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Summary

The charge transfer frequencies for some tetracyanoethylene-PhX complexes
have been used to derive 0, constants and '*C NMR data to derive 0% constants
for the X groups, with the following results (X, -0}, -0%): H3SiCH,, 0.27, 0.16;
Me;SiCH,, 0.54, 0.20; Et;SiCH,, 0.57, 0.21; n-PrySiCH,, 0.58, 0.21; (Me;Si);C,
0.62; 0.22; (MeO)Me,SiCH,, 0.45, 0.19; (MeO),MeSiCH,, 0.40, 0.18; (MeO);Si-
CH,, 0.24, 0.17; Et;GeCH,, 0.67, 0.21. The first ionization potentials as given
by photoelectron spectroscopy are reported for PhCH,SiY,; with Y; = H;, Me,,
Et;3, n-Pr3, (MeO)Me,, (MeO);Me, and (MeQ)3, and rates of detritiation in CFs-
CO,H at 70°C for p-R;SiCH,C.H,-*H with R = Me, Et, and n-Pr; these rates
are used to derive 0, constants of —0.56 for Me,SiCH, and —0.57 for Et,SiCH,
and n-Pr;SiCH,.

Introduction

The use of charge transfer frequencies for the complexes between substi-
tuted benzenes, PhX, and tetracyanoethylene (TCNE) to determine the o} con-
stants of the X groups, which was pioneered by Traylor and his colleagues [11,
was recently refined by Davis and employed by him to derive o}, constants for a
range of (organometal)methyl groups [2]. Since we had available the relevant
data for a range of Y;SiCH,Ph and related compounds, we have used the rela-
tionship devised by Davis to obtain such constants for some (organosilyl)-
methyl groups. We have also used the '3C NMR spectra of the Y3S1CH2Ph and
related compounds to derive approximate values of the corresponding o% con-
stants. For a few of the compounds some PES data are also presented, as are
rates of detritiation for some p-R;SiCH,CsH,*H compounds, which provide a
further measure of electron release by the R;SiCH, groups.

* Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, 90-362 ¥.odz,
Boczna 5, Poland.
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Results and discussion

A. Charge transfer frequencies

The charge transfer frequencies vycng recorded for PhX/TCNE mixtures in
CH,Cl, are shown in Table 1, along with the ¢, constants for the X groups cal-
citlated by use of the relationship 1 derived by Davis [2]. The data mainly refer
to silicon compounds, but those for Et;GeCH,Ph and (PhCH,).Hg are included
to permit comparison of our results with those discussed by Davis.

0'; =946 X 10-5 VTCeNE — 2.466 (1)

The features of the results are as follows:

(a) The oy, values derived for Me;SiCH.,, Et;GeCH,, and PhCH,HgCH, groups
agree well with those given by Davis. The o}, values for Et;SiCH, and n-Pr,Si-
CH,, are slightly larger than those for Me;SiCH,, and consistent with the value
of —0.55 derived by Davis for n-BuzSiCH, using data reported by Egorochkin
et al. [3]. However, our o, value for the (Me;Si);C group, —0.62, is signifi-
cantly smaller than that derived by Davis, again from the data of Egorochkin et
al.

(b) For the (MeO),Me;_,SiCH, groups, the o}, value falls progressively as n is
varied from 0 to 1 to 2 to 3, so that as measured by o7}, values (MeO);SiCH, is
substantially less electron releasing than the Me;SiCH, group, and somewhat
less electron releasing than the Me group. The change in ¢}, on going from Me;-
SiCH, to (MeO),;SiCH, (+0.30) is rather similar to that (+0.28) on going from
Et;GeCH, to (EtO);GeCH,, [2].

(c) The H;3SiCH, group is markedly less electron releasing than the Me;SiCH,
group, and rather similar in this respect to the (MeO);SiCH, group.

Additional v4cng data for a-silyl and a-germyl-methyl substituents have
recently been presented by Egorochkin and his colleagues [21], supplementing
those reported earlier [3]. The values are shown in Table 2, along with the
corresponding o}, values which they calculated by use of the equation 5260 o, =
(Vrene — 24 800), and those we derived from their vreng values by use of the
Davis equation (eq. 1). The o}, values derived by Egorochkin et al. are clearly
on a different scale from the common ¢}, values and so cannot be used along-

TABLE 1

CHARGE TRANSFER FREQUENCIES OF PhX—TNCE COMPLEXES, AND DERIVED op*
CONSTANTS FOR X GROUPS

X 1073 vypoNE (em™1) —op*
H3SiCH»> 23.2 0.27
Me3SiCHy 20.4 0.54
Et3SiCH> 20.0 0.57
n-Pr3SiCH» 19.9 0.58
(Me3Si)3C 19.5 0.62
(MeO)Me,SiCHy 21.3 0.45
(MeQ)sMeSiCH; 21.8 0.40
(MeQ)3SiCHz 23.5 0.24
Et3GeCH; 18.0 0.67

PhCH,HgCH, 16.0 0.95
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TABLE 2
CHARGE TRANSFER DATA FOR PhX FROM REF. 21, AND DERIVED lJp+ CONSTANTS

p.4 103 UTCNE —Gp+ —0p+
(em™1) (From ref. 21) (From eq. 1)
Me3SiCH, 20.8 0.76 0.50
Me(PhGH2)2SiCHy 19.7 0.97 0.60
HMe(PhCH3)SiCH> 20.0 0.91 0.57
HELt,SiCH, 20.2 0.87 0.55
H(t-Bu),SiCH, 20.9 0.74 0.49
HEt(PhCH2)SiCH> 20.4 0.84 0.54
Me3zGeCHy 19.2 1.01 0.65
HyEtGeCHo, 19.3 1.05 0.64
H(PhCH2)>GeCH> 19.4 1.03 0.63
H,(PhCH,)CeCl, 19.8 0.95 0.59
HEt(PhCH3)GeCH> 20.0 091 0.57
(EtO)3GeCH> 22.0 0.53 0.38

side the latter, but we must caution against use even of the values derived from
the Davis equation *. Qur reasons for this are as follows:

(a) The vycng value given by Egorochkin et al. for Me;SiCH,Ph, is signifi-
cantly higher than the values which we and others have reported [1,22]; use of
their value gives an unacceptable 0}, value of —0.50 (on the Davis scale) for the
Me;SiCH, group.

(b) There are variations within the reported vycng values [3,21] for PhX
which seem improbable. For example, Egorochkin et al. report a value for X =
H(PhCH.),SiCH, substantially larger than that for HEt,SiCH, (the correspond-
ing o}, values would be —0.45 and —0.55, respectively), yet a value for Me-
(PhCH,),SiCH, significantly smaller than that for Me;SiCH, (the corresponding
0, values would be —0.60 and —0.50, respectively); it is unlikely that replace-
ment of an Me by a CH,Ph group would increase the electron release, especially
by such a large amount, particularly if replacement of Et by CH,Ph substan-
tially decreases the release. Again, a substantially greater electron release by
HEt,SiCH, than by H(i-Pr),SiCH, (the o, values would be —0.55 and —0.49,
respectively) would seem improbable.

QOur finding that the electron release (as measured by the ¢}, contrast) from
the (MeQ);5iCH, group is rather similar to that for the H,SiCH, group is not
consistent with a recent conclusion, based on ab initio calculations, that the
Si—O bond is highly polar (much more so than would be expected from elec-
tronegativities) and has very little (p—d),, character [23]. In the absence of
w-bonding, the Si—OR would be expected to be markedly more polar than the
Si—H bond (even if the polarity of the Si—O bond were no greater than
expected from the electronegativities), to make (MeO);SiCH, substantially less
electron releasing than H3SiCH,. The other measures of electron release con-
sidered below confirm that the H;SiCH, group is significantly less electron
releasing than the Me;SiCH, group.

* The same caution must apply to use of values derived by Davis [2] from the eatlier vpoNE data of
Egorochkin and his colleagues [3].
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TABLE 3
13Cc NMR SPECTRA OF XCgHs COMPOUNDS IN CDCl3

X & (ppm)
Cq Cp and Cpp Cp Cipso Other

H3SiCH, 15.9 128.0,128.7 125.0 139.3
Me3SiCHp 27.1 128.2 124.0 140.3 a
Et3SICHp 21.6 128.1 123.8 140.5 b
n-Pr3SiCHy 22.8 1281 123.8 140.6 e
Ph3SiCH, 23.6 128.1,129.3 124.5 138.2 d
MePh,SiCHy 24.5 128.0,129.3 124.3 138.7 e
MezPhSiCH, 26.2 128.1,129.1 1241 139.6 f
(Me3Si),CH 29.7 128.2,128.8 123.5 143.1 J
(Me3Si)3C 21.6 127.7,131.7 123.6 143.3 g
(MeO)Me,SICH, £ 128.2 124.2 138.9 h
(MeO);MeSiCH2 2 128.2,128.4 124.4 137.7 h
(Me0)3SiCH, g 128.2,128.4 124.6 136.9 h
Et3GeCH; 21.1 127.9, 128.2 123.7 141.8 ¢

9 1.80 (SiCH3). © 2.0 (SiCHCHa3); 7.3 (SiCH2CH3). € 14.9, 17.4 and 18.6 (SiCH,CHzCH3). € 128.6

(p-C in Ph); 136.0 (o- and m-C in Ph); 134.2 (ipso-C in Ph). € 4.7 (SiCH3); 127.7 and 134.6 (o- and

m-C in Ph); 128.6 (p-C in Ph): 136.2 (ipso-C in Ph). 7 3.3 (SiCH3): 127.7 and 133.7 (o- and m-C in Ph);
128.3 (p-C in Ph): 138.4 (ipso-C in Ph). € 4.4 (SiCH3). P Not recorded. 3.9 (GeCH;CH3); 8.9 (GeCH,CH3).
7 0.4 (SiCH3).

B. 13C NMR spectra

Details of the !3C NMR chemical shifts are shown in Table 3 for a range of
PhX compounds. There was no difficulty in assigning the signals to the appro-
priate carbon atoms, except that, as is commonly the case, no choice could be
made between o- and m-carbons. The shift for the ipso-C atom showed little
variation and was always larger than that for the other ring carbons, and the
peak heights for the o- or m-C’s were always substantially larger than those for
the ipso- and para-carbon. Off resonance experiments, giving a doublet for the
p-C atom, were used in several cases to confirm the choice between the ipso-
and p-C atoms.

In Table 4 values 6(C,) of the shifts for the para-carbon atoms are given,
along with those for the difference 6(C,)—8(C,,), between the shifts for the
para- and meta-carbons in cases in which the shifts for the o- and m-positions
coincided or were very similar. There is an approximate proportionality
between §(C,) values and o% values [4,5], though Taft and his colleagues
recently showed that 6(C,) values are more accurately related to 4.00y +
19.80% [6]. To derive approximate ¢§ values for the X groups in PhX we
assumed a simple proportionality, and used 0% values of 0.00 for X = H and
—0.20 for Me;SiCH,, [7,8] to define the slope of the correlation line, and the
resulting values are shown in the third column of Table 4. To use the §(C,) —
6(C,,) values, we analyzed data [6] for a large number of X groups and found a
very good correlation of the form of eq. 2 *,

* The approximate relationship §(C,,;) = —1.5407 + 1.6¢7°R has been derived by Topsom [10];
we arrived at the slightly different relationship 6§ (C,,) = —1.9701 + 1.8500R.
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TABLE 4
VALUES OF ¢rp® FOR X DERIVED FROM 13C NMR SHIFTS IN XCgHs COMPOUNDS

X 55 (ppm) Sp—38m —aoR
(ppm)
From &p ¢ From(ﬁp—'ﬁm)b

H3SiCH, 1250 0.16

Me3SiCHz 124.0 4.2 0.20 0.18
Et3SiCH, 123.8 43 0.21 0.19
n-Pr3SiCHy 123.8 4.3 0.21 0.19
Ph3SiCH, 124.5 0.18

PhoMeSiCH, 124.3 0.19

PhMe,SiCH, 124.1 0.20

(Me3Si),CH 123.5 0.22

(Me3Si)3C 123.6 0.22

(MeO)Me,SiCH212 124.2 40 0.19 0.17
(MeO),;MeSiCH, 124.4 3.9 0.18 0.17
(Me0O)3SiCH3 124.6 3.7 017 0.16
Et3GeCH, 123.7 0.21

@ From og%= 0.2 (§p in XCgHs — & in CgHg). ° From 5, — 5, = 22.89 ag0.

8(C,) — 8(C.,) = 22.890% + 0.46 (2)

For use with 0% values close to unity it seems appropriate to constrain the line

to pass through the origin (the line corresponding to eq. 2 misses the origin by

0.02 units of ¢2) and the values in the fourth column of Table 3 are derived by
use of the simpler relationship eq. 3.

8(Cp) — 8(C) = 22.890% _ (3)

There is a satisfactory agreement between the two sets of ¢§ values, those in
the fourth column of Table 4 being, with one exception, 0.01 or 0.02 units
smaller (numerically) than those in the third column. We prefer the latter set
because it is “normalized” to the literature value [7,8] of —0.20 for the Me;Si-
CH,, group and because it is more complete. In both sets the % values for the
H3SiCH, and (MeQO),SiCH, groups are significantly lower than that for the Me,-
SiCH, group, but the differences are proportionately smaller than those ob-
served for o}, constants.

Photoelectron spectra
Since relationship 4 has been held to apply between the charge transfer fre-

thCNE = 0.831.IP - 4.42 A (4)

quencies for PhX - TCNE complexes and the first ionization potential (in eV),
IP, of PhX [11], the IP should also be related to the o}, constants of X, and
should give at least some approximate information on the extent of electron
release by X. Thus we recorded the photoelectron spectra of some of the
(organosilyl)methyl-substituted benzenes, and obtainied the IP’s shown in Ta-
ble 5. The features of the results are as follows:

(a) The IP’s for Et;SiCH,Ph and n-Pr,SiCH,Ph are slightly but significantly
lower than that for Me;SiCH,Ph, in keeping with the pattern of vpcong values.
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TABLE 5
PHOTOELECTRON SPECTRA OF XCqHs COMPOUNDS. FIRST IONIZATION POTENTIALS, 1P

X IP (eV)
H3SiCHa 8.7
Me3SiCH> 8.39
Et3SiCH2 8.3
n-Pr3SiCH» 8.3
(MeO)Me2SiCH, 8.31
(MeO)>MeSiCH» 8.22
(MeO)3SiCH, 8.26
TABLE 6 °

FIRST ORDER RATE CONSTANTS FOR DETRITIATION OF p-XCgHy - 3H IN CF3CO,H AT 70.0°C

x 107k (s ap*©
Me3SiCH, 7000 ® 0.56
Et3SiCH, 10200 0.57
n-Pr3SiCHa 10200 0.57

€ Eyom relationship defined in ref. 13. LE TR [14] 7300 s71,

(b) The lower electron release by the H;SiCH, than by the Me;SiCH, group
is reflected in the relevant IP’, and the observed difference in the IP’s (0.3 eV)
agrees satisfactorily with that (0.35 eV) which would be expected from the
corresponding vrong values in terms of eq. 4. However, from the vycng and o,
values the IP for PhMe would be expected to be lower than that for H,SiCH,Ph,
whereas the literature value {12] (9.13 eV) is substantially higher.

(c) There is surprisingly little change in the IP’s on varying n in the series
(MeO),,Me;_,,SiCH,. There is a small fail in the IP on going fromn=0ton = 3,
but the IP for (MeO);SiCH,Ph is substantially lower than that for H;SiCH,Ph,
whereas rather similar IP’s would have been expected from the corresponding
Vrone Values. For the small range of compounds examined the variations in the
IP’s seem to be more closely related to those in the g§ values of the substitu-
ents.

Rates of protodeiritiation

The rate of detritiation of XC;H,-*H compounds in CF;CO,H is a sensitvie
measure of the electron releasing effects of the X groups and can be used to
derive ¢ values for X which are especially appropriate for use in electrophilic
aromatic substitutions [13,14]. Thus rates of detritiation were measured for
p-R3SiCH,-CsH,-*H with R = Me, Et and n-Pr, with the results shown in Ta-
ble 6. In keeping with the indications given by the charge transfer and photo-
electron spectra, the rates were a little higher for R = Et and n-Pr than for R =
Me, and the derived o}, values are a good agreement with those shown in Ta-
ble 1.

Experimental

Preparations of X;SiCH,Ph compounds
(A) In a typical procedure, Et;SiBr (0.16 mol) in ether (50 em3) was added
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dropwise to the Grignard reagent prepared from benzyl chloride (0.16 mol) and
magnesium (0.20 g-atom) in ether (100 em?), and the mixture was refluxed for
4 h. After the usual hydrolytic work up and removal of the ether, fractional
distillation gave Et;SiCH,Ph, b.p. 105° C/5 mmHg (lit., [15], 249—250°C/748
mmHg), é (ppm), 0.5—1.25 (m, 15 H, Et), 2.20 (s, 2 H, CH;), 7.0—7.5 (s, 5 H,
Ph).

A similar procedure gave: (a) n-PrsSiCH,Ph, b.p. 100°C/4 mmHg (lit., 138—
140°C/7 mmHg), § (ppm) 0.4—1.8 (m, 21 H, Pr), 2.15 (s, 2 H, CH,Ph), 6.9—
7.5 (m, 5 H, Ph), and (b) Ph3SiCH,Ph, m.p. 99°C (after recrystallization from
95% aqueous (EtOH) (lit. [16], 97—99°C), 6 3.0 (s, CH,), 7.0 (m, Ph).

A similar procedure but starting from MePh,SiCl or Me,PhSiBr instead of
Et,SiBr gave (a) MePh,SiCH,Ph, m.p. (after recrystallization from 95% EtOH)
68.0—69.0°C (lit. [15], 66.5—67.5°C), and (b) Me,PhSiCH,Ph, b.p. 100—
110°C/3 mmHg (lit. [15], 92—93°C/0.15 mmHg), § 0.43 (s, 6 H, Me,), 5.48 (s,
2 H, CH,), 7.0—7.85 (m, 10 H, arylH).

(B) The compound PhCH,SiCl; was made from PhCH,MgCl and SiCl, in
ether; after filtration of the product mixture, volatile materials were distilled
out under vacuum, and then fractionally distilled to give material of b.p.
130°C/52 mmHg (lit. [17] 215°C/760 mmHg). The related compounds MeCl,-
SiCH,Ph, b.p. 1830—1231°C/53 mmHg (lit. [18], 127—130°C/53 mmHg) and
Me,CISiCH,Ph b.p. 95°C/15 mmHg (lit. [15], 94—95°C/14 mmHg) were pre-
pared analogously.

(C) Treatment of PhCH,SiCl; (0.36 mol) in dry n-hexane (500 cm®) drop-
wise with stirring and cooling with a solution of MeOH (1.1 mol) and Et;N
(1 mol) in n-hexane (100 cm?), followed by 1 h of reflux, addition to a mixture
of ice-water and light petroleum, separation and drying (MgSO,) of the organic
layer, removal of the solvent and fractional distillation of the residue gave
(Me0):SiCH,Ph (31%), b.p. 115—116°C/17 mmHg (lit. [19], b.p. 227.7/760
mmHg), § (ppm) 2.07 (s, 2 H, CH,); 3.40 (s, 9 H, OMe), 6.80—6.97 (m, 5 H,
Ph) (Found: C, 56.7; H, 7.5. C,gH;¢0,8Si caled.: C, 56.6; H, 7.5%).

Analogous procedures starting from MeCl,SiCH,Ph and Me,CISiCH.Ph gave
(2) (MeO),MeSiCH,Ph (78%), b.p. 107°C/17 mmHg (lit. [15], 55°C/0.3
mmHeg), § (ppm)—0.16 (s, 3 H, SiMe), 1.95 (s, 2 H, CH,), 3.27 (s, 6 H, OMe)
6.77—6.97 (m, 5 H, Ph) (Found: C, 61.2; H, 8.2. C,,H,60,:51 caled.: C, 61.2; H,
8.2%), and (b) (MeO)Me,SiCH,Ph (75%), b.p. 92°C/17 mmHg, 5 (ppm) —0.38
(s, 6 H, SiMe), 1.70 (s, 2 H, CH,), 2.87 (s, 3 H, OMe), 6.5—6.70 (m, 5 H, Ph)
(Found: C, 66.6; H, 9.1. C,,H;08i caled., C, 66.7; H, 8.9%).

(D) The compound H;SiCH,Ph was prepared by reduction of Cl;SiCH,Ph
with LiAlH, in ether; b.p. 57°C/30 mmHg (lit. {17], 150.8/760 mmHg) v(SiH)
2150 cm™; § (ppm) 2.15 (q, 2 H, CH,), 3.62 (t, 3 H, SiH;), 6.9—7.3 (m,5 H,

arylH).
Preparation of p-R3SiCH,CsH,*H

Use of p-*H-C¢H,4CH,CI in the Grignard procedures described above gave
p‘Et3SiCH2C5H4 '3H and p‘n-Pr3SiCH2C5H4 '3H.

Charge transfer spectra
A Pye Unicam SP 1700 UV spectrometer was used. A suitable quantity of
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organometallic compound (sufficient to give 50—70% absorption at the rele-
vant maximum) was dissolved in 2 cm? of 0.05 M tetracyanoethylene in puri-
fied CH,Cl, contained in a 1 cm quartz cell. The wave length of the first maxi-
mum could usually be selected with confidence to within +2 nm, but in the
case of (MeO),MeSiCH,Ph and (MeO);SiCH,Ph, overlap with the second maxi-
mum (which for all the silicon compounds examined fell in the range 398—415
nm) gave rise to a rather larger uncertainty (+4 nm).

s

13C NMR speclra
These were recorded for 15% v/v solutions in CDCl; on a JEOL PFT 100

instrument at 25.149 Hz with Me,Si as reference.

Kineties of hydrogen exchange
The procedure used was that employed to study the detritiation of p-Me;-
SiCH,C¢H,-3H [14].
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