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The infrared spectrum of dimethylaminovinylbromoborane, ( CH8)*NBBrCH=CH2, in the 300-4000-~m-~ range has been 
recorded and fundamental vibrations have been identified utilizing data derived from the Raman and infrared spectra of 
bis(dimethylamino)vinylborane, CHz=CHB [IT( CH3)2]2. Also, the proton magnetic resonance spectrum of dimethylamino- 
vinylbromoborane has been studied and, on the basis of chemical shift data obtained a t  various temperatures, a barrier t o  
rotation about the B-N axis of the molecule of the order of magnitude of 14.0 f 0.4 kcal/mole has been calculated. Evalua- 
tion of the spectroscopic data permits a discussion of the bonding in the molecule. 

Introduction 
The existence of B-C a bonding in vinyl derivatives 

of boron was originally postulated by Ritter and co- 
w o r k e r ~ ~ , ~  and later was substantiated by some physico- 
chemical More recently,* a detailed investi- 
gation of the vibrational spectrum of vinyldibromo- 
borane, CH2=CHBBr2, established that the valence 
force constant K(BC) in this compound is substantially 
increased when compared with that of trimethylborane, 
B (CHJ3, or methyldibromoborane, CH3BBr2. Also, 
the force constant K(CC) of vinyldibromoborane is 
clearly smaller than the corresponding constant of 
ethylene or of the double bond in propylene. There- 
fore, i t  is reasonable to consider the existence of elec- 
tron delocalization in the vinyldibromoborane molecule 
as indicated in 
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This postulation is in agreement with the results of an 
LCAO moleculear orbital treatment7 which resulted 
in a B-C bond order of 1.35 for the B-Cvinyl linkage in 
dimethylvinylborane, (CH8)2BCH=CH2. 

On the other hand, i t  is known that the free electron 
pair of a nitrogen attached to a boron atom can par- 
ticipate in the B-N bonding thereby effecting a certain 
degree of double-bond character 

The B-N stretching frequency of boron-nitrogen com- 
pounds has often been related to the bond order. Since 
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the vibrational frequencies are influenced by coupling 
with other modes, the vBN will not give an accurate 
picture of the bonding. It can be used only for a rough 
evaluation of bond order data whereas the valence force 
constants can be related more directly to the bond order 
than vibrational frequencies. However, in most cases, 
the calculation of the force constants involves a con- 
siderable mathematical treatment which normally 
limits the application of this method to a study of simple 
molecules containing only a relatively small number of 
atoms. 

A more convenient method designed to evaluate the 
bond order of aminoboranes, R%NBR'2, has been de- 
veloped in recent years. As noted above, participation 
of the free electron pair of the nitrogen in the B-N 
linkage provides a certain degree of B-N double-bond 
character (eq 2 ) .  If the B-N T bonding is strong 
enough, one can expect an appreciable barrier to rota- 
tion about the B-N axis of the molecule, and cis and 
trans isomers may be expected in the case of unsym- 
metrically substituted aminoboranes (I, 11). The 
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existence of aminoborane rotational isomers was 
originally suggested by Niedenzu and Dawsong and was 
subsequently confirmed by nmr studies.lo,ll The bar- 
rier t o  rotation provides information about the degree 
of n bonding and hence the bond order. Such data 
can be obtained by a simple procedure. For example, 
the two methyl groups of a compound of type I11 will 
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a Frequencies in cm-l: 

TABLE I 
VIBRATIONAL SPECTRUM OF BIS(DIMETHYLAMISO)VINYLBORANE 

Infiai ed Assignment Raman Infiai cd 4ssignrnen t 
\ 1289 m, p 1302 m 6CH' 

1350 mw 
Skeletal def 1363 m, p 

1382 v5 u,BS- 
(1392 sh 
1404 w 

I 340 v w  
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1422 w GCHL 
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1456 m I8CHd 
1 
'1495'. 
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699 sh 1512 vs 11K6]" 
800 m (1520 sh 
878 m n  1609 vs, p 1603 s VCC 

(891 m vB C 1746 vw 
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941 s -, CH' 1990 vm 

1013 s YCH, 2120:vw 
2080'vm 

2400 VTT 

2507 !I' 2500 vw 
2798 s, p (2785 sh 
2852 sh, p 
2874 vs, dp 

2972 vs, p 
2988 sh, dp 
3054 s, dp 
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1058 s 
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pCH3 2924 s, p 

1142 m 
1192 ms 

/1212 s 
11236 s pCH, 

w, weak; m, medium; s, strong; v, very, b, broad; sh, shoulder, p, polarized; dp, depolarizcd. 

be in different chemical environments if there is hindered 
rotation about the B-N linkage. This event is then 
evidenced by the appearance of two distinct lH reso- 
nances for the CH3 groups when the prnr spectrum of 
the compound is recorded. Kotation about the B-N 

picture of the bonding situation is obtained through 
additional studies of the compound by nuclear magnetic 
resonance spectroscopy, particularly by investigating 
the influence of varying temperature on the behavior of 
proton resonance lines. 

axis increases with temperature and a t  a certain point 
one no longer can distinguish two separate peaks for 
the two methyl resonances, indicating virtually free 
rotation. From such data the barrier to rotation due 
to the B-N double-bond character as depicted in eq 2 
has been calculated for a variety of aminoboranes;12 
potential barriers on the order of 14-20 kcal/mole have 
been reported. 

A point of interest exists as to whether or not a 
competition obtains for the vacant pz orbital of a boron 
atom between the T electrons of a boron-bonded vinyl 
group and the free electron pair of an amino group 
bonded to the same boron atom. Therefore, we have 
investigated the vibrational spectrum of dimethyl- 
aminovinylbromoborane, (CH3)2NBBrCH=CH2, in the 
300-4000-~m-~ range. Owing to the high fluorescence 
of the compound, no useful Raman spectrum could be 
obtained. Since this lack of information may result 
in erroneous assignments of major vibrational modes, 
Raman and infrared spectra of bis(dimethy1amino)- 
vinylborane, CHzCHB [lX(CH3)2]2, were recorded and 
interpreted as supporting evidence. Based on these 
data, the proposed assignments of fundamental vibra- 
tions of dimethylaminovinylbromoborane appear to be 
reasonably certain and a rough evaluation of the bond- 
ing within the molecule can be realized. A more refined 

(12) H Watanabe, T Totani, K Toil ,  and T Kakagana,  Pioceedings, 
XIIth Colloque Ampeie, Leuven, 1964, p 374, and lefeiences cited theiein. 

Experimental Section 
Bis(dirnethy1amino)vinylborane and dimethylaminovinyl- 

bromoborane were prepared by previously reported procedures . 1 3  

Infrared spectra of films of the neat liquid compounds were rc- 
corded with a Perkin-Elmer Model 621 spectrophotometer in 
the 300-4000-~m-~ region. Raman spectra were obtained with a 
Cary Raman spectrometer, Model 81. Proton magnetic reso- 
nance spectra were recorded of the neat liquids with a Varian A-60 
high-resolution nmr spectrometer using tetramethylsilane sealed 
in capillary tubes as an internal standard. For the studies of the 
temperature dependence of nmr lines, a S'arian 7'-6040 variable- 
temperature accessory was employed. Calculations were car- 
ried out with an IBM Model 7020 computer utilizing an iterative 
method. 

The Vibrational Spectrum 
of Bis(dimethy1amino)vinylborane 

The vibrational spectrum of bis(dimethy1amino) - 
vinylborane shows the expected complexity of such a 
polyatomic molecule and cannot be interpreted com- 
pletely. Table I lists the spectrum of the compound 
including the assignments made for the various vibra- 
tional modes. No uncertainties exist in the region above 
1600 cm-'. 

According to Becher,I4 symmetrical CHI deforma- 
tional modes of dimethylaminoboranes couple strongly 

(13) P. Fritz, K. Xiedenzu, and J. W. Dawson, Ino ig .  Chem., 3, 626 

(14) H. J. Becher, personal communication; H. J. Becher and H. T. 
(1964). 

Baechle, Z. Physik .  Chem. (Frankfurt), 48, 360 (1966). 
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a coupling effect, this observation would indicate a 
corresponding decrease in the force constant K(BC). 
In other words, the lone pair of electrons of the amino 
group participates in the B-N bonding, thus reducing the 
electron deficiency a t  the boron atom and thereby less- 
ening the degree of B-C a bonding. This circumstance, 
however, is not apparent from the frequency of the 
C=C stretching mode, which is consistently observed 
in the spectra of B-vinylated boranes a t  1605 f 10 cm-l, 
independently of the nature of the other substituents. 

The Proton Magnetic Resonance Spectrum 
of Dimethylaminovinylbromoborane 

The lH nmr spectrum of dimethylaminovinylbromo- 
borane a t  room temperature shows two distinct sets of 
resonance lines. A broad and unresolved multiplet 
structure centered near T 3.52 ppm has been assigned to 
the resonance of the protons of the vinyl group. On the 
other hand, the two methyl groups of the molecule 
exhibit two sharp and distinct lines of equal intensity 
near T 6.70 and 6.78 ppm, respectively. This observa- 
tion indicates the presence of two sets of lH nuclei for 
the methyl groups of dimethylaminovinylbromoborane, 
which are in two chemically different but equally abun- 
dant environments. 

As the sample is heated, the two methyl proton 
resonance bands broaden and the separation between 
the peaks decreases until they finally coajesce a t  a 
temperature T,  near 125'. This event appears at- 
tributable to hindered rotation about the B-N linkage 
of the molecule due to B-N a bonding. On the basis 
of the temperature-dependent spectral changes, the 
barrier to rotation about the B-N axis of the molecule 
has been calculated using the analytical methods for 
the evaluation of such data as developed by Gutowsky 
and Holm.16 

The results of several recordings of the changes of 
peak separation Sw, of the two methyl resonances of 
dimethylaminovinylbromoborane with varying tem- 
perature T are summarized in Table 111. In  the ab- 
sence of exchange effects or overlap of components, 
the width of each methyl resonance band a t  half- 
maximum peak height is 2/Tz where Tz is the trans- 
verse relaxation time; 2/Tz  was found to be essentially 
constant in the temperature range from -10 to +40" 
with a value of 1.31 f 0.01 cps. Over the same tem- 
perature range, the maximum separation of the two 
methyl resonance lines, 6w,, was found to be constant 
with a value of 5.10 f 0.05 cps. The activation energy, 
E,, was obtained from a plot of log ( l / t 6 w , )  ZIS. 1 /T ,  
where t is half of the methyl proton site lifetime by a 
least-square fit. It is quite insensitive to changes in 
2/Tz and was calculated to be 14.0 f 0.4 kcal/mole. 
The frequency factor YO, the internal torsional frequency, 
was found to be in the order of lo9 sec-I. 

Discussion 
It has been established'' that  a boron-bonded vinyl 

group tends to  afford a certain degree of B-C a bonding 
(16) H. S. Gutowsky and C. H. Holm, J. Chem Phys , 26, 1228 (1956). 
(17) See ref 8 and literature cited therein. 
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TABLE I11 
BARRIERS TO ROTATIOX ABOUT THE B-N BOND 

OF DIMETHYLAMINOVINYLBROMOBORANE 
awe,  cps------- 

I I1 I11 I V  

5.10 5.10 5.10 5.10 
4.90 4 .95  4.98 4 .95  
4.00 4.40 4.60 4.10 
3.46 4.20 3.85 3.60 
2.20 3 . 3 5  3.10 2.80 

Merged 1.50 1.30 Merged 
Merged Merged 

E,, kcal/ 14.40 i 13.63 i 13.74 f 14.27 f 
mole 0.2 0 .2  0 . 3  0 . 2  

by delocalization of the s electrons of the carbon- 
carbon double bond (cf. eq 1). The free electron pair 
of the nitrogen atom of an aminoborane can also par- 
ticipate in the bondingls (cf, eq 2). Therefore, the 
7~ electrons of these two substituent groups on the 
boron of an aminovinylborane mill compete for the 
vacant pz orbital of the boron atom. On this basis, 
the existence of a dienic configuration (IV) is unlikely 

I I  
>C=C-B--S< 

I\’ 

to predominate in the electronic equilibrium of an 
aminovinylborane. Rather, one must anticipate a 
situation as depicted in eq 3. Which of the possible 

>C-C=BII-S< (3) 

alternates is predominant will depend on the r-electron 
donor strength of the two groups bonded to the boron 
atom. 

An evaluation of the vibrational spectra of the bis- 
(dimethy1amino)vinylborane (A) and dimethylamino- 
vinylbromoborane (B) appears to indicate a relatively 
high B-N bond order for aminovinylboranes. The 
B-N stretching frequency is found near 1430 cm-l 
(A: va,BN2 1506 em-’, v,BN.L 1382 cm-l, mean 
value 1444 cm-l; B :  vBN 1420 cm-I). However, 
present facilities do not permit the calculation of the 
valence force constants, which should provide a better 
correlation with the bond order than the vibrational 
frequencies. 

The C=C stretching frequency of A and B is observed 
near 1604 cm-l. This relatively low value may indicate 
a slight decrease in the double bonding between the 
carbon atoms of the vinyl group as compared to ethyl- 
ene. This interpretation of the data finds support from 
some ultraviolet studies. The ultraviolet spectrum of 
bis(dimethy1amino)vinplborane is similar to that of 
dimethyl~inylborane~ and exhibits a main band a t  218 
mM. Table IV lists ultraviolet absorption bands of 
some vinylated boranes. I t  is quite apparent that the 
band associated with the vinyl group undergoes a clear 

(18) K Niedenzu and J W Dawson, “Boion-Sitlogen Compounds, ’ 
Spiingei -Veilag Rei Iin, 1965 

TABLE IV 
C L I R A P I O L E  I ABSORPTIONS O F  S O h l E  v INYLBORANES 

Amax, 
Compound mH Kef 

(CH3)2BCH=CH2 196 7 
[(CI-I~)~K]BBCH=CHL 218 This work 
(CH3)ClB CH=CHz 206 
[ (CH3)2N]BrBCH=CH. 223 This work 

- 
I 

bathochromic shift as compared to that of ethylene 
(162 mp). 

On the other hand, a potential barrier to rotation 
about the B-N bond of dimethylaminovinylbromo- 
borane of 14.0 f 0.4 kcal/mole has been calculated 
based on nmr experiments. Utilizing the procedure a5 
previously outlined by Watanabe, et a1.,I2 a relative T- 

bond order of about 0.45 is calculated for the B-N bond 
of the compound. This value compares favorably with 
that of dimethylaminophenylchloroborane.lz In other 
words, the effect of a boron-bonded vinyl group on the 
B-N bond order of an aminovinylborane appears to be 
of the same character and the same order of magnitude 
as in a comparable aminophenylborane. For the latter 
type of compound a certain degree of B-C,,, I T bonding 
corresponding with a decrease in the B-N bond order 
had been deduced from experimental datalg and was 
confirmed by an independant molecular orbital treat- 
menLz0 On the basis of the present data, i t  is therefore 
evident that an increase in the B-N bond order of an 
aminovinylborane through a conjugation effect as 
depicted in I V  is not likely, and structure 1V appears 
not to contribute to the electronic equilibrium of the 
molecule. 

In dimethylaminovinylbromoborane, the nitrogen is 
a stronger 8-electron donor than the vinyl group, as is 
indicated by the degree of B-N double-bond character. 
Nevertheless, the B-N bond order of the aminovinyl- 
borane is somewhat diminished when compared to a 
corresponding aminoalkylborane. As a matter of fact, 
on the basis of an analogous evaluation,12 the B-K 
double-bond character pBN of dimethylaminovinyl- 
bromoborane is even somewhat smaller than that of 
dimethylaminophenylchloroborane (see Table V) , This 

TABLE Y 
B-n’ DOUBLE-BOXD CHARACTER OF SOME AMINOBORANES 

E,, 

Compound mole crn -1  p R N  

Dimethylaminophenyl- 19 7 1413 0 63 

Ditnethylariiinophen).l- 15 2 1115 0.49 

Dimethylaminovinyl- 14 0 1420 0 45 

observation implies that a boron-bonded vinyl group 
is a stronger electron donor than is the phenyl group. 
This conclusion cannot be reached from a consideration 
of the vibrational spectra. 

kcal f UBS, 

ethylborane 

chloroborane 

bromoborane 
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