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silepin, 5-methyl-5-phenyl-5H4-dibenzelb,f]silepin, 5.5-diphenyl-5H-

dibenzo[b,T]silepir or 5,5-diphenyl-5H-dibenzo[b,f]germepin on contact
with sodium/potassium alloy in dry, dscassed ether solutions &t room
temperature. The esr specira of the radical anions show Tittle sensitivity
to the metal atom or metal atom substituent. Except for dimethylsilepin,
which exhibits a temperature dependent spectrum, esr spectra ot the

dibenzometallepins have hyperfinz line positions that superimpose on 2ach

5

ctnaer and that ar

(it}
'y

.apereture inZzzsndent from -100° to +76°. The unpaired

-y

electron diszribution in the anions is determined by the cis-stilbene-like
portion of the meteilepin molecule. Under similar conditions the radical
anion of 9,2-dimethyl-9H-tribenzolb.d,f]silepin is produced. Its esr
specirum may be inisrpreted in terms of an appropriezely substituted

o-terphenyl. Hicke: molecular orbital celculetions provide satisfactory

i

rationzlizaticns oF al'l the obseri2£ =3r spsctra.
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The recent synthesis and characterization of‘g%oup IV dibenzo[b,f]-
~metallepins provides a family of model compuunds for the study of the
influence of group IV metals on electron density distributions in aromatic
compounds.]’2 The known stability of radical anions of related compounds
(g,g,,Atolan? cis- and trans—sti]bene,3 1,2:5,6—d1’benzoc_yc1ooctatetraene,4 and
1,2-diphenylcyclobutene 5) as well as those of directly analogous compounds
{e.q., dibenzo[b,f]thiepinGand SH-dibenzo[a,d]cyc]oheptene7) suggested
that the present investigations would be feasible.
Recently we reported esr studies of group IV organometal-substituted
benzenes that utilized a perturbaiion model to describe the influence of
alkyl (electron-releasing) and organometal (electron-withdrawing) substituents
on the benzene MO's.8 In competitions between alkyl and organosilyl or
organogermyl substituents, the organometals determine the form of the MO
occupied by the extra electron of the radical anions. The metallepin systems
studied in the present work represent competition between an organometal
substituent and an alkenyl substituent that is 1ikely to be strongly electron-
withdrawing. The results of the esr studies of radical anions of compounds
related to the experimental compounds of this study support the strong influence
that would be expected for alkenyl-substituents conjugated with the benzene
nuc]eus.3 Measurement of the esr spectra of this family of radical anions
permits determination of the form of the empty MO's actually lying lowest in
energy and hence gives an indication of the competitive electron-withdrawing
strength of the organometal vs. alkenyl and phenyl substituents.
The form of the molecular orbitals of the metallepins, at least for limiting
cases, can be predicted using considerations developed ear]ier.s’9 Three
pocssible situations with regard to relative electron-withdrawing power may be

summarized: (1) alkenyl substituent >> organometal
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substitusnt; (2) alkenyl substituent = oroanzestal substiiuent: znd (3)
glkenyl subsiituent << orcancnstal substituecnt. The corrzsponding spin

density distributions would be:

1/12

Case 1: C=C>>M Case 2: C=C = M Case 3: C=C<<M

~0 1/12

For the metallzpins studied in this work, the zbove esiirates must be divided
by two because of delocalization of the unpaired electron over two ring systems
connected by the ethylenic bridge. Although Case 1 appears superficially
identical to Case 3 {bzcause of the equal numbers of large and c<mall spin
density positions),they may be distinguished because Case 1 would alsoc have
Targe interactions with the ethylenic proions, an interaction that presumably
would be absent or considerably diminished in Case 3 because of the low spin
censity at the earbon atom adjacent to the ethylenic substituent. Further,
these estimates will be reduced corrzssondinaly as spin density is delocalized

he

ct

into

[+1]

rntibonding pi MD of the einyvienic bridae. Anr eiternative view

considers the unpaired electron tc be delocalized from the ethylenic double

n

bond into the pi systems of the substituent phenyl groues. Of course

[{a]

the MO calculations reporied balow comsider the pi electron system of

the entire roizcule.

RESULTS ANp DISCUSSIgOH

ISR results. In generel silepirs erc carrecins ére redaced readily

under the expesrimental conditions empiorzd. Clean, relatively well-

cirz ere obsevved enz ceont
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en-ihg 1Cn3st LY ¥G of sityi- end cerayl-melellepins end. that of

the

~
[= 9

elate dibcnzo;yc]oheptene.7 In Table 1 are reported the hyperfine

coupling consiants cerived from the esr spectra of the dibénzomepallepins
studied in this work. Data for dibenzocyclcoheptena are presented for

comparison.

The esr spectra of the radical anions of diphenyldibenzosilepin (Fig.

"

[ tea

e o e A i e

Fig. 1.(Above) ESR spectrum of diphenyldibenzo[b,f]silepin radical

anion; (Below) Computer simulation of same esr spectrum using coupling

constants from Table 1.
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methviphenyldibenzosilepin (Fig. 2}, and diphenyldibenzosilepin (Fig. 3)
are superimposable with regard to line pesitions. Small variations in thess
wide hyperfine lines (linawidths ca. 0.5 gauss) among the radicals cause the

observed divferences in line intensities. The esr spectra of the dibenzo-

©We

Fig. 2. ESR spectrum of methylphenyldibenzo[b,f]silepin radical anion.

-~
—c

Fig. 3, ESR spectrum of diphenyldibenzo[b,flgermepin radical anion.
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metallepins (except that of dimethy]dibenzosi]ébin) are temperature independent
in either linewidth or resolution in the temperature }‘ange:, -10(—)0: to +70°,
The spectra appear to arise from hyperfine splitting by protons at either
two or four positions of large spin cdensity plus smaller splittings. A
comzuier-simulated spectrum based on the large hyperfine splitting evident
in Fig.1 does not reproduce the expsrimental spectrum exactly. The simulated
spectrum is quite sensitive to small variations in the choice of coupling
consiants owing to complex interferences among line intensity contributions
in the cenwral porZion of the specirum. Alsc shown in Fig.1l is the best
siruleted spectrum, anc the assignmenits Tor tnis specirum sirslation are
razaorted separetzly in Table 1.

Thne esr spectrum of tribenzosilepin radical anion (Fig. 4) is extremely
narrow in spectrz width (11.2¢ gauss) and has the same broad Tines (0.62 gauss)

gs co the metelizcin radicals discussed ahove. 1T 2llowznce is wmade for the

O
&0
Me Me
5G

Fig. 4. ESR spectrum of tribenzosilepin radical anion.
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TABLE 1

ESR Rasults for Anion Radicals of Dibenzometal]epinsa’b

Line Spectrum a
M Ry Ry Width Width 3 % 3 3 2g
si® Ph  Ph 0.44 22.6 1.06 4.12 1.06 2.00 4.12
Sic Ph Me 0.50 22.6 1.02 4.14 1.02 2.04 £.14
c
Ga Ph Ph 0.41 22.6 1.02 4£.14 1.02 2.00 4.14
Computer Simulation
{See Fia 1) 0.44 1.17  3.10 1.17 2.40 4.20
Si Me Me <0.15 24.7 0.59 3.94 0.59 2.98 4£.30
Computer Simulation
(See Fig 5) 0.10 0.59 3.94 (.59 2.98 £.50
Cd H H e N 0.51 24,19 1.03 2.30 4.20
a
Coupling constants are reported in gauss and are, in principle, eaccurate

to +0.05 gauss. Widihs are reported in gauss.

e coupling constants are assigned by anazlogcy to resulis reocried

ences 3, 5, and 7, and cn thz basis of reciscular orbkitel

ions reported in Table 4.
c
The reporied counlinc corsianis gre mzezured Trom Thg eSY SDECIra.  nov-
sver, the larce linswidihs and = cverlezping of hyoariine linss
make thasz valuzs susrsct. Kotz hz rezsurzd values ere &il within
one or iwo linewidths oV the sp= alues fitted by computer sirmuletion
Thus the msasured values ray be ir error by es much as #0.5 to #1.C gauss.

d
Hyoerfine couplinc constants



c¢iszppsarance of small hyperfine splittings in the Targe Tinewidth, the sgeciru
can be raticnzlizad as ar1s1nﬂ from blsewrxne sciitting by three pairs of

almosi-equivalent Protons. This rationalization has been verified by computer
teTion of k= sp ectrum. The excerimentel coucling cornstanis &re recorzsc
in Table 2 where they are compared with gredictions based on Fickel

M0 calculations for the radical anions of o-terphenyl.

. . . . b
ESR Results for Dimethyltribznzosilepin Radical Anion®’

Compared with Calculated Results for o-Terphenyl Radical Anion®
ag 2, ag ag a7

2.64 ~0 2.03 ~0 z.21

lg;;l u 2.58 0.24 1.71 0.33 2.18
3

Assignments of hyperfine coupling constants to positions are
based on Hilckel MO calculations for dimethyltribenzosilepin
using hs- = -2.7 and kCSi = 0.7.
b )
Linewidth of esr lines is ca. 0.69 gauss; spectrum width, ca.11.96
qauss (see Fig 4) A11 hyperfine coupling constants are reported
in gauss.
c . R
Hyperfine coupling constants for o-terphenyl radical anion are
estimated using McConnell's equatjon with Q = -28 gauss and spin
densities from C. A, Coulson and A. Streitwieser, Jr., Dictionary
"of #-Electron Ca]cu]at1ons W. H. Freeman and Company, San Franc1sco,

1963, g. 99.




Fig. 5.(Above)} ESR spectrum of dimethyldibenzo[b,flsilepin radical anion.
(Below) Computer simulation of same esr spectrum using coupling constants

from Table 1.



~ In contrast with the metallepins discussed above, d1methy1d benzos 1 pin
radical anion has a stronaly temperature-dependent esr spectrﬁm with narrow
hyperfine lines (linzwidths ca. 0.15 gauss). The anion.is stab]a_ove; a
wide range of temperatures, but well-resolved §bectra are observed only at
or below ca. -50°. Figure 5 presents the spectrum observed at -94° as well
as a computer-simulated spectrum generated from the hyperfine coupling
assignments reported in Table 1. The simulation is extremely sensitive to
small variations in the two largest hyperfine coupling constants. A simulated
spectrum with negligible 1iﬁewidth (ca. 0.01 gauss) indicates that this
sensitivity arises from the interference of many hyperfine components in the
central recion of the spactrum. No hyperfine splitting from hyperfine inter-
action of tne unpaired electron with the silyl-methyl protons is observed.

Holecular Qrbital Celculations. Simple Htickel molecular orbital

calculations treat the dibenzometallepin molecule as being planar and
incorporate the metal atom as a2 pseudoheteroatom in the pi electron

svstem. In previous studies of trimethylsilyl-substituted benzene anions,

the -S1n§ arous was assicned & coulomb paranster hSi = ~-2.0 and resonarnce
parameter kCSi = 0.7 to correlate electron spin densities that were determined
by esr r‘:asu'-e...,nts.8 For the present sysizms, a value of hs1 = -2.70

was chosen for -S1M=2 by fittina the spin density distributions reported

10 -+

for oimathyidiphanylisilens racicel anion. Tehie 3 reports the reasonable

]

agreement bstwear celcouizzed end experimentgl soin densities achisved

direthyldibenzesilepin using the coulomb parameier derived Trom PhZSiHeéT
Systematic variation of the coulomb parameter for —SiHez- in the dimethyi-
dibenzosilepin Hickal calculation confirmad that the valus of -2.70 croducead
optimal agreement between calculated and experimental values of the spin
densities. The resonance parameter for the ethylenic double bond was chosen

as BC=C = 1.28, where B, is the resonance parameter appropriate to a



TABLE 3

Test of Heteroatom Parameters for —SiHeZ—

(‘_‘,H3 3 %
£\ S L\
OO

| N—

CH3
Position: 3 4 5 3/5 4/5
nrcc® 1.44 0.34 4.15

0.347 0.082
Poxpt 0.051 0.012 3.148
[od

Pcalc 0.051 0.030 0.148 0.345 0.203
a

Experimental hyperfine coupling constants (HFCC) in causs as reported
by Reference 10.

b

Calculated from experimental HFCC of reference 10 usinc McConnell's
equation with Q = -28.
c

Calculated by Hiickel molecular orbital theory for PhZSiHeZT'using

thi = -2.7 and kCSi = 0.7.

Although the sgreement of calculated anc experimental spin densities
{or position 4 is only moderate, the density at position 4 is small.
MO calculations en related molecules are characterized by relatively
poor agreement for positions meta- to a silicon substituent (Ef.
Reference §).

conjugated double bond (e.g., in benzene). This value for BC=C was chosen by
interpolation from a graph of 8 as a function of carbon-carbon bond 1ength.11
The symmetry of dibenzometallepins results in Hiickel calculations that
predict a node through the metal atom. This is the origin of the insensitivity
of esr spectra of metallepins to variations in either the metal atom or
metal-atom substituents. Molecular orbital calculations based on the semi-

empirical, self-consistent field method of McLach]an,]2 when used with

appropriate pseudoheteroatom parameters for the organometal moiety,s’13



"‘,?~ TABLE 3

& e/@‘f

E]
15 CHy

Position: _3 = 4 5 _6 8_ .3/8  _4/8  _5/8

-:Results of holecu]ar 0rb1ta1 Ca]cu1at1ons for D1methy1d1benzos11ep1n -

6/8

WFce® - 0.58 3.94  0.59  2.98  4.50

b ‘ -
: . . g.161
Poxpt 0.021 0.141 O 021 0.106

p.. € 0.024 0.111 0.002 0.092 0.159 0.148 0.698 0.013  0.575

“[xperiwental hyperfine coup]ing constants (HFCC) in gauss from Table 1.
Calculated from experimental HFCC using McConnell's equation with @ = ~Z8.

0.130 0.876 0.130 0.658

This

value of ( has becn established as most appropriate for extended pi systems {see

References 8 and 13).

Ca]cu]ated by Hlckel molecular orbital theory u51ng h = -2.7 and kCSi = 0.7 .

place only small spin densities ét'the metaflatom or on its substituents.

_Thé predictedrspinidensities are too small to produce dbsérvab]e hyperfine

_Spliftiﬁgé‘but might confripute to the linewidth of the observed esr']inés-
The dfhedrai ahg]e betweeﬁ the "Benzo“ rings of methy]phenyi—

jd1benzos1lep1n has ‘been determined to be 1312,14

and one might expect

that this- nonp]anar1ty would have a s1gn1f1cant influence on the unpaired.
e]ectron distribution. Nonplanaf systems are treated in the FUcke]

- Forma11sn by 1ncorporat1ng a cosine dependence in the "8" values for

: bonds connecting the 1nd1v1dua]]y—p]anar systems..l5 Systemat1c variation
" of 3 for the approprxate bonds in d1methy1d1benzosx]ep1n produced smal]

var1at10ns in the pred1cted SD1n den51t1es but d1d not produce any T

'1rproverent in agreement u1th exper1nenta1 va]ues.
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Comparison with related compounds. The similarity of the spectra

observed for the family of dibenzometallepin anions of this study suggests
that the metal atom has Tittle, if any, influence on the molecular orbital
occupied by the unpaired electron. Because the observed delocalization
of the unpaired electron is complete throughout the molecule and is
independent of temperature, it is not possible to detect any influence

of the metal atom on electron transfer between the aromatic rings in

dibenzometallepin radical anions. 10 Detailed comparison of hyperfine

TABLE 5

ESR Results for Dibenzometallepins and Related Compounds

X a3 3 g 3 a7 Ref.
-C=C- 0.20 1.80 1.80 0.20 2.80 4
~c=0 3.50 0.81 3.04 0.34 0.34 7
—s=0 0.71 3.52 0.14 0.95 3.52 a
_s 1.4 3.79 0.00 1.41 3.79 6
—CH, 0.55 4.20 1.10 2.20 4.20 7
=SiMe, 0.59 3.94 0.59 2.98 4.50 b
—~ SiPhy 1.17 3.10 1.17 2.40 4.50 c
a

Hyperfine coupling constants quoted from A. Trifunac and E. T. Kaiser,
Jd. Phys. Chem., 74 (1970) 2236.

This work
c
This work, computer simulation values.



233‘
coupling constants from analogous compounds from the liferature (see
Table 5) indicates that the dibenzometallepin anions c]oée]y resemble
those of dibenzo[b,fithiepin and 5H—dibenzo[a,d]cyc]oheﬁtene and bear
1ittle resemblance to those of strongly-electron-withdrawing substituents,

e.g., -C=C-, >C=0, and >S=0. -

CONCLUSION

Dibenzometallepins of silicon and germanium are reduced readily to
form stable radical anions that have the unpaired electron distribution
determined Sy the cis-stilbene-like portion of the molecule. The esr
spectra show Tittle sensitivity to variation of the metal atom or
metal-atom substituents or, with the exception of dimethyldibenzometailepin,
to variations in temperature. Hiickel MO calculations that satisfactorily
rationalize the esr spectra indicate that the metal atom lies in a node
of the MO occupied by the unpaired electron. Dibenzometallepins have
esr spectra that are similar to those of the related dibenzothiepin and

dibenzocycicheptene radicail anions.

EXPERIMENTAL

ia erials. Dibenzofb,f]lmetallepins were synthesized, purified, and

characterized as previously reported.]’2 The compound 5-methyl-5-phenyil-5H-

dibenzo[b,f]silepin was synthesized and characterized by methods analogous

to those previously reported.]’2 Dibenzo[b,fldimethylsilepin was purified

by preparative gas chromatography using a Hewlett-Packard 5711 gas chromatograph

equipped with a nine foot column packed with 20% QF-1 on 60/80 mesh Chromosorb P.
Electron spin resonance spectra. Esr spectra were determined on a

component-assembled spectrometer that consisted of
a six-inch magnet (Alpha Scientific Laboratoried, Inc.) equipped with
Fieldial (Varian Associates), a microwave bridge constructed around a four-

port circulator and Schottky diode detector (Microwave Associates), X-band
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microwave cavity (Varian Associates) and a Gunn diode microwave source
(Fairchild, Inc.). Modulation and detection to produce first derivative
esr spectra were accomplished with a 100 kHz modulator (Varian V4560) and
a 100 kHz phase-sensitive amplifier (EMC, Inc.). A custom-constructed,
low-noise preamplifier was used to boost the detector crystal s%gna] before
phase detection. The microwave frequency was stabilized by lccking the
Gunn diode oscillator to the microwave cavity (Teltronics, Inc.}. The spectro-
meter system thus assembled had resolution of ca. 100 milligauss and a
sensitivity of ca. 1012 spins/gauss at microwave power levels of ca. 1 mill-
watt in the microwave cavity. Low temperature spectra were measured using a
dewar cold-finger inserted into the microwave cavity with a current of cold
nitrogen gas passing over the esr sample tube. Temperatures were controlled
by varying the rate of boil-off of liquid nitrogen to vary the flow rate of
gaseous nitrogen and Qere monitored by a copper-constantan thermocouple
referenced to an ice-water bath. For ease of temperature}nonitoring, the
thermocouple voltage was amplified, scaled by operational amplifiers, and
displayed on a digital voltmeter (Heath Co.) as the appropriate temperature
in millivolts. Temperatures thus controlled and measured are believed accurate
to +5°C.

Radical anions of metallepins were generated by reduction with sodium-
potassium alloy in ether solvents at the temperature of toluene slush.
Details of the reduction procedures have been published previous]y?’m']8 Samples

were approximately millimolar in the appropriate substrate.
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