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An empirical relationship between the electronegatlvlty X of a 

central metal atom of a compound CH3-CH2M and Its Internal chemical shift 

*CH2-CHj, a difference In proton chemical shifts of CH2 and CH3, has been 

useful in comparing properties of organometallics. (1,2) The usual form 

for this relationship is given by the modified Dailey-Shoolery equation 

(193): x = 0.62~ + 2.07 (l), which has been applied to trlethylaluminums 

and ethyl aluminum halides. (4,5,6,7,8) Although changes In magnetic 

shielding are caused not only by a difference In inductive effect, but 

also by magnetic effects such as anisotropy, the D-S equation (1) offers 

a simple means for identifying Lewis acid strength of alkyl aluminums and 

their complexes with bases. The present authors wish to report on the 

application of the rule to ethyl aluminum and Its extension to lsobutyl 

aluminums and their complexes. 

The PMR spectra were run at an ambient temperature unless noted 

otherwise, on a Varlan HA-100 spectrometer using a 10 mole $ benzene 
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solution. The chemical shift of benzene was taken as 7.37 ppm from 

tetramethylsllane. The 1:l complex with a Lewis base was prepared by 

mixing equimolar amounts of the reagents. 

Table I summarizes the Internal shifts &H2_CH3 of alkyl aluminums 

and their complexes, which allow us to calculate the electronegativitles 

of Al in the Et series using eq. (1). (See the Et series in Table II.) 

For.an obvious reason the same equation Is not applicable for the esti- 

mations of XAl in the isobutyl series, which are developed later In this 

communication. It is clear that the greater the A value is (i.e. less 

negative), the greater is the electronegativity of the aluminum and the 

smaller is the electron density around Al. Replacement of Et with Cl 

results in increasing the electronegatlvlty of the central metal, as 

observed in the series Sl(C2H5)~-SiC12(C5H4) (3), or the Lewis acid 

strength, while the complex formation with bases causes its decrease. 

Table I also lists downfield shifts of internal shift A~C~-~CK, of bases 

upon complex formation with RnA1C13_,. The decrease In the electro- 

negativity of the Al monitored by CH2-CH3 protons means in a simplified 

picture an Increase In the electron density on Al, which finds its 

counterpart In terms of the increased electronegativlty of oxygen of bases 

on complex formation. (9) For example, as the Internal shift of 

0-(CH2-CH3)2 increases from 2.17 to 2.68, the Increase In the electronega- 

tlvity corresponding to an X, x.42+3.74, on complex formation with 

Et2AlC1, the XAl of Et2AlCl decreases from 1.52 to 1.37 (Table II). Since 

the complete thermochemical data are not available, the decrease in a C-O 

stretching frequency upon complex formation may be substituted for the 

strength of the complex, where the shift v 
Freev Complex 
c-o c-o 

will be greater, 

the stronger the complex, hence with the stronger aluminum species. 

Evidently Fig. 1 shows such a relationship, where X, calculated from 

eq. (1) increases In proportion to the v 
c-o 

shift or the Lewis acid 

strength of the Al species, which alS0 prOpOrtiOnally changes the xAl,s. 

Therefore, the internal shifts of oxygen bases seem to give a good indl- 

cation of the strength of the complex with the Lewis acid RnA1C13_, since 

the acids are similar in structure and no large anisotropy differences are 

anticipated. They are useful common grounds on which to compare ethyl 
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TABLE I 

Internal Shifts ACH2_CH3 of Ethyl and Isobutyl Aluminums, 

and &CHm-PCHn of the Base Resonances 

Concn.: 10 mole $ In Benzene 
Complex: 1:l 

Bases Et3Al 

None -0.79 
(-1.12)* 

Ph20 -0.94. 

PhOCH3 -1.16 

THF 
-1.22 
(2.29)*+ 

Et20 
-1.22 

(2.59) 

(I+)20 ;?$) 

Pyr. -1.05 

Et2AlCl EtAlClo iBu>Al iBu2AlCl lBuAlC12 None 

-0.88 

-0.89 

-1.05 

-1.11 
(2.36) 

-1.13 
(2.68) 

-1.08 

(3.23) 

-0.93 

-0.74 -0.72 

-0.82 -0.78 

-0.91 -0.98 

-0.98 -1.05 
(2.46) (2.28) 

-0.99 -1.05 
(2.76) (2.48) 

-1.00 -0.98 
(3.34) (3.07) 

-0.80 -0.81 

-0.57 

-0.58 -0.69 

-0.91 -0.86 

-0.96 -0.83 
(2.36) (2.48) (1.94) 

-0.98 -0.85 
(2.68) (2.79) (2.17) 

-0.93 -0.84 

(3.18) (3.33) (2.41) 

-0.74 -0.62 

-0.51 

r . .7 

* Terminal ethyl groups at -70°C. Lit. value, -1.11 LO. Yamamoto (1Ou. 

** Figures ( ) indicate Internal shifts of base resonances (AaCHm-gCHn). 

with lsobutyl aluminum series. One may now say that the Al electronega- 

tivities of both series are equal if the base resonances with complexes 

of two series show identical Internal shifts, whether THF, Et20 or 

(i-Pr)20 is used. (Table I) A plot of the xAl In the lsobutyl series 

against ACH2_CH3 using eight such data gives the following lsobutyl 

equatlon analogous to the ethyl eq. (1). 

XiBunA13_n = 0.736 + 2.08; A(CH~-CH~) (2)* 

*carrel. coeff. r = 0.976, standard deviation Sx = 0.014 
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Fig. 1 

Correlation between X. and XAl In Complexes 
Complex** 

Et20-Et,AlClj_, and vC_,OreevC_O 

d 
4 x 

1.3 
3.4 3.5 3.6 3.7 3.8 3.9 

x, 

* Taken from ref.(lO), corrected for the difference In values 
of free Et20. 

*+ Ref. (11). 

It is of interest to note that the equation has the same intercept as the 

equatlon (1) with a somewhat greater slope. This 1s reasonable since when 

M=H, i.e. A=O, X talc. should become the electronegativlty of H, 2.07, 

which should be, and Indeed Is identical In both series. A greater slope 

simply shows a better Insulation in transmission of electronic effects by 

an extra carbon. Equation (2) now allows us to calculate and compare 

electronegatlvitles of both complexed and noncomplexed isobutyl series 

In one place as given In Table II together with the Et series already 

obtained from eq. (1). The fact that XA1_IBu > XAl_Rt in the noncomplexed 
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TABLE II 

XAl of Ethyl and Isobutyl Aluminums and Their Complexes 

Base 

None 

Ph20 

PhOCH3 

THP 

Et20 

(i-Pr)20 

Pyrldine 

Et3Al Et2AlCl 

1.37* 1.52 

1.49 1.52 

1.35 1.42 

1.31 1.38 

1.31 1.37 

1.33 1.40 

(1.42)** (1.49) 

EtAlC12 iBu3Al 

1.61 1.55 

1.56 1.51 

1.51 1.36 

1.47 1.31 

1.46 1.31 

1.45 1.36 

(1.57) (1.49) 

iBu$lCl iBuA1C12 

1.66 1.71 

1.66 1.58 

1.42 1.45 

1.38 1.47 

1.36 1.46 

1.40 1.47 

(1.54) (1.63) 

* Calculated from terminal ethyl groups (-70°C.). 

** These may not reflect true values. For details, see the text. 

cases is not known, but a steric factor may be involved. However, among 

the complexes the X's were generally in the following order (or the 

relative Lewis acid strengtn order) regardless of the alkyl groups: 

R3Al > R2A1C1 > RA1C12. 

Table II indicates also that such a weak base as diphenyl ether 

does not form a complex with R2AlCl as revealed by no change in X. Since 

R2A1C1 usually exists as a dlmer, diphenyl ether is not strong enough to -. 
cleave the dimer for the complex formation. However, much strong acid of 

the type RAlC12 forms a complex. Since iBu3Al is a monomer at room 

temperature requiring no reorganization energy, diphenyl ether can form a 

complex with it. This is in contrast to Et3A1, most of which exists as 

a dimer (12,13), and only a portion in a complex form, where a rapid 

exchange in an NMR time scale produces an averaged shift. 

The apparently weaker basicity of pyridlne which was also previously 

noted by others (8,9) may be due to a positive charge developed in the 

pyrldine ring where the ring current may result in an abnormal deshielding 

of tne methylene protons yielding an erroneously high Al electronegativity 

for the complex. 
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