
1974 669 

lH Nuclear Magnetic Resonance Studies of Exchange Reactions between 
Complexes R,M,M'R,' and their Components. Part W 2  Exchange be- 
tween the Complex Trimethylphosphine-Trimethylborane and an Excess 
of Trimethylborane and between Trimethylphosphine-Trimethylalane and 
an Excess of Hexamet hyld ialum in ium 
By Eli Alaluf ,  Kath leen J. Alford, Edward 0. Bishop,' and J. David Smith,' School of Molecular Sciences, 

University of Sussex, Brighton BN1 9QJ 

The reaction between the complex Me,P,BMe, and an excess of trimethylborane in toluene or dichloromethane is 
first order in complex concentration, consistent wi th a dissociative mechanism. Data for the complex Me,P,AIMe, 
and an excess of hexamethyldialuminium in toluene suggest a bimolecular reaction between complex and mono- 
meric trimethylalane. Explicit n.m.r. line-shape equations are given for exchange between a singlet and a first- 
order doublet. 

EXCHANGE of romponents between molecules of donor- 
acceptor coriiplcxcs (DA) involving a Group 1' or VI 
donor (D) ant1 a Group 111 acceptor (A) have been studied 
by n.m.r. methods. In  some cases, rates have been 
derived from measurements of peak widths, but in 

1 Ref. 2 shoultl be regarded as Part I of this series. 
2 I<. J .  Alfortl, 73. 0. Bishop, P. R. Carey, and J .  D. Smith, 

J .  Chcm. Soc. ( A ) ,  1971, 2574. 

others, where there is overlap between eschange- 
broadened peaks or where there are complications from 
spin-spin coupling, comparison of full experimental 
and calculated line-shapes has been necessary. The 
reaction betwecm the complexes Me3N,BMe, and an 
excess of trimcthylborane is first order in complex 

21. H. Cowlcy ant1 J .  I,. 3Iills, J .  Amev. Chrnz. Snc., 1969, 
91, "1 1. 
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c~ncentration,~ suggesting that dissociation of the 
complex is rate determining. A similar dissociative 

D A ~ ' D + A ;  slow D+A*-+DA* (1) 

T(DS) = h1-'; T(A) = k<l[A]/[DA] 

mechanism has been proposed * for exchange between 
the complexes D,AlMe, (D = Et,N or Bu,P) and an 
excess of hexamet hyldialuminium, but bimolecular 
mechanisms are suggested when D = pyridine (py), 
Me,S, and ButPriO. Dissociation of the complex 
seems to be rate determining for exchange between 
D,GaMe, and trimethylgallane (D = Me,N, Me,HN, or 
Me,P) and for exchange between D,InMe, and tri- 
methylindium (D = Me,N or Me,HN), but bimolecular 
displacements are indicated for exchange between 
D,GaMe, and trimethylgallane (D = MeH,N, H,N, 
py, or Me,O) and between MeH,N,InMe, and trimethyl- 
indium. 

In this payer, we describe the exchange reactioiis 
between Me,P,BMe, and trimethylborane and between 
Me,P,AlMe, and hexamethyldialuminium. For both 
these reactions, the n.m.r. signal due to protons of the 
complexed acceptor M'Me, is a doublet, and the signal 
due to the free acceptor is a singlet. Under fast- 
exchange conditions the doublet and singlet coalesce 
to a single peak. The singlet from uncomplexed 
hexamet hyldialuminium is partly broadened by bridge- 
terminal This is considerably faster than 
the exchange reaction with the complex Me,P,AlMe,, 
but the broadening must be allowed for in deriving 
kinetic parameters by comparison of experimental and 
calculated spectra. We have therefore used line-shape 
equations for exchange between a singlet and a first- 
order doublet which include the possibility of different 
transverse relaxation times T ,  for each site. 

EXPERIMENTAL 

The preparation of samples, using vacuum-line techniques, 
has been described.2 No precipitates formed in solutions 
in dichloromethane; i t  seems that the complex Me,P,- 
BMe, reacts with the solvent much less readily than does 
trimethylphosphine. For samples with an  excess of tri- 
methylborane, b.p.---22 OC, it was necessary to make an 
allowance for material in the vapour phase. This was 
estimated in two ways which gave values in close agree- 
ment. First, vapour pressures of solutions of Me,P,HMe, 
and BMe, in toluene were measured for the range of con- 
centrations and temperatures used in the kinetic experi- 
ments. Secondly, the relative areas of the n.m.r. peaks 
due to the methyl protons of triinethylborane and tri- 
methylphenylsilane, b.p. 171 "C, assumed to be non- 
volatile, were found by integration for an appropriate 
series of concentrations and temperatures. Typically, 
GU. 10% of the triinethylborane distilled into an n.m.r. 

T. I,. Brown and I,. L. Murrell, J .  Awzer. Chem. SOC., 1972, 

J.  P. Oliver, Adz). Ovganontetallic Chein., 1970, 8, 167. 
94, 5378. 

ti K. C. Williams and T. L. Brown, J .  Amer. Chem. Soc., 
1966, 88, 5460. 

tube was in the vapour a t  -10 "C. The concentration 
of uncomylexed trimethylphosphine was assumed to be 
small in all samples, for reasons given in ref. 2. 

For samples containing hexarnethyldialuminiu~i~, i1.iii.r. 
tubes were sealed directly on to  the vacuum line, which 
was equipped with mercury float valves and greaseless. 
Each new set of tubes was dried with hexamethyldialumin- 
iuni vapour before use. No correction for hexamethyl- 
dialuminium in the vapour phase was necessary,* and the 
concentration of uncomplexed trimethylphosphine, found 
from the dissociation constant of the complex M~,P,AZIV~, ,~  
was negligible. 

N.m.r. spectra were recorded on Varian HA100 or AGO 
spectrometers. The temperature of each sample was 
checked using a standard methanol sample, and all spectra 
of a series were recorded on the same day. 

RESULTS 

Line Envelope JOY Singlet-Doublet Exchange.---Let the 
singlet site be A and the first-order doublet sites be B and 
c,  which are equally populated. Consider the exchange 
of spin-1/2 nuclei between sites A and R, and, with equal 
probability, between sites A and c ,  equations (2)--(4) 
are applicable [where p j  = fractional population, c q > j  = 

P B  = pc = BP,,,) 

W J ~ ,  W c  = ~ ( D A )  f $J 

(2) 

T(D.4) (3) 

(4) 

q j  T(i = 

unperturbed resonant frequency (in angular units, rad s I), 
7j .  = mean lifetime, and T,(j> = transverse relaxation 
time, each for nuclei in the j t h  site ( j  = A, B, or c)  and DAA 
is the molecular species giving the doublet of coinponelit 
spacing J (rad s-l)]. Quantities Fj may be defined by 
cquation ( 5 ) ,  where CI)] is the angular frequency of the field 
HI. 

F .  - - 7y1 4- T2tjl l - '(aJ - q) ( j  = A, 13, or c)  ( 5 )  

blcCoiinell's niethod lo gives equations (6)--(8) for the 
rate of  change of site magnetizations A!ILY, ILIB, and Me,  
where &IOfi,j are their unperturbed \ d u e s  in the presence 
of the field H ,  alone. Under slow passage conditions, 

(dM,/dt)  + F h l i A  = -iyHliW,,$Ak -+ rB-l(i!n I iWG) (ti) 

(df!s/dt) + FBMB = -iyHIMopn +  ill, 
(dDIGjdt) + Fcf!~ = - i y H l f ~ l o p ~  $- &TA-~MA 

(7)  

(8) 

the time differentials may be equated to zero, giving three 
coupled linear equations in .AfAk, M 1 3 ,  and Mc. The solutions 
are (9) and (10). M B  and &I,; are related simply ( F B M ~ ~  = 

 MI^ +- 1CIc = 7B(iyHlfM,pLY $- FA.%fa) (10) 

FcJM~:), but need not be known separately. The above 
complex expressions contain both the in- and out-of- 
phase components of the magnetization. From the 

1:. A. Jeffery and T. Mole, Austval. J .  Chem., 1969, 22, 1129. 
hl. B. Smith, J .  Organometallic Chem., 1972, 46, 31. 
C. H. Henrickson, D. Duffy, andD. P. Eyman, Inovg. Clicrn., 

1968, 7, 1047. 
lo H. 31. McConncll, .I. Chem. Phys., 1958, 28, 430. 
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original formulation of the Bloch equations, the line 
envelope L(o,) of the absorption mode signal requires the 
imaginary part (Im) (11).  Defining Tj = 7F1 -1- T2(jF1 

L(o,,) = 11 i i (~ IT~~)  -t Im(MB -+ hf~) 
and lVj -- o'j - q, then equations (12) and (13) may be 
obtained. 

(11) 

Irn(MA) = yN,M,(QX + P Y ) / ( X ,  -+- YB) (12) 

(13) 

l'lie Trimetliylpliosphine-T1.imet~Eylborane Svstenz.-At 
- 4 0  "C, the spectrum of Me,P,BMe,, with an excess of 
trimcthylborane in toluene [Figure 1 ( a ) ] ,  showed a singlet 

( I  V) 

I;ICL~RE 1 100 Hhlz 1H T\J.m.r. spectra of triiiiethylphosphine 
Ivith an excess o f  (a) trirnethylborane a t  -40 "C ancl (b)  
hexamethyl~ialurninium a t  -60 "C. For notation see text 

( I )  (1-38 p.p.ni. upfield from iWePh, attributed to un- 
complexed trinieihylborane), and doublets (11) (1.72 
p.p.m., attributed to Me,P,HMe,) and (111) (1.96 p.p.m., 
Me,P,BMe,). ,4s the temperature was raised, the re- 
sonances (1)  and (111) broadened and finally collapsed to a 
narrow singlet a t  a position given by the weighted mean 
of the chemica1 shifts for the uncomplexed and complexed 
trimethylboranc. This shows that the reaction (14) 
between complex ancl trimethylborane is fast on the 
n.m.r. time-scalc a t  4 30 "C and slow a t  -40 "C. The 

hle,P, Bhle, + * RMe, + Me,P, * BMe, + BMe, ( 14) 

doublet (11) \vas unaffected by the exchange process ancl 
remained sharp at all temperatures, although its chemical 
shift changed. Kinetic parameters may be derived from 
the remainder of the spectrum. In toluene a t  -40 OC, 
signals (I) and (111) appeared on either side of signal (11), 
so a t  higher temperatures some of the spectrum of interest 
was lost beneath the doublet (11). In most cases, however, 
the unobscurecl part of the spectrum was sufficient to permit 

line-shape analysis, Spectra of solutions in dichloro- 
methane at -40 "C showed doublet (11) (4.24 p.p.m. 
upfield from CH,Cl,) at lower field than singlet (I) (4-63 
p.p.m.) or doublet (111) (5.59 p.p.m.). At no temperature, 
therefore, was the exchange-broadened region obscured. 

Spectra of samples a t  -40 "C showed that the resonance 
(111) from complexed BMe, was broader than that from the 
uncomplexed BMe, (I). This was accommodated in the 
line-shape analysis by applying a finite spin-spin relaxation 
time T ,  to resonance (111), as in the previous study.l 
The variation of T, over the small temperature range used 
in the kinetic experiments was small, and the previous 
constant value was used. 

A computer program was written to give a least-squares 
fit between experimental and theoretical curves by itera- 
tive convergence. Three variables were used: (i) the 
chemical shift of complexecl trimethylborane from the 
solvent peak; (ii) the chemical shift of uncomplexed tri- 
methylborane from the solvent peak; and (iii) the mean 
lifetinie of the complex, T@A). Starting values of (i) 
and (ii) were found from graphs of chemical shifts of com- 
plexed and free RMe, against temperature. ,411 initial 
value for T(D-%) was found from a non-iterative version 
of the program, by matching spectra by eye. Table 1 
lists values of T(D*)-~ over a range of temperature for a 
single sample in toluene, and for another sample in di- 
chloroniethane. Compositions at the lower end of the 
temperature range are given in this Table and small cor- 
rections were made a t  higher temperatures as described 
above. Values of r;@-4>l found a t  constant temperature 
for samples of varying composition are given in Table 2. 

TABLE 1 
Variation of lifetime of complex with temperature for the 

system trimethylphosphine-trimethylboraiie 

100 MHz Spectra: [Xle,P,BMe,] 0 . 1 6 8 ~  ; [BJle,] (excess) 0 . 2 5 4 ~ ;  
in toluene 

--2.5 - 6  - 8  _- 10 - 18 -21.6 -27 2/"C 
T(D.k)-l/S-l 231 135 143 76 43 97 11 

GO MHz Spectra : [Me,P,BMe,] 0.1 1431 ; [B3'Ie,i (excess) 0 . 0 4 9 ~ ;  
in clichloroniethane 

t / "C -1-1 - 4  - G  - 8  -10 -12 --14 --I6 -18 
T ( D - ~ ) - ' /  111 49.3 40.6 35.5 27.0 23.1 18.4 14.3 10.1 

S-1 

TABLE 2 
Lifetime of complex a t  various concentrations for the 

system trimethylphosphine-trimethylborane 
100 MHz Spectra in toluene at  - 9 "C 
[BMe,] (excess)/ni 0-119 0.254 0.203 0.536 0.675 
[Me,P,BMe,]/br 0.248 0.168 0.153 0.431 0.665 

80 MHz Spectra in dichloromethanc at  I 1  "C 
[BMeJ (excess)/?ul 0.049 0.135 0.181 0.328 
[Me,P,B;Me3]/~i 0.114 0.087 0.116 0.195 
qD*)-l/S-l ij 111 94 112 124 

T(D*)-l/S-l 100 95 105 98 116 

Mean, 103 s-l; a plot of ~ ( - ~ ) - l  against [DAl/[,4) had a 
*Mean, 110 s-l;  a plot of ~ ( ~ ) - l  against gradient of 100 s-l. 

[DA]/[A] had a gradient of 108 s-l. 

The Trimethylpkosphine-Tri.M.lethylala~le System.-At 
-60 "C, the spectrum of Me,P,AIMe,, with an excess of 
hexamethyldialuminium in toluene [Figure 1 ( b ) )  showed 
two singlets (I) (2-07 p.p.m. upfield from Aleph) and (IV) 
(2.64 p.p.m.), attributed to the bridge and terminal methyl 
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on data a t  higher temperatures. For example, the second 
sample in Table 4 gave a spectrum at -10 "C in which 
the resonance of the uncomplexed hexamethyldialuminium 
was reduced to a slight inflexion on one peak of the doublet. 
This was very sensitive to small errors in temperature 
measurement and phase balance. In  this case the spec- 
trum at -60 "C suggests that our value of Av a t  - 10 "C is 
too large and that the value for ~ D S )  is therefore too small. 

groups of hexamethyldialuminium,6* and two doublets, 
(11) [la75 p.p.m., 2J(PCH) -6.8 Hz, from Me,P,AlMe,] 
and (111) [2.45 p.p.m., 3J(PAlCH) k6.75 Hz, from Me,P,- 
AlMe,]. As the temperature was raised to -30 O C ,  
singlets (I) and (IV) moved together close to the doublet 
(III), which remained sharp. At  still higher temperatures, 
all the peaks except doublet (11) coalesced to a single line 
at the weighted mean position of (I), (111), and (IV). 
Spectra of hexamethyldiahminium alone in toluene 6 

show that peaks (I) and (IV) merge to a single resonance 
above about - 30 "C and that little asymmetry is detectable 
above ca. -20 O C .  Spectra recorded above -20 "C were 
thus analyscd in terms of singlet-doublet exchange to  give 
kinetic parameters for reaction (15). 

Me,P,Al*Me, + Me,A1Me,A1Me2 *- 
Me,P,AlMe, + [R'le,AlMe,AlMe,] * (1  5 )  

Initial results a t  60 MHz (Table 3) were obtained with the 
iterative program described above. This was less satis- 
factory than for the trimethylborane system, as the spectra 

TABLE 3 
Variation of lifetime of complex with temperature for 

the system trimethylphosphine-trimethylalane 
60 MHz Spectra : [Me,P,AIMe,] 0-1 8 6 ~  ; [Me6Al,] 0 . 0 7 3 ~  

t/"C 0 -2 -5 -10 -15 
T(DA)-'/S-' 20.8 20.2 12.9 9.1 4.6 
Av/Hz 7.7 8.1 6.0 5.4 2.1 

100 MHz Spectra: [Me,P,AlMe,] 0 . 1 8 6 ~ ;  [Me,AIJ 0 . 0 7 3 ~  
t/"C +1*5 -5  -8 -10 -14 -15 -20 
T(DA)-'/s-' 18.2 18 -& 2 * 10.0 8.0 5.0 4.0 2.6 
Av/Hz 10-6 10.5 & 1-5 8.8 9.1 7.5 7.5 6.3 

Parameters from this spectrum were less accurate than 
those from the others. 

FIGURE 2 100 MHz lH N.m.r. spectra of samples at -14 "C 
with various trimethylphosphine : trimethylalane ratios. Left- 
hand side, experimental ; right-hand side, calculated spectra. 
The samples are in the same sequence as in Table 4 

The singlet from hexamethyldialuminium above - 20 "C 
was appreciably broader than that from trimethylborane, 
due to a combination of T ,  processes and bridge-terminal 
exchange. The whole of the broadening was allowed for 
in the line-shape analysis in an apparent TdA) term, 
estimated for each temperature from our spectra of toluene 
solutions of hexamethyldialuminium. 

were rather featureless. Quite small error functions could DISCUSS1oN 
be obtained from computed solutions which smoothed out 
line-shape features and grossly overestimated the exchange 

For the trimethylphosphine-trimethylborane system, 
mechanism (1) accounts for the experimental results. 

TABLE 4 

Lifetimes of complex and acceptor at various concentrations for the system trimethylphosphine-trimethylalane 
At -10 "C" At -14 "Cb Xt -60 "C c 

A 
I h-- 

f 7 

Av T(DA)-' T(A2)-' AV3 AV - -  TDA)-' T(A?)-' - 
[R/le6A1,1 

Elz Hz 
0-225 0.337 15-4 5.1 12.1 10.5 3.5 11.2 - 5.5 
0.198 0.056 10.0 17.8 11.0 6.0 8.9 8.0 - 9.7 
0.186. 0.073 8.0 10.2 9.1 5.0 6.4 7.3 - 9.6 
0.075 0.049 7.7 5.9 7.6 4-0 3-1 5.7 -12.2 
0.095 0.159 12-5 3.7 8.2 7.7 2.3 7.5 - 9.5 

[Rfe,P, AlMe,] (excess) 
M M S-1 S-1 HZ S-1 S-1 

a Calculated with T,(DA) 0.27 s ;  Tz(A2)  0.094 s. Spectra at 100 MHz. Calculated with T Z ( = ~ )  0.27- s; T 2 ( ~ 2 )  0.087 s. Spectra 
a t  100 MHz. c q~,)- l  = T(DA)-~  [DAJ/2[A.J. d Av Positive indicates signal from compleaed AlMe, at hlgher field. 

rate. Later results at 100 MHz (Tables 3 and 4 and Figure 
2) , which are considered mqre reliable, were obtained 
by best visual fit using a non-iterative program. The singlet 
and doublet sites have similar chemical shifts in the tem- 
perature range of interest and so these must be found to 
greater accuracy than in the trimethylphosphine-tri- 
methylborane system to  obtain lifetimes T(DA) of compar- 
able accuracy. We have therefore given values of the shift 
between singlet and doublet (Av) ,  obtained from our line- 
shapes, in Tables 3 and 4. A parallel variation in Av 
was found from spectra at -60 "C, where the chemical 

Thus, from Table 2, the lifetime of the complex, T(DA), 

shows little variation over a four-fold variation in con- 
centration of DA and a five-fold variation in concen- 
tration of uncomplexed acceptor A, as required if the 
dissociation of the complex is the rate-determining 
step. Similar results were obtained from solutions in 
toluene and dichloromethane. Arrhenius activation 
energies E, and thermodynamic activation parameters 
were found from the data of Table 1,  using the equations 
AH1 = E, - RT and log T ( ~ ~ ) - ~  = log kT/h + ( A 9 1  

shifts were directly measurable, and this provided a check 2.3R) - (AH1/2-3RT). Values for solutions in toluene 
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(E, = 67 & 6 kJ mol-l,AH$ = 65 & 6 kJ mol-l, AS$ = 
+39 & 20 J K-l mol-l) are similar to those found in 
studies of the exchange reaction with an excess of tri- 
methylphosphine.2 The activation enthalpy is similar 
to the gas-phase enthalpy of dissociation (69 kJ mol-l) l1 

for the complex Me3P,BMe,, confirming that dissociation 
of the complex is the common slow step, whichever 
component is in excess. Activation parameters for 
solutions in dichloromethane (Ea = 66 & 5 kJ mol-l, 
AH$ = 64 & 6 kJ mol-l, A S  = +27 -j= 20 J K-l mol-l) 
are not distinguishable from those in toluene, within 
the estimated limits of experimental error. 

The t rimet hylphosphine-trime t h ylalane system is 
more complicated. Here the concentration of acceptor 
A is very small, at room temperatures or below, compared 
with that of the dimer A,. The following mechanisms 
may be considered and expressions for life-times T@A) 

and 7(&) derived by the method of Matteson.12 

The rate constant k, a t  -14 "C may be estimated 6*7 

as 2-5 x 103 s-l. Putting k,-l = 0, mechanism (16) 
becomes equivalent to mechanism (1) discussed above 
for the Me,P,BMe, system. Clearly, this mechanism is 
inappropriate for the Me,P,AlMe, system as Table 4 
shows that T(DA) is not independent of concentration 
of acceptor A,. Further, the energy of activation E, 
for the exchange reaction, derived by plotting log 
z@*)-l against 1/T, is 62 -& 10 kJ mol-l, which is con- 
siderably less than 88 kJ mol-1, the heat of dissociation 
of the complex Me,P,AlMe,. However, this last value was 
found from solutions in hexane; the heat of dissociation 
in toluene may be less, since there is some evidence 
for strong solvation of monomeric trialkylalanes by 
aromatic hydrocarbons.13 

The data of Table 4 for -14 "C define a line T(&) = 
(0.106 & O.Oll)[A]+/[DA] + (0.001 -+ 0.029) and so fit 
well with mechanism (17). Plots of T ( D ~ )  against 
l/[A,]+ are also approximately linear. The enthalpy 

* In  aliphatic hydrocarbons,8 In I<, = 14.744 - (9  762*5/T). 
The equilibrium concentration of AlMe, a t  - 50" C is eight times 
as great in toluene as in cyclopentane solution of the same 
molarity.13 We assume K,(toluene) = 64 K, (C5HIo) a t  - 50 "C 
and K ,  = K ,  x (molar volume of solvent). 

H. C .  Brown, J .  Chem. SOC., 1956, 1248. 
l2 D. S. Matteson, lnorg. Chem., 1971, 10, 1555. 

of dissociation AHd& of hexamethyldialuminium in 
toluene has been given l3 as 65-4 & 5-9 kJ mol-l and 
we estimate * the equilibrium constant K ,  = KJk-, as 
2.3 x 1 0 - 8 ~ ~  at  -14 "C. With the data of Tables 3 
and 4 we find the rate constant k, at  -14 "C is 1.2 x 
105 1 mol-1 s-l. The activation enthalpy for the bi- 
molecular reaction in mechanism (17), given by Ea - 
RT - ;AHdiss, is 23 & 6 kJ mol-l, and the corre- 
sponding activation entropy AS$ is -57 j, 25 J K-l 
mol-l. Our data do not cover a sufficiently large range 
of concentrations of uncomplexed hexamet hyldialu- 
minium to rule out unequivocally the possibility of 
concurrent unimolecular and bimolecular reactions 
[mechanisms (16) and (IS)]. Mechanism (18) alone is 
certainly insufficient to account for the results since 
a plot of T@A) against 1/[Ad does not pass through the 
origin. 

Exchange between trimet hylphosphine-trime t hyl- 
gallane and an excess of trimethylgallane involves rate- 
determining dissociation of complex rather than bi- 
molecular displacement of one trimethylgallane mole- 
cule by another.5 This is attributed to crowding in the 
presumed bimolecular transition state Me,P(GaMe,),. 
A similar rationalization may be applied to exchange 
between the complex Me3P,BMe, and an excess of 
trimethylborane, but it will not account for the bi- 
molecular displacements observed for the complexes 
Me,P,AlMe,, py,AlMe,, or py,GaMe,,l* each with an 
excess of acceptor. The bonds between the acceptors 
and trimethylphosphine or pyridine are strong, and 
phosphorus, unlike ~ x y g e n , ~  has only one lone-pair 
available for co-ordination. One possibility is that 
methyl-group exchange between complexed and un- 
complexed trimethylalane does not involve breaking 
of the A1-P bond at all,15 and that the transition state 
for the bimolecular step of mechanism (17) is as below, 

PMe3 

1 Me.. / 
Me --AL-'- 

Me 

Me 
I 
Me 

similar to that suggested for exchange between the 
complexes PhMe0,A1Me3 and PhMeO,AlMe,X (X = C1, 
Br, or Ph). Five-co-ordinate aluminium is known in a 
number of crystalline compounds.16 The failure of 
trimethyl-borane and -gallane to show mechanism (17) 
is then related to  the failure of these molecules to 
dim erize . 
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