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Thermal Decomposition of Primary and Secondary Amine Adducts of 
Triethylaluminium and Diethylaluminium Halides 

By Keith Gosling t and Richard E. Bowen, Department of Chemistry, West Virginia University, Morgantown, 
West Virginia 26506 

The stabilities of the adducts Et,XAI-NHMe, and Et,XAI-NH,BuL toward thermal elimination of ethane io l low the 
order X = Et  < CI < Br < I .  This order is correlated with i.r. and n.m.r. spectral data to show that adduct stability 
is principally a function of the negative charge density on the cc-carbon atoms of the ethyl groups bonded to aluniin- 
ium, and not a function of the nitrogen proton acidity. A discussion of the factors influencing the distribution of 
electron density in the AI-C bond is presented. A study of the thermal decomposition of Et,CIAI-NHMe, shows 
that the reaction follows zero-order kinetics, indicating that it is predominantly surface catalysed. 

ADDU CTS of organoaluminiuni compouiids with primary 
or secondar>- aniines decompose thermally to yield a 
saturated t ij-drocarbon and the corresponding aluminium 
amitfe according to equation (1) .  Significant differences 

, 
-t 

in the clc.c.oiiiposition temperatures of tlic adducts 
arc c>\-idtnt from the examples given in Tables 1-43, 
but so far no consistent rationalization for these differ- 
ences has appeared in the literature. Previous workers 
have observed (a) that there is an increase in tlie thernial 
stabilit!. of tlie adducts as the number of alkyl groups 
bonded to aluniiniuni decreases,lV2 (b) that the lower 
tliernirtl stabilitj- of aromatic amine adducts, compared 
with tliose of aliphatic amines, reflects the higher acidity 
of the nitrogen protons in the former cases,2 and (c) 
that the Iiigher stability o f  3.3t,A1-NH,But compared 
to I’t,Al- S H,Me probably indicates steric hiiidrarice 
to cthanc. f o r n i a t i ~ n . ~  This paper co-ordinates the 
stud\- of adduct stabilit3. and specifically considers 
the. :idduct\ lCt,XAl-NHMe, (S -= Et, Cl,4 Br,S or IG) 
and EtJ.41 NH,But (X = Et,  C1, Br, or I). X 
gmeral 1-a tionalization for the observed differences 

1 1’1 \I 111 o d d /  c S S :  Materials Section, T’nilcver Research, Isle- 
~ o r t h  r-al)or;itor(-, 4 X  1.ondou Road, lslcn-orth, JIiddleses T\V7 
5>\ 1: 

* 1;. A l .  C oh(m, J .  K. Gilbert, and J.  I). Smith, J .  C‘keiiz. Soc., 
1 Ni5, lo!)? 

2 .J Ji. ( r ~ l l x - i  t ,mtl J.  1). Smith, J .  Clrrin. Soc. (*4) ,  1968, 233. 
‘1. 1Tol~ ; ~ i 1 ( 1  I:. .\. Jcffcry, ‘ Organo~~luniiIiium Cc)uipounds,’ 

El.(.\ i ( r ,  lr i i \ tc  i c i : i n ) ,  I ! ) i2 ,  13. 230 

in adduct stability is presented which ernploj‘b i.r. and 
lH n.1n.r. data to correlate minimum decomposition 
temperatures with the electron distribution in crucial 
bonds in the molecules. 

The mechanism of tlie actduct tlcconipositioii reaction 
has received a single nientioii in the literature iii which 
i t  was suggested that if steric effects are real, then the 
reaction is not unimolecular, but may invol\-e turo or 
more molecules. Here irtl report a. kinetic stud>- of 
the thermal decomposition of 15t2C1,11 -NHMe, which, 
whilst not giving further information about the niole- 
cularity of tlie reaction, docs slio\s. that it i y  surface 
cat a1 yscd. 

KES ULTS LiS D DISCUSSIOS 

Addi ic t  Stability.--.\ more detailed explanation of the 
relative thermal stabilities of organoaluminium -amine 
adducts requires a closer look at  tlie reaction involved. 
iUtliough the thermal decomposition of trieth\.lalu- 
niinium has been shown * to proceed by a radical mechan- 
ism, leading to a variety of products, tlie quantitative 
formation of alkane and arnide from the adduct de- 
composition, and the relativeljv low temperatures 
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involved, indicate a molecular reaction in this case. 
Whatever the exact mechanism, the result is the cleav- 
age of both N-H and A1-C bonds. The compounds 
specifically studied in this paper are typical examples 
of the 1 : 1 adducts formed between trialkylaluminiums 
or alkylaluminium halides, and the relatively strongly 
basic alkylarnine~.~ There was no evidence to suggest 
that the adducts dissociate, and all could be purified 
by distillation, sublimation, or recrystallization. 
Similarly, the lack of any significant association was 
demonstrated by molecular weights determined cryo- 
scopically from benzene solutions, and n.m.r. spectra 

adduct molecules, it is justifiable to use data from 
physical measurements to gain a direct insight into the 
condition of the bonds in the adducts which are broken 
during thermal decomposition. Thus, the relative 
acidities of the NH protons can be estimated from the 
stretching frequencies in the i.r. spectra of the adducts 
where a decrease in the frequency would indicate 
a more acidic proton. The observed N H  i.r. stretching 
frequencies of the adducts are sharp bands indicating 
that the lower frequencies are not due to hydrogen 
bonding effects. Another probe is the direct observation 
of the relative chemical shifts of the N H  signals in the 

TABLE 1 

Decoiiiposition temperatures of Lewis base adducts of orgarloaluminium compounds 
Approx. minimum 

-4dduct decomp. temp. ("C) a 
Et,.U-NH, t O  
Et,ClAl-NH, < 65 
EtCl,Al-NH, < 125 

Et,Al-NH,Ph e > -78 
Et,ClAI-NH,Ph C 25 
EtC1,A1-NH2Ph 120 

Adduct 
Et,Xl-NH,Me 
Et,ClAl-NH,Me 
EtCl,AI-NH,Me 
Me,Al-NH,Me f 

[Me,Al-OH,] f * g  

[Me,Al-SH,] f * g  

[Me,Al-O(H)Me] f s g  

Appros. minimum 
decornp. temp. ("C) a 

0 
> 50 

127 
55  

6 0  
< O  
t O  

a The temperatures quoted in the literature should not be taken to be highly accurate as regards the initial onset of decomposition, 
K. Gosling, 

f Work described by G. Rahr, F.I.A.T. Review of 
but the differences between various compounds are sufficiently large t o  show general trends. 
J .  D. Smith, and D. H. W. Wharmby, J .  Chew. SOC. ( - 4 ) ,  1969, 1738. 
German Science, 1939-1945, Inorganic Chemistry, Part  11, p. 155. g Adducts not isolated. 

Ref. 1. Ref. 2. 
Ref. 4.  

x 
E t  
c1 
81- 
I 

TABLE 2 
Decomposition temperatures and spectral data for the adducts Et,SAI-,\JHRle, 

Decomy. 
temp. ("C) G(NH) v(XH)/cm-' G(AlCH,CH,) G(AlCH,CH,) A(BCH, - BCH,) 

90 2-73 3280 1.30 0.03 1.2'7 
100 3.95 3280 1-45 0.32 c 1.11 
120 4.13 3213 1.53 0.48 1.05 
140 4.32 3188 1.70 0-70 1-00 

Neat liquid. b Liquid film. c ,\yerage of two quartets. 

T A B L E  3 
Decomposition temperatures and spectral data for the adducts Et,XAl-SH,But 

Decomp. v(a-NH), x temp. ("C) G(NH) v(e-NH)/cm-' G(AICH,CH,) G(AlCH,CH,) A(6CH, - GCH,) 
Et 90 2-77  a 3297,b 1.33 0.09 1-24 

324'7 
C1 100 3.6-1 3230,d 1.45 0.35 c , e  1-10 

3200 
Br 120 4-07 3250,d 1.62 0.57 e , e  1-05 

3210 
I -120 3.77 = 3821," 1-18 0.58 0.95 

3182 

X 
1.28 
1.38 
1.42 
1.45 

X 
1.30 

1-39 

1.42 

1.48 

a Neat liquid. Liquid film. 10% CC1, solution. d Fluorolube mull. Average of two quartets. 

which proved to be identical for the neat liquid adducts 
and carbon tetrachloride solutions of various con- 
centrations. Additional information confirming the 
monomeric nature of this type of adduct has come 
from single crystal X-ray data for the related compounds 
Me,Al-(quinuclidine) lo and Me,IAl-NMe3,11 which in- 
dicate that no abnormally close interactions exist which 
might suggest specific monomer association. With 
this evidence for the independent behaviour of the 

lo C. D. Whitt, L. M. Parker, and J .  L. Atwood, J .  Organo- 
Ref. 3, chs. 2 and 4. 

metallic Chew., 1971, 32, 291. 

n.m.r. spectra of the adducts, where a downfield shift 
corresponds to a less shielded, more acidic, proton. 
It should be noted that the n.m.r. spectra of the adducts 
change drastically if aromatic solvents are used due 
to the formation of an adduct-solvent collision complex.6 
However, pure liquid adducts or carbon tetrachloride 
solutions give identical spectra, and in this work all 
spectra were recorded from such samples. 

The A1-C bonds can be studied by observation of the 
relative chemical shifts of the AlCH,CH3 methylene 

11 J.  L. Atwood and P. A. Milton, J .  Organometallic Chetia.. 
1973, 52, 275. 
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proton resonances in the n.ni.r. spectra. This should the calculated electronegativity values for the aluminium 
be a useful measure of the relative negative charge 
densities a t  the or-carbon atoms of the ethyl groups. 
A downfield shift in the resonance frequency would 
indicate less shielded methylene protons, a lower 
negative charge density at the a-carbon atom, and a 
reduction in polarity of the A1-C bond. Similarly, 
an estimate of the electronegativities of the aluminium 
atoms in the adducts would provide useful information 
about the relative degrees of polarity of the A1-C bonds. 
Such an estimate can be obtained using the modified 
Dailey-Schoolery relationship,12 x = @62A + 2-07, where 
x is the electronegativity of aluminium and A is the 
internal chemical shift (XH,  - K H ,  in p.p.m.) of an 
ethyl group bonded to aluminium. This equation has 
previously 1 3 9  l4 been applied successfully to ethyl- 
aluminium halides in order to estimate their relative 
Lewis acidities. 

The adducts specifically studied here are Et,X41- 
NHMe, and Et,XAl-NH,But (X = Et, C1, Br, or I) 
and in both series the stability with respect to thermal 
decomposition increases in the order E t  < C1 < Br < I. 
The general consistency of the results (Tables 2 and 
3) within these two series, suggests that the order of 
thermal st ability can be explained satisfactorily on 
electronic grounds, and that any steric factors are 
either consistent or generally unimportant. 

The following observations can be made from the 
data in Table 2 concerning the series Et,XAl-NHMe,. 
The N H  stretching frequencies decrease down the 
series indicating that the nitrogen protons are becoming 
more acidic in the order Et < C1 < Br < I. 
Similarly, the increasing chemical shifts of the N H  
resonances in the n.m.r. spectra confirm this order. 
These results are in line with the order of increasing 
Lewis aciditj- of the diethylaluminium halides 1 3 9 1 4  
and show that as the Lewis acidity of the aluminium 
atom increases, electron withdrawal from the nitrogen 
donor becomes more pronounced, and the nitrogen 
protons become more acidic. However, since the 
thermal stability of the adducts increases in the same 
order as the increasing acidic character of the nitrogen 
protons, it is evident that nitrogen proton acidity is not 
a controlling factor in adduct stability. 

A direct study of the chemical shifts of the methylene 
protons of the ethyl groups bonded to aluminium, 
shows that there is a steady increase in value down the 
series, corresponding to a decrease in shielding in the 
order Et > C1 > Br > I. In turn this indicates 
that there is a decrease in the negative charge density 
associated with the cc-carbon atoms of the ethyl groups 
in the same order, and suggests that the polarity of 

the A1-C bond decreases down the series. Similarly, 
6+ 6- 

l 2  P. T. Narasinihan and M. T. Rogers, J .  Amer.  Chem. SOC., 

l3 C .  A. Smith and &I. G. H. Wallbridge, J .  Chem. SOC. ( A ) ,  

l4 0. Yamamoto, Bull. Chem. SOC. Japan,  1963, 36, 1463. 
l5 L. Pauling, ' The Nature of the Chemical Bond,' Cornell 

1960, 82, 5983. 

1967, 7. 

University Press, Ithaca, 1960. 

atoms increase in the order -Et < C1 < Br < I, again 
suggesting that the polarity of the A1-C bond decreases 
down the series. I t  is apparent from Table 2 that 
this decrease in the Al-C bond polarity corresponds to 
an increase in the thermal stability of the adducts 
which suggests that  it is the A1-C bond polarity, rather 
than the nitrogen proton acidity, which is the controlling 
factor in adduct stability. Thus the more stable adducts 
are those in which the a-carbon atoms of the ethyl 
groups carry a relatively small negative charge, and 
conversely, the less stable adducts are those in which 
the or-carbon atoms carry a well developed negative 
charge. 

In  order to explain the decreasing polarity of the 
Al-C bond in the series E t  > C1 > Br > I, i t  is necessary 
to consider the individual electronic effects operating 
in the system (A).  Upon replacing an ethyl group 

L 

X' 

by a chlorine atom, the aluminium becomes a stronger 
Lewis acid through inductive electron withdrawal. 
In  turn this leads to the following effects. (a) The 
nitrogen atom is encouraged to release more electron 
density to aluminium as shown by the increased acidity 
of the nitrogen proton by both i.r. and n.m.r. spectra. 
(b) C1-A1, p,d, Back-bonding is invoked to offset the 
inductive withdrawal of electron density. This is a 
reasonable postulate since the aluminium d orbitals 
would be expected to become lower in energy if the 
positive charge on aluminium increased. Evidence 
for this type of interaction comes from structural data 
acquired from single crystal X-ray studies or vapour 
phase electron diffraction work, and shows that the AI-Cl 
bond is significantly shorter than would be predicted 
from the sum of the appropriate covalent radii, 2.25 
Thus in (MeAICl,), l6 and (A1C13),,17 the terminal A1-C1 
bond lengths are 2.05 and 2.06 A, respectively. Such 
back-bonding effects are reduced, but not eliminated, 
when a more efficient electron donor is bonded to alu- 
minium as shown by the longer Al-C1 bond length found 
in C13A1-NMe, (2.12 and Na[AlCl,] (2-13 A).19 
(c) The or-carbon atoms of the ethyl group lose electron 
density to the aluminium atom, as shown by the in- 
creased chemical shift of the methylene protons in the 
n.m.r. spectrum. The overall result of these electron 
density shifts is to reduce the polarity of the A1-C 
bond and thus to reduce the negative charge on the 

l6 G. Allegra, G. Perego, and A. Immirzi, Makromol. Chenz., 
1963, 61, 69. 

l7 K. J.  Palmer and  N. Elliott, J .  Amev. Chem. SOC. ,  1938, 60, 
1852. 

l* D. F. Grant, R. C. G. Killean, and J .  L. Lawrence, Acta 
Cryst., 1969, B25, 377. 

l9 N. C. Baenziger, Acta Cryst., 1951, 4, 216. 
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a-carbon atom of the ethyl group. In the series Et2- 
SA1-XHMe, (X = C1, Br, and I) the decreasing ability 
of the halogen to back-bond to aluminium is shown by 
the smaller degree of bond shortening indicated from 
structural data. The A1-Br bond length given by the 
sum of the covalent radii is 2-40 A, whereas in (A1Br3), l7 
and (Me3SiOA1Br,), 2o the terminal Al-Br bonds are 
2-21 and 2.24 A, respectively. By the same token, 
it is apparent that 7~ back-bonding is virtually absent 
in the A1-I bond as shown by the terminal bond lengths 
in (ALI,), (2.53 A) l7 and Me,IL41-NMe3 (2.58 A),11 which 
are close to the value of 2.59 A predicted from the sum 
of the accepted covalent radii. This decrease in the 
back-bonding activity is apparent in the adducts under 
discussion in that the aluminium atom demands more 
electron density from the nitrogen donor, as shown by a 
further increase in the acidity of the nitrogen protons 
from the chloro- to iodo-substituted compounds. At  
the same time, the a-carbon atoms of the ethyl groups 
lose more electron density to  the aluminium atom, as 
shown by a further downfield shift of the inethylene 
proton resonance in the n.m.r. spectra. The overall 
result is to reduce the negative charge density on the 
a-carbon atom, thereby stabilizing the adduct toward 
thermal decomposition. 

Table 3 shows i.r. and n.m.r. data for the series 
Et,XAl-NH2But. Again, the thermal stability in- 
creases generally in the order E t  < C1 < Br < I. 
The n.ni.r. data confirm the increasing acidity of the 
nitrogen protons and the decreasing negative charge 
density on the a-carbon atom of the ethyl groups in 
going from ethyl, to chloro-, to bromo-substituted 
adducts. Although it  is possible to attribute the 
higher stability of Et,Al-NH,But, compared to Et,Al- 
NH,Me, to the greater donor ability of t-butylamine, 
there is insufficient evidence to rule out the steric 
hindrance to ethane elimination suggested bv Mole 
and J e f f e r ~ . ~  The break in the trend in the measured 
spectral data for the iodo-compound, Et21Al-NH2But, 
is apparently real and could be due to steric effects, in 
this the most crowded adduct, which prevent full 
donor interaction by the amine. However, it is in- 
teresting that the empirically calculated electro- 
negativity for the aluminium atom follows the expected 
order. 

In general, it is possible to account for the relative 
stabilities of various adducts of organoaluminium 
compounds with donors containing acidic protons 
in all cases where steric factors do not interfere. In 
this manner, relatively weak donors tend to reduce 
the negative charge density on the a-carbon atom of an 
organic group attached to aluminium, to only a small 
extent, thus leading to the low stability of adducts of 
H,O, H,S, ROH, RSH, and weakly basic amines. On 
the other hand, strong donors such as the more strongly 
basic aniines reduce the negative charge density on the 
a-carbon atoms significantly, resulting in appreciably 
more stable adducts. ITurthermore, the replacement 

?O RI.  Ronamico and G.  Dcssx~. T .  Ckrni. SOC. ( A ) .  1967. 1786. 

of an organic group bonded to aluminium by a more 
electronegative atom again reduces the negative charge 
on a remaining a-carbon atom, thus stabilizing the 
adduct, but those atoms that are capable of effective 
x back-bonding to aluminium will generally not produce 
such a marked increase in stability. 

From Table 1 it can be seen that the ethylaluminium 
compound, Et3A1-NH,Me, is appreciably less stable to 
alkane elimination than the corresponding methyl 
compound, Me,A1-NH,Me. The replacement of an 
electron-donating methyl group by a hydrogen atom 
results in a significantly lower negative charge density 
on the remaining carbon and, consistent with the 

301 
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cn 
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E 
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0 60 120 180 

t I m i n  
Zero-order kinetic plots of tlrc theriiial decomposition of Et,ClAl- 

NHMe,: A Pyrex tube; I3 smaller sample than in A, in Pyrex 
tube; C crushed Pyres capillary in Pyrex tube; D poly- 
propylene tubc; E Teflon covcrcd stirring bar in Pyrex tube 

arguments used so far, leads to the higher stability of 
the methylaluminium compounds. 

Kinetics of the Thermal Decompositiozz of Et,ClAl- 
NHMe,.-In an attempt to understand the mechanism 
of thermal decomposition of the adducts discussed in 
the first part of this paper, a kinetic study of the de- 
composition of Et,ClAl-NHMe, was undertaken. Since 
the reaction [equation (2)] occurs with the formation 
of ethane, the reaction was followed by observing 

2Et2C1A1-NHMe, --t (EtClAlNMe,), + 2EtH (2) 
the pressure change in a closed system at  constant 
temperature. Pressure-time data were obtained for 
various reaction conditions to a t  least 757; completion 
and plotted assuming first-, second-, and zero-order 

i .I \ I ,  kinetics. Whereas t’he first- and second-order plots 
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gi\.e distinctl!- curved lines, the zero-order plots (Figure) 
are straight suggesting that the decomposition of the 
adducts is surface catalysed. Line A represents the 
data for a pure sample in contact with a Pyrex tube. 
LA decrease in sample size in the same tube led to a 
slower reaction (line B) corresponding to a decrease 
in the surface area in contact with the sample. In- 
creasing ttie available surface significantly, through 
the addition of crushed Pyrex tubing, gave an ap- 
preciably faster reaction (line C) as would be anticipated 
for a surface-catalysed reaction. In  order to determine 
whether sites on the Pyrex glass surface were specifically 
assisting the reaction, the glass reaction tube was 
replaced b!. one of similar dimensions machined from 
plypropvlene. -4n increased reaction rate was ob- 
served (line D) indicating that the glass surface was not 
specific and also that the roughly machined poly- 
propylene surface provided an increased surface area 
for the reaction. A similarly fast reaction u7as also 
observed (line E) when a Teflon covered magnetic 
stirring bar was added to the glass system. 

The onlv conclusions that can be drawn froin this 
study are that the decomposition is a molecular re- 
action which takes place predominantly at a solid 
surface and appears to be independent of the type of 
surface. I t  is notable that although the decomposition 
of triethylaluininium proceeds largely by a radical 
mechanism, it is also surface catalysed.6 No deduction 
can be made at  this time regarding the molecularity of 
tlic adduct clecomposition reaction. 

I2 S PEHIME N Trt 1- 

Osygcn a ntl moisture wore excluded from all reactions 
hy tlic usu;tl tcchniques. l.r.  spectra were recorcled on a 
I3cd<nian I I< 12 spectrometer from liquid films or h'ujol 
ant1 Fluorolubc mulls bctween CsBr plates, and n.m.r. 
spectra wit11 a Varian T-60 instrument. Chemical shifts 
are reported relati\-e to tetraniethylsilane a5 external 
s tantlard. 

I'vc~finvnf I 0)' of ,-f d d z ~ l s .  --E t, Al-hyHMe2. Di niet tiyl- 
aiiiiiic ( 2 8 4  inmol) was niea-ured in the vacuum line and 
coiidcnsed on to a solution of  triethylaluminium (3.24 g, 
28.4 nirnol) in  tlr!. ~i-hesanc ( 15 ml) a t  - 196". The mixture 
W ~ L S  warmed slo\\-l!~ to room temperature arid the solvent 
rc ni( ) vctl iriid er vacu u 111. Trie thylalu miniu m-tlinicthyl- 
;tinin(' tli~tillctl at 32- 33" ~ i n t l  10 mmHg witliout decom- 
position a.5 long a s  tlic bath temperature was kept below 
7;i3, 6 (SO I l H z ;  neat) 2.77 (s, XCH,), 2.73 (s, S H ) ,  1.30 
( t ,  =UCH,('N,), ~ i t l  0.03 ((1, A\lCH,CH,, J 8.0 Hz). 

The NCH, and YH resonance in the n.1n.r. spectrurii of 
n c ~ i t  15t3Al-\ HMe, appcar as singlets separated by cn 2 4  
H L .  'I'hc. assignments are supported unequi\-ocally by 
iritc.gratioii Hou-cver, 111 tlic spectrum of a benzene 
solution, the S C H ,  rcscmaiice splits into a doublet ancl the 
S H  rcwnance is broatlenctl conderably, both being shifted 
i i p f i t ~ l t l .  'I h c h  cxtcnt of t lw upfield shift and the magnitude 
ot t he  coupling constant, J(HS,CH,), are dependent upon 
concentration ']'his observation is in contrast to the 
\pcctra o f  i h c  ncat coinpounds Et,XAl-NH&Ie,, where 
the NCH, resonance appears as the expected doublet 
: i i i t l  t hc NII re7oii;~nce cit i ic~ 3 5  a broad peak or a discernible 

septet, with coupling constants, J(HX,CH,) , decreasing 
in the series X = I, 6-01; Br, 6.00; C1, 4-00 Hz. In benz- 
ene solutions, the spectra of these compounds show an 
upfield shift of all resonances which is most marked for the 
NH peak, and the observed coupling constants, J(HN,CH,) 
decrease to zero at high dilution. This behaviour has 
been explained by the formation of collision complexes 
between the nitrogen protons and the aromatic solvent, 
which leads to the apparent magnetic equi\ralence of the 
NH and NCH, protons. 

The lack of observable coupling a t  60 MHz between the 
NH and KCH, protons in neat Et3A1-NH31e, could be 
attributed to rapid nitrogen proton exchange. However, 
this seems unlikely since i t  was shown earlier that the 
nitrogen proton in this compound is the least acidic of the 
series Et,XAl-SHMe, (X = Et, C1, Br, 01- I), and yet 
all the halogen substituted compounds exhibit coupling 
between the NH and NCH, protons signifying a lack of 
exchange. More reasonable explanations may be (1) the 
deformation of the H-N-C angle in individual adduct 
molecules is sufficient to prevent effective coupling, or 
(2) intermolecular interactions lead to the apparent mag- 
netic equivalence of these protons. The observation 
of coupling in the spectrum of a benzene solution would 
then be due either to (a) the modification of the H-N-C 
angle upon solvation, which then permits coupling, or (b) 
the breaking up of intermolecular interactions, and solvation 
of the monomers, which makes the XH and NCH, protons 
inequivalent and thus susceptible to coupling. 

The i.r. spectrum of the neat liquid showed the following 
principal absorptions: 3280m, 3010m, 290dm, 2935s, 
2905s, 2865vs, 2790m, 2715w, 1468111, 140jIl1, 1370w, 
1265w, 1232w, 1215w, 1186m, 1117n1, 1058vw, 1041w, 
1018s, 982s, 947111, 893s, 82Ovw, 76Ovw, 635s, 498n, and 
4521x7 cni-l. 

Et,ClA41-NHRSe2. This was prepared a\ previously 
described ancl purified by distillation a t  i 2 -  and lo-& 
mmHg, 6 (60 MHz; neat) 3.96br (NH), 2.93 (cl, SCH,, 
J 4.0 Hz), 1-43 (t, AlCH,CH,), and 0-33 and 0-31  (both) 
q,  AlCH,CH,, J 8-0 Hz, V,,~. (neat) 3220111, 311Ow, 3010w, 
2990ni, 2942s, 2905s, 2863vs, 2790m, 2730nr, 2440vs, 
1465s, 1452sh-m, 1436w, 1407m, 1372w, 1 Y i l t n ,  1221m, 
1195111, 1112111, 1040m, 1019s, 988m, B.? ln i ,  !)18n, 889s, 
815vw-, 767w, 650~5, 625s, 596w, 550ni, 18O111, 4%O\v, and 
450111 cn1-l. 

E t ,BrAl-XHRIe,, 3 E t,I Al-SHMe 2 ,  ( 1  ?id E t J Al- 
NH2I3ut,' (X = Et, C1, Br, OY I). These wcix, prepared 
as described in previous papers which also included all 
IH n.m.r. and i.r. data. 

Tl~eriizal DeconzjositwiL of Et,ClilI-X'Hhle,. - l'lie kinetic 
studies were carried out using a tensinieter similar III con- 
cept to that illustratccl by Shriver.z1 X glass index on 
the inside of the sample limb of tlic manonietcr perinitted 
the mercury level to be adjusted to the same point each 
time, ensuring that pressure readings were taken at  constant 
volume. X Fischer and Porter Teflon and 0 ring seal 
joined the sample tube (Pyres or polypropylene) to the 
tensinieter. Sample tubes were loaded with L C L  1 nimol 
of freshly distilled Et,ClBl-NHMe, in the clry-bos, capped, 
then taken to the tensinieter ancl attached under a flow oE 
nitrogen. The tensinieter was evacuated and the IiiercuIy 
raised to contain the sample. X vigorously atirrecl oil- 
bath, maintainecl a t  100.8 & O-l ' ,  was raised to immerse 

The JIanipulation ot -Iir-\wisitivc Com- 
pounds,' McGraw-Hill, Scw York. 1969 p 60 

D. 5'. Shrivcr, 

http://dx.doi.org/10.1039/DT9740001961


1966 J.C.S. Dalton 

the tensimeter completely, and as soon as the temperature Pressure-time data are given in Supplementary Publica- 
was constant, pressure readings were taken at  timed tion SUP No. 21070 (6 pp.) * and are reported graphically 
intervals until the reaction was at  least 75% complete. in the Figure. 

Authors No. 7, J.C.S.  Dalton, 1973, Index issue. 
10 pp. are supplied as full-size copies. 

* For details of Supplementary Publications see Notice to 
Items less than 

We than]< Dr. A. C. Ling for helpful discussions. 
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