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Synthesis of the first kinetically stable dibenzosilafulvene
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The first siable dibenzosilafulvene, 9-{[8-(dimethylaminomethyl)-1-naphthyl}phenylsil-
1-ylium}fluoren-9-ide (7a), was obtained in one step from 9-fluorenylliithium and
chloro[8-(dimethylaminomethyl)-1-naphthyl]phenylsilane as a stable solvate with THF. The
structure of the zwitterionic compound 7a was established by 'H, 13C, and 29Si NMR in
solution and in the solid state. The reactions of compound 7a with crotonaldehyde, ethanol,
and triethylethylidenephosphorane are described. The data on the synthesis of alkoxy- and
alkylthiochioro-9-fluorenylsilanes and their phosphonium salts are given.

Key words: Si=C double bond, dibenzosilafulvene, N-Si intramolecular coordination,
alkoxychloro-9-fluorenyl- and alkylthiochloro-9-fluorenyisilanes, 9-silylfluorenyl anions with

phosphonium counterions, NMR spectra.

The kinetic instability of silaolefins is due to two
main reasons, namely, the decreased energy of the
2p,—3p, bonding in the Si=C dyad compared to that of
the 2p,—2p, bonding in the C=C fragment of olefins
and the high polarity of the $C=Si(®*) bond, which is
due to the considerable difference between the elec-
tronegativities of carbon and silicon. The latter factor is
even more pronounced for other classes of compounds
with Si=X multiple bonds (X = O, §, NR, PR, erc.).
Therefore, the simplest compounds of this class can be
detected and studied only in argon matrices at low
temperatures, and the preparation of kinetically stable
silaolefins, silanethiones, or silanimines requires that
sterically hindered groups be introduced at one or both
centers of the Si=X dyad.l—4

The kinetic stability of compounds containing

Si=X & BHSj—XE)

multiple bonds can be increased, in principle, by delo-
calization’ of the negative charge on the X&) center
and by stabilization of the ©%)Si silycenium center,
which can be achieved by coordination with nucleo-
philic groups.

An elegant method for stabilization of compounds
with silicon—sulfur, silicon—nitrogen, and silicon—phos-
phorus multiple bonds has been proposed by Corriu
et al., who described the synthesis of a compound of
type 1.

Note that kinetically unstable silaolefin 2 containing
no bulky substituents at the silicon atom has aiso been
isolated and structurally characterized as complex 2a.7-8
Finally, synthesis of stable silycenium perchiorate 3

IC"CI Me,Si==C{SiMe,)
2 ” 372 SR

,,Ph ) &
HZC\ ,Sl\x_ Me,Si=C(SiMe,), rs” “sm
Me/ \Me Me,N Cio,
1 2a 3
X = S, NBu!, PPh R = Pr

demonstrates that the positive charge on the spi-hybrid-
ized Si atom can be partially compensated due to delo-
calization of the lone electron pairs of the atom that is
bound directly to silicon.?

Previously we have shown that owing to the efficient
delocalization of the negative charge, silafulvenes and
dibenzosilafulvenes can be generated in solutions at
ambient temperature as Kkinetically independent spe-
cies,1%11 which can be detected as products of their
subsequent reactions with nucleophiles, for example,
with pyridine or phosphonium ylides.'8—13 It was of
interest to carry out reactions of this type with
chloro(fluorenyl)silanes containing a heteroatom with a
lone electron pair (O or S) attached to the Si atom, a
hydride hydrogen atom, or an N-—Si intramolecular
coordination bond.® The general synthetic route in-
cluded preparation of chloro(9-fluorenyl)silanes 4—6
and their treatment with alkylidenephosphoranes 1o give
dibenzosilafulvenes 7 (Scheme 1), as had been described
in our previous studies!—!3 for the reactions of phos-
phonium ylides with chloro(cyclopentadienyl)- and
chloro(fluorenyi)silanes, -germanes, and -stannanes.
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4: R = Ph, R* = 8-(dimethylaminomethyl)-1-naphthy!
5a: R = R'= PriQ

6a: R = R'= Bu"S

Ft = 9-fluorenyl

It was found that dichloro]8-(dimethylaminomethyi)-
1-naphthyi]phenylsilane!¥ does not react with fluor-
enyllithium in a mixture of Et;O with THF, which is
apparently due to steric reasons. Therefore, we decided
to use the synthetic route proposed by Barton et al.15 for
the preparation of sterically hindered chloro(fluor-
enyl)silanes (Scheme 2).

Scheme 2

BULSIHICT Ay BulSiHIAl Z2e BuLSI(FHCI

We found that the reaction of chlorosilane 8 with
fluorenylilithium follows an unusual pathway and di-
rectly leads to dibenzosilafulvene 7a, which was isolated
as a stable solvate with THF (Scheme 3).16

Scheme 3

Note that the reactions of organolithium compounds
with chlorosilanes normnally involve Si—Cl bonds rather
than Si—H bonds and that attempts to dehydrochlori~
nate chloro(fluorenyl)silanes by treatment with RLi re-
sult only in the formation of lithium salts of dialkyl-
chiorosilylfluorene . 15:17

The structure of 7a was proved unambiguously by its
IH, 13C, and *Si NMR spectra. The occurrence of the
strong intramolecular N~»Si coordination bond is clearly
manifested in the 'H NMR spectrum as nonequivalence
of the Me groups at the nitrogen atom and the protons
of the CH, group, which gives an AX spectrum with a
typical value of 14.5 Hz for the geminal spin-spin cou-
pling. The signals of the protons of the CH; and CH,
groups in the spectrum of 7a are shifted ~0.8—1.3 ppm
and 0.4—0.6 ppm downfield, respectively, in relation to
their positions in the spectrum of the initial compound 8
in which the N—-Si coordination bond is not that strong.
In the spectrum of silanethione (1, X = S) that we
recorded,!® these shifts of the signals observed in a
pyridine-ds solution amount to ~ 0.8—1.2 ppm and
0.3—1 ppm, respectively.

The 13C NMR spectrum of dibenzosilafulvene 7a
clearly resembles those of the alkali metal salts of fluo-
rene!® and silylfluorenyl anions, which have been stud-
ied in our previous works'®? and are also described
below.* The C(9) resonance signal at 70.28 ppm, like
these signals for other silylfluorenyl anions, is shifted
downfield relative to its position in the spectra of
silylfluorenes by more than 30 ppm, whereas the C(3,6)
signal is shifted upfield by ~ 12 ppm. The signals of the
carbon atoms in the ortho- and para-positions of the
phenyl ring attached to the silicon atom are displaced
downfield with respect to those in the spectrum of the
initial 8 by 5.5 and 6.0 ppm, respectively. The CHj;
groups are clearly nonequivalent, and their signals are
displaced downfield in relation to those in the 3C NMR
spectrum of chioride 8. The 2Si signal at 3.57 ppm
occurs in the same region as those for compounds 1.10
We also recorded the 13C CP MAS NMR spectrum of
solid dibenzosilafulvene 7a using rotation of the sample
at the magic angle and cross-polarization. The positions
of the signals in this spectrum proved to be similar to
those in the spectrum recorded in solution, which con-
firms that the structures of dibenzosilafulvene 7a in the
crystailine state and in solution in pyridine-ds are iden-
tical.

Similarly to silaolefins! and the lithium salt of
chloro(diisopropyl)silyifluorene,'” compound 7a readily
reacts with crotonaldehyde but does not react with
benzophenone or acetone (Scheme 4).

* The data of the 'H, 13C, and 2Si NMR spectra reported for
the lithium salt of chlorodiisopropylsilylfluorene by Couret er
al17 differ substantially from those reported by Edlung!® and
obtained in our studies;!%13.19 this is apparently due to the
fact that Couret et all7 recorded the spectra in dichloro-
methane, which is not inert toward carbanions of the fluorenyt
series.
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Scheme 4
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Dibenzosilafulvene 7a eliminates fluorene under the
action of alcohols (Scheme 5).
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Note that protolysis of the C(9)—Si bond under the
action of weak electrophilic reagents such as alcohols is
not typical of silylated fluorenes. Apparently, the N—Si
coordination in dibenzosilafulvene 7a results in an addi-
tional polarization of the C(9)—Si bond and facilitates
desilvlation.

We also studied the interaction of dibenzosilafulvene
7a with Et;P=CHMe. Previously we have shown!2:13.19
that in the case of silafulvenes and dibenzosilafulvenes
as well as silanethione (1, X = §), this reaction affords
betaines (Scheme 6).

Scheme 6
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In the case of dibenzosilafulvene 7a, we did not
detect the formation of a stable betaine; instead, the
reaction gave silaacenaphthene derivative 12 (Scheme 7).

Scheme 7

—_—

7a+ Et3P=CHMe

Silanethione (1, X = S) behaves in a similar way
under thermodynamically controlled conditions.2?

The data obtained by spectroscopy and the chemical
behavior make it possible to claim that compound 7a,
which can formally be regarded as a derivative of
dibenzosilafulvene, has a zwitterionic nature.

Based on the result of the reaction of 7a with
Et,P=CHMe and the published data'? on the synthesis
of perchlorate 3, we decided to prepare chloro(fluor-
enyl)di(isopropoxy)silane (5a), di(butylthio)(chloro)fluor-
enylsilane (6a), and fluorenyl(diisopropoxy)silane (13)
and to make them react with PhyP=CMe,.

Silanes 5a and 6a were synthesized by the exchange
of trichloro(fluorenyl)silane with Et;SnOPri and
Pb(SBu"),, respectively. In the case of FISi(H)Cl,, the
reaction with Et;SnOPr was accompanied by liberation
of metallic tin. Therefore, to replace both chlorine
atoms, we used Me,Ge(OPr), (Scheme 8).

Scheme 8

FISI(H)CI, + Me,Ge(OPr), — FISI(OPr),H + Me,GeCl,
13

The reactions of compounds 5a, 6a, and 13 with
Ph;P=CMze, lead to the corresponding carbanions with
phosphonium counterions. As shown by NMR spec-
troscopy, the starting fluorenylsilanes 5a and 6a partially
disproportionate in solution to give mixtures of com-
pounds 5a—c and 6a—e, respectively, whose reactions
with Ph;P=CMe, yield phosphonium salts 14a—c and
15a—c (Scheme 9).

All the isolated alkoxysilyl- and alkylthiosilylfluorenes
and their salts with phosphonium counterions were char-
acterized by NMR spectroscopy using the criteria that
we developed previouslyl2:13:1% for NMR identification
of compounds of this type. Compounds 5¢ and 14¢ were
obtained by an alternative synthetic route.

These results, together with the published data on
the deprotonation of chloro(fluorenyl)silanes, make it
possible to conclude that elimination of chloride ions is
not typical of the FITR,SiCl M™ type salts (R = Alk,
Ph, SR, OR; M* = Li" or Ph;PFAIX) in solution.
However, the chlorosilyl-substituted fluorenyl anion with
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Scheme 9
FISIR,Cl === FSIRCl, + FISiR,
5a, 6a 5b, 6b S¢, 6¢

| |

PhyP=CMe, |4

s Ph,P*CHMe,
SiRCly,

14a—c: R = OPr;
15a—c: R = SBu"
n = 2(a), 1 (b), 3 (c)

an N-»Si intramolecular coordination bond is converted
in solution into the corresponding dibenzosilafulvene.

Experimental

14, 13C, 28, and 3!'P NMR spectra were measured on a
Bruker AM-360 spectrometer for degassed solutions of the
samples in pyridine-ds, THF-dg, and benzene-dg using
tetramethylsilane (1H, '3C, and 2Si) and 85% H3PO,4 in D,0
(3'P) as standards. The !3C NMR signals were assigned using
BC.INEPT and !'}C-DEPT procedures and also using
13C NMR spectra without spin-spin proton decoupling. The
3C MAS NMR spectra with cross-polarization and a speed of
rotation of 2.7—3.4 kHz were measured on a Bruker MSL-300
spectrometer at ~20 °C (using adamantane as the external
standard).

Chlorosilanes!4 and phosphonium ylides ("sait-free™)?! used
as the starting compounds were prepared by known proce-
dures. All the syntheses were carried out in an atmosphere of
dry argon or in vacuo.

Trichloro(9-fluorenyl)silane and dichloro(9-fluorenyl)silane
were synthesized by the reaction of fluorenyllithium with a
two- or threefold excess of SiCly or HSiCly in benzene at
~20 °C. Trichlorosilane FISiCl;, yield 61.6%, b.p. 150 °C
(0.1 Torr), mp. 110—111 °C (from heptane). Found (%):
C, 52.84; H, 2.57; Cl, 35.81. C;3HyCl;3Si. Calculated (%):
C. 52.11; H, 3.03; Cl, 35.49. 13C NMR (THF-dyg), 6: 46.07
(C-9); 121.09 (C-4,5); 126.12 (C-1,8); 127.67 (C-3,6); 128.32
(C-2,7); 139.59 (C-11,12); 142.57 (C-10,13). The reaction
also gives FL,SiCl, as a by-product in ~30% yield, m.p. 173—
174 °C (from heptane, ¢f. Ref. 22).

Dichlorosilane FISi(H)Cl,, vield 45.3%, b.p. 133—135 °C
(0.1 Torr), m.p. 92—93 °C (from hexane). Found (%):
C, 58.83; H, 3.60; Cl, 27.01. C3H;oCLSi. Calculated (%):
C, 58.88: H, 3.80; CI, 26.74. 'H NMR (CgDg), 5: 3.60 (br.s,
I H, H-9); 5.03(d, | H, SiH, J = 1.5 Hz); 7.10~7.58 (m, §
H, Huom)- PC NMR (CgDg), 5: 42.72 (C-9); 120.60 (C-4,5);
125.16 (C-1,8); 127.13 (C-3,6); 127.31 (C-2,7); 139.62 (C-
11,12); 141.68 (C-10,13).

Chloro(9-fluorenyl)diisopropoxysilane (5a) and (9-fluor-
enyl)triisopropoxysilane (5c¢) were synthesized by refluxing
stoichiometric amounts of FISiCl; and E1;SnOPri in benzene
for 1 h. The benzene was evaporated under atmospheric pres-
sure, and the residue was distilled in vacuo. Chloride 5a, yield

93.9%, b.p. 147—149 °C (0.1 Torr). Found (%): C, 66.03;
H, 6.57; Ci, 9.90. C\gH,;ClI0,Si. Calculated (%): C, 65.78;
H, 6.68; Cl, 10.22. 'H NMR (THF-dg), &: 0.93, 1.07 (both
d, 12 H, Me, /= 6.1 Hz); 404 (sept, 2 H, OCH, J =
6.1 Hz); 4.02 (brs, 1 H, H-9); 7.24—784 (m, 8 H, FD.
13C NMR (THF-dg), &: 25.11, 25.42 (both Me), 41.98 (C-9),
68.38 (OCH), 120.90 (C-4,5), 126.25 (C-1,8), 127.12 (2 C,
C-3,6 and C-2,7), 142.36 (C-11,12), 142.76 (C-10,i3).
2987 NMR (THF-dy), 5: —43.08.

Triisopropoxide 5¢, yield 78.4%, b.p. 152—157 °C
(0.1 Torr), np2® 1.5280. Found (%): C, 70.97; H, 8.03.
CyyH3p04Si. Calculated (%): C, 71.31; H, 8.16. 'H NMR
(THF-dg), 8: 1.18 (d, 18 H, Me, J = 6.1 Hz); 4.02 (sept,
3 H, OCH, J = 6.1 Hz); 4.24 (brs, 1 H, H-9); 7.24—7.88
(m, 8 H, Fl). 13C NMR (THF-dg), 5: 25.86 (Me), 39.98
(C-9), 66.57 (OCH), 120.90 (C-4,5), 126.13 (C-1,8), 126.39
(C-3,6), 126.71 (C-2.7), 142.15 (C-11,12), 144.85 (C-10,13).
8i NMR (THF-dg), §: ~59.82.

According to the NMR spectra, chlortde 5a partially
disproportionates to give dichloride 5b and triisopropoxide 5c.

Dichloride 5b. 'H NMR (THF-dg), 8: 1.05 (d, 6 H, Me,
J = 6.1 Hz); 3.85 (brs, 1 H, H-9); 4.33 (sept, 1 H, OCH,
J = 6.1 Hz), 7.24—784 (m, 8 H, FI). 13C NMR (THF-dy),
5. 25.06 (Me), 43.70 (C-9), 70.36 (OCH), 120.34 (C-4.5),
126.19 (C-1,8), 127.42 (C-3,6), 127.76 (C-2,7), 141.12
(C-11,12), 142.56 (C-10,13). 29Si NMR (THF-dg), 5: —20.81.

9-Fluorenyl(diisopropoxy)silane (13) was prepared in a
similar way from equimolar amounts of FISi(H)Cl, and
Mche(OPri)z. Yield ~100%, m.p. 57—58 °C (from hexane).
Found (%): C. 73.24; H, 7.65. C;gH,40,Si. Calculated (%):
C, 73.03; H, 7.74. 'H NMR (C4Dg), 8: 1.06, 1.10 (both d,
12 H, Me, J = 6.1 Hz); 3.94 (brs, I H, H-9); 3.95 (sept,
2 H, OCH, J = 6.1 Hz); 4.82 (d, 1 H, SiH, J = 0.7 Hz);
7.34—7.94 (m, 8 H, F1). ¥3C NMR (Cg¢Dy), 8: 25.17, 25.32
(both Me), 41.19 (C-9), 66.84 (OCH), 120.17 (C-4.5), 125.32
(C-1,8), 126.14 (C-3.6), 126.52 (C-2,7), 141.64 (C-11.12),
143.43 (C-10,13).

Dibutylthio(chloro)-9-flugrenylsilane (6a). Equimolar
amounts of Pb(SBu®), and FISiCl; were stirred in benzene for
1 h, the precipitate was filtered off, and the solvent was
removed at 20 °C (0.1 Torr) to give 98.5% of chiloride 6a as a
thick slightly yellowish oil. Found (%): C, 62.13; H, 6.54.
C,1H,;CI8,Si. Calculated (%): C, 61.96; H, 6.68. 'H NMR
(C¢Dg), 8: 0.68 (t, 3 H, CH3, J = 7.3 Hz); 0.99—1.09 (m,
2 H, CHy); 1.16—1.27 (m, 2 H, CH>); 2.30 (t, 2 H, CHj,

= 7.3 Hz); 4.08 (s, 1 H, H-9); 7.22—-7.89 (m, 8 H, Fl).
13C NMR (Cg¢Dg), 3: 13.39 (CH3); 21.56 (CH3); 28.50 (CH,);
33.74 (CH,); 45.96 (C-9); 120.51 (C-4,5); 125.96 (C-1.,8);
127.01 (C-3,6); 127.51 (C-2,7); 140.39 (C-11,12); 142.02
(C-10,13).
9-{[8-(Dimethylaminomethyl)- 1 -naphthyl |phenylsil-1-yli-
um}fluoren-9-ide (7a). At ~20 °C, a solution of FILi (3.61 g,
21 mmol) in 80 mL of THF was added dropwise over a period
of 30 min to a stirred suspension of chlorosilane 8 (6.81 g,
20.92 mmol) in a mixture of 170 mL of THF and 140 mL of
ether. Until ~90% of the solution of FILi was added, the
reaction had occurred almost instantaneously, which had been
indicated by rapid discoloration of the solution of fluor-
enyllithium and dissolution of the suspended chlorosilane.
After that, several drops of a solution of FILi were added, and
the mixture acquired an intense cherty color. The resulting
mixture was refluxed with stirring for 20 min. The next day a
small amount of a yellow solid precipitated from the cherry-
colored solution. The mixture was refluxed with stirring for
3 h, and the precipitate was filtered off, washed with THF,
and dried in a vacuum of 1073 Torr to give 2.2 g (22.3%) of
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complex 7a - THF as a bright-yellow powder, m.p. 233—234 °C
(decomp. in a sealed capillary). Found (%): C, 81.78; H, 6.42;
N, 2.67. C;6H3sNOSi. Calculated (%): C, 82.24; H, 6.71;
N, 2.66. The substance was poorly soluble in Et,0, THF,
CH;CN, benzene, and hexane and moderately soluble in
pyridine in which it slowly decomposes during storage.
IH NMR (CsDsN), 5: 2.81, 2.88 (both s, 3 H, Me;N); 4.05,
5.03 (both d, AX spectrum, 2 H, CH)N, J = 14.5 Hz); 6.02—
8.25 (m, 18 H, H,,op); 8.48—8.55 (m, 1 H, H-2"). 13C NMR
(CsDsN), 5: 45.82, 48.63 (both Me;N), 63.55 (CH;N), 70.28
(C-9), 114.90 (C-3,6); 119.71 (C-1,8); 122.70 (C-4.5), 126.22,
127.07, 128.14, 130.59, 131.57, 131.98 (C-2’, C-3°, C-4’,
C-3°, C-6°, C-7’); 128.55 (m-C); 137.62 (p-C); 138.56
{0-C); 129.31, 129.33, 131.03, 133.62, 134.55, 14639 (2 C)
(Cipso C-1". C-8°, C-9", C-107, C-10,13, C-11,12). ¥Si NMR
(C5D5N) 5: 3.57.

The reaction of compound 7a with crotonaldehyde. A mix-
ture of compound 7a (0.41 g, 0.91 mmol) with a twofold
excess of crotonaldehyde in 20 mL of THF was kept for
2 days at ~20 °C, and then refluxed for 30 min. The precipi-
tate was filtered off, washed with THF, and dried in vacuo to
give 0.2 g (72%) of the trimer of [8-(dimethylaminomethyl)-
1-naphthyl]phenylsilanone (10) as a white amorphous powder.
Found (%) C. 73.88; H, 641, N, 4.61. C57H57N3O3Si3. Cal-
culated (%): C, 74.71; H, 6.27; N, 4.59. Volatile substances
were removed from the filtrate in vacuo to give a yellow oil,
whose !H and 13C NMR spectra corresponded to the pub-
lished datal? for fulvene 9.

The reaction of compound 7a with ethanol. Anhydrous
ethanol (0.32 g) was added to a suspension of 7a (0.79 g,
1.74 mmol) in 15 mL of benzene resulting in an exothermal
reaction. The mixture was stirred for 30 min, and the solvents
were removed in a vacuum of 1 Torr and then of 10™3 Torr to
give a yellow oil; according to 'H and 13C NMR spectra, this
was a mixture of fluorene and [8-(dimethylaminomethyl)-
1-naphthyl]diethoxy(phenyl)silane (11). 'H NMR (C¢Dy), &
1.16, (t, 6 H, CH;CH,0. J = 6.9 Hz); 3.70—3.85 (m, 4 H,
two CH,O groups, J = 6.9 Hz); 4.22 (s, 2 H, CH,N): 7.16—
8.20 (m, 10 H, H ); 8.86—8.88 (m. 1 H, H-2"). 3C NMR
(C¢Dg), &: 18.36 (CH;CH,0), 42.30 (Me,N), 38.99 (OCHjy),
63.24 (CH,N), 124.26, 125.67, 127.12, 127.52, 129.83, 133.20
(C-2°, C-3°, C-47, C-§7, C-6", C-7"); 128.04 (m-C); 134.53
(0-C); 139.52 (p-C); 128.50, 135.27, 136.97, 137.47, 137.82
(Cipsor C-17, C-87, C-97, C-107). The 13C chemical shifts for
fluorene comcxded with thc published data.!8

The reaction of compound 7a with triethylethylidene-
phosphorane. The reaction was carried out in an all-sealed
evacuated (1073 Torr) setup using the technique of breaking
compartment walls.13 Et;P=CHMe (0.17 g, 1.16 mmol) was
added in portions to a suspension of compound 7a (0.52 g,
1.16 mmol) in 15 mL of THF. A claret-colored solution was
formed. The next day the solvent was evaporated in vacuo to
give a foamed golden-yellow solid. This product was dissolved
in pyridine-ds, transferred into an NMR tube, and sealed off.
According to the 'H, 13C, 29Si, and 3!P NMR spectra, this
substance was a silaacenaphthene derivative, tetraethyi-
phosphonium 9-(2-dimethylamino-1-phenyl-1,2-dihydro-
1-silaacenaphthen-1-yl)flucren-9-ide (12). 'H NMR (C; sDsN),
8 0.50 (dt, 12 H, (CH3CH,),P*, Jyy = 7.6 Hz, Jpy =
17.9 Hz); 1.02 (dq. 8 H, (CH;CH_ )4}7+ Jug =76 Hz, Jpy =
12.8 Hz); 2.53 (s, 6 H, Me,;N); 5. 34 (s, | H, CH—N); 6.94—
841 (m, 19 H, Hypm)- 3C NMR (CsDsN), & 5.13 (d,
(CH3CH,),P*, J = 5.4); 1048 (d, (CH;CHj),P*, J =
48.7 Hz); 45.16 (s, MeyN), 61.31 (s, Si—CH—N), 78.86
(C-9), 111.59 (C-3,6); 119.24 and 119.34 (C-1.8 and C-4,3),
121.02 (C-2,7); 125.20, 125.32, 126.73, 127.02, 127.32, 128.53

(C-2°, C-3", C-4°, C-5°, C-6", C-7°); 127.39 (m-C); 131.73
{(p- C), [33. 01 (C- 11 12); 137 10 (0-C); 137.59 (Cy,); 141.76,
142.79, 143.55, 145.36 (C-1’, C-8°, C-9°, C-10"); 143.67
(C-10,13). 31P NMR (CSDSN) 5: 38 69 ((CH;3CH,)4P7).

BSi NMR (CsDsN), &: —12.79.

The reaction of alkoxyfluorenmylsilanes 5a and 13 and
alkylthiofluorenylsilane 6a with PhyP=CMe; (general proce-
dure). The syntheses were carried out in a sealed evacuated
(1073 Torr) setup using using the technique of breaking com-
partment walls.13 A mixture of compound 5a, 13, or 6a
(I mmol) with Ph;P=CMe, (I mmol) in 3 mL of THF-dg
was kept for 1 h at ~20 °C. The precipitated crystals colored
orange-red (14a), cherry (14c¢), or bright-yellow (6a) were
washed twice by decanting THF-dg. The solvent was removed
in vacuo, and the residue was dissolved in THF-dg or in
pyridine-ds (for compounds 14c and 6a). The solution was
transferred to an NMR tube, sealed off, and analyzed by NMR
Spectroscopy.

Isopropyltriphenylphosphenium 9-(chlorodiisopropoxy-
silyl)fluoren-9-ide (14a). '"H NMR (THF-dg), &: 1.i0, 1.20
(both d, 12 H, Me. J = 6.1 Hz); 4.39 (sept, 2 H, OCH, J =
6.1 Hz); 6.63—8.07 (m, 8 H, FI). C NMR (THF-dy), &
25.61, 25.89 (both Me), 65.52 (OCH), 77.86 (C-9); 111.88
(C-3,6); 118.71 (C-1,8); 119.33 (C-4,5), 120.81 (C-2,7), 127.30
(C-11,12), 144.72 (C-10,13). #Si NMR (THF-dg), 5: —37.54.

Isopropyltriphenylphosphonium 9-(dichloroisopropoxy-
silyl)fluoren-9-ide (14b). 'H NMR (THF-dg), 5: 1.30 (d, 6 H,
Me, J = 6.1 Hz); 460 (sept, 1 H, OCH, J = 6.1 Hz); 6.63—
8.07 (m, 8 H, FI). 13C NMR (THF-dy), & 25.22 (Me), 67.55
(OCH), the signatl for C-9 was not detected, because the
concentration of the sample was 1o low; 112.89 (C-3,6);
118.76 (C-1,8); 118.96 (C-4,5), 121.40 (C-2.7), 127.93
(C-11,12), 144.21 (C-10,13). Si NMR (THF-dy), 5: —25.34.

Isopropyltriphenylphosphonium 9-(triisopropoxy-
silyl)fluoren-9-ide (14c). lH NMR (CsDsN), 5: 1.36 (d, 18 H,
Me, J = 6.1 Hz),; 4.67 (sept, 3 H, OCH, J = 6.1 Hz); 7.06—
8.69 (m, 8 H, Fi). 13C NMR (CsD;sN), 8: 26.57 (Me), 64.40
(OCH), 79.55 (C-9); 111.24 (C-3,6); 119.25 (C-1,8); 120.18
(C-4,5), 120.74 (C-2,7), 127.30 (C-11,12), 145.83 (C-10,13).
298 NMR (CsD;N), 6: ~48.39.

Isopropyltriphenylphosphonium 9-(diisopropoxysilyl)fluoren-
9-ide was prepared from 13 in a similar way. 'H NMR
(THF-dg), 5: 1.49. 1.51 (both d, 12 H, Me, J = 6.1 Hz); 4.59
(sept, 2 H, OCH, J = 6.1 H2); 580 (s, | H, Si—H), 7.00—
8.39 (m, 8 H, FI). $3C NMR (THF-dy), &: 25.97, 26.07 (both
Me), 6491 (OCH), 81.10 (C-9); II1.19 (C-3.6); 118.89
(C-1,8); 118.93 (C-4,5), 120.50 (C-2,7), 126.93 (C-11,12),
145.30 (C-10,13). After 1 h at 100 °C, the NMR spectrum
did not change.

Isopropyltriphenylphosphoniom 9-{di(butyithie)chloro-
silyl]fluoren-9-ide (15a). {H NMR (CsDgN), 8: 0.73 (t, 6 H,
CH;, J =74 Hz); 1.17—1.35 (m, 4 H, CH;); 1.62—1.70 (m,
4 H, CH;); 2.99 (t, 4 H, SCH,, J = 7.3 Hz); 7.14—8.83 (m,
8 H, Fl). 3C NMR (CsDsN), &: 13.70 (CH3); 22.03 (CH,);
29.67 (CHy); 34.25 (CHjy); 78.49 (C-9); 114.31 (C-3,6); 119.53
2 C, C-1.8 and C-4,5); 122.48 (C-2,7); 129.27 (C-10,13);
144.72 (C-11,12). 2Si NMR (CsDsN), §: 3.74.

The 'H, 13C, and 3P NMR spectra for the Ph;P*CHMe,
cation coincided with those reported previously.12.19

The authors are grateful to A. N. Rebrov for record-
ing the NMR spectra for solid samples.
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