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Abstract: The reaction of 1,1-dilithio-2,3,4,5-tetraphenylsilole (1) with 1,1-dichloro-2,3-diphenylcyclopropene
(2) leads to the novel 1,4-disila-1,4-dihydropentalene (4), as well as an exceptionally stable diradical for
which the structure 3 is suggested. The diradical is unreactive toward water, methanol, and chloroform;
upon heating it transforms into 4. Structure 3 for the paramagnetic species is proposed on the basis of

EPR data and theoretical calculations. The trans—trans

isomer of diradical 3 was calculated to be more

stable than its cis—cis isomer. The strong and stable EPR signal in the reaction mixture is probably due to

the trans—trans isomer of diradical 3 in the triplet state.
and 4 is presented.

A reaction scheme describing the formation of 3

Introduction

Silole dianions are attractive subjects for investigation from
both theoretical and synthetic points of view. The structure of

silole dianions has been discussed extensively in the literature,

and the aromatic character of silole dianions was clearly shown
in several publicationk.® However, reactions of these dianions
have mainly been limited to those with simple electropHiies,

which were often used as trapping agents. Here we report the

reaction of 1,1-dilithio-2,3,4,5-tetraphenylsilol&) (with 1,1-
dichloro-2,3-diphenylcyclopropeng)( which leads to two quite
unexpected product8,and4 (Scheme 1).

Results and Discussion

A bright red, strongly paramagnetic solution is obtained in
the reaction ofl with 2. After separation of byproduct lithium
chloride and evaporation of solvent, the resulting dark red solid
shows a strong EPR signal which persists for many months,

even when exposed to air. The spin quantity was determined to

be 3.21x 10" spins in a solution of 0.040 g of the solid product
in 0.7 mL of benzene, corresponding to a 75% conversion to a
diradical such a8 (evidence for the structural assignmenof

T University of Wisconsin.
*Los Alamos National Lab.
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Scheme 1. Reaction of 1,1-Dilithio-2,3,4,5-tetraphenylsilole (1)
with 1,1-Dichloro-2,3-diphenylcyclopropene (2)
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will be presented later). The free radical product was quite stable
in a vacuum. After storage at room temperature for 2.5 years,
the spin concentration of a sealed sample of the reaction mixture
decreased by a factor of 3. When a similar sample was stored
exposed to air, the spin concentration decreased by a factor of
5 after 4 months. In both cases the radical had undergone
conversion to4.

When the reaction solution was opened to air and immediately
separated by column chromatography and preparative GPC
(toluene elution), 25% of compourtiwas isolated. If on the
other hand the solution was heated to°8for 24 h and then
chromatographed, 65% dfwas recovered. Thus it appears that
the diradical converts td, slowly at ambient temperature and
rapidly at 80°C. The diradical is unreactive toward water,
methanol, or chloroform. When it was heated in the presence
of any of those trapping agents, the major product was

The molecular structure oft was determined by X-ray
crystallography (Figure 1).

The disilapentalene ring is nearly planar with slight deviations
of the silicon atoms from the plane, by 0.12 A. The two silole
rings attachedpiroto the disilapentalene ring are perpendicular
to the disilapentalene plane. The bond distances and angles of
the silole moiety (Si(1)C(2)—C(3)—C(4)—C(5)) of 4 are quite
similar to those of other perphenylated siloléd! In the

(10) Sohn, H.; Huddleston, R.; Powell, D. R.; WestJRAmM. Chem. So¢999
121, 2325.
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Figure 3. (@) HOMO— (LUMO + 2) transition inda; (b) (HOMO — 2)
+ HOMO — LUMO transition in 4a. All molecular orbitals possess

ci27) 0(421 07) s-symmetry and are represented here by only one of their top lobes.
Figure 1. ORTEP drawing (50% thermal ellipsoids) of pentalefe
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Figure 2. UV —vis and fluorescence spectra 4f(—) Absorbance o#;
g@ﬁgg ‘;m')ss'on of4 (excited at 370 nm);¢C0) emission of4 (excited is shifted 10 nm to the red, and a new long-wavelength band
' appears at 484 nm.
Scheme 2. Synthesis of 1,6-Dihyd'\$|0-1,6-disilapentalenes12 The UV—vis spectrum ofda (a model of disilapentalené
SiMe,=-SiMe, We ’e\Me where all phenyl groups are replaced by hydrogen atoms) was

B 1esi | SiMe, ReEX, CHPh. Ph. O\ calculated at the TD-B3LYP/6-3#1+G(d,p) level of theory.
|| Il s W s REEL CHy Two transitions with nonzero intensity were found at 376 and

SiMe;  SiMes R BR3 430 nm. The first of these two transitions corresponds to the
HOMO—LUMO+2 excitation, which is the excitation from the

disilapentalene component, the formal single bond (C{30) 7-system to ther*-system of two five-membered cycles, which
C(31) 1.487(4) A) is shorter than the corresponding bond in are perpendicular to the plane of the bicycle (Figure 3a). The
the external silole (C(3)C(4) 1.519(5) A). This difference is  second transition occurs from both HOMO-2 and HOMO to
consistent with increased conjugation in the disilapentalene the LUMO and corresponds to the excitation from both the
system. The exocyclic bonds to phenyl rings are also slightly 77-system of the two five-membered rings and theystem of
shorter for the pentalene moieties than for the silole rings.  the bicycle onto ther*-system of the bicycle (Figure 3b).

The only other disilapentalenes reported in the literature are  In the fluorescence spectrum disilapentaldnieas a broad
1,6-dihydro-1,6-disilapentalenes, synthesized by Wrackmeyeremission band with two maxima around 506 and 554 nm
and co-workers by ring closure from triynes (Schemé?No (excited at 370 nm). A first maximum at 506 nm can be
crystal structures were obtained for these compounds. attributed to emission by the silole moiety, and a second

Compound4 showed unusual photophysical properties. The maximum at 554 nm might be assigned to emission by the
UV —vis absorption and fluorescence spectrd efe illustrated ~ disilapentalene ring. Whe# was excited at 486 nm, a broad
in Figure 2.4 has absorption bands at 250, 3205660) and ~ emission band was observediatx= 576 nm. The Stokes shift
484 = 730) nm. Most perphenylated siloles have bands at for the red emission o4 is relatively large (90 nm).

250 nm, due to the phenyl groups, and 360 nm, attributed to  Electron Paramagnetic Resonance Studie$he EPR spec-
the silole moiety:%1113Thus in4 the silole band near 360 nm  trum of a reaction mixture solution at room temperature (Figure
4, upper trace) showed a single resonanag=at2.0026, with

(11) fanjl T.; Sakai, T.; Kabuto, C.; Sakurai, HAm. Chem. S0d998 120, a peak-to-peak line WidtlABpp = 5.7 G, flanked by apparent

(12) Wrackmeyer, B.; Kehr, G.;"Ss, J.; Molla, EJ. Organomet. Chen1998 satellite peaks with approximately 18 G separation. The
562, 207. ; ; ; ;

(13) Tang, B. Z.; Zhan, X.; Yu, G.; Lee, P. P. S.; Liu, Y.; Zhu, ID.Mater. experimental ;pectrum_ls reas_,o_nably well S|mu|at_ed (Figure 4,
Chem.2001, 11, 2974. lower trace) with hyperfine splitting constargg12°Si) = 16.0
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Figure 5. Room-temperature EPR spectrum of the reaction mixture as a
solid.

1250 1350 1450 [(';] 1550 1650 1750

Figure 6. Half-field (double-quantum) resonance of the reaction mixture

t 77 K.
G anday(2°C) = 14.0 G and a line shape with 40% Gaussian @

character. The Gaussian nature of the line shape is likely dueScheme 3. Possible Mechanism for the Formation of 4

to unresolved hyperfine coupling to phenyl protdfswing to Ph [1|’h\4 /‘|’h\4
spin-exchange broadening; attempts to adjust the solution [ '& ;\C%Ph si A sic | [Ph S
concentration in order to obtain spectra with resolved proton ,Si\\c_‘/,ph th; -Lict Phﬁ '~/ ‘3::
hyperfine splitting were unsuccessful. Density functional cal- ! U P Cl P * Ph
culations for the 2,3,4,5-tetraphenylsilole radical akiqmedict 1 2 5 6
hyperfine-splitting parameters of 0.7, 1.6, and 2.2 G for o Pho T
interaction with protons from one pair of phenyl substituents =" f/”"“ Pr4 Ph ?:Cjﬁ S\
and 0.1, 0.2, and 0.2 G for the protons of the other pair of phenyl ph4£>"\,cx\\cr\.3i,/7 - @agf 7
groups. That such a set of electremuclear interactions with = Ph ]
20 protons could lead to a very dense and potentially unresolv- 3Ph w
able spectrum is further confirmed by spectral simulation using \
the calculated splitting parameters and individual Lorentzian @Pm
lines of 1.4 G width. thh

Data were acquired under various conditions in an effort to PH “gi” Ph
characterize the radical species as monoradical or diradical in . @Pm
nature and, if a diradical, to determine whether a triplet-state
or biradical description is more appropridfeThe reaction Formation of 4. A possible mechanism for the reaction

mixture was examined at room temperature and 77 K in leading to4is shown in Scheme 3. The first step involves attack

amorphous solid form. To avoid a signal from the glass sample of dianion 1 on the carborcarbon double bond o2 with

tube in the half-field region, quartz EPR sample tubes were used.expulsion of chloride ion to give nonisolable chlorocyclopropene
At room temperature, a dominant central peak of 5.8 G width intermediateb.

was observed in thg = 2 (single-quantum) region, flanked by Subsequent spontaneous loss of LiCl with concomitant rupture

smaller components characteristic of a dipolar line shape patternof the cyclopropene ring affords the intermediate carb&ne
(D = 28 G,E = 2 G), indicating the presence of a triplet-state which could dimerize to form the unstable bis(silene)butatriene
diradical (Figure 5¥3 7. The intermediate cumulené cannot be planar because of
The intensity of the central resonance can be attenuated byStrong interactions between phenyl rings in 1,4 positions.
application of greater incident microwave power, making the TWwisting of the silole rings to relieve this steric hindrance would
contribution of the dipolar component relatively more pro- favor the diradical3, which might exist as three different
nounced. The dipolar line shape component is well simulated iSOMers: trans—trans, trans-cis, andcis—cis. Cyclization of
with the parameter® = 28 G ancE = 2 G; fromD the average  thecis—cisisomer of3 could provide the final produet There
interelectron distance is calculatédo be [F0= 9.98 A. No ~are precedents for several of the proposed steps in the mech-
half-field (double-quantum) resonance was detected at roomanism. Similar reactions of different nucleophiles on the
temperature; however, a7 7K a weak half-field signal was  carbon-carbon double bond of 1,1-dichlorocyclopropenes have
observed (Figure 6). For thg= 2 region at 77 K, the central ~ been reported’*8 Also, dianion1 attacks the carborcarbon
resonance broadened slightty& G and the distinctive features ~ double bond in 2,3-diphenylcyclopropenone, leading to rear-
of the dipolar line shape were lost, at least in part due to line "angements with the formation of a silaspirotropylidéh@he
broadening (Figure 5). At both room temperature and 77 K, analogous formation of a dihydropentalene and a vinylpenta-
only a very slight asymmetry of the line shape was detected, fulvene through a vinyl carbene as a possible intermediate was

indicating a negligible anisotropy of tligtensor for the diradical ~ 0bserved in the reaction of sodium cyclopentadienide with
in the amorphous solid. 1,2,3-tris[tert-butyl)thio]cyclopropenylium tetrafluoroborate

(Scheme 4%°

(14) Weil, J. A.; Bolton, J. R.; Wertz, J. [Electron Paramagnetic Resonance:

Elementary Theory and Practical Application&/iley: New York, 1994. (17) Melloni, G.; Ciabattoni, JChem. Commurl968 1505.
(15) Faustov, V. I.; Egorov, M. P.; Nefedov, O. M.; Molin, Yu. Rhys. Chem. (18) Murata, |.; Nakazawa, T.; Shima, IKChem. Lett1972 669.

Chem. Phys2000,2, 4293. (19) Sohn, H.; Merritt, J.; Powell, D. R.; West, Rrganometallics1997, 16,
(16) Salem, L.; Rowland, CAngew. Chem., Int. Ed. Engl972 11, 92. 5133.
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Scheme 4. Reaction of Sodium Cyclopentadienide with
1,2,3-Tris[(tert-butyl)thio]cyclopropenylium Tetrafluoroborate2°
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Theoretical Calculations of Diradical 3. Theoretical cal-
culations for the proposed diradical were performed at two
different levels of theory!—23 To simplify the calculations, the
model molecule8awas chosen in which hydrogen atoms were
substituted for all the phenyl groups. Two initial geometries
were considered: (1) a “flat” conformation, whe3a is lying
in one plane and (2) a “turned” conformation, where the five-
membered rings o8a are twisted along the SiC5 bond to
be perpendicular to the C87—C8 plane. The actual diradical

3 cannot be planar, because of repulsions between phenyl group

at the 2,7 and '27' positions (Figure 7). Three geometrical
isomers are possible: (#ans—trans (b) trans—cis, and (c)
cis—cis.

First, the geometries dfans—transandcis—cis isomers of
3ain the triplet state and in both “flat” and “turned” conforma-
tions were optimized at the UB3LYP/6-31G** leélusing
broken symmetry (BS) techniqdé This technique is based
on a UHF, GuessMix method to build a single determinant

description of the open-shell singlet state using orbitals localized

on different magnetic centers bearing electrons of opposite spin
While a single determinant description of a triplet state is fairly
accurate, the BS state is spin contaminated and lies betwee
low- and high-spin eigenstates of thé §pin operator. As a

result, BS-HF underestimates the singliplet gap. In contrast,

the BS-B3LYP approach usually results in low spin contamina-
tion and gives a reliable description of the geometry and spin

(20) Guggisberg, von D.; Bigler, P.; Neuenschwander, M.; EngéleR.. Chim.
Acta 1989 72, 1506.

(21) (a) All DFT and TD-DFT calculations were performed using the Gaussian-
98 package: Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G.
E.; Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J.
A.; Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J M.; Daniels,
A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.;
Cossi, M.; Cammi, R.; Mennuci, B.; Pomelli, C.; Adamo, C.; Clifford S.;
Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K;
Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.;
Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Lia, G.; Liashenko, A.; Piskorz,
P.; Komaromi, A.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-
Laham, M. A;; Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe,
M.; Gill, P. M. W.; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J.
L.; Head-Gordon, M.; Replogle, E. S.; Pople, J.@aussian 9§Revision
A.1); Gaussian, Inc.: Pittsburgh, PA, 1998. (b) QM/MM calculations were
performed using the Gaussian 98 ONIOM (AM1: UFF) option.

(22) (a) Nudleman, LJ. Chem. Physl981, 74,5737. (b) Barone, V.; Crescenzi,
O.; Improta, R.Quant. Struct-Act. Relat.2002 21, 105. (c) Cabrero, J.;
Calzado, C. J.; Maynau, D.; Caballol, R.; Malrieu, JJPPhys. Chem. A
2002 106, 8146.

(23) Geometry optimizations at CAS (10,10)/6-31G* and single-point cal-
culations at MR-PT2 (10,10)/6-31G* levels were performed using the
PC GAMESS version of the GAMESS (US) QC package: (a) Granovsky,
Alex A. URL: http://classic.chem.msu.su/gran/gamess/index.html. (b)
Schmidt, M. W.; Baldridge, K. K.; Boatz, J. A.; Elbert, S. T.; Gordon,
M. S.; Jensen, J. J.; Koseki, S.; Matsunaga, N.; Nguyen, K. A.; Su, S,;
Windus, T. L.; Dupuis, M.; Montgomery, J. Al. Comput. Chem1993
14, 1347.
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polarization effects in biradicaf8® However, the BS-B3LYP
level tends to overestimate the extent of delocalization of the
magnetic orbitals, leading to overestimation of the singieplet
gap?2¢ For this reason we employed complete active space
multireference perturbational theory (MR-PT2) to estimate the
singlet-triplet energy gap. All bond lengths and major angles
for the optimized structures are given in the Supporting
Information2*

Relative DFT energies of the triplet states for bttiins—
transandcis—cisisomers and singlet states for thhans—trans
isomer of3a in both conformations are presented in Table 1.
The energy differences between triplet statesrahs—trans
and cis—cis isomers were found to be only 0.8 and 3.6 kcal/
mol (favoring thetrans—transisomer) for “flat” and “turned”
conformations, respectively, indicating that thermodynamically
the formation of both isomers is quite possible. We believe that
the trans—cis isomer of 3a would have energy somewhere
between that of th&rans—trans andcis—cis isomers. For that
reason thdrans—cis isomer was not studied.

Estimation of the singlettriplet energy gap and some bond
lengths obtained for “flattis—cis 3a at the RB3LYP/6-31G**
and BS-B3LYP/6-31G** level¥ are presented in Table 2.

Apparently, forcing a closed-shell configuration of the sing-
et in the RB3LYP geometry optimization resulted in the
geometry that is best described as a cumulene-like feeya
“precursor” for3ain the proposed mechanism (see Scheme 3).
Thus the Si+C2 and Si+C5 single bonds (1.836 A) are
longer than the SiC6 bond (1.760 A), and the GZX3 and
C4—C5 double bonds (1.364 A) are shorter than the-Cg
bond (1.414 A).

For comparison, important bond lengths of the “turned” triplet
of 3a are also presented in Table 2. The -S(6 and C7#C8
bonds in the “turned” triplet are expected to be single bonds,
while C6—C7 would be a double bond since unpaired electrons
cannot be delocalized over the S8 chain due to their
orthogonality to ther-system of the molecule. In the UB3LYP-
optimized molecule the S1C6 and C#C8 bonds lengthen,
while the C6-C7 and C8-C8 bonds shorten, which indicates
that the cumulene-like representation 8k acquires more
biradical character. Significant deviation of tf[value from
zero in the UB3LYP case highlights the noticeable contribution
of the biradical form into the singlet wave function.

It is also worth mentioning that DFT finds BS singlet and
triplet (T) states of the “turned” conformer tfans—trans 3a
to be degenerate. This spin degeneracy turns out to be the
characteristic of the system (vide infra). The “turned” conformer
of trans—trans 3a can be viewed as a system with two
noninteractingradical centers.

To estimate correctly the singtetriplet gap for3a in the
“turned” conformation, multireference CASSCF and MR-MP2
calculationg® were performed for the triplet, as well as for the

(24) IR frequency calculations confirmed that the “flat” triplet stat@afs the
true minimum. The “turned” triplet state oBa is found to be a
two-dimensional saddle point. However, analysis of the imaginary vibrations
revealed that they correspond to symmetric and antisymmetric rotations of
SiGs cycles about the SiC5 and Si-C5 bonds. This was expected since
the molecule was locked in the “turned” configuration by the symmetry
restrictions. However, the presence of phenyl substituents instead of H atoms
in 3 would not allow the molecule to adopt the “flat” conformation due to
the phenyl:-phenyl repulsion. The restrictions on the conformation, imposed
by phenyl groups ir8, were simulated ir8a by “locking” the molecule in
the “turned” conformation by imposinG,, symmetry.

(25) IR calculations for both restricted and unrestricted singlet of the “Bat”
confirmed that both geometries converged to true minima.
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Figure 7. Possible conformers of diradicah, the hydrogen-substituted model &f

Table 1. Relative Energies (kcal/mol) of Some Isomers of 3a in
Singlet and Triplet States, Calculated by B3LYP/6-31G** Level

conformation
state:? “flat” “turned”
isomer Css BSS T Css BSS T
trans—trans3a 0 —-0.6 23.6 57.2 33.1 33.1
cis—cis3a b b 24.4 c b 29.9
iso-pentalen® —22.4
disilapentalenda  —51.5

aCSS, closed shell singlet; BSS, broken symmetry singlet; T, triplet.
bWas not calculatedt. Converged to iso-pentalene (vide infra).

Table 2. Important Bond Lengths (A) and Relative Energies
(kcal/mol) for Triplet and Singlet States of “Flat” and “Turned”
Conformers of trans—trans Isomer of 3a

AE,
conformer state? Si1-C6 C6-C7 C7-C8 C8-C8  kcallmol
“flat” CSS ((F=0) 1.760 1.414 1.360 1.249 0.6
“flat” BSS (($(=0.48) 1.775 1.402 1.373 1.242 0.0
“flat” T (=2 1.815 1.369 1.407 1.223 23.6
“turned” T ((F=2) 1.867 1.354 1417 1.219 33.5

aCSS, close-shell singlet; BSS, broken-symmetry singlet; T, triplet.

Table 3. Relative Energies (kcal/mol) of the Two Conformers of
3a in Singlet and Triplet States, Calculated at the MR-MP2(10,10)/
6-31G*//CAS(10,10)/6-31G* Level

conformation
state?: “flat” “turned”
isomer CSS 0SS T CSS 0SS T
CAS(10,10)/6-31G* 147 149 16.8 0.0 0.1 0.0
MR-MP2(10,10)/6-31G* 8.7 3.8 00 101 101 101

aCSS, closed-shell singlet; OSS, open-shell singlet; T, triplet.

open- and closed-shell singlet states with no symmetry con-
straints imposed on the wave function. Results of these
calculations are presented in Table 3.

As in the case of DFT calculations, the multiconfigurational
treatment (after including dynamical correlation correction) also
finds the “flat” conformation of3a to be energetically pre-
ferred over the “turned” one by about20 kcal/mol (depending
on the multiplicity of compared conformations). But unlike
BS-B3LYP, multireference perturbational theory (MR-MP2)
predicts the triplet to be the most stable species. MR-MP2 also
confirms the singlettriplet degeneracy found by DFT for the
“turned” conformer of thetrans—trans isomer of 3a. The
HOMO and LUMO of this conformer consist primarily of
p-orbitals of Si atoms and adjacent C atoms of the rings.
Orthogonality between these p-orbitals andthgystem of the
carbon chain ensures the lack of interaction between two radical
centers. Apparently, spin polarization along the chain-bbnds

is not sufficient to remove the resulting singtétiplet degen-
eracy in 3a

Despite the failure to predict the relative stability of the “flat”
spin states, DFT calculations give useful insights into the
isomerization behavior of molecu8 Attempts to optimize the
geometry of the “turned” conformation of thes—cis isomer
of 3a(B3LYP/6-31G(d,p)) in the restricted singlet state lead to
the convergence of its initial geometry & an isomer of
disilapentalenda (Figure 8). Disilapentalengaitself was found
to be 29.1 kcal/mol more stable than its isorBemnd 84.6 kcal/
mol more stable than the triplétans—trans “turned” isomer
of 3a

Another attempt at geometry optimization for the “turned”
cis—cis isomer of3a in the restricted singlet state was per-
formed, starting with a distorted initial conformation. The dis-
tortion was introduced by bending the €€8=C8 —C7 chain
in a zigzag fashion (angle CGTC8=C8 is 16C), so C8 and
C8 would be further from Sil and Silrespectively, than they
were in the previous initial guess (Figure 9).

In this case the structure of the singbet—cis “turned” isomer
of 3aconverged to disilapentaled@. Conversion of thérans—
transisomer of diradicaB into 4 is inhibited by thecis—trans
isomerization barrier. It is therefore plausible that the triplet
cis—cis “turned” isomer of3 spontaneously condenses irto
after the triplet=> singlet spin-flip and an attack by the Si
atom of the most remote sp-hybridized carbon.

The distance between Si atoms in thens—transisomer is
9.60 A. These data are in good agreement with the average
interelectron distance & 9.98 A) calculated from the dipolar
splitting parameteD of the room-temperature EPR spectrum
of the amorphous solid reaction mixture. The isotropic hyperfine
splitting constants/G for 2°Si for isomers of diradicaBawere
calculated to be-50.7 G (for3a, “turned”) and—13.5 G Ba,
“flat™) with UB3LYP/6-311G(2df,2pd). These data are in satis-
factory agreement with the hyperfine splitting consta(t°Si)
= 16.0 G used for the simulation of experimental spectra
because the actual geometry of diradigdbearing bulky phenyl
groups, will be somewhere between these proposed two ideal-
ized “flat” and “turned” conformations.

Conclusions

Both the EPR observations and theoretical calculations are
consistent with our formulation of the diradical as tinans,
transisomer of3. The “flat” conformation would be preferred
over the “turned” form, but cannot be achieved due to steric
repulsions. Most likely the molecule adopts an intermediate
conformation between the “flat” and the 9@urned” form. The

(26) Salem, L.; Rowland, CAngew. Chem., Int. Ed. Endl972 11, 92.
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triplet state is expected to be the ground statefavith a small
triple—singlet energy gap. The conversion of the diradical to

upon heating can be explained by thermal isomerization to the

cis, cisform, which cyclizes to4.
Why is diradical3 so remarkably unreactive? Its stability can

perhaps be explained by steric hindrance, as well as delocal-
ization of the unpaired electrons over the silole ring. Silole anion

radicals are well known and quite stable although highly
reactive'®> However neutral silole radicals have apparently not

equipped with a 337 nm nitrogen laser, a reflection, and delayed
extraction. Acceleration voltage is 25 kV.

X-ray Data Collection and Structural Refinement of 4. Intensity
data for this compound were collected using a Bruker SMART CCD
area detector (1) mounted on a Bruker Platform goniometer using
graphite-monochromated Mo oK radiation ¢ = 0.71073 A). The
sample was cooled to 133(2) K. The monoclinic space g )h
(# 14) was determined by systematic absences and statistical tests and
verified by subsequent refinement. The structure was solved by direct
methods and refined by full-matrix least-squares methodsFén

been reported. Our results suggest that the study of such radical$iydrogen atom positions were initially determined by geometry and

may be very worthwhile.

Experimental Section

General ProceduresAll reactions were carried out using a standard
Schlenk line under a nitrogen or argon gas atmosphete!C, and
29Si NMR spectra were recorded at 2C on a Varian INOVA-500
spectrometer working at 500.00 MHz 84, 125.75 MHz for*3C, and
99.38 MHz for?°Si in CDCk. The chemical shifts are expressed in
ppm using TMS as an internal standatdl (*3C, and®*Si data). U\V-
vis and fluorescence spectra were recorded on a HP 8452\vi$ible

refined by a riding model. Non-hydrogen atoms were refined with
anisotropic displacement parameters.

Reaction of 1,1-Dilithio-2,3,4,5-tetraphenylsilole with 1,1-Dichloro-
2,3-diphenylcyclopropenel,1-Dichloro-2,3-diphenylcyclopropeng)(
was prepared according to a literature procedtitel-Dilithio-2,3,4,5-
tetraphenyl-1-silacyclopentadien® (vas prepared from 1,1-dichloro-
2,3,4,5-tetraphenyl-1-silole (0.5 g, 2.2 mmol) in 7.5 mL of THF and
Li (0.033 g, 4.8 mmol) in an argon atmosphere as described previbusly.
A solution of 2 (0.58 g, 2.2 mmol) in 10 mL of THF was added 1o
(2.2 mmol in 10 mL of THF) at—78 °C. The reaction mixture

spectrophotometer and F-4500 fluorescence spectrophotometer, respedmmediately turned dark red. After warming the reaction mixture to

tively. The quantum yield®; = 0.08) for4 was measured in heptane
solution. Quinine sulfate in 0.1 N sulfuric acid was used as a stad@lard.

room temperature over 2 h, THF was evaporated in vacuo and the
residue was dissolved in benzene and filtered to remove LiCl.

EPR data were acquired with a Bruker ESP 300E X-band spectrom- Evaporation of the solvent gave a dark red powder. The EPR spectrum
eter using 100 kHz modulation frequency. A gaussmeter calibrated with Of the solid and its benzene solution showed strong signals assigned to

solid DPPH was used to measure the field strength gemlue

diradical 3.

determination. Acquisition parameters were adjusted on a case-by-case Reactivity of Diradical 3 toward Mel, MeOH, Me sSiCl, CHCl5,
basis to provide sufficient spectral resolution. Low-temperature data or water. A reaction mixture was prepared by the procedure described
were acquired at 77 K by immersion of the sample into a quartz dewar above and was treated with excess Mel (or MeOH, wategJu, or
insert containing liquid nitrogen. The spin concentration was determined CHCl;) at —78 °C and allowed to warm to room temperature. The

by careful integration of the EPR signal standardized with that of
TEMPO solution. Quartz EPR sample tubes were used.

The matrix-assisted laser desorption/ionization (MALDI) mass
spectra were obtained using a Bruker REFLEX Il (Billerica, MA)

solvent and excess Mel (or other reagents) were removed and the
residue was dissolved in benzene and filtered to remove LiCl. In the
case of water or MeOH the organic layer was separated and dried with
MgSOQ,. After evaporation of the solvent a dark red powder was

(27) Demas, J. N.; Croshy, G. A. Phys. Chem1971, 75, 991.
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obtained. The EPR spectrum of the solid and its benzene solution hydroxycinnamic acid includes an intense peak at 1388zGhat can

showed strong signals assigned to dirad®al be interpreted as a complex 4fwith matrix as well as a less intense
The reaction mixture prepared as described above was treated withpeak for4 at 1149.1m/z
excess methanol or water &8 °C and then heated to 70 °C for The MALDI mass spectrum of the paramagnetic reaction mixture

24 h. Analyses of the reaction mixture by NMR spectroscopy showed i, the presence af-cyano-4-hydroxycinnamic acid has a very intense

the presence of only one silicon-containing product, disilapentalene peak at 592.2wz and only traces of the signal at 11491z of 4.
Preparation of Disilapentalene 4.A solution of 2 (0.58 g, 22 \hen the mass spectrum of the same sample was recorded in the

mmol) in 10 mL of THF was added (2.2 mmol in 10 mL of THF)  yresence of anthracene, the peak at 58@2disappeared and only a

at —78 °C. The reaction mixture immediately turned dark red. After ;oo signal at 1149.1Wz of disilapentalenet was observed. The

heating for 24 h at 80C and evaporation of THF, the crude solid was  5h64rance of the signal at 592 can be explained by the splitting

dissolved in benzene and washed with a saturated aqueous solution of o giradical3 in the presence af-cyano-4-hydroxycinnamic acid

ammor_lium chIoridgT_he organic layer was dried with Mg$Oand which might take place during laser irradiation, and subsequent addition
the residue was purified by column chromatography (benzéegane of water present in the matrix.

(10:1) elution). A dark red compound was obtained (1.4 g, 1.2 mmol,
60%). Further purification by preparative GPC (toluene elution) and Acknowledgment. The authors are grateful to Dr. Anna
crystallization from benzene at room temperature afforded bright red Krylov and Dr. Martha M. Vestling for valuable discussions

crystals of4: mp 360-361 °C. 2°Si NMR (CDCk, 99.38 MHz): ¢ . . -
~21.865.1H NMR (CDCh, 500.0 MHz): 6 7.23-8.18 (br, m, Ph). This work was supported by grants from the National Science

15C NMR (CDC, 125.38 MHz): 6 130.33-135.06 (m, silole carbons); ~ -oundation.
136.36-147.30 (br, m, Ph). HRMS (MALDI) calcd for gHeoSiz

1149.57, found 1149.43. Anal. Calcd fosdeSiz: C, 89.85: H, 5.26. Supporting Information Available: Tables of bond lengths

Found: C, 89.67: H, 5.53. and angles, complete atomic coordinates, anisotropic displace-
MALDI Mass Spectra of Diradical 3 and Disilapentalene 4.To ment coefficients, and isotropic displacement coefficients for
find evidence for the presence of diradicdl matrix-assisted laser ~ hydrogen atoms and summary of crystal data, data collection,
desorption/ionization (MALDI) mass spectra for disilapentaléraad and refinement fod and results of theoretical calculations of
for the fresh reaction mixture containing a strong paramagnetic signal geometry optimizations of diradicda, its conformers, and
were recorded and compared. isomers. This material is available free of charge via the Internet

The MALDI mass spectrum of disilapentaledewithout matrix
showed only one peak at 114%%z corresponding to the produdt
The MALDI mass spectrum off in the presence ofx-cyano-4- JA020763H

at http://pubs.acs.org.
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