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ABSTRACT 
Proton n.m.r . spectr a o t trimethylamin e adduct s o f th e boro n trihalide s an d boran e hav e 

been measure d i n chlorofor m solution . Chemica l shift s o f methy l proton s relativ e t o tetra -
methylsilane decreas e i n th e order : BBr s >  BCI 3 >  BH s >  BF3 , suggestm g tha t thi s i s th e 
order o f accepto r activit y towar d trimethylamine . Thi s i s supporte d b y th e existenc e o t a 
linear relationshi p betwee n methy l proto n chemica l shift s an d th e heat s o f formation , dipol e 
moments, o r infrare d vibrationa l shift s o f boro n trihalid e an d boran e adducts . Splittin g o f 
methyl proto n resonances into quartet s hav e been observed fo r (CHs)s N -BCls and (CH3)3 N • 
BBrs but no t fo r (CH3)sN-BF 3 and (CHs)sN-BH3 . 

INTRODUCTION 
Nuclear magneti c resonanc e measurement s hav e bee n use d recentl y t o determin e 

relative stabilitie s o f BX 3 (wher e X  =  F , H , CH3 , o r C2H5 ) additio n compound s (1-8) . 
Relative basicitie s o f dono r molecule s an d relativ e accepto r power s o f BX 3 molecule s 
have bee n inferre d fro m suc h data . Calorimetri c (9 , 10) , dipol e momen t (11) , infrare d 
(12, 13) , an d displacemen t reactio n (14 ) measurement s hav e show n recentl y tha t th e 
relative accepto r powe r o f boron trihalide s towar d a  variety o f donor molecule s i s BBra > 
BCI3 > BF3 . Methy l proto n chemica l shift s o f thei r trimethylamin e adduct s shoul d als o 
indicate this order. The measurements reported her e were made to examine this possibility . 

RESULTS AN D DISCUSSIO N 
Chemical shift s o f methy l proton s I n trimethylamin e adduct s o f boro n trihalide s an d 

borane wer e foun d t o decreas e I n th e order : BBr 3 >  BCI 3 >  BH 3 >  BF3 . The measure d 
values fo r 1  mole %  solution s o f th e adduct s I n chlorofor m wer e 190.8 , 180.2 , 159.5 , an d 
157.3 c.p.s., respectively , belo w th e proto n resonanc e o f dilut e tetramethylsllan e ( 5 =  0 
c.p.s.). Th e correspondin g proto n chemica l shif t o f trimethylamin e I n chlorofor m wa s 
132.2 c.p.s. Lin e diagram s o f th e measure d spectr a ar e compare d i n Fig . 1 . Chemica l 
shifts wer e affecte d t o a n exten t o f onl y 1  or 2  c.p.s. b y change s o f concentratio n i n th e 
range o f 1. 0 t o 0. 2 mol e % . Th e differenc e betwee n chemica l shift s o f th e BH 3 an d BF 3 
adducts wa s onl y 2. 2 c.p.s . i n chlorofor m solution , bu t thi s appear s t o b e significan t 
because almos t th e sam e effec t wa s obtaine d fo r measurement s i n benzen e solutio n 

The observe d orde r o f decreas e I n chemica l shif t ca n b e rationalize d a s follows . I f th e 
acceptor powe r increase s progressivel y fro m BF 3 t o BBr3 , th e electro n pai r o f th e B- N 
bond o f th e trimethylamin e comple x shoul d b e draw n progressivel y close r t o th e boro n 
atom. Th e resultin g decreas e i n electro n densit y a t th e nitroge n ato m shoul d b e com -
pensated I n part b y electro n releas e fro m th e attache d methy l groups . Thi s effect . I n turn , 
should resul t i n a  decreas e i n th e electro n densit y abou t th e methy l proton s an d thei r 
shielding shoul d b e reduced . Consequently , proto n resonance s shoul d shif t t o lowe r fiel d 
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ABSTRACT 
Proton n.m.r. spectra ot trimethylamine ad.ducts ?f the boron trihalides and ?orane have 

been measured in chloroform solutlOn. Chemlcal Shlfts of methyl proton.s relatIve t.o ~etra­
methylsilane decrease in the order: ~Bra > B~la > Bl!a.> BF a, suggestmg tha! th15 15 the 
order of acceptor activity toward tnmethylaml?e. T~lS 15 5upported by the eXls~ence .of a 
linear relationship between methyl proton chemlcal .Shlf~s and the heats of formatlOI?-' ~hpole 
moments, or infrared vibrational shifts of boron tnhahde and borane adducts. Sphttlng of 
methyl proton resonances into quartets have been observed for (CHa)aN . BCla and (CHa)aN· 
BBr3 but not for (CH3)aN . BF 3 and (CH3)aN· BHa. 

INTRODUCTIOK 

N uclear magnetic resonance measurements have been used recently to determine 
relative stabilities of BX3 (where X = F, H, CH 3, or C 2H s) addition compounds (1-8). 
Relative basicities of donor molecules and relative acceptor powers of BXa molecules 
have been inferred from such data. Calorimetric (9, 10), dipole moment (11), infrared 
(12, 13), and displacement reaction (14) measurements have shown recently that the 
relative acceptor power of boron trihalides toward a variety of donor molecules is BBr3 > 
BCh > BF 3. lVlethyl proton chemical shifts of their trimethylamine adducts should also 
indicate this order. The measurements reported here were made to examine this possibility. 

RESULTS AND DISCUSSION 

Chemical shifts of methyl protons in trimethylamine adducts of boron trihalides and 
borane were found to decrease in the order: BBr3 > BCla > BHa > BF a. The measured 
values for 1 mole % solutions of the adducts in chloroform were 190.8, 180.2, 159.5, and 
157.3 C.p.S., respectively, below the proton resonance of dilute tetramethylsilane (5 = 0 
c.p.s.). The corresponding proton chemical shift of trimethylamine in chloroform was 
132.2 C.p.s. Line diagrams of the measured spectra are compared in Fig. 1. Chemical 
shifts were affected to an extent of only 1 or 2 c.p.S. by changes of concentration in the 
range of 1.0 to 0.2 mole %. The difference between chemical shifts of the BHa and BF a 
adducts was only 2.2 C.p.S. in chloroform solution, but this appears to be significant 
because almost the same effect was obtained for measurements in benzene solution-

The observed order of decrease in chemical shift can be rationalized as follows. If the 
acceptor power increases progressively from BF 3 to BBra, the electron pair of the B-~ 
bond of the trimethylamine complex should be drawn progressively closer to the boron 
atome The resulting decrease in electron density at the nitrogen atom should be com-
pensated in part by electron release from the attached methyl groups. This effect, in turn, 
should result in a decrease in the electron density about the methyl protons and their 
shielding should be reduced. Consequently, proton resonances should shift to lower field 
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FIG. 1 . Methy l proto n n.m.r . spectr a o f McsN-BX s (wher e X  =  H , F , CI , Br ) an d EtsN-BCls . 
F I G . 2 . Correlation s o f methy l proto n chemica l shift s o t MesN-BX s wit h dipol e moments , heat s o f 

formation, an d infrare d carbony l shift s o f variou s BX s complexes . 

as the electron accepto r powe r of the boron specie s increases. Since methyl proto n chemica l 
shifts decrease d i n th e orde r BBr s >  BCI 3 >  BH 3 >  BF3 , w e conclud e tha t thi s i s als o 
the orde r o f accepto r powe r towar d trimethylamine . 

The abov e explanatio n ma y no t b e th e onl y one . Change s i n electronegativit y an d (or ) 
magnetic anisotrop y du e t o substitutio n o f on e haloge n ato m fo r anothe r migh t accoun t 
for th e observe d order . Severa l worker s (15,16 ) have suggested tha t i n some w-haloalkane s 
these effect s produc e shift s t o lowe r fiel d i n th e orde r I  >  B r >  C I >  F  fo r j 8 protons an d 
the opposit e orde r fo r a protons . However , i n th e cas e o f isopropy l halide s th e orde r i n 
a and /3 proton chemica l shifts i s I  >  B r >  C I >  F , whereas the revers e orde r applie s fo r a 
protons i n w-propy l halides . Thes e unusua l shift s hav e ye t t o b e explaine d satisfactorily . 
Dr. M . A . Whitehea d an d hi s co-worker s i n thi s departmen t ar e no w tryin g t o estimat e 
theoreticallv th e relativ e maenitude s o f inductive , magneti c anisotroov . an d hvoercon -
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FIG. 1. Methyl proton n.m.r. spectra of MeaN· BXa (where X = H, F, Cl, Br) and Et aN . Beh. 
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FIG. 2. Correlations of methyl proton chemical shifts ot MeaN· BXa with dipole moments, heats of 
formation, and infrared carbonyl shifts of various BXa complexes. 

as the electron acceptor power of the boron species increases. Since rnethyl proton chernical 
shifts decreased in the order BBr3 > BCl3 > BH3 > BF3, we conclude that this is also 
the order of acceptor power toward trirnethylarnine. 

The above explanation rnay not be the only one. Changes in electronegativity and (or) 
magnetic anisotropy due to substitution of one halogen atom for another rnight account 
for the observed order. Several workers (15, 16) have suggested that in sorne n-haloalkanes 
these effects produce shifts to lower field in the order 1 > Br > Cl > F for {3 protons and 
the opposite order for a protons. However, in the case of isopropyl halides the order in 
a and {3 proton chernical shifts is 1 > Br > Cl > F, whereas the reverse order applies for a 
protons in n-propyl halides. These unusual shifts have yet to be explained satisfactorily. 
Dr. M. A. Whitehead and his co-workers in this department are now trying to estimate 
theoreticallv the relative ma{[nitudes of inductive. maQ:netic anisotroov. and hvoercon-
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moment (11 ) measurement s whic h indicat e tha t BH 3 is a  slightl y stronge r accepto r tha n 
RF 

As show n i n Tabl e I  an d Fig . 2 , linea r relationship s exis t betwee n ou r chemica l shif t 

TABLE I 
Physical dat a fo r som e BX s complexe s 

Complex 

Property BF s BH s BCI 3 BBr s Ref . 

— AH, kca l mol e ^  fo r 
CgHoXd) +  BXs(l ) i n 
CeHsXO, solutio n 31. 7 32.2 * 39. 5 44. 5 9,1 0 

Dipole moment , debye , 
MesN-BXs 4.0 4 4.6 2 5.1 3 5.5 7 1 1 
CsHsX-BXs 5.3 1 5.8 6 6.5 2 6.9 0 1 1 

Infrared shift , Av(C=0) , cm~^ 
CaHsCOOCHs-BXs 11 9 —  17 6 19 1 1 2 
Xanthone-BX.i 13 8 —  22 9 25 3 1 3 

Methyl proto n chemica l 
shift, 5 c.p.s. Mea X • BXg 157. 3 159. 5 180. 2 190. 8 thi s wor k 

•Corrected fo r th e dimerizatio n energ y o f BH3 . 

data an d dipol e moments , heat s o f formation , an d Infrare d shift s o f variou s BX 3 (wher e 
X =  H , F , CI , Br) complexes , even thoug h thes e values refer t o different dono r molecules . 
These linea r correlation s strongl y sugges t tha t proto n chemica l shift s reflec t th e sam e 
fundamental propert y o f th e complexe s a s d o dipol e moments , heat s o f formation , an d 
infrared shifts . Th e propert y i n commo n I s probably th e strengt h o f th e donor-accepto r 
bond, which , a s suggeste d b y Ba x et al. (11 ) increase s progressivel y fro m BF 3 t o BBr 3 
adducts becaus e o f a  correspondin g decreas e I n haloge n valenc e shel l electron-pai r re -
pulsions i n th e sam e order . Calorimetri c an d displacemen t result s hav e bee n explaine d i n 
terms o f dativ e 7r-bondin g an d reorganizatio n energie s o f boro n trihalide s (17 , 14) . Thi s 
explanation canno t b e use d t o accoun t fo r dipol e moment , infrared , an d proto n n.m.r . 
results becaus e thes e dat a refe r t o propertie s o f th e complexe s themselve s an d no t t o th e 
energetics o f thei r formation , a s do heat s o f formatio n an d displacemen t data . I t i s clear , 
nevertheless, tha t proto n n.m.r . shifts , lik e heats of formation , dipol e moments , an d infra -
red shifts , Indicat e a  relativ e accepto r powe r orde r o f BBr j >  BCI 3 >  B H >  B F 
Although displacemen t reactio n studie s showe d tha t BF 3 I s a  slightl y stronge r 'accepto r 
than B.He , i t wa s eviden t tha t b y takin g th e dimerizatio n energ y o f BH 3 Int o accoun t 
BH3 shoul d b e a  stronge r accepto r tha n BF3 . Thi s expectatio n i s confirme d b y dipol e 
moment, hea t o f formation , an d ou r proto n n.m.r . measurements . 

Methyl proto n n.m.r . spectr a Me3N.BH 3 an d Me3N.BF 3 consisted (Fi g 1 ) of sll^htl v 
broadened smglets , wherea s AIe3N-BCl 3 an d Me3N.BBr 3 gav e quartet s wit h peak s o f 
almost equa l mtensit y an d a  splittin g constan t /  =  2. 7 an d 2. 8 c.p.s. , respectivel y 
(Fig. 3) . Thes e splitting s wer e independen t o f concentratio n i n th e rang e 1  0 t o 0  2 
mole %  an d wer e th e sam e i n chloroform , o-dlchlorobenzene , an d benzen e solution s 
Chemical shift s fo r AlesN-BCl g an d AIe3N.BBr 3 were measure d fro m th e cente r o f eac h 
quartet. Eac h pea k o f th e quarte t appeare d t o b e a  closel y space d double t wit h 7 - ^ 0 7 
c.p.s. Ohash i et al. (6 ) hav e als o observe d a  quarte t fo r Me3N-BCl 3 wit h a  splittin g 
constant o f 2. 6 c.p.s. . I n excellen t agreemen t wit h ou r value . Howeve r the y di d no t 
detect furthe r splittin g o f th e quarte t Int o doublets . The y als o reporte d tha t th e pea k a t 
highest field  wa s weake r tha n th e othe r three . W e foun d thi s effec t depende d upo n th e 
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h· h . d' t that BH is a slightly stronger acceptor th an 11101nent (11) 111easurelnents w lC ln Ica e 3 

BF 3· d F' 2 II'near relationships exist between our chemical shift :\.5 sho\Yl1 in Table 1 an ,lg., 

TABLE 1 
Physical data for sorne BX3 complexes 

Complex 

Property BFa BH3 BCIa BBr3 Ref. 

-L\H kcal mole-l, for 
C5Hii:\ (1) + BX3(l) in 

31. 7 32.2* 39.5 44.5 9, 10 C6Hii:\O~ solution 
Dipole moment, debye, 

4.04 4.62 5.13 5.57 Il Me3:\ ·BX3 
5.31 5.86 6.52 6.90 Il C5H 5:\· BX 3 

Infrared shift, .1v(C=O), cm-1 

119 176 191 12 C2H 5COOCH 3· BX3 
Xanthone· BX:l 138 229 253 13 

Methyl proton chemical 
157.3 159.5 shi{t, 0 c.p.s. Me3:-.J . BX3 180.2 190.8 this work 

*Corrected for the dimerization energy of BHa. 

data and dipole moments, heats of formation, and infrared shifts of various BX3 (where 
X = H, F, Cl, Br) complexes, even though these values refer to different donor molecules. 
These linear correlations strongly suggest that proton chemical shifts reflect the same 
fundamental property of the cOll1plexes as do dipole moments, heats of formation, and 
infrared shifts. The property in corn mon is probably the strength of the donor-acceptor 
bond, \vhich, as suggested by Bax et al. (11) increases progressively from BF3 to BBr3 
adducts because of a corresponding decrease in halogen valence shell electron-pair re-
pulsions in the same order. Calorilnetric and displacemen t resul ts have been explained in 
terms of dative 7r-bonding and reorganization energies of boron trihalides (17, 14). This 
explanation cannot be used to account for dipole moment, infrared, and proton n.m.r. 
results because these data refer to properties of the complexes themselves and not to the 
energetics of their formation, as do heats of fonnation and displacement data. 1 t is clear, 
nevertheless, that proton n.m.r. shifts, like heats of formation, dipole moments, and infra-
red shifts, indicate a relative acceptor power order of BBr3 > BCl3 > BH3 > BF 3. 
Although displacement reaction studies showed that BF 3 is a slightly stronger acceptor 
than B:?H61 it was evident that by taking the dimerization energy of BH3 into account, 
BH3 should be a stronger acceptor th an BF 3. This expectation is confirmed by dipole 
moment, heat of formation, and our proton n.111.r. measurements. 

~Iethyl proton n.m.r. spectra l\Te3~ . BH3 and :\fe3N· BF 3 consisted (Fig. 1) of slight1:y 
broadened singlets, whereas :\ Ie3N · BCIa and ~Ie3N· BBr3 gave quartets with peaks of 
almost equal intensity and a splitting constant J = 2.7 and 2.8 C.p.s., respectively 
(Fig. 3). These splittings were independent of concentration in the range 1.0 to 0.2 
mole % and were the same in chloroform, o-dichlorobenzene, and benzene solutions. 
Chemical shifts for ~Ie3N . BCl3 and ~Ie3N . BBr3 were measured froll1 the center of each 
quartet. Each peak of the quartet appeared to be a closely spaced doublet with J ~ 0.7 
c.p.S. Ohashi et al. (6) have also observed a quartet for ~Ie3N"· BCl3 with a splitting 
constant of 2.6 C.p.S., in excellent agreement with our value. However, the y did not 
detect further splitting of the quartet into doublets. They also reported that the peak at 
highest field was weaker than the other three. We found this effect depended u pon the 
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FIG. 3 . Splittin g o f methy l proto n resonance s o f McsN-BCl s an d o f methylen e proto n resonance s 
of EtsN-BCls . 

direction o f sca n sinc e i t appeare d a t hig h field  whe n scanne d wit h increasin g magneti c 
field an d a t lo w field  when scanne d i n th e opposit e direction . Thi s effec t appear s t o b e du e 
to imperfec t adjustmen t o f th e spectrometer . 

If th e mai n splittin g wa s suc h a s t o produc e a  triple t wit h peak s o f equa l Intensity , th e 
effect coul d b e ascribe d t o N^ ^ spin-spi n splitting , a s ha s bee n propose d fo r anhydrou s 
ammonia (18) , (CH3CH2)4N+I - i n D2 O solutio n (19) , (CH3CH2)4N+X - (wher e X  I s CI , 
Br, o r OH ) i n Me2S0 , CH3CX , an d D2 O solutio n (19) , an d (CH3CH2)4X+Br - I n H2SO 4 
solution (20) . The sam e explanatio n ha s bee n suggeste d b y Ohash i et al. (6 ) fo r th e split -
tings i n AIe3N-BCl3 , eve n thoug h the y observe d a  quarte t rathe r tha n a  triplet . W e 
think tha t X^ ^ spin-spin couplin g mus t b e rule d out , becaus e w e observed quartet s rathe r 
than triplet s fo r MesX-BC U an d MeaN-BBrs . 

Another possibilit y i s couplin g o f methy l proton s t o B^ ^ (spi n 3/2 ) whic h shoul d giv e 
a quarte t wit h peak s o f equa l intensity . Thi s effec t shoul d b e jus t a s likel y t o occu r I n 
MesX-BHs an d MegX-BF g a s i n MegN-BC U an d Me3N-BBr3 , bu t splitting s wer e 
observed fo r th e las t tw o onh \ Perhap s restricte d rotatio n abou t th e B- X bon d I s neces -
sary fo r couplin g t o be appreciable . Spatia l model s (o f th e Courtaul d type ) revea l tha t free 
rotation abou t th e B- N bon d I s drasticall y restricte d i n AIcsN-BC U an d Me3X-BBr 3 
but no t i n MesN-BF s an d Me3N-BH3 . Hindere d rotatio n migh t affec t th e electri c field 
In suc h a  wa y a s t o promot e couplin g o f methy l proton s wit h B^ i an d thereb y giv e a 
quartet. A n unambiguou s tes t fo r B^ i coupling coul d b e mad e b y doubl e irradiatio n a t th e 
B î resonanc e frequency . Thi s tes t woul d b e positiv e I f a  singl e methy l proto n pea k re -
sulted. Unfortunately , w e d o no t hav e th e equipmen t t o mak e thi s test . I n a n attemp t 
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FIG. 3. Splitting of methyl proton resonances of MeaN· BCla and of methylene proton resonances 
of EtaN . BCb. 

direction of scan since it appeared at high field when scanned with increasing magnetic 
field and at low field when scanned in the opposite direction. This effect appears to be due 
to imperfect adjustment of the spectrometer. 

If the main splitting was such as to produce a triplet with peaks of equal intensity, the 
effect could be ascribed to ?\14 spin-spin splitting, as has been proposed for anhydrous 
ammonia (18), (CH 3CH 2)4N+I- in D 20 solution (19), (CH 3CH 2)4N+X- (where X is Cl, 
Br, or OH) in ~Ie2S0, CH 3C:\, and D 20 solution (19), and (CH3CH2)4~+Br- in H 2S04 
solution (20). The same explanation has been suggested by Ohashi et al. (6) for the split-
tings in ~Ie3N· BCb, even though they observed a quartet rather than a triplet. YVe 
think that ~14 spin-spin coupling must be ruled out, because we observed quartets rather 
than triplets for ~Ie3~ . BCb and ~Ie3N . BBr 3' 

.. ;\nother possibility is coupling of methyl protons to BU (spin 3/2) which should give 
a quartet with peaks of equal intensity. This effect should be just as likely to occur in 
~Ie3:\ . BH3 and ~[e3~' BF 3 as in ~Ie3)J· BCl3 and ~Ie3N· BBra, but splittings \vere 
observed for the last two only. Perhaps restricted rotation about the B-X bond is neces-
sary for coupling to be appreciable. Spatial models (of the Courtauld type) reveal that free 
rotation about the B-N bond is drastically restricted in l\Ie3N· BCb and :\ Iea:0;· BBr3 
but not in ~IeaN· BF 3 and Me3N· BHa. Hindered rotation might affect the electric field 
in su ch a way as to promote coupling of methyl protons with BU and thereby give a 
quartet. An unambiguous test for BU coupling cou Id be 111ade by double irradiation at the 
BU resonance frequency. This test would be positive if a single methyl proton peak re-
sulted. Unfortunately, we do not have the equiplnent to 111ake this test. In an atte111pt 



].-i22 CANADIA N JOURNA L O F CHEMISTRY . VOL . 42 . 196 4 

to examin e th e possibilit y o f hindere d rotatio n i n Me3N-BCl3 , it s proto n resonanc e 
spectrum wa s measure d a t temperature s betwee n 2 5 an d 100° . Ther e wa s n o detectabl e 
change. 

The observed quartet s could conceivabl y b e caused b y couplin g o f methy l proton s wit h 
chlorine and bromine , both o f which hav e nuclea r spin s of 3/2 , i n th e hindere d molecules . 
However, thi s is unlikely because these nuclei do not normally produc e first-order  splittin g 
of proto n resonance s i n organi c compounds . Moreover , thre e halogen s shoul d produc e 
splittings mor e comple x tha n a  quartet . Furthe r splittin g o f eac h pea k o f th e quarte t 
into a  double t migh t b e due t o non-equivalenc e o f th e methy l group s arisin g fro m a  los s 
of axia l symmetr y alon g the B- X bon d I n the stericall y hindere d BBr s and BCI 3 adducts . 
Less likel y I s the possibilit y tha t spi n couplin g t o B^ ^ (presen t a s 20 % o f natura l boron , 
spin 3 ) superimpose s ne w lines on th e quartets . Suc h couplin g shoul d produc e mor e com -
plex splittin g tha n th e well-define d doublet s observed . Th e sam e objectio n shoul d appl y 
to a n explanatio n involvin g spi n couplin g o f methy l proton s t o th e CP^,CP' ' and Br''̂ ,Br^ ^ 
isotopic pair s (spi n 3/2) . 

We observe d tha t ]\Ie3N-BBr 3 and exces s AIcs X i n chlorofor m solutio n gav e tw o sep -
arate methy l proto n resonances , on e fo r th e fre e amin e an d th e othe r fo r th e complex . 
This clearl y show s tha t ther e i s n o o r onl y ver y slo w exchang e o f BBr s betwee n Mcs X 
molecules. Th e quarte t splittin g constan t an d chemica l shif t wa s unaffecte d b y th e 
excess AlesX . 

Xo unusua l splittin g o f ethy l proto n resonance s I n BH3 , BF3 , an d BAIc s complexe s o f 
triethylamlne wer e reported b y Coyl e and Ston e (o) , an d non e fo r EtaX-BC U b y Ohash i 
et al. (6) . We foun d tha t EtsX-BC U I n chloroform solutio n gav e a  methy l proto n triple t 
centered a t 84. 3 c.p.s. an d a  complex ban d (Fig . 3 ) centere d a t 202. 8 c.p.s . wher e methy -
lene resonance s ar e expected . Th e latte r ha s 1 2 distinc t inflections , bu t ma y wel l hav e 
more burie d m  th e comple x envelope . A  splittin g o f th e expecte d 1:3:3: 1 methylen e 
quartet int o 1 2 peaks i s expected I f X - spin-spi n couplin g occurred , an d Int o 1 6 fo r B ^ 
coupling^We ar e unabl e t o decid e betwee n thes e possibilities . I t i s interestin g t o not e 
that i n E t A + I - th e methy l triple t an d no t th e methylen e quarte t i s spli t an d thi s 
\Z X n V r - ' a n d F t N H ^ ' ' T ' ' ' ' ^^^^^^" ^ ^''^' ^ ^ ^ couplin g doe s 1^ occu r I n 
s h t \ ^ o u'n^us::?splitl g " ' '"' ''''''' '' ^'''^ - ^ ^ ^ ^''^ ^^' ^ ^ ^ - ^ ^ - - ^ - ^ -

Materials EXPERIMEXTA L 
Trimethylamine complexe s o f BH3 , BF , BC l an H R R 

previously (14) . A solution o f EtsN-BC K i n chlornfn r '  ^''''''' P^^P^re d an d purifie d a s describe d 
solution o f Et3 N (Eastman ) i n chloroform. T H X u n d ' ' t H ^"T^^ ^''' ^" '̂̂ ^^^" ^ ^^^^ (Matheson ) int o a 
bubblmg anhydrou s HB r (Matheson ) int o ch lorofor r l l 1"" ^ ^  ammoniu m bromide s wer e prepare d b v 

Chloroform (Fishe r Spectra l Grade ) wa s o Sd oT i T " ' ^^ '^^ respectiv e amines , 
distilled wate r and the n dryin g over calcium h y d r i ^ fo low!! ? K P'^^^'"^''^tiv e by extractin g si x time s wit h 
of th e punfie d chlorofor m showe d i t t o be comp^eZ f r e  of I h^ IT""^^ distillation . A n n.m.r . spectru m 
over sodium-lea d allo y an d the n fractionall y d i s t m e d T . . " ' u - P"^ ' " " ^ (Mallinkrodt ) wa s first  drie d 
further purification . ^  ^^^tUled . Tetramethylsllan e (Anderson ) wa s use d withou t 

Apparatus and Methods 
Spectra wer e measure d wit h a  Varia n H R R O u- u  r . 

luZZlf '^ ° ^'^-calibration wa s by mean s of mcJl't^Sr ^^'^ Spectromete r whic h ha s a  fixed 
r t e t r a^Xr r " ' ' ' r ' ' " ' '™^^ ' "^^^hd i r ec t i onLd^v^^^^^^^^^ "'] *< ^ tetramethylsilane peak . Eac h 

or benzene^- h r ; ' * " " ' " ' '™" ' ̂ f̂"̂ ^̂ " ™ < « = 0  c ps r C o T J " ' ' " ^ ' ^ ' ' " ' " ' ' ^ ^ ' s h i f t s wer e taken relativ e 
benzene suc h tha t concentration s wer e approximately n°^,P'?'?^ ^ ^"'^ d'^=°'ve^ l i n purifie d chlorofor. n 
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. h ·b·l·t· f h·ndered rotation in Nle3~· BCIa, its proton resonance to examIne t e pOSSl 1 1 Y 0 1 0 

d t t eratures between 25 and 100 . There was no detectable spectru111 ,,"as measure a emp 
change. 1· f hl· h The observed quartets could conceivably be cause~ by coup l~g 0 m~t y protons wlt 
chlorine and bro111ine, both of which have nuclear spIns of 3/2, ln the h1ndered mole~u~es. 
However, this is unlikely because these nuclei do not normally produce first-order sphttlng 
of proton resonances in organic compounds. IV! oreo~er ~ three halogens should produce 
splittings nlore complex than a quartet. Further sphttlng of each pea~ .of the quartet 
into a doublet might be due to non-equivalence of the methyl groups ar1s1ng from a loss 
of axial sy111111etry along the B-K bond in the sterically hindered BBr 3 and BCI3 adducts. 
Less likely is the possibility that spin coupling to BIO (present as 20% of natural boron, 
spin 3) superinlposes new lines on the quartets. Such coupling should produce more com-
plex splitting than the well-defined doublets observed. The same objection should apply 
to an explanation involving spin coupling of methyl protons to the C}35,C}37 and Br79 ,Br81 

isotopie pairs (spin 3/2). 
\Ye observed that 1\Ie3N . BBr3 and excess :\Ie3;\r in chloroform solution gave two sep-

arate l11ethyl proton resonances, one for the free amine and the other for the compleXe 
This clearly shows that there is no or only very slow exchange of BBr 3 between ~Ie3X 
molecules. The quartet splitting constant and chemical shift was unaffected by the 
excess ~Ie3X. 

Xo unusual splitting of ethyl proton resonances in BH3, BF3, and B:\Ie3 complexes of 
triethylanline ,vere reported by Coyle and Stone (;')), and none for Et3~ . BCIa by Ohashi 
et al. (6). vVe found that Et3~ . BCh in chloroform solution gave a Inethyl proton triplet 
centered at 84.3 c.p.s. and a complex band (Fig. 3) centered at 202.8 C.p.S. where methy-
lene reso~anc:s are expected. The latter has 12 distinct inflections, but nlay weIl ha~e 
more bu.ned ln the c~mplex envelope. A splitting of the expected 1: 3: 3: 1 methylene 
quart:t 1nto 12 peaks 1S expected if N14 spin-spin coupling occurred, and into 16 for BU 
coupl~ng. \V:+a~e unable to dec~de between these possibilities. l t is interesting to note 
that ln Et 4:\ • l the met?yl t~lplet. and not the methylene quartet is split, and this 
has ~ee~ a~tnbuted to N14 spIn-spIn coupling (19). Such coupling does not occur in 
:\Iea:\ H Br and Et3NH+Br-, the spectra of which l'n H 0 (19) d hl fI· • • 2 an c oro orm so ut10n 
show no unusual sphttlng. 

Materials 
EXPERIME~T:-\L 

Trimethylamine complexes of BHa BF BCI d B 
previously (1-1) .• '-\ solution of EtaN . Bèl ina~hl 3i an Br3 were prepared and purified as described 
solution of Et3)J (Eastman) in chlorofor:n Trie~~o trmd wa~ prepared by b~bbling BCl3 (:\Iatheson) into a 
bubbling anhydrous HBr (Matheson) int~ chI l an JnI?ethyl ammOnIum bromides were prepared by 

Chloroform (Fisher Spectral Grade) was pu ~firodormf .so uthlons of the respecti,'e amines. ,; 
d · '11 d . n e 0 lts et anol .' b ... . lStl e water and then drY1l1g over calcium h d'd f Il pres:n atlve y extractlng SIX tlmes \\ïth 
of the purified chloroform showed it to be con! 1 r~ f' fO owed by fractlOnal distillation. :-\n n.m.r. spectrum 
over sodium-Iead alloy and then fractionall: J. ~·rl ~ee;f ethanol. Benzene (Mallinkrodt) \Vas first dried 
further purification. IS 1 e. etramethylsilane (Anderson) was used \yithout 

A pparatus and JI ethods 
Spectra \Vere measured with a Varian HR-60 Hi h R . ~ 

frequency of 60 1\lc. Calibration was by means of 60 g eS?lutlOn ~ 1\1 R Spectrometer which has a fixed 
spectrum \\'asscanned several times in each dire t' cd·

P.s. slde bands on the tetran1ethvlsilane peak. Each 
to tet th ,1 '1 h' c lonan average 1 f h' -rame ) SI ane, t e lllterna.l reference (5 = 0 c .. s.). va ues 0 c e.mlcal shifts were taken relative 
or benzene such that concentratlOns \Vere approxim ~ 1 lComple~es were dlssoh'cd in purified chloroform 

a e y mole (/0' 
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