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Summary

A number of model benzyl-organometallic systems have been synthesized
and characterised, and their proton-decoupled natural-abundance *C NMR spec-
tra measured and assigned. A comparison of the 3C chemical shifts of carbons
formally para to the carbon—metal (C—M) bond strongly supports the impor-
tance of hyperconjugative interactions in the neutral ground state for metallo-
methyl substituents. Further, an analysis of the carbon—metal coupling constants
has defined unambiguously the generality and origin (hyperconjugation) of a new
concept, namely, large five-bond carbon—metal coupling in benzylic systems.
The utilization of 5J(*3C—'17-11%Gn) for structural and stereochemical assign-
ments is demonstrated.

Introduction

Fluorine-19 NMR studies [2-6] on model systems have indicated that when
a mefallo-methyl substituent is attached to an aromatic ring, it induces substan-
tial changes in the ground state w-electron-density distribution by o—r conjuga-
tion involving the carbon—metal (C—M) bond. The resulting w-charge distribution
is characterized by the presence of a formal negative charge at the various con-
jugated positions relative to the corresponding carbon centers in the hydrogen

* A preliminary account of this work has appeared [1].
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or carbon analogue (toluene, ethylbenzene or neopentylbenzene when the arom-
atic ring is benzene).

More recently, analogous '>C chemical shift studies of a number of benzyl-
silanes [7] and -stannanes [8] have substantiated the importance of this phenom-
enon in the neutral ground state and, in addition, led to the suggestion that where
the metal in question possesses magnetically active isotopes (I = ¥£) in natural
abundance sufficient to give rise to easily detectable long-range spin coupling with
13C, then five-bond carbon—metal coupling constants should be observed which
are largely a manifestation of hyperconjugation involving the carbon—metal bond.
It is important to note that this proposal was based essentially on the observation
that, whereas the relative magnitude of the coupling from ''7!!Sn to aryl carbons
in the phenylstannane system is *Jy,010 > *Jpare, the order is reversed in the benzyl
case. Further, in p-tolyltrimethylstannane where hyperconjugative effects (but
not in principle p—d interactions) are inoperative, *J(}3C—!17-1%Sn) was not ob-
served. Thus, on this basis, the proposal as it stands is equivocal since a comparison
of coupling constants in different systems through a different number of interven-
ing bonds is highly questionable. Moreover, relative magnitudes of coupling con-
stants can be complicated by the sign of the 0 and 7 contributions to the coupling
mechanism [9].

The purpose of the present research was three-fold. Firstly, we wanted to estab-
lish unambiguously the origin of the relatively large *J(!3C—'!%''%Sn) value ob-
served in benzyltrimethylstannane. If our suggestion is correct then SJ(13C—
117.1198n) should show a strong conformational dependence, an absolute pre-re-
quisite for invoking a hyperconjugative mechanism. Consequently, we have syn-
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thesized and measured the '3C NMR spectra of two model benzylic tin compounds
(VII and XII) in which the geometrical relationship of the C—Sn bond with re-
spect to the adjacent aromatic system has been considerably varied: an examina-
tion of models indicates that the angle between the C—C—Sn plane and the arom-
atic ring (dihedral angle 0) in these systems is 60° and 0°, respectively*.

Since our recent studies of benzocycloalkenes have demonstrated convincingly
that fluorine substitution is an effective and relatively simple strategy for °C
spectral assignments in such systems [7,11], we have also synthesized compound
VIII (a fluorine analogue of VII) in order to unambiguously assign the spectrum
of compound VII. Compound XI was synthesized and studied in order to deter-
mine the '3C substituent chemical shift (SCS) for (CH3);Sn in compound XII as
well as to assist in the spectral assignment of the latter derivative.

An additional feature of model systems, VII and XI1, is that because the steric
factors associated with the (CH3)s;Sn group are generally considered not to be ex-
treme (less than CH;) [12], the '3C SCS for Cj, C4, and C; of the aromatic ring
should reflect only the electronic effect of this group. An apparent problem as-
sociated with our previous !'*C NMR studies [7] of model bicyclic (sila)-indan
and -tetralin was that effects related to ring strain made interpretation of the
aromatic chemical shifts in terms of the electronic effect of the C—S8i bond quite
difficult.

Secondly, we wanted to substantiate the generality of the phenomenon that
was observed in the benzyl- and phenyltrimethylstannanes [8], namely, that
whereas Jy;,; > Jipess In the former systems, the reverse situation holds for the
corresponding phenyl derivatives. Accordingly, we have synthesized and measured
the '*C spectra of compounds IV, V, and VI as well as their phenyl analogues**.
Compound II was also examined in order to complete the }3C chemical shift
study of the metalloidal substituents ((CH3)sM, where M = Si, Ge, Sn, and Pb).

Thirdly, in anticipation of SJ(}3C—!!7119Gn) being proved to be stereochemical-
ly dependent, we wanted to test its utility for determining the stereochemistry
of ill defined structures. Thus, we have synthesized and measured the '3C spectrum
of compound IX in which the alicyclic ring is potentially mobile: an examina-
tion of Dreiding models indicates that the (CH;)3;Sn group can occupy either an
equatorial (6 ~ 30°) or an axial (§ ~ 70°) position. A consideration of non-bond-
ing interactions as well as stabilizing hyperconjugative interactions suggests that
the axial conformer should be favoured. If this is the case, then SJ(!3C—!''"11°Gn)
for this system should approach the value observed in compound VII where
0 == 60°. Compound X, a fluorine analogue of IX, was prepared and examined
for the same reasons expounded above for compound VIII.

In this paper we report the results of our study.

Experimental

The benzyltrimethylmetalloidal derivatives were prepared by a standard pro-
cedure as described by Hauser and Hance [13] for benzyltrimethylsilane. The

* Model systems VII and X1 have been successfully employed in other studies concerning the origin
of the electronic effect of metallomethyl substituents {101.
** Sn, Pb, and Hg have magnetically active isotopes (I = }2) in natural abundance sufficient to give rise
to easily detectable long-range spin coupling with 13C.
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ortho-deuterated derivatives were sirmilarly prepared from o-deuterobenzylbro-
mide which was synthesized by standard transformations from o-toluidine. The
'H spectra indicated approximately 70% deuterium incorporation. The indanyl
and tetralyl derivatives of tin were prepared by a common procedure as out-
lined for 1l-indanyltrimethylstannane.

Benzyltrzmethylszlane (I). Colorless oil, b.p. 76°/20 mm Hg (lit. [14]
191-192°/760 mm Hg). n¥ 1.4920. PMR (CCl,, from (CH,);Si at § 0.00): 2.10
(2H, singlet, CH,) and 7.0 (5H, complex, aromatic protons)

Benzyltrimethylgermane (II). Colorless oil, b.p. 100°/30-31 mm Hg (lit.
[14] 94-95°/28 mm Hg). n¥ 1.5080. PMR (CCl,, from (CH;); Ge at § 0.00):
2.08 (2H, singlet, CH,) and 6.97 (5H, complex, aromatic protons).

Benzyltrimethylstannane (IIT). Colorless oil, b.p. 108°/21-22 mm Hg (lit.
[15] 87°/9 mm Hg). n¥ 1.5440. PMR (CDCl;, from (CH3)sSn at § 0.00): 2.28
(2H, singlet, CH,: J(Sn—CH,) 62 Hz; J(Sn—CH;) 53 Hz) and 7.20 (5H, complex,
aromatic).

Benzyltrimethylplumbane (I V) Colorless oil, b.p. 70-74°/0.07 mm Hg (lit.
[14]1 124°/13 mm Hg, decomp. nZ 1.6075. PMR (CCl,, from (CH;); Pb at §
0.00): 2.15 (2H, singlet, CH,; J(Pb—CHz) 63 Hz; J(Pb—CH,) 55 Hz) and 6.33
(5H, complex, aromatic).

Benzylmercuric chloride (VI). VI was obtained (via a Grignard synthesis) as
a white solid, m.p. 102-103° (lit. [16] 104°). PMR (CDCl;, from (CH3;),Si): 3.28
(21, singlet, CH,; J(Hg—CH,) 228 Hz) and 7.20 (5H, complex, aromatic).

1-Indanylirimethylstannane ( VII). 1-Chloroindan (8.5 g; 0.056 mol), pre-
pared according to the method outlined by Pacaud and Allen [17], was added
dropwise with stirring to a filtered solution (THF) of trimethyltin lithium
(~9.05 mol) [18]. After addition was complete, the reaction mixture was al-
lowed to stir overnight before heating to reflux for an hour. The mixture was
then filtered, the solvent evaporated off, and the crude residue distilled under a
nitrogen atmosphere to afford a colorless oil (3.4 g; 20%), b.p. 60°/0.1 mm Hg

4} 1.5632. PMR (CCl,, from (CH;);Sn at & 0.00): 2.54 (5H, multiplet,
CHCH,CH,) and 7.0 (4H, complex, aromatic). Anal. Found: C, 52.06; H, 6.50.
C12H;55n caled.: C, 51.30; H, 6.46%.

1-( 5-Fluoroindanyl)trimethylstannane (VIII). 5-Fluoro-1-indanone was pre-
pared by the method outlined by Adcock, Dewar, and Gupta [19] and reduced
to 5-fluoro-1-indanol by a standard procedure employing lithium aluminium hy-
dride. The alcohol crystallized from ethanol in fine white crystals, m.p. 40-41°.
1-Chloro-5-fluoroindan was prepared by treating the alcohol with dry hydrogen
chloride gas. Distilled as a colorless oil, b.p. 60°/0.5 mm Hg.

1- (5—Fluor01ndanyl)tnmethylstannane distilled as a colorless oil, b.p. 70°/
0.1 mm Hg. n%? 1.5505. PMR (CCl,, from (CH3)3Sn at § 0.00): 2.54 (5H, multi-
plet, CHCH,CH,) and 6.78 (3H, complex, aromatic)

1-Tetralylirimethylstannane (I1X). 1- Chlorotetrahn was prepared by treating
1-tetralol with dry hydrogen chloride gas. Distilled as a colorless oil, b.p. 92-100°
0.9-1.00 mm Hg (lit. [20] 98-100°/2 mm Hg). 1-Tetraa11y1tnmethylstannane dis-
tilled as a colorless oil, b.p. 92-98°/0.3-0.4 mm Hg. n%’ 1.5688. PMR (CCl,, from
(CH;3)s Sn at & 0.00): 1.98 (4H, multiplet, C(2)—H and C(3)—H), 2.80 (3H,
multiplet, C(1)—H and C(4)—H) and 6.93 (4H, multiplet, aromatic).

1-(6-Fiuorotetraallyl)trimethylstannane (X). 6-Fluoro-1-tetralone was pre-
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pared according to the method of Allinger and Jones [21] and reduced to 6-
fluoro-1-tetralol, m.p. 50°. The alcohol was converted to 1-chloro-6-fluorotetralin
in the usual way. Distilled as a colorless oil, b.p. 76-80° /0.1-0.2 mm Hg.
1-(6-Fluorotetralyl)trimethylstannane distilled as a colorless oil, b.p. 84-88°/
0.1-0.2 mm Hg. n¥’ 1.5515. PMR (CDCl;, from (CH3);Sn at 4 0.00): 1.95 (4H,
multiplet, C(2)—H and C(3)—H, 2.78 (3H, multiplet, C(1)—H and C(4)—H) and
6.78 (3H, multiplet, aromatic).
9,10-Ethano-9,10-dinydro-9-(trimethylstannyl)anthracene (XI). 9-Bromo-
9,10-ethano-9,10-dihydroanthracene (4.3 g; 0.15 mol), prepared according to
the method outlined by Wilhelm and Curtin [22], in dry tetrahydrofuran (70 ml)
at —70° was treated dropwise with t-butyllithium (21 ml; 1.45 M in hexane).
The yellow reaction mixture was maintained at —70° for three hours and the
yellow precipitate was filtered off at —70°. A solution of trimethyltin chloride
(3.0 g; 0.015 mol) in dry tetrahydrofuran (15 ml) was then added dropwise to
the yellow filtrate. After addition was complete, the yellow color was discharged.
The solution was stirred overnight at —70° before being allowed to warm to
room temperature. The THF was evaporated under reduced pressure and the
residue extracted with dichloromethane. The inorganic matter was filtered off
and the solvent evaporated to afford a product which crystallised from agqueous
ethanol as white crystals (3.6 g; 65%) m.p. 105-106° lit. [23] 106-107.5°). PMR
(CDCl;, from (CH;)3Sn at 6 0.00): 1.38 (4H, broad singlet, C(15)—H and
C(16)—H), 3.88 (1H, broad singlet, C(10)—H) and 6.77 (8H, multiplet, aromatic).
9,10-Ethano-9,10-dihydroanthracene (XII). 9-Bromo-9,10-ethano-9,10-di-
hydroanthracene (4.3 g; 0.015 mol) was lithiated with t-butyllithium as described
above. The mixture was stirred for three hours at —70° before adding water to
effect decomposition. The reaction mixture was then extracted with ether and
dried; the ether was evaporated to give a product which crystallised from n-pen-
tane as white crystals, m.p. 187-139° (lit. [23] 143-144°). PMR (CDCl;, TMS at
6 0.00): 1.67 (4H, broad singlet, C(15)—H and C(16)—H), 4.30 (2H, broad sing-
let, C(9)—H and C(10)—H), and 7.17 (8H, multiplet, aromatic).

13C Spectra

A modified Varian HAG0IL Spectrometer [24] operating at 15.18 MHz
was used to record the spectra of compounds I-V1 as well as the phenyl derivates
listed in Table 3. Cyclohexane was used as an internal reference and the chemical
shifts converted to the TMS scale by use of the appropriate conversion factor.
The spectra of the remaining compounds were obtained on a Bruker Scientific,
Inc. WH-90 Fourier transform NMR spectrometer operating at 22.625 MHz.
Samples were prepared in deuteriochloroform with TMS as an internal reference.

Results and discussion

Assignments

The '3C NMR data for compound II and compounds IV-XII are listed in
Table 1 together with the previously published results for I [7] and III [8]. The
spectra for compounds I, IV, V and VI were assigned in the manner previously
outlined for compound 1 and toluene [7]. Spectral assignments for the remaining
compounds VII-XII (except XI) were largely determined by experimental facts
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recently established from !*C NMR studies on fluoro-substituted benzocyclo-
alkenes [7,11] as well as some model organotin derivatives of fixed molecular
geometry*. Firstly, fluoro-substitution in the pheny! ring is characterised by a
regular pattern of '*C—!°F coupling constants in the aromatic region of the pro-
ton-decoupled spectrum, 'J (=245 Hz) > 2J (= 18-20 Hz) > 3J (=~ 6-9 Hz) > *J
(= 1.5-4 Hz). Further, coupling is generally observed (*J(!3*C—'°F ~ 2 Hz) to any
meta disposed external carbon center which is in a preferred “zig-zag’ array. An
added benefit of fluorine substitution is the regular and pronounced effect on
the !3C chemical shift. The carbon bearing fluorine is quite deshielded (> 30
ppm), whereas carbons ortho to fluorine experience quite large upfield shifts

(=2 14 ppm). Carbons para to fluorine are also shielded by a lesser amount (= 5
ppm) whereas meta carbons appear to be always deshielded (1-2 ppm).

Secondly, trimethylstannyl substitution in aliphatic systems of reasonably
fixed geometry is manifested by a sufficiently regular trend of !3C—!1"119gn
coupling constants as to be useful for spectral assignments: !J (= 300-340 Hz)
> 3J (= 10-70 Hz) > 2J> 12 Hz) > *J > 10 Hz). Further, the (CH;);Sn shield-
ing effects are also of sufficient regularity to be used in this regard (8 (== +4 ppm)
> v (= —0.5 to +3.5 ppm) > « (=2 +1 ppm) > §). It should be noted that the
vicinal coupling constant, 3J(*3C—!71198n), has been shown to adhere to a
Karplus relation {25]. Interestingly, the vy shielding-effect of (CH3).Sn is also de-
pendent on the dihedral angle, being at a maximum when 8 is 180°.

The aromatic carbons and the aliphatic C(9) resonances of compound VIII
were readily assigned on the basis of the relative magnitude of the various *C—'°F
coupling constants together with the observed chemical shift pattern reported
for 5-fluoroindan [7,11]. The remaining carbons, C(7) and C(8), were readily
distinguished by the relative magnitude of the associated **C—'!7!'9Sn coupling.
Spectral assignments for the aromatic region of compound VII can then be com-
puted from the chemical shifts of compound VIII by utilizing the established
contributions to carbon screenings by fluoro substitution at C(4) in indan. The
aliphatic region of VII is readily assigned on the basis of '3C—!!"11Sn coupling
and their relative intensities (as well as chemical shift considerations). This leads
unambiguously to the assignments listed in Table 1 for compound VII. A similar
analysis of the aromatic resonance patterns and chemical shifts observed for X,
6-fluorotetralin [7,11] and tetralin [7,11] leads to an unambiguous assignment
of the aromatic region for compound IX (Table 1). However, the assignments
for the aliphatic carbons (C(7), C(8), C(9) and C(10)) for compounds IX and X
were not as straightforward as that for VII and VIII since the expected coupling
(*J(}*C—'F) to C(10), which would immediately identify this carbon, was not
resolved. Further, the situation was complicated by the fact that whereas four
resonances were expected, only three were observed. The resonance due to C(7)
in these two compounds, however, was readily identified by the associated large
one-bond tin—carbon coupling constant. C(8) in compound IX was distinguished
by the associated tin—carbon coupling constant which is of the right order of

* Typically, the lines are flanked by tin satellite peaks due to the presence of 117Sn (7.6% natural
abundance, I = %) and 119Sn (8.5% natural abundance, I = 1). Since most of the J(13C—1178n) and
J(13C—1195n) long range coupling constants are not large and because the ratio J(13C—117Sn/
J(13C—1198n) = 1.046, individual satellite peaks due to each of these isotopes usually cannot be re-
solved [25].
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Fig. 1. Proton noise~decoupled 13C FT NMR spectrum of compound XI in CDCl3. Chemical shifts are
given relative to internal TMS (Table 1).

magnitude for 2J(}*C—!1%1198n). This assignment is confirmed by the fact that it
leads to an expected large deshielding 3-effect. The remaining resonance in the
spectrum of compound IX was assigned to C(9) rather than C(10) because of the
relatively large associated tin—carbon coupling which is expected for >J(*C—
117.1198n) but not %J(*3C—'17!19Sn). A consideration of the relative magnitude of
v- and §-effects for (CH;3)3:Sn also precludes this resonance from being assigned
to C(10). The unusually large intensity of the peak assigned to C(7) for com-
pound IX suggested that C(10) and C(7) are coincidental. This assignment is in
accord with an expected small §-effect. Considering the fact that fluoro substitu-
tion at C(4) in tetralin leads to only minor effects to the aliphatic carbon screen-
ings, plus the fact that C(9) is associated with the relatively large *J('*C—!'"'!°Sn),
the assignments for C(8), C(9) and C(10) in compound X {Table 1) follow logic-
ally from those in IX. Surprisingly, tin—carbon coupling (3J(}3C—'!711°Gn) was
not observed to C(8) in compound X.

A combination of off-resonance noise decoupling and chemical shift con-
siderations allowed ready assignment of C(7), C(10) and C(8), C(9) as well as
C(1), C(2) in the spectrum of compound XI (Fig. 1). In the absence of a readily
available deutero- or fluoro-substituted analogue, Giinther and co-workers [26]
so called “finger-print’’ methcd was crucial for discriminating between C(8), C(6)
(C.) and C(4), C(5) (Cp) of the aromatic ring. This technique is based on the ob-
servation that the splitting patterns for the !3C signals in the 'H-coupled spectra
of symmetrically ortho-disubstituted benzenes differ characteristically for car-
bons « and §. An examination of our spectrum (Fig. 2) indicates quite clearly
that the splitting pattern is stikingly similar to Giinther and co-workers [26] cal-
culated spectra and those of other ortho-disubstituted benzenes for which C,,

C; assignments were known i.e., C, is clearly upfield from C;.

The assignments for compound XII follow logically from those determined
for X1 by considering the shielding effects of (CH3);Sn substitution as well as
the relative magnitude of the various associated tin—carbon coupling constants.
C(7) and C(10) were readily distinguished from C(8) and C(9) on chemical shift
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Fig. 2. Proton coupled 13C FT NMR spectrum of the aromatic region (Cy and Cg) of compound XI.

grounds as well as on the basis that ¢ and § effects are small. However, the ex-
pected tin satellites ('J(*>C—''"!'°Sn) associated with C{'7) were not observed and
relative signal intensities were employed to define C(7) from C(10), the former
being considerably less intense due to a reduction in Overhauser enhancement
and the dependence of S/N on T, and recycle time in a fourier transform experi-
ment. Although no coupling was observed to the assigned resonance for C(8)
(Table 1), the large tin—carbon coupling associated with the resonance assigned
to C(9) is characteristic of vicinal carbon—tin centers in an enti-coplanar array
(3J(l 3c_}. 17,1 19Sn) > ZJ( 13C__1 17,1 19Sn)).

Off-resonance noise decoupling as well as chemical shift and signal intensity
considerations allowed ready assignment of the quaternary carbon centers, C(1)
and C(2), from the other aromatic carbons (C(3), C(4), C(5) and C(6)). A distinc-
tion between C(1) and C(2) was then made on what appears to be a reasonable
assumption, namely, that since the C—Sn bond in compound XII lies in the
nodal plane of the w-system, the relative magnitude of the two- and three-bond
tin—carbon couplings in the aromatic region should be in the order generally ob-
served for relatively rigid aliphatic systems (3J(!3C—'!711%Sn > 2J(}*C—''"!'°Sn)).
C(6) was readily assigned by the relatively large associated tin—carbon coupling
(CJ(*3C—'1"11°8n)) which was anticipated for vicinal centers in a syn-coplanar ar-
rangement. It is of interest to note that *J('3C—''"'1°Sn) for C(2) and C(6), where
the dihedral angle is 180° and 0° respectively, are approximately the same
(Table 1). C(3) was distinguished from C(4) and C(5) on chemical shift consider-
ations (0 effect should be small). In the absence of selective deutero substitution,
it was not possible to distinguish between the two remaining carbon resonances,
C(4) and C(5).

Chemical shifts

Since carbon-13 chemical shifts are considered to be dominated by the
paramagnetic term of the perturbational equation for screening constants, cer-
tain approximations are necessary if they are to be discussed in terms of charge
densities [27]. In particular, a constant average excitation energy term has to be
assumed for a series of structurally related compounds and comparisons of chem-
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TABLE 2
13¢c SUBSTITUENT CHEMICAL SHIFTS (SCS)?

Position I I I iv v Vi vii X XII

Metac(3) +0.20 4020 1020 —035° 4020  +01? +01° 1042  10.7°
Meta C(5) +0.3¢ 1079 —0.ac
Parac(d) —1.3% -—1.3%¥ 22> —27® —24> —08® —1.8° —1.4° 0.0°

@ Positive values imply a downfield shift relative to the appropriate standard. b Relative to C(3) and C(4) in
ethylbenzene [7]. € Relative to C(3), C(4), and C(5) in indan {11]. d Relative to C(3), C(4), and C(H) in
tetralin [11]. € Relative to C(3), C(4), and C(5) in compound XI.

ical shifts confined to those carbons sufficiently remote from the substituent
such that steric, compressional and bond order effects are not important. Bearing
these points in mind, a number of empirical and theoretical correlations have
appeared indicating a very close relationship between '°C substituent chemical
shifts and charge densities [28,29].

The '>C SCS* for the relevant carbons (C(3) and C(5); C(4)) in compounds
I-VII together with those for IX and XII are listed in Table 2. An examination
of the data indicates that a number of points are worthy of comment. Firstly, it
is ciear that replacement of CHj; in ethyibenzene with the Group IVB metalloidal
substituents (compounds I-IV) results in a progressive movement of C(4) to
higher field, implying enhanced electron-release from the metallomethyl substi-
tuent compared to the alkyl group. The mechanism of this electron release can
immediately be attributed to hyperconjugation involving the C—M o-bond since
in compound XII, where 8 = zero, the SCS for the Sn(CH,); at C(4) is zero, a re-
sult completely in line with the established stereoelectronic requirements of this
mechanism but not the w-inductive effect [3-5,10,30,31]. In addition, this result
from compound XII, together with the essential constancy of the meta SCS (C(3)
or C(9)), indicates that g-inductive or field effects are relatively unimportant for
these groups [10].

Secondiy, the order of electron release from the C—M bonds indicated by
the '3C probe for the neutral ground state (Pb > Sn > Ge ~ Si) is similar to the
order observed by Traylor and co-workers [15] in their studies on charge-transfer
frequencies and certain hydride abstraction reactions where positively charged
species are involved. However, it is important to note that since o—u interactions
involving the C—M bond are expected to act on demand, the effect is much more
pronounced in situations where electron deficiency is being generated in the ad-
jacent substrate [15]. This point is dramatically exemplified by a comparison of
the 0” values** (CH,Si(CH,)3: —0.4; CH,Ge(CH;)3: —0.4; CH,Sn(CH;);: —0.45;
CH,Pb(CH3);: —0.52; CH,HgCH,C:H;s: —0.5) determined from the '>C chemical
shift data (Table 1) with those derived from charge transfer measurements [15]

* The 13C substituent chemical shift (SCS) is defined as the difference (ppm) between the 13C chem-
ical shift of the substituted compound and that of the appropriate carbon in the parent hydrocarbon.
Positive signs imply deshielding, negative signs shielding.

*x Caleulated utilizing the correlation line generated between pare 13C SCS (determined using henzene
as the parent hydrocarbon) and a* [28].
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(CH,Si(CH3)3: —0.66; CH,Sn(CH;);: —C.90; CH,Pb(CH;);: —1.08; CH,HgCH,.CHs:
—1.12).
Thirdly, it is of interest to note that the para-C(4) *C SCS for compounds

I, I1, 111, V, VII and IX (Table 1) parallel the °F SCS (ppm)* for p-FC.H,-
CH,Si(CH,); (1.90) [2], p-FC.H,CH.Ge(CH,); (1.90) [2], p-FCsH,CH,Sn(CH;);
(2.60) [2], p-FC,H,CH,HgCH,CH; (2.80) [2], VIII (2.14) and X(2.15) respec-
tively. A good correspondence between these two different probes has previously
been demonstrated in other situations where m-electron effects are dominant
[32]. Interestingly, the '°F probe is again shown to be the more sensitive monitor
of ground state m-electron density perturbations [32]. Most importantly, how-
ever, the results from both probes clearly establish the importance of hypercon-
jugative carbon—metal interactions in the neutral ground state, a point that has
been questioned {31]. Recent studies have also confirmed the importance of this
phenomenon with regard to electron-withdrawal in the ground state [19].

Finally, it can be seen (Table 1) that the electron-releasing effect of CH,HgCl
is substantially less than CH,HgCH,CsHs, a result previously noted from °F
studies [2]. This observation can be readily ascribed to a decrease in the effective
electropositivity of mercury on replacing an alkyl group by the more electronega-
tive chlorine atom.

Coupling constants

The carbon—metal coupling constants are listed in Tables 1 and 3. A scru-
tiny of the data brings to light 2 number of important factors. First, it can be
seen that when the metal is directly bonded to the phenyl system (Table 3),
meta ;(C—M) is not only greater than P*J(C—M) by large factors, but larger
than °"t*°J(C—M). Recent studies on phenylthallium derivatives have indicated
that the same feature is also observed for carbon—thallium coupling [33]. Thus
in all cases known embodying substantial variations in the nature of the

TABLE 3
COUPLING CONSTANTS (J(!3C—X)) FOR SOME PHENYL ORGANOMETALLICS®?

Entry Formula X J(3¢-x) Reference
C(1) C(2) C(3) C{4)

1 (CeHs)2Sn(CH3)» a9 g 486(464) 36.8 47.2 10.8 81

n C¢HsSn(CH3)3 1171195 450 35.4 45.4 10.0 [8l

103d CeHsPb(CH3)3 207pp 364 63.4 68.8 16.2 This work

e (p-CH3C¢H4)4Ph 207pp 488.4 69.6 83.2 18.8 This work

vd (CeHs)2Hg 199 19y 1218 86.3  100.2 18.0 This work

2 Coupling constants in Hertz. b The carbon-numbering system is based on the understanding that the me-
tallosubstituent is attached to C(1). € Compounds available from another investigation [401. d Rather simi-
lar values have been reported [41], but the basis for their assipnments was unclear. Our values have been
confirmed by examination of bis(meta-deuterophenyl)mercury.

* The fluorine-19 NMR spectra of VIII and X were measured in benzene with a Varian A56/60 operat-
ing at 56.4 M.Hz. The SCS quoted are upfield relative 1o p-fluoroethylbenzene (5.15 ppm upfield
from fluorobenzene in benzene as solvent) for the para-substituted-flvorobenzenes, and upfield
relative to 5-fluoroindan and 6-fluorotetralin for VIII and X respectively.
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Fig. 3. Proton noise-decoupled 13C FT NMR spectra of the aromatic region (C(3), C(4), C(5) and C(6) of
(a) compound VII, (b) compound XIIJ, (¢) compound IX.

MJWUUL

b C

C—M bond (M = Sn, Pb, Hg and Tl), no example of P?"2J(C—M) > ™¢@J(C—M)
has been identified. However, it is abundantly clear from the data in Table 1
that when a methylene group is interposed between the phenyl! ring and the
metal a dramatic change in the order of events occurs, namely P *J(C—M)

> meta j(C—M). Hence, it appears that a rather special and important contribu-
tion to the coupling mechanism is operating in benzylic but not in the related
phenyl compounds. That this phenomenon has its origin in carbon—metal (¢—)
hyperconjugation, and is a ground state property of some significance, is striking-
ly exemplified by a comparison of the coupling data for compound XII* with the
data for compound VII. Note that in XII where the dihedral angle (&) is zero,
*J(C(4)—Sn) is not observed (Fig. 3b) and must be less than 5 Hz (width of C(4),
C(5) resonance peak), whereas in VII where 8 = 60°, 5J(C(4)—Sn) is 15.4 Hz
(Fig. 3a)! This striking result suggests that the long-range coupling J(C—M ) in
benzylic systems is being determined predominantly by a w-electron contribu-
tion to the coupling mechanism which is enhanced when direct access to the
metal s orbitals is possible via g—r interactions. Confirmation of this conclusion

* Although the benzylic carbon in compound XII is not strictly the same type as that in III, VII or IX
(quaternary carbon compared to secondary and tertiary centexrs), studies have shown that successive
methyl substitution of the methylene carbon in III does not alter the relative magnitude of the coup-.
ling constants i.e. P99 J(C—Sn) remains substantially greater than M€0J(C—Sn) [34).
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* CH,y 16.40
.
517 17.4
177 5.96
619 196
Fig. 4. Fig. 5.

is provided by the fact that in §-phenethyltrimethyltin*, where structural fea-
tures preclude o—rn interactions, coupling is only observed at the quaternary
carbon atom (vicinal to tin) of the phenyl ring.

An interesting point with regard to the origin of long-range coupling *J(C—M)
in benzylic systems is the comparison of the hyperfine splitting constants, 3 H;
(in G) in benzyl (Fig. 4) and phenyl radicals [36] (Fig. 5), where in the latter, the
unpaired electron is located largely in a o-type orbital. As expected for a conju-
gative interaction, eH,,,, > aH,,., in the benzyl radical, but in the phenyl radical,
aHporq < aH e o These results are similar to the coupling constants above for the
benzyl and phenyl organometallics.

Secondly, the similar value of 3J(C(4)—Sn) for compounds III and VII implies
that the average or effective dihedral angle (8) in the mobile monocyclic species
ArCH,Sn(CH;); must approach 60°. This was expected, for if C—Sn hyperconju-
gation is important, it must tend to increase this angle in order to maximize the
resulting stabilization. Presumably, in mobile electron-deficient species, where
electronic demands on the C—M o¢-bond are much larger than the neutral ground
state [10,15], the effective dihedral angle (6) must approach 90° (the most fa-
voured orientation for maximum o— interactions). The importance of hyper-
conjugative interactions in determining ground state conformations of mobile
systems is exemplified by a recent X-ray crystallographic determination [37],
photoelectron spectral [38] and theoretical studies [39].

Thirdly, the similar values of *J(C(4)—Sn) for compounds VII (15.4 Hz; Fig.
3a) and IX (15.7 Hz; Fig. 3c) indicate that the effective dihedral angle (0) for the
conformationally mobile tetralin system must also be = 60°. This can only be
achieved if the predominant conformation has the Sn(CH;); group axially dis-
posed, the preferred orientation for a maximum hyperconjugative interaction.
The magnitude of the vicinal coupling constant *J(C(9)—Sn) (19.2 Hz), which
has been shown to adhere to a Karplus relation with respect to the dihedral angles
(¢) about the C—C bond [25], unambiguously confirms this conclusion: when
Sn(CHj;); is equatorially and axially disposed in 9 then ¢ is 180° and 70° (approx-
imately), respectively. Note that in XII where ¢ is 180°, >J(C(9)—Sn) is 41.3 Hz.
It is worthwhile to note that the conclusions regarding the geometries of III and
IX are strongly supported by the appropriate relative chemical shifts (**C and
19F) given above.

* The 13C NMR data for CgH5CH,CH2Sn(CH3)3 are as follows, & (ppm) rel., to TMS and (J(C—Sn)-
(Hz)): Cijpsos 145.6 (45.0): Corthos 129.2; Creta. 128.7: Cpara. 126.5; Cy. 33.8 (19.0);: Cg, 13.4
(not determined) {35].
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Finally, the relatively small value for the two-bond coupling constant
2J(C(1)—Sn) (5.9 Hz) observed in compound XII compared to those observed in
I, VII and IX (Table 1), indicates a substantial r-electron contnbutlon to the
coupling mechanism for 2J(C(1)—Sn) in the latter compounds.
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