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Hydrogen4 Nuclear Magnetic Resonance Studies of Exchange Reactions 
between Complexes MR,*M'R', and their Components. Part 111.l The 
Systems Dimet hyl phenyl phosph ine-, Dimethyl (dimet hylamino) phos- 
phine-, and Dimet hyl - t  - butyl phosphi ne- Trimet hyl borane, and Trimethyl - 
phosphine-Dimethylphenyl borane t 
By Kathleen J. Alford, Edward 0. Bishop,* and J .  David Smith,' School of Molecular Sciences, University 

of Sussex, Brighton BN1 9QJ 

Dimethylphenylborane has been prepared from BMe,CI and HgPh,, and its vapour pressure measured over a 
range of temperature. The l H  n.m.r. band-shape method has been used to determine exchange parameters 
for the systems PMe,Ph*BMe,, PMe,( NMe,)*BMe,, PMe,*BMe,Ph,land PMe,But*BMe3. Reactions between 
complex and an excess of either donor or acceptor proceed by a dissociative mechanism. In dichloromethane 
at 27 "C, basicities towards BMe, decrease in the order NMe, - PMe, > PMe,But - PMe,(NMe,) > PMe,Ph >> P(CH,Ph), > PMe,(CF,) - PMe,O - PMePh,. 

IN previous parts of this series we described the deriv- 
ation of kinetic parameters for exchange reactions be- 
tween donor-acceptor complexes MR,-M'R',(DA) and an 
excess of donor MR,(D) and between the complexes and 
an excess of acceptor M'R',(A).l The method was illus- 
trated with data for the system PMe,*BMe,. In this 
paper, we give data for several other boron-phosphorus 
systems. 

EXPERIMENTAL 

Starting Materials.-Trimethylborane, trimethylphos- 
phine, dimethylphenylphosphine, and methyldiphenylphos- 
phine were made by well known methods. Dimethyl(tri- 
fluoromethy1)phosphine was also prepared without diffi- 
culty, but tribenzylphosphine could not be purified as 
de~cribed.~ It was readily isolated (m.p. 90-92 "C) by 
recrystallisation from hexane. (Dimethy1amino)dimethyl- 
phosphine was obtained from dichloro (dimethy lamino) - 
phosphine and trimethylaluminium.5 The small amount 
of PMe, formed by P-N bond cleavage was easily separated 
by trap-to-trap distillation : the PMe,(NMe,) was then 
distilled, b.p. 49-50 "C a t  120 mmHg, and stored at 
- 78 "C before use.; Dimethyl-t-butylphosphine was 
distilled into a suspension of silver(1) iodide in a saturated 
solution of potassium iodide, and pure sampIes were 
obtained by heating the dry silver(1) iodide complex. 
DimethyZphe.rzyZborane.-Chlorodimethylborane was made 

in 92% yield from trimethylborane-trichloroborane (2 : 1) 
in an ampoule heated a t  170 "C for 14 h.7 A lower yield (ca. 
70%) was obtained from the reaction a t  200 "C. Chlorodi- 
methylborane (0.9 g, 11.8 mmol) and diphenylmercury (12.1 
g, 5.9 mmol) were sealed in an ampoule for several days and 
the volatile products separated by fractional condensation 
to give BMe,Cl (2.6 mmol) and dimethylphenylborane (0.4 g, 
3.4 mmol; 37% based on BMe,Cl used) [Found: C, 81.2; 
H, 9.7%; M(cryoscopy in benzene) 117. C,H,,B requires 
C, 81.5; H, 9.3%; M 1181. Details of the i.r. and mass 

t No reprints avilable. 
3 1 mmHg x 13.6 x 9.8 Pa. 
9 For details see Notices to  Authors No. 7, J.C.S. Dalton, 1975, 
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2 K. J. Alford, E. 0. Bishop, P. R. Carey, and J. D. Smith, 

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

spectra are given in Supplementary Publication No. SUP 
21726 (6 pp.).$ 

The vapour pressure of BMe,Ph, measured between 20 
and 50 "C, defined the equation log (p/mmHg) = - (2  270/ 
T) + 8.250, from which the calculated latent heat of 
evaporation is 43.5 kJ mol-l, the extrapolated b.p. 150 "C, 
and Trouton's constant 102.7 J K-l mol-l. As with other 
boranes, the volatility is similar to that of the hydrocarbon 
in which B is replaced by CH (CHMe,Ph, b.p. 152 "C). No 
disproportionation,8 giving BMe,, was detected during the 
vapour-pressure measurements below 50 "C, or by n.m.r. 
measurements on toluene solutions. 

There were two peaks in the spectrum of BMe,Ph- 
BMe, (1 : l), showing that exchange of methyl groups be- 
tween the molecules BMe, and BMe,Ph was slow on the 
n.m.r. time scale. In contrast, exchange of methyl groups 
between Al,Me, and A1,Me4Ph, is fast a t  20 0C.9 However, 
when BMe,Ph (0.95 mmol) was heated in a sealed tube for 
12 h a t  75 "C, the volatile materials recovered were BMe, 
(0.18 mmol) and BMe,Ph (0.21 mmol), so that 42% of the 
original BMe,Ph had decomposed [equation (l)] . Pure 

2BMe,Ph .--t BMe, + BMePh, (1) 
methyldiphenylborane was not isolated and no triphenyl- 
borane was detected. 

Preparation of Samples for N.m.Y. Measureme&s.- 
Techniques for volatile compounds have been described.l.2 
Less volatile phosphines and boranes were distilled into 
weighed fragile glass ampoules which were sealed, reweighed, 
and subsequently broken into a known volume of solvent 
inside an evacuated glass vessel which was connected to a 
vacuum line through a No. 1 glass frit and a Rotaflo tap. 
Solutions from this vessel were run directly into n.m.r. 
tubes, which were sealed after condensing in any volatile 
materials. Concentrations determined by this method 
agreed with those found by integration of the n.m.r. spectra. 
Because of the low temperatures needed for kinetic measure- 
ments, no allowance for gaseous BMe, was required.1 
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4 R. C. Hinton and F. G. Mann, J .  Chem. SOC., 1959, 2835. 
5 L. Maier, Helv. Chim. Acta, 1964.47, 2129. 
6 B. E. Mann, B. L. Shaw, and R. M. Slade, J. Chem. SOC. ( A ) ,  

7 A. B. Burg and J. S. Basi, J .  Amer. Chem. SOC., 1969, 91, 

a K. Smith, Chem. SOC. Rev., f974, 3, 443. 
0 T. Mole and E. A. Jeffery, Organoaluminium Compounds,' 
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The complexes PMe,*BCl,, PMe,*BPh,, and PMe,*BMe,Cl 

were all insufficiently soluble in toluene or dichloromethane 
to give satisfactory spectra. 

RESULTS 
In all cases studied there were methyl or methylene 

groups bound to phosphorus in donor D and to boron in 
acceptor A, each spin-coupled to phosphorus in complex 

921 
ing to two doublets and a singlet a t  20 "C. The P-methyl 
doublets overlapped at -40 "(3, and an attempt to compute 
the band envelope using five sets of two-site exchanges was 
not successful. The activation energy was found, however, 
by band-shape analysis of the B-methyl resonance alone. 
The mean life-times are summarised in Table 2, and activ- 
ation parameters from variable-temperature experiments 
are given in Table 3 (see SUP 21726 for the full results). 

TABLE 1 

Chemical shifts and coupling constants of methyl protons in donor and acceptor in complexes DA 
0, 2J( PCH) ,J( PCH) ' ,J( PBCH) ' - 

DA Solvent "C 6D 6D' SA SA' Hz 
PMe,Ph*BMe, C,H,Me a - 60 1.25 1.35 1.40 1.81 + 3.6 -9.0 h18 .5  
PMe,(NMe,).BMe, C,D,CD, b -45 3.38 3.59 1.40 4.11 f 5 . 5  - 8.0 rt 18.0 

PMe,*BMe,Ph CH,Cl, - 30 4.29 4.20 4.11 5.25 +2.5 - 9.5 f 19.2 
PMe,But*BMe, C,H,Me - 70 1.38 1.42 1.40 1.80 +3.2 - 8.3 f 16.8 

1.92c 2.19 & 10.0 h l 0 . l  

1.21 1.68 h l l . 5  -+ 12.5 
PMe,(CF,)*BMe, C,H,Me - 60 1.46 1.70 1.40 1.81 3.2 - 13.5 
P(CH,Ph),.BMe, CH,Cl, d - 60 2.56 2.46 1.40 6.33 ca. 1 - 9.0 

a 6 In p.p.m. upfield from MePh. 
8 For protons of But group. 

S Upfield from CH,Cl, as internal reference. c For N-Me protons. d 6 Upfield from solvent 
peak. 

TABLE 2 

Mean life-times of complex 

~DA-'  - 8, Range of [Dl Or [A] No. of - 
DA Solvent "C Excess of mol dm-, samples S" 

PMe,Ph*BMe, C,H,Me - 30 D 0.011-0.645 7 115 & 5 * 
C,H,Me - 30 A 0.132-0.154 3 109 & 2 

PMe,(NMe,) .BMe, C,H,Me - 24 D 0.270-0.691 5 93 -J= 7 
PMe,-BMe,Ph CH,Cl, 24 D 0.078-0.173 5 47 f 3 

CH,Cl, 16 A 0.077-0.2 18 5 18 1.4 

* Standard deviations of the mean. 

DA. Band-shape analyses of exchange-broadened 100-MHz 
spectra could therefore be carried out as described pre- 
viously.1y2 

When exchange between DA and an excess of D is fast on 
the n.m.r. time scale, the observed G(PCH) and 2J(PCH) are 
weighted mean averages, as is G(BCH) with an excess of A. 
For the systems PMe,Ph.BMe,, PMe,(NMe,) *BMe,, and 
PMe,*BMe,Ph, plots of all three parameters against the mole 
ratio total D : total A showed sharp discontinuities a t  1 : 1, 
indicating that complex formation was complete within the 
limits of detection. Chemical shifts and coupling constants 
for the individual species were measured under slow- 
exchange conditions (Table 1). 

Signs of coupling constants were assumed by analogy 
with the system PMe,*BMe,.2 The value of ,J(PBCH) for 
the complex PMe,(NMe,)*BMe, suggested that, as in the 
BH, adduct,I0 the donor atom was phosphorus rather 
than nitrogen. Values for T,, similar to those used pre- 
viously, were taken from linewidths a t  - 60 "C. Activation 
energies Et were found from plots of log (mB1) or log (2l)  

against 1/T (2-l = + ~o-l) ,  and thermodynamic 
activation parameters from the equations AH$ = ES - RT 
and log (TDA-~) = log (kT/h) + (ASs/2.311) - (AH1/2.3RT).  
Spectra of the complex PMe,But*BMe, with an excess of 
PMe,But showed five doublets (Table 1) at  - 70 "C, coalesc- 

lo C. Jouany, J.-P. Laurent, and G. Jugie, J.C.S. Dalton, 1974, 
1610. 

For the systems PMe,(CF,)*BMe,, P(CH,Ph),-BMe,, and 
PMe,O*BMe,, chemical shifts and coupling constants for 
mixtures of the two components did not differ significantly 
from those of the separate species. Although it is possible 

TABLE 3 
Activation parameters a 

DA Solvent Excessof Et AHt ASt 
PMe,*BMe, C,H,Me D b  65 63 36 

A "  6 7 &  6 65-f 6 39 

A c  6 6 f 5  6 4 f  6 27 

A 54 52 20 
CH,Cl, D 62 60 42 

A 67 65 65 

618 59 37 
A 59 57 36 

PMe,*BMe,Ph CH,Cl, D 106 104 142 
A 93 90 92 

CH,CI, Db 73 71 55 

PMe,Ph-BMe, C,H,Me D 49 47 -1 

PMe,(NMe,)*BMe, C,H,Me D 65d  63 49 

PMe,But.BMe, C,H,Me D 75 73 100 
a Except where indicated, estimated errors for Et and AH$ 

are f 3  kJ mol-1; for A S ,  -+20 J K-1 mol-l. 8 Ref. 2. C Ref. 
1. d From N-Me region. e From P-Me and B-Me regions. 

that the free and complexed components have the same 
n.m.r. parameters, i t  is more likely that complex formation 
was not appreciable. Significant differences between chem- 
ical shifts and coupling constants of free and complexed 
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components were found in spectra of samples a t  lower teni- 
peratures, and the parameters 8,' and ~ J D '  for the com- 
plexed species were found from samples with a large excess 
of acceptor. For the system P(CH,Ph),*BMe,, equilibrium 
constants K, (Table 4) for equilibrium (2) were estimated 

both from observed donor shifts and coupling constants. 
In view of the assumptions made, the agreement is probably 
to some extent fortuitous. From the temperature variation 
of K,, the dissociation energy for the complex is probably 
between 20 and 30 kJ mol-l. 

TABLE 4 

Equilibrium constants for tribenzylphosphine- 
trimethylborane a 

25 - 1.0 1 . 0 b  1.9 
20 - 2.0 2.1 
10.5 - 3.0 3.9 3.4 

- 10.5 - 4.5 10.4 8.3 
- 30 - 5.0 15.2 
- 40 -5.2, 18.3 20.6 

dn1-3. b From coupling constants. C From acceptor shifts. 
a In  dichloromethane: P(CH,Ph),, 0.346; BMe,, 0.307 niol 

The 1i.m.r. technique does not allow the determination of 
equilibrium constants K ,  for systems suitable for kinetic 
study. Relative equilibrium constants, K,, referring to 
equilibrium (3), were obtained from the observed coupling 

PMe,*BMe, + L +, L-RMe, + PMe, (3) 

constants: L = NMe,, 1.62; PMe,Ph, 0.035; PMe,(NMe,), 
0.11; PMe,But, 0.12. Thus in dichloromethane a t  37 "C, 
the basicities of NMe, and PMe, towards BMe, were similar, 
as in the gas phase.ll If equilibrium constants in the gas 
phase and in solution are comparable, the values of K, for 
NMe, or PMe, are likely to be ca. 5 x lo4 dm3 mol-l. 

DISCUSSION 

The order of basicities towards trimethylborane in di- 
chloromethane is NMe, - PMe, > PMe,Ph > PMez 
(NMe,) - PMe,But 9 P(CH,Ph), > PMe,(CF,) - 

PMe,O - PMePh,. A similar order was found from i.r. 
stretching frequencies in the compounds [Ni(CO),D] .I2 
For the last four bases, exchange between free and coin- 
plexed donor and between free and complexed acceptor 
was fast on the IH n.m.r. time scale a t  all observable 
temperatures and so kinetic data could not be obtained. 
For the first five bases it was possible to measure the 
rates of exchange between free and complexed species. 
In all cases where data over a range of concentrations 
[D], [A], or [DA] could be obtained, the life-times of the 
complex, TDA, varied only slightly and so the rate- 
determining step appeared to be dissociation of the com- 
plex DA, as found previously for the systems NMe,. 
BMe313 and PMe3*BMe3.192 As expected, the rates of 

DA ___zc D + A; 
k,  

slow 
TDA-~ = (-d[DA]/dt)/[DA] = k,  (4) 

exchange are in the same order as the basicities of the 
donors D. Rate study by exchange between com- 
ponents within a spin multiplet has a major advantage 
over that by exchange between chemically shifted sites, 
since the site separation is usually independent of teni- 
perature in the former case but may vary considerably in 
the latter when it is best treated as an extra variable. 
This makes higher demands on the quality of the 
spectrum, so that parameters given here for systems with 
excess of donor [obtained wholly or in part through col- 
lapse of the 3J(PBCH)' doublet] are probably more 
reliable than those for systems with excess of acceptor. 
Undoubtedly, the biggest constraint in extending this 
method to a wide range of compounds is the low solubil- 
ity of many complexes, particularly a t  low temperatures. 
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