. 11.1). 105-108" 
at 0.2 n1rn.7 in 75.55% yield. Each of these tertiary phos- 
phines had a single sharp absorption a t  12.34 p 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 i t  t o  be 
98.57, pure (Perkin-Elmer Column Q-HT). 

2,5-Dirnethylphenyldi-n-butylphosphine hoiane (Vb). Tri- 
ethylamine borane (11.5 g., 0.1 mole) exchanged &h 25 g. 
(0.1 molc) of 2,5-dimethylphcnyldi-n-butylphosphine t o  
!+Id 23 g. (0.0833 mole, 83.37,) of '7,5-dii~iethylphenyldi-n- 
l)iit).lphosphine borane as a rather viscous, colorless liquid, 
11.p. 1-10-141° at 0.5 mm.'o An ahsorption supporting 1,2,4- 
trisuhstitntion was observed at 12.17 p for thc horane :tnd 
also for thc trihromoboranes I V b  and c. 

2,Li-Ditttoth !/iphcnyldimethylphosphine tribromobora,ne ( IVb). 
This addiict WLS prepared in 86.370 yield from 7.0 g. (0.0440 
mole) of 2,.3-(limrt hylphenyldimethylphosphine and 13.3 g. 
(0.053 molc) of boron tribromide in petroleum ether at 
- 78". Thc prodiict,, :iftcr recrystallization from isopropyl 
alcohol (Soritc'i, w:is o1)t:iinc.d as white needles, m.p. 162.5- 
165". 

.trio[. Calcd. For ( ' , O H , ~ I J B ~ ~ ~ ' :  13, 2.60; Br, 57.52; P, 7.43. 
Forind: 13, 2 . 6 3 ;  Rr,  .57.52: P, 7.47. 

2,j-niitt,e/hr/lphe,t!/ltli-n-hnt!/lphosphine tribromoborane 
( IVc) ,  11 yirl t l  of 88.55; mas obtained froin 6.84 g. (0.0274 
mol(,) OF tliv '1.6-tliiiic~tli~~lphc~iyldi-t~,-hiitylphosphine and 
9.3 g. (0 .0:{72 n ~ o l v )  of boron trihromid(~ using petroleum 
rther as t h r  rc:wtion PnIvvnt :inti iiii(1c.r :in iricrt atmosphere. 
1~ecrystalliz:itioii f rom i i i ( ~ t I i ~ . l  :ilt.ohol g:ivr whitc pl:it,elets 
melting at, 107-109°. 

. l nd .  C h l c t l .  for (',, lrJ71313r.l': 13 ,  '1. I (i: Rr, 17.86; P, 6.18. 
Foiind: H, 2.21 ; T3r, 47.72; l', 5.99. 

n-. m-, and p - ( ' h l n ~ o ~ h ~ r i ~ / ! ~ l i c h l o t ~ n ~ h ~ , ~ ~ h i n e :  (TIC). IXchlo- 
rophosphirxitioii of c~hlorol~cnzerrc~ :is tlvscrihed ahovc for 
rthylhrnzenr g;ivc* (i1.8'; yicsltl of niisc~l chlorophrnyldi- 
chlnrophosphines, 11.p. 120-1:30" ;it 17 mni . l l  The infrared 
spectrum inr1ic:itt.d tha t  thch p r n ~ l i i ( ~ t  W H Y  :L inistiire of ahout 
equal qiiantitirs of thrl ortho- :ind para-isomrrs, absorptions 
at 13.45 and 12.25 p rrsprctively, with n trace of n7eta- 
indicated by a small nhsorption at  12.76 p. 
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Borane Exchange Reactions 
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In view of the recent interest in amine 
we wish t'o report a convenient laboratory synthesis 
of amine and phosphine boranes. ,Amine boranes 
have previously been prepared by the direct inter- 
action of diborane and by borane exchange 
from pyridine to  trimethylaminefi by the reaction 
of an amine hydrochloride with lithium borohy- 
dride7 and by the reduction of trialkylboranes in the 
presence of a tertiary The only trialkyl- 
phosphine borane known with certaintyg& is tri- 
methylphosphine borane.gb It was shown t,hat with 
borane (BH,) as the reference acid, the base 
strength of trimethylphosphine was greater than the 
base strength of trimethy1amiiie1" and, also, that 
the base strength of trimet'hylamine was greater 
than that of pyridine,6---i.e., (CHa),P > (CH3)& > 
CsH&. The apparent equilibrium nature of these 
reactions suggested that t'he equilibrium might be 
shifted in favor of a desired product by removal of a 
volatile amine (EquatJion 1). 

R3N:BH3 +. R'3X (X = N or P) e 
R'3X:BHg + RSN (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 amount's of triethylamine 
borane and tri-n-butylphosphine were mixed, under 
argon, and the mixt'ure slowly distilled through a 
Vigreux column to remove triethylamine. ilfter 
approximat,ely two-thirds of the amine had been 
removed, t'he mixture was aspirated t'o remove the 
remaining amine. Distillation of the residue gave a 
79% yield of tri-n-butylphosphine borane. In  a 
similar manner, triethylamine borane or trimethyl- 
amine borane 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 
'I'EK'I'IAHY ~ ' I i O S P H I N E  AND AMINE: BORANES 

-~ Boron .__ B/P -PlloSPhorUP 
Uoranc ?\I.P.a I3.P. h1n-i. Yield nb I. ormula Calcd. Found Ratio Calcd. Founcr ______ 

Trietli3lplic~nphirie 47-48 _. __ 63 5 - C~IIISBP 8 . 2 0  8 . 2 4  1 .03  23.47 2 2 . 9  
1 ri-n-propyl- 

phosphine 22 5-23* 116-118 I 5 92 0 1 .4t?7225 C'OHLIRP 6.22 6 .36  1 .02  17.80 1 7 . 8  
Tri-n-hiityiphospliiric - 115-117 0 . 8  i 9 . 0  l .46!l123 C:,H&P 5 .00  5 .03  1 .03  14.33 14 .2  
Phenyldimet hy1- 

m- and p-El hj.1- 

r 7 .  

phosphine - 81-57 0 . 5  86 .6  1.5504" CallinBI' 7.12 7 .07  0 .99  20.38 20 .3  

phenyldimethyl- 

2,5-Diniethylphenyl- 
phosphine' - 89-92 0 . 3  100 1.5388'' C:~IIisBP 6 . 0 1  5.81 0.966 17.21 17.22  

di-n-butyl- 
phosphine __ 110-141 0 3  83 .3  l .628i20.5 CItiKnBP 4 .10  4 . 0 8  0.99 11.72 11 .7  

Triphcnylphosphine 182---184 -- - 84.1 - (',*Hj&l' : ( .W 3.67 0.94 11 .23  11.22 

Carbon Hydrogen 
Triethylenedi- 

Triethylenedi- 
aminedle (mono) 164-165 - - 80 __  CGHISBN~ 57.18 57.30 12.00 11 .42  

amine','( his) 390 der. __ - 100 - C6H,,B?N2 51.52 51.63 12 97 12.82 

a ,411 melting antl hciling points are uncorrected. * Impiirr tri-n-propylphosphine borane rcported ti) mrlt at  ahout 10" 
Firqt prepareti in our lahorntory by F. F. Caserio, Jr . ,  and R. I. Kagner, rinpublishrtl rcbiilts. e Rr- (ref. %). Pee Rcf. 15. 

cr \  st:tllized from benzene. 1n.iolul)le in henzene. 

exchange. Although triethylamine can be distilled 
from a mixture of pyridine and triethylamine 
borane, attempted distillation of the liquid residue 
a t  reduced pressures ha< ~ ~ w i l t c d  in sometimes 
violent decompositions. 

The necessary tertiary phosphine intermediates 
were prepared via the standard Friedel-Crafts andl  
or Grignard procediires.12-15 

The phosphine borancq were found to be genrrally 
colorless. mobile liquid. \;-hich were relatively 
stable to both mater and air. In contrast to t h t  
amine boranesJ5 the phosphine boranes and the 
triethvlenediarnine borarirs reacted very sluggishly 
with 2y0 alcoholic silver nitrnttl solution. All of the 
phosphine horancs gave ctronq infrared absorption 
near 4.2 p with a wcnkcr band at 4.3.5 p.  

EXPERIMENTAL 

Phosphina bornnsa. In a t,ypica! experiment, 23 g. (0.2 mole) 
of trit~ttiylamina borane was mixed under argon with 40.4 
g. 10.2 mole) of tri-n-but!-lphosphine and the mixtiire dis- 
tilled l lowly t,hrouph a TIigrpi~s rolunin to remove tri- 
t~th~-laminr ,  b.p. 88-90" n y  1.3090. LVlien approximat,ely 

two-thirds of the amine had heen distilled, thP niixture n'as 
attached to  awater  aspirator to remove the rrnxiining ami nc. 
Distillation of the liquid residue yielded 3 . 1  g. of t r i -n -  
h~it~ylphosphine borane (0.158 mole, 70%;;:) a ~ :  a c I ( w  liquid, 
b.p. 115-117" a t  0.8 mm. 

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

Phosphines. Thc nwessary tprtinry phosphincs wcrr 
prepared via standnrd Friedel-Crafts antl /or Grignard 
tcchniq~ies . l~-~5 

Sterner for the chemical a n a l y w .  
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Complexes of Diols with Cuprainmonium 
Reagent 

Experimental w r l i  was prerioiisly reportctl 
in  which thc mcthod of continuous variation w:is 
applied to the rcactioii betwvPrii c.iiprammonium 
and diol-cnntaiiiing compounds. l'rnm this work, i t  
was coricludctf that thc ciipr.nrnn.ioniiim-dic~l roni- 
plcs has a cqper-diol ratio of 2 : 1 .  Tlio lack of 
symmetry i n  the ci i rx~s o!,tninrtl f o r  c w l : i i i i  

cw-hohydrntcs \vas nssumcd t o  1;r canscd l y  hy- 
droxyl groups not asocintcd with thc diol F t ~ l ' l l C t l l J ' r  

Fnrmatiou of a 2 : 1 copper-diol complcx srcmrd 
c.onclusivc from csperiinciits with cis- ar id  t r m z s -  

I 1  ) F J. LTcDonald, J .  Orq. Chcna., 25,  11 1 I lO( i0)  


