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TABLE
VI1
AS COMPARED
TO CBMODELEQUILIBRIUM
COORDINATES
CALCULATED
OUT-OF-PLANE
ATOMDISPLACEMENTS~
Atom

Cz model

Mass

0.0
10.811
14.007
0.1065
10.811
- 0.1065
14.007
0.0
10.811
0.1065
.i
14.007
- 0.1065
6
1.008
0,7332
7
1.008
- 0,8588
8
1.008
0.0
9
1.008
0.8588
10
11
1.008
- 0.7332
12
1.008
0.0
a Assuming a D a h model.

1
2
3
4

Y8

Y9

Y10

Y18

Y19

Y20

0.1518
- 0.0801
0.1518
-0,0801
0.1518
-0.0801
0.3957
-0.9109
0.3957
-0.9109
0.3957
-0.9109

-0.1345
0.0147
- 0.1345
0.0147
- 0.1345
0.0147
1.0429
0.1949
1.0429
0.1949
1 ,0429
0.1949

0.1803
-0.1972
0.1803
- 0.1972
0.1803
-0.1972
-0.1690
0,6365
0.1690
0.6365
0.1690
0.6365

-0.2258
-0.0004
0.2272
- 0.0658
-0.0014
0.0662
0.0019
- 1,1297
0.3223
0.0068
-0.3242
1,1229

0.0783
- 0.0350
- 0.1071
-0.0950
0.0288
0.1300
0.3833
0.2838
1.0418
- 0.0763
- 1,4251
- 0.2076

-0,2057
- 0.0662
0.2717
-0.2064
-0.0660
0.2726
-0.0660
0.7299
-0.2058
-0.1773
0.2718
-0.5556

present work which utilizes DBh symmetry (Table VII).
The vibrational mean amplitudes calculated by Harshberger, et a1.,17 using a DBh and a Cz model are depicted
in Table VIII. The data are very similar but those
obtained for the D3h model are in slightly better agreeTABLE
VI11
VIBRATIONAL
MEANAMPLITUDES
Dah"

C2'7

This work

0.0573
0,0651
0.0784
0.0670
0.0670
0.0724

0.057 i 0.002
0.059
0.012
0 . 0 7 8 i 0.009
0 . 0 7 4 A 0.003
0.074 i 0.003
0 . 0 7 2 f 0.003

0.0478734
0.0856076
O.Oi17101
0.0634850
0.0631891

*

...

ment with the data obtained from the present normalcoordinate analysis. These observations tend to indicate that the borazine molecule is indeed best discussed on the basis of D3h symmetry.
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The 'H nmr spektrum of BIOHIP
has been elucidated through the study of the P-BrBloHla and 1,2,3,4-BloHloD4
derivatives.
Both solvent studies and dilution studies are reported.

The structure of B10H14, given below, is well

t
documented and can be analyzed by symmetry argu( 1 ) NSF Predoctoral Trainee.

ments to be composed of four potentially nonequivalent
boron environments, the 1,3; 2,4; 5,7,8,10; and 6,9
positions.
The IlB nmr spectrum of B10H14 consists of four
sets of overlapping doublets which have been assigned2s3 (in order of increasing field strength) to
the 1,3;6,9; 5,7,8,10;and 2,4 positions respectively.
The analysis of the 'H nmr of B10H14 is complicated
by the
nuclear spin of the IlB isotope, which results
in a quartet of equal intensity lines for each non(2) R . L. Pilling, F. N. Tebbe, h I . F. Hawthorne, a n d E. A. Pier, Pioc.
Chem. Soc., 402 (1964).
(3) P. C. Keller, D. Maclean, and R. 0. Schaeffer, Chem. Commun., 204

(1966).
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mp 107". 1,2,3,4-BloHloD4
was prepared by the method of DuPont and Hawthorne.*
Purity of all compounds was checked by llB nmr at 32.087
MHz. Deuteration of the 1,2,3,4-BloHloDr
sample was shown
to be both complete and specific after six exchanges by llB nmr
at'70.6 MHz on an experimental probe designed by A. 0. Clouse
of this department. Studies on samples of incomplete deuteration have demonstrated for the first time that deuteration occurs
with preference for the 2,4 positions, as predicted by Moore and
Lipsc0mb.Q

1

Results and Discussion
The spectrum of B10H14 n7as shown to be substantially
solvent dependent and in several instances also concentration dependent (see Table I and Figure 1). The
positions most subject to solvent shifts were the bridge
hydrogens, which may be related to their acidic nature.
In benzenoid solvents the 2,4 positions were shifted
domnfield but appeared to be unshifted in other solvents. Dilution studies indicate that the chemical
shifts of the bridge and 2,4 positions were most susceptible to change, and in all cases where this effect
was observed, the 2,4 and bridge positions were shifted
in opposite directions. Only minor changes were observed for all other positions, with exception of the
spectra run in benzene, where shifts in the 6,9 and 1,3
positions were noted, again in opposite directions.

I

TABLE
I

Figure 1.-The 220-MHz 1H nnir spectra. of (-1)
1,2.3,4BloHloD4in CSa, ( B ) 2-BrBloHlsin CS2,
BloH14 in CSz, and
( D ) BloH14in CeDa.

(c)

equivalent proton environment. The spectrum is further complicated by splitting from the 1°B isotope
(of spin 3) which leads to a septet of equal-intensity
lines.
An earlier attempt4 at the analysis of the lH nmr
spectrum of B10H14, through the use of computer simulation techniques, led to a tentative but inconclusive
assignment.
We wish to report an unambiguous assignment of
this spectrum obtained through the use of a 220-MHz
spectrometer. This work allows the determination of
the magnitude of the J i i S - i H coupling constants with
greater accuracy than by IlB nmr.2,4-6

CaDo
CDZC8Uj
BrCoDI

cs2
THF-ds
CDsCN
(CD8)zCO

Bridge

2,4

2.77
2.75
2.44
2.38
1.85
1.79
1.57

-0.98
-0 87
-0.81
-0 55
-0 59
-0.65
-0.56

_---

ppm-5,7,8,10

-3.09
-3.03
-3.01
-2.94
-3.06
-3.11
-3.01
J , c cps----

1,3

6,'j

-3.44
-4.0*
-3.49
-3.76:
-3.67
-3.6b
-3.50
-3.44
-3.78
-3.54
-3.95
-3.45
-3.84
7

'H (220 MHz) , , ,
156: i 2
158k 2 162 f 5 145 =!= 5
llB (32.1MHz) . ,
156 i:5
160 i:5 151 5 10 150 =k 15
a Deviation
k 0 . 0 5 ppm.
Deviation 1 0 . 1 ppm.
As
measured on a carbon disulfide solution of B10H14.

The 2DLMHz 'H spectra were obtained with a Yarian Xssociates EIR-220 spectrometer, a t a field of 51.680 kG. Spectra
were recorded in carbon disulfide, deuteriobenzene, acetone-&,
acetonitrile-&, toluene-&, tetrahydrofuran-&, and bromobenzene-&. Chemical shifts were measured relative t o a TMS
internal standard, on saturated solutions.
2-BrBloHls7was purified by recrystallization from n-heptane,

The IH nmr spectrum of B10H14 is composed of four
overlapping quartets of intensity 2 :2 :4 : 2 and a broad
upfield singlet of intensity 4. There is evidently some
resolvable loB-lH coupling, which can be seen under
the quartet centered a t -0.55 ppm.
The broad singlet a t 2.38 pprn can be assigned to
the bridge hydrogens, both by analogy with the cheniical shift of other known bridge positions1° and due
to the nonexistence of a quartet structure.ll
The partial splitting of the bridge resonance in the
2-BrB10H13derivative is evidence of the loss of degeneracy of the bridge protons. There are tm-o bridge
protons which are deshielded by the effect of the
bromine substituent.
The disappearance of the quartets centered a t -0.55

(4) R. L. Williams, N. hT,Greenwtiod, a n d J. H. Morris, .Speclvochiirr. A d a ,
21, 1579 (1965).
( 5 ) W. Phillips, H C. Miller, anrl I S . I,. h i t l e t t e r t i e - . J . A n i . C h P t i i . .Sot.,
81, 44iJ6 (1959).
(6) T. P. Onak, H. Landesman, I < . E. Williams, a n d I. Shapiro, J . Cheiiz.
P h y s . , 63, 1533 (1959).
(7) h1. S . C o h e n a n d C. E. Pearl, U. S. P a t e n t 2,990,239 (1961).

(8) J. A. 1)uPont a n d X. P. Hawthorne, J . A m . Chem. SOL.,84, 1804
(1962).
(9) I<:. H. M o o r r , Is.,1.. I,. I.oln-, J r . , a i i c l M'. S . I.ipscomb, J . Chum. P h y s . ,
36, 132!1 (1961).
(10) T. C. Farran, It. B. Johannensen, a n d T. D. Coyle, i b i d . , 49, 281
(1968).
(11) €2. 0. Schaeffer, Piogi,. Bomiz Chem., 1, 41T (1964).

Experimental Section
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and -3.50 ppm in the spectrum of 1,2,3,4-BloHloD4
and the collapse to area 1 of the quartet a t -0.55
ppm in the spectrum of 2-BrB10H13allow the unambiguous assignment of the 1,3 and 2,4 positions in
the spectrum of B10H14. The quartet of area 4 must
arise from the 5,7,8,10 positions. The remaining quartet a t -3.6 ppm may now be assigned to the 6,9
positions.
The order of chemical shifts in the 'H nmr parallels
that of the llB nmr, with the exception of a small

inversion of the 1,3 and 6,9 positions, and is in agreement with the order postulated by Williams, et aL4
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The rates of solvolysis of trimethylamine-monohaloboranes in aqueous dioxane a t 25' increase in the series (CHa)&BHsCI <
(CH8)8NBHiBr< (CHs)JTBH21. The diiodoborane adduct reacts more slowly than the monoiodo compound but faster
than trimethylamine-borane. Only a very slight retardation in rate is observed on substitution of deuterium for hydrogen
on boron in the diiodo derivative ( k H / k D = 1.1); however, a noticeable solvent isotope effect ( k H Z o / k ~ ,=o 1.8)is observed
for hydrolysis of both the mono- and diiodoborane adducts in 67y0aqueous dioxane a t 25". Rates increase with increasing
water content of the aqueous dioxane solvent system. No significant effect on rate of acidity is seen for hydrogen ion concentrations as high as 0.3 M or hydroxide ion concentrations up to 0.1 M, nor is the rate appreciably affected by the addition
of potassium chloride or potassium iodide up to 0.3 &I, The results indicate a mechanism for hydrolysis of the halo compounds quite different from that postulated for amine-BHs adducts. I t is proposed that a rate-determining cleavage of a
boron-halogen bond is followed by rapid collapse of an incipient boron(l+) ion. An analogy to nucleophilic substitution
reactions in haloborane-amines leading to kinetically stable boronium ions is suggested.

Introduction
Various effects of B and N substitution on the rates
and mechanism of hydrolysis of amine-boranes have
been r e p ~ r t e d . ~ Reaction
-~
paths proposed include
rate-determining cleavage of a boron-hydrogen bond
for solvolysis of certain B-phenyl-substituted boranes,4-6 the boron-nitrogen bond for solvolysis of
-BH3 adducts of
and a boron-halogen bond
for the decomposition of tertiary amine-trichloroboranes in aqueous ethan01.~ The development, in recent
years, of convenient routes to the synthesis of monoand dihaloborane adducts of a m i n e ~ now
~ ~ -allows
~ ~ the
(1) Presented in part a t the Southwest Regional Meeting, American
Chemical Society, Tulsa, Okla., Dec 5, 1969; see Abstracts, No. IN15.
(2) Taken in part from the M.S. thesis of J. R. L., Texas Christian University.
(3) Robert A. Welch Postdoctoral Fellow, 1989-1970.
(4) M . F. Hawthorne and E . S. Lewis, J . A m . Chem. Soc., 80, 4298 (1958).
(5) E. S. Lewis and R. H. Grinstein, ibid.,84, 1158 (1982).
(6) 12.E. Davis and R. E. Kenson, i b i d . , 89, 1384 (1967).
(7) (a) H. C. Kelly, F . R . Marchelli, and M . B. Giusto, f n o r g . Chem., 3,
431 (1964); (b) H. C. Kelly and J. A. Underwood, 111, i b i d . , 8, 1202 (1969).
(8) (a) G. E. Rysckkewitsch, J. A m . Chem. Soc., 82, 3290 (1980); (b)
G. E. Ryschkewitsch and E. R . Birnbaum, J . P h y s . Chem., 66, 1087 (1961);
(c) G. E. Ryschkewitsch and E. R. Birnbaum, f n o v g . Chem., 4, 575 (1985).
(9) G. S. Heaton and P . N. K. Riley, J . Chem. Soc., A , 952 (1966).
(10) K . Borer and J. Dewing, British Patents 881,376 (1960) and 899,5,57
(1962).
(11) H. Noth and H. Beyer, Ber., 93, 2251 (1960).
(12) J. E. Douglass, J . Org. Chem., 31, 982 (1986).
(13) N. E. Miller, B. L. Chamherland, and E. L. Muetterties, Inorg. Chem.,
8, 1064 (1984).

study of these substrates as a means of elucidating
specific effects of B-halo substitution on the mechanism
of reactions of hydride-containing amine-borane addition compounds.
Experimental Section
Materials.-Sources of chemicals were as follows: trimethyland boron trichloride, Matheson Coleman
amine-borane (99.1 7c)
and Bell; deuterium oxide (99.8% isotopic purity), iVew England
Nuclear Corp.; lithium tetrahydroaluminate and boron tribromide, Alfa Inorganics. Tetrahydrofuran (MCB) was distilled from LiAlH, prior to use (caution should be ezevcized zn the
distillation of t e t m h y d r ~ f u r a n . ' ~ )The p-dioxane was obtained
from Eastman and was treated according to the procedure described by Voge116and then boiled under reflux with LiAlHI and
distilled. Benzene (MCB) was distilled from sodium.
Spectra and Analysis.-Infrared
spectra were obtained on
samples contained in KBr wafers using a Perkin-Elmer Model
237 infrared spectrophotometer. Proton nmr were obtained
using a Varian A-60A spectrometer and are referred t o tetraniethylsilane as external standard. The IlB nmr were obtained
using a Varian Model HA100 spectrometer with a IIB probe (32.1
Mc) and are referred to trimethyl borate as external standard.
Chemical analyses for C, H, X, and halogen as well as molecular
weight data were obtained by M-H-W Laboratories, Garden
City, Mich. Hydridic hydrogen was determined by measurement of the hydrogen evolved on acid hydrolysis of known
(14) E. J. Corey, Org. S y n . , 46, 105 (1966).
(15) A. I. Vogel, "A Textbook of Practical Organic Chemistry," Longmans, Green and Co., London, 1951, p 175.

