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Abstract — 2,3,5,6-Unsubstituted 1,4-phosphasilacyclohexa-2,5-dienes bearing a
functional group on the silicon atom were synthesized via the corresponding
stannacycle. The structures of newly synthesized silacyclic compounds were

determined by X-ray crystallographic analysis.

# Dedicated to Dr. Professor Ei-ichi Negishi, Purdue University on the occasion of

his 77th birthday.

The chemistry of [4n+2]n-electron ring systems containing a heavier group 14 element (Si, Ge, Sn, Pb),

"2 has attracted much attention from the viewpoint of

which we call, “heavy aromatic compounds,
comparison with the parent aromatic hydrocarbons, which play very important roles in organic chemistry.
Although heavy aromatic compounds have been known to be highly reactive and undergo ready
dimerization or oligomerization under ambient conditions, we have succeeded in the synthesis of the first
stable neutral sila-, germa-, and stanna-aromatic compounds,Z i. e., heavier analogues of benzene [Si,é Ge®
(Sn: unstableé), naphthalene (Si,z’8 Ge,? Snm), anthracene (Si,u Geﬁ), and phenanthrene [Si,ﬁ Ge'? (Sn:
unstable'*)], by taking advantage of kinetic stabilization using efficient steric protection groups,
2,4,6-tris[bis(trimethylsilyl)methyl]phenyl (Tbt) and 2,6-bis[bis(trimethylsilyl)methyl]-4-[tris(trimethyl-
silyl)methyl]phenyl (Bbt). During the course of our studies on heavy aromatic compounds, we have
been interested in the corporation of heavier group 14 elements and heteroatoms of other group, that is,
the synthesis of heavier congeners of heteroaromatic compounds. As the first target compounds, we

designed the 1,4-phosphasilabenzene derivatives, whose synthetic strategies are shown in Scheme 1.

For their syntheses, 1,4-phosphasilacyclohexa-2,5-dienes 1 bearing a functional group on the silicon atom
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should be key precursors. As for 1,4-phosphasilacyclohexa-2,5-diene skeletons, some benzene- or
thiophene-fused derivatives have been reported,’ but there is no example bearing a functional group on
the silicon atom. In addition, 2,3,5,6-unsubstituted derivative is limited to only one example, 4,4-di-
methyl-1-phenyl-1,4-phosphasilacyclohexa-2,5-diene, reported by Mirkl e al.'® In this paper, we report
the construction of 1,4-phosphasilacyclohexa-2,5-diene skeletons bearing hydrogen or chlorine atoms on

the silicon atoms together with their properties.
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Scheme 1. Synthetic strategies for 1,4-phosphasilabenzene derivatives

It is well known that the stannacycles are good precursors for the construction of heterocycles by the
direct exchange of the tin atom with a heteroatom source'” or by the lithiation with alkyllithium and the

46,18
subsequent reaction with a heteroatom source.

Therefore, we synthesized 1,4-silastannacyclo-
hexa-2,5-diene 2 according to the route shown in Scheme 2. In order to achieve selective introduction of
two ethynyl substituents, we used dimethoxysilane 3 as a starting material. The reaction of 3 with
ethynylmagnesium bromide afforded diethynylsilane 4 in 91% yield. Then, the hydrostannylation
reaction of 4 using dibutyltin dihydride in heptane afforded 2 in 70% yield. The structures of 2 and 4
were reasonably supported by the 'H and >C NMR and mass spectra along with elemental analysis, and
finally determined by X-ray crystallographic analysis. The structure of 2 is shown in Figure 1. This is
the first structural determination of a 2,3,5,6-unsubstituted 1,4-silastannacyclohexa-2,5-diene. The
central 1,4-silastannacyclohexa-2,5-diene skeleton of 2 has a boat shape, and the deviations of Sil and

Snl atoms from the C1-C2—C3—C4 plane are 0.275 and 0.331 A, respectively. The selected structural

parameters of 2 are summarized in Table 1.

Tbt, H BrMg——== Tbt\Si,H (n-Bu)zSnH -
S - [ ]
MeO 'OMe THF V7 N\ heptane
reflux, 12 h / \ reflux, 18 h
91% 70% n- Bu n-Bu
3 4 2

Scheme 2. Synthesis of 1,4-silastannacyclohexa-2,5-diene 2
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Figure 1. Thermal ellipsoid plot of 2 (50% probability). Hydrogen atoms except for those on the

SiC4Sn ring and the minor part of the disordered butyl substituent were omitted for clarity.

In order to introduce a phosphorus moiety instead of the dibutyltin unit of 2, we initially attempted the
direct exchange using phosphorus trichloride by following the syntheses of heavier congeners of
pyridine.”” However, desired product was not obtained even after several attempts. Next, we tried the
transmetalation reaction between tin and lithium and the following subsequent reactions with
aryldichlorophophines. As a result of the optimization of reaction conditions, it was found that the
reaction of 2 with 3.2 equivalent of #n-BuLi in the presence of 3.2 equivalents of
tetramethylethylenediamine afforded the corresponding dilithio species effectively. The subsequent
addition of dichlorophosphines afforded the corresponding 1,4-phosphasilahexa-2.5-dienes 5 and 6 in
moderate yields (Scheme 3). In the case using dichlorophenylphosphine, ca. 1:1 mixture of cis- and
trans-isomers 5 was obtained as judged by *'P NMR (8p = -25.5, —25.7). In the case using
Mes*-substituted dichlorophosphine, on the other hand, only frans-isomer 6 was generated, judging from
the sole signal in the *'P NMR (8p = —24.5) and the results of its X-ray crystallographic analysis (Figure
2). The bulkiness of Mes* group is considered to suppress the formation of the corresponding
cis-isomer. Since 1,4-phosphasilahexa-2.5-dienes 5 and 6 were found to be somewhat unstable and their
isolation in enough amount to analyze their chemical properties were difficult, their oxidation by
hydrogen peroxide was performed. The reactions proceeded cleanly to afford the corresponding
phosphine oxides 7 and 8. At this stage, cis- and trans-isomers of 7 were isolable. The structures of 7
and 8 were reasonably supported by the '"H and >C NMR and mass spectra together with elemental
analysis, and finally determined by X-ray crystallographic analysis (Figure 2). These are the first
examples of structural determination of 2,3,5,6-unsubstituted 1,4-phoshasilacyclohexa-2,5-diene. The
oxidation of 6 proceeded with an inversion fashion. The *'P NMR signals were observed at 3.4 (cis-7),

5.7 (trans-T), and 12.6 (trans-8) ppm.
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Scheme 3. Synthesis of 1,4-phosphasilacyclohexa-2,5-dienes

trans-8
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Figure 2. Thermal ellipsoid plots of trans-6, trans-7, cis-7, and trans-8 [50% probability except for

cis-7 (30%)]. Hydrogen atoms except for those on the SiC4P ring, solvents, minor parts of the disorder,

and one of the two independent molecules of trans-8 were omitted for clarity.
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Selected structural parameters of 2, 6, 7, and 8 and their crystallographic data are summarized in Tables 1
and 2, respectively. The structural parameters of cis-7 are not accurate due to the severe disorder
covering the whole of Tbt group. The conformations of SiC4P rings of Mes*-substituted derivatives,
trans-6 and 8, were boat shapes similarly to that of stannacycle 2. On the other hand, phenyl-substituted
ones, trans- and cis-7, have almost planar SiC4P rings, and the sums of the internal bond angles are 718.8
(trans-T) and 719.6° (cis-7). While the bond lengths in 6-8 have little differences, there are large
differences in their internal angles. Theoretical calculations by using the model compounds bearing
hydrogen atoms on the silicon and phosphorus atoms instead of aryl substituents (phosphine 9 and
phosphine oxide 10, respectively) showed that the boat shape of 9 and the planar geometry of 10 were
global minima (Table 1). Therefore, the boat-shape conformations of 8 were considered to be most
likely due to the steric repulsion between bulky substituents and/or the packing forces. The benzene-
and thiophene-fused 1,4-phosphasilacyclohexa-2,5-diene were reported to have planar or butterfly-shape

towards the Si—P axis.

Table 1. Selected bond lengths and angles®

(or H) C1—C2

Tbt>s .é By (s\x
a " Ci—ECé . "two independent molecules. © calculated at B3LYP/6-31G(d) level.
2 trans-6 trans-7 cis-7 trans-8" 9° 10°

X Sn(n-Bu);  PMes* P(O)Ph P(O)Ph P(O)Mes* PH  POH
Sil-C1 (A) | 1.852(6) 1.8679(18)  1.8737(18)  1.832(6) 1.871(4) 1.878(3) | 1.8704 1.8727
Cl-C2(A) | 1.344(8)  1.341(2) 1.333(2) 1.341(8) 1.340(5) 1.343(5) | 13455  1.3434
C2-X(A) | 2.097(6) 1.8067(18)  1.7938(18)  1.776(6) 1.803(4) 1.803(4) | 1.8291 1.8189
X-C3(A) | 2.1496)  17960018)  1.7919(18)  1.772(7) 1.796(4) 1.800(3) | 1.8291 1.8189
C3-C4(A) | 1321 13442 1.337(2) 1.342(8) 1.336(5) 1.324(4) | 13455 13434
C4-Sil (A) | 1.877(5) 1.8677(18)  1.8612(18)  1.823(7) 1.870(4) 1.876(3) | 1.8704 1.8727

a (deg) 111.93)  103.57(8) 105.48(8) 1063(3)  103.72(16)  103.40(15) | 106.57 107.81

B (deg) 1263(5)  124.82(14)  125.71(14)  125.8(5) 122.1(3) 122.13) | 123.65 124.40
7 (deg) 124.6(5) 124.77(14)  126.70(14)  126.6(5) 120.0(3) 120.6(3) | 127.12  127.56
5 (deg) 101.5Q2)  104.00(8) 108.32(8) 108.13)  105.87(16)  105.99(16) | 104.50 108.23
£(deg) 1227(4)  12500014)  127.15(14)  127.3(5) 120.7(3) 120.6(3) | 127.12  127.56
¢ (deg) 127.6(5)  124.46(14)  12542(14)  125.5(5) 121.9(3) 122.93) | 123.65 124.40

Z(a—¢) (deg) 714.6 706.7 718.8 719.6 694.3 695.6 712.61  719.96
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Table 2. X-Ray crystallographic data

2 trans-6 [trans-7-H,0] cis-7 [trans-8-2.25CHCI;]
Empirical C39Hg,S17Sn Cy49Ho3PSi; C;7H7,0,PSi; C;7HgOPSi; Cs1.25Hos 25Clg 7s0PSi;
formula
Formula weight | 866.37 909.83 775.54 757.52 1194.41
Temperature 103(2) 103(2) 103(2) 103(2) 103(2)
(K)
Crystal color colorless colorless colorless colorless colorless
Crystal 0.20x0.20x0.05 0.20x0.10x0.05 0.30x0.20x0.10 0.40x0.20x0.10 0.20x0.10x0.10
dimensions
(mm)
Crystal system | triclinic triclinic monoclinic orthorhombic triclinic
Space group P-1(#2) P-1 (#2) P2y/a (#14) Pca2, (#29) P-1 (#2)
a(A) 12.0429(3) 9.9781(2) 18.1768(2) 12.5275(6) 13.0770(3)
b (A) 13.4396(4) 10.92960(10) 10.9821(2) 18.8233(9) 22.6909(5)
c(A) 17.2333(7) 28.3562(5) 23.1305(3) 20.1264(13) 23.9992(7)
a(®) 76.083(3)° 99.5806(11) 90 90 92.6189(18)
BC) 74.8668(16)° 92.8543(7) 90.8411(8) 90 99.9179(14)
() 69.5949(13)° 107.4502(8) 90 90 100.9656(8)
V(A% 2488.88(14) 2892.58(8) 4616.80(12) 4746.0(4) 6864.1(3)
Z 2 2 4 4 4
Deatc (g'cm™) 1.156 1.045 1.116 1.060 1.156
4 (mm™) 0.706 0.221 0.270 0.260 0.457
Grange (°) 1.84 to 25.00 1.46 to 25.00 2.17 t0 25.00 1.95 to 25.00 1.79 to 25.00
Independent 8446 10121 8101 7652 24068
reflections
Rint 0.0599 0.0337 0.0310 0.1042 0.0751
Completeness 96.3 99.5 99.7 97.1 99.6
to 6(%)
No. of | 483 608 451 692 1290
parameters
Goodness of fit | 1.046 1.037 1.021 1.018 1.005
Final R indices | 0.0577 0.0393 0.0301 0.0580 0.0567
[>20(1)]
R indices (all | 0.1384 0.1034 0.0820 0.1446 0.1408
data)
Largest diff. | 1.030 0.390 0.647 0.238 0.706
peak (e-A%)
Largest diff. | —0.928 —0.206 -0.377 -0.212 —0.558

hole (e-A%)




HETEROCYCLES, Vol. 86, No. 2, 2012 1627

In order to obtain 5 in a pure form, the reduction of isolated 7 using trichlorosilane was performed
(Scheme 4). Unexpectedly, chlorination of Si—H occurred together with the reduction of the phosphine
oxide moiety to afford 11. Although we have not obtained detailed structural information for 11, a
single isomer was generated from each isomer (dsi = —26.4, dp = —25.2). The structure of 11 was
supported by the reasonable chemical shifts in *’Si and *'P NMR and the fact that the reaction of 11 with
lithium aluminum hydride afforded hydrosilane 5 again as a mixture of isomers. On the other hand, the

reaction of 8 with trichlorosilane did not proceed under similar conditions.

Tbt H Tht Tbt H
HS|CI3 | LAH, Si
EJ o EJ E] ()
THF P
-t H
O Ph Ph O quant quant
dp=34 Op=57 8p = —25.2 8p = —25.5, —25.7
cis-7 trans-7 11 5

Scheme 4. Reduction and chlorination of 7

By using hydro- or chlorosilanes 5, 6, and 11 here obtained, we performed several reactions expecting the
generation of 1,4-phosphasilabenzenium cations (5 or 6 with PhyC TPFPB, 11 with Ag' TPFPB", and so
on). However, all attempts were unsuccessful so far and gave a complicated mixture. On the other
hand, we have a preliminary result of the elimination of phenyl group on the phosphorus atom in 5 by the
reaction with lithium dispersion. =~ We think this result suggests the possibility to access
1,4-phosphasilabenzene. At the same time, the ring-closing methodology using stannacycle 2 is
considered to be applicable to synthesize other silicon-containing heterocycles. We are currently

continuing this study with a scope of various atom combinations.

EXPERIMANTAL

General procedures. All experiments were performed under an argon atmosphere unless otherwise
noted. Solvents used for the reactions were purified by The Ultimate Solvent System (GlassContour
Company).2 'H NMR (300 MHz), >C NMR (76 MHz), *'P NMR (121 MHz), and '"’Sn NMR (111
MHz) spectra were measured in CDCIl3 or C¢Dg with a JEOL INM-AL300 spectrometer. In 'H NMR,
signals due to CHCIl; (7.25 ppm) and C¢DsH (7.15 ppm) were used as references, and those due to CDCl;
(77 ppm) and C¢Dg (128 ppm) were used in °C NMR. *'P NMR spectra were measured using 85%
H3PO, in water (0 ppm) as an external standard. ''’Sn NMR was measured with NNE technique using
SnMej, as an external standard. Multiplicity of signals in *C NMR spectra was determined by DEPT
technique, which was described as s, d, t, and q for compounds 2-4 and as C, CH, CH,, and CH; with the
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coupling with *'P for phosphorus-containing compounds 5-8 and 11. GPLC (gel permeation liquid
chromatography) was performed on an LC-908, LC-918, or LC-908-C60 (Japan Analytical Industry Co.,
Ltd.) equipped with JAIGEL 1H and 2H columns (eluent: chloroform or toluene). All melting points
were determined on a Yanaco micro melting point apparatus and were uncorrected. Elemental analyses
were carried out at the Microanalytical Laboratory of the Institute for Chemical Research, Kyoto
University. All theoretical calculations were carried out using the Gaussian 0922 programs.

Synthesis of 3. To a THF solution (30 mL) of TbtBr (5.00 g, 7.91 mmol) at —78 °C was added #-BuLi
(1.57 M, 12.0 mL, 19.0 mmol). After stirring for 30 min, trimethoxysilane (3.02 mL, 2.09 g, 23.7
mmol) was added to the solution followed by warming up to room temperature overnight. Then, MeOH
was added to the mixture, and the reaction mixture was extracted with hexane/H,O. The organic layer
was dried over MgSO4 and the solvent was removed to give NMR pure 3 (5.02 g, 7.79 mmol, 99%) as a
colorless solid.  3: mp 163 °C (dec.); 'H NMR (300 MHz, CDCl, 298 K): & 0.01 (s, 36H), 0.25 (s, 18H),
1.30 (s, 1H), 2.32 (s, 2H), 3.59 (s, 6H), 5.14 (s, 1H), 6.20 (s, 1H), 6.33 (s, 1H); °C NMR (75 MHz,
CDCls, 298 K); 6 0.5 (q), 0.7 (q), 27.0 (d), 27.4 (d), 30.5 (d), 51.6 (q), 121.7 (d), 124.2 (s), 126.5 (d),
145.4 (s), 151.6 (s), 151.9 (s); ?Si NMR (60 MHz, CDCls, 298 K); & —22.2, 1.7, 1.9; HRMS (FAB) m/z
calcd for CyoHgsO,Si7 642.344 (M+), Found: 642.3443 (M+); Anal. Calcd for Co9HgsO,Si7: C, 54.13; H,
10.34. Found: C, 53.90; H, 10.21.

Synthesis of 4. To a THF solution (20 mL) of 3 (6.05 g, 9.40 mmol) was added ethynylmagnesium
bromide in THF (0.5 M, 56.4 mL, 28.2 mmol) at room temperature. The reaction mixture was stirred
for 13 h under reflux conditions. Then, NH4Cl aq was added to the mixture at 0 °C, and the reaction
mixture was extracted with hexane. The organic layer was dried over MgSO4 and the solvent was
removed. The reaction mixture was separated by silica gel chromatography (hexane) to give 4 (5.38 g,
8.53 mmol, 91%) as a colorless solid. 4: Rf = 0.37 (hexane); colorless crystals; mp 166.5-167.8 °C; 'H
NMR (300 MHz, 298 K, CDCls) & 0.04 (br s, 18H), 0.05 (br s, 18H), 0.07 (br s, 18H), 1.33 (s with
satellites, 1H, “Jusi = 10.0 Hz), 2.40 (s, 2H), 2.580 (s, 1H), 2.584 (s, 1H), 5.22 (s with satellites, 1H, 'Jys;
=225 Hz), 6.29 (br s, 1H), 6.41 (br s, 1H); °C NMR (75 MHz, 298 K, CDCl5) & 0.6 (q), 0.7 (q), 1.0 (),
29.1 (d), 29.6 (d), 30.8 (d), 85.1 (s), 97.0 (d), 118.5 (s), 121.9 (d), 126.8 (d), 146.3 (s), 152.5 (s), 152.9 (s);
¥Si NMR (59 MHz, 298 K, CDCl3) § —76.5, 2.2, 2.8; HRMS (FAB) m/z caled for Cs;Hg,Sis 630.3236
(M+), Found 630.3237; Anal. Calcd for C31Hg,Siy: C, 58.97; H, 9.99. Found: C, 59.22; H, 9.93.

Synthesis of 2. The heptane solution (35 mL) of 4 (790 mg, 1.25 mmol) and dibutyltin dihydride (1.11
g, 4.75 mmol) was stirred for 18 h under reflux conditions. Then, the solvent was removed, and the
reaction mixture was separated by silica gel chromatography (hexane) and GPC (eluent: toluene) to give 2
(759 mg, 0.876 mmol, 70%) as a colorless solid. 2: Rf = 0.87 (hexane); colorless crystals; mp
114.9-115.4 °C; "H NMR (300 MHz, 298 K, C¢Ds) & 0.16 (br s, 18H), 0.20 (br s, 18H), 0.21 (br s, 18H),
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0.86-1.12 (m, 10H), 1.15-1.79 (m, 8H), 1.46 (s, 1H), 2.60 (br s, 1H), 2.63 (br s, 1H), 5.63 (s with satellites,
1H, 'Jusi = 188 Hz), 6.53 (br s, 1H), 6.63 (br s, 1H), 7.27 (d, °J = 18.9 Hz, 2H), 7.44 (d, °J = 18.9 Hz,
2H); C NMR (75 MHz, 298 K, C¢D¢) & 1.0 (q), 1.1 (q), 1.5 (q), 11.1 (t), 11.3 (t), 13.88 (q), 13.90 (q),
27.4 (1), 27.6 (), 29.4 (d), 29.5 (tx2), 29.6 (d), 30.9 (d), 122.3 (d), 125.2 (s), 127.2 (d), 145.2 (s), 151.3 (d),
152.5 (d), 152.4 (s), 153.1 (s); *Si NMR (59 MHz, 298 K, C¢Ds) 5 —57.2, 2.0, 2.3; '"*Sn NMR (111 MHz,
298 K, CsDg) 6 —170.9; HRMS (FAB) m/z calcd for C39Hg,Si7Sn 866.3823 (M+), Found 866.3828; Anal.
Calcd for C39Hg,Si7Sn: C, 54.07; H, 9.54. Found: C, 54.11; H, 9.55.

Synthesis of 7 via 5. To a THF solution (0.78 mL) of 2 (115 mg, 0.133 mmol) and
tetramethylethylenediamine (0.0639 mL, 0.426 mmol) was added n-BuLi (1.48 M in hexane, 0.288 mL,
0.426 mmol) at —78 °C. After stirring for 15 h at the same temperature, dichlorophenylphosphine
(0.0904 mL, 0.666 mmol) was added to the reaction mixture at —78 °C. The reaction mixture was
allowed to warm up to —60 °C, and kept for 6 h at the same temperature. Then, H,O, aq (30%, 0.0367
mL, 1.20 mmol) was added to the reaction mixture at 0 °C. After stirring for 3 h at room temperature,
the reaction mixture was extracted with hexane. The organic layer was dried over MgSO,4 and the
solvent was removed. The reaction mixture was separated by silica gel chromatography (Et,0) to give
cis-7 (32.9 mg, 0.0434 mmol, 33%) and trans-7 (34.8 mg, 0.0459 mmol, 35%) as colorless solids. cis-7:
Rf = 0.57 (Et,0); colorless crystals; mp 154 °C (dec.); 'H NMR (300 MHz, 298 K, CDCl;) & 0.04 (br s,
18H), 0.05 (br s, 18H), 0.07 (br s, 18H), 1.35 (s with satellites, 1H, “Jsiy = 5.0 Hz), 2.13 (br s, 1H), 2.15
(br s, 1H), 5.21 (s with satellites, 1H, Jisi = 199 Hz), 6.32 (br s, 1H), 6.43 (br s, 1H), 6.99-7.25 (m, 4H),
7.46-7.55 (m, 3H), 7.72-7.80 (m, 2H); *C{'H} NMR (75 MHz, 298 K, CDCl;) 4 0.7 (CH3), 1.0 (CH3),
29.9 (CH), 30.3 (CH), 30.8 (CH), 119.3 (C), 122.0 (CH), 126.9 (CH), 128.7 (CH, d, Jcp = 11.7 Hz), 130.8
(CH, d, Jep = 10.5 Hz), 131.8 (CH, d, Jep = 3.1 Hz), 132.8 (C, d, Jep = 105 Hz), 141.7 (CH, d, 'Jcp = 99.8
Hz), 145.9 (CH, d, *Jcp = 6.2 Hz), 146.5 (C), 152.9 (C), 153.2 (C); >'P NMR (121 MHz, 298 K, CDCls) &
3.43 (Jpsi = 33 Hz); 2Si NMR (59 MHz, 298 K, CDCls) 8 —-61.9 (d, *Jsip = 33 Hz), 1.9, 2.3; Anal. Calcd
for C37H70OPSiy: C, 58.67; H, 9.18. Found: C, 57.77; H, 8.96. trans-7: Rf = 0.30 (Et,O); colorless
crystals; mp 178 °C (dec.); '"H NMR (300 MHz, 298 K, CDCls) & 0.026 (br s, 18H), 0.037 (br s, 18H),
0.042 (br s, 18H), 1.35 (s, 1H), 1.92 (br s, 1H), 1.97 (br s, 1H), 5.31 (d with sateslites, 1H, *Jip = 5.9 Hz,
|Jusi = 202 Hz), 6.31 (br s, 1H), 6.43 (br s, 1H), 6.93-7.36 (m, 4H), 7.46-7.58 (m, 3H), 7.73-7.78 (m, 2H);
BC{'H} NMR (75 MHz, 298 K, CDCl3)  0.67 (CH3), 0.72 (CH3), 1.0 (CH3), 30.3 (CH), 30.6 (CH), 30.9
(CH), 120.0 (C), 122.0 (CH), 126.9 (CH), 128.7 (CH, d, Jcp = 12.3 Hz), 130.7 (CH, d, Jcp = 10.5 Hz),
132.1 (CH, d, Jcp = 2.5 Hz), 132.6 (C, d, Jcp = 105.9 Hz), 141.4 (CH, d, Jcp = 99.8 Hz), 146.5 (C), 149.1
(CH, d, Jep = 5.5 Hz), 152.5 (C), 152.7 (C); >'P NMR (121 MHz, 298 K, CDCl3) & 5.65 (Jpsi = 35 Hz);
¥Si NMR (59 MHz, 298 K, CDClL3) & —61.6 (d, *Jsip = 35 Hz), 1.9, 2.1; HRMS (FAB) m/z calcd for
C;37H79OPSi, [(M+H)+]: 757.3549, found 757.3525; Anal. Calcd for Cs7H7,0,PSi; (+H,0): C, 57.30; H,
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9.23. Found: C, 57.58; H, 9.14.

In several attempts, before adding H,0, aq, removing the solvents and filtration through Celite® with
hexane were performed to give a mixture containing 5 mainly. However, separation of isomers each
other from the mixture was difficult. 5 (a mixture of cis- and frans-isomers): a colorless solid; 'H NMR
(300 MHz, 298 K, C¢Dg, only for characteristic peaks) 6 5.48 (Si-H, d, 1H, Jup=17.8 Hz), 5.82 (Si-H, d
with satellites, 1H, *Jyp = 3.3 Hz, 'Jyusi = 192 Hz); *'P NMR (121 MHz, 298 K, C¢Ds) & —25.7, —25.5; *Si
NMR (59 MHz, 298 K, C¢Dg) 8 —61.4 (d, *Jsip = 11.0 Hz), —57.0 (d, *Jsip = 12.2 Hz), 2.0, 2.1, 2.3.
Synthesis of trans-6. To a THF solution (0.78 mL) of 2 (790 mg, 0.912 mmol) and tetramethyl-
ethylenediamine (0.438 mL, 2.92 mmol) was added n-BuLi (1.48 M in hexane, 2.05 mL, 3.03 mmol) at
—78 °C. After stirring for 11 h at the same temperature, Mes*PCl, (1.580 g, 4.56 mmol) was added to
the reaction mixture at —78 °C.  The reaction mixture was allowed to warm up to —30 °C, and kept for 24
h at the same temperature. Then, the solvents were removed at —30 °C, and the reaction mixture was put
into a glovebox filled with argon. To the reaction mixture was added n-hexane, and the resulting
suspension was filtered with Celite. The solvent was removed in vacuo. Fortunately, the single crystal
of trans-6 was obtained from the mixture at this stage. However, the isolation of pure trans-6 in enough
amount to analyze its chemical properties was difficult in spite of a number of times of recrystallization in
a glovebox. Therefore, the mixture was separated by GPC (eluent: toluene) to give trans-6 (632 mg,
0.694 mmol, 76%, if pure) contaminated with some impurities. rans-6: 'H NMR (300 MHz, 298 K,
CeDg) 6 0.18 (s, 18H), 0.24 (br s, 36H), 1.29 (s, 9H), 1.49 (s, 1H), 1.64 (br s, 18H), 2.60 (br s, 2H), 5.97
(br s, 1H), 6.46 (dd, J = 16.5, 22.3 Hz, 2H), 6.56 (br s, 1H), 6.66 (br s, 1H), 7.12-7.40 (m, 2H), 7.62 (s,
1H), 7.63 (s, 1H); *'P NMR (121 MHz, 298 K, C¢Ds) 5 —24.5.

Synthesis of trans-8. To a THF solution (0.84 mL) of trans-6 (130 mg, 0.143 mmol, if pure) was added
H,0, aq (30%, 0.0438 mL, 1.43 mmol) at 0 °C.  After stirring for 12 h at room temperature, the solvents
were removed in vacuo. The reaction mixture was separated by silica gel chromatography
(n-hexane:Et,O = 2:1) to give trans-8 (108 mg, 0.117 mmol, 82%) as a colorless solid. trans-8: Rf = 0.60
(n-hexane:Et,O = 2:1); colorless crystals; mp 242 °C (dec.); "H NMR (300 MHz, 298 K, CDCls) 6 0.03
(br s, 36H), 0.04 (br s, 18H), 1.29 (s, 9H), 1.34 (s, 1H), 1.48 (s, 18H), 1.83 (br s, 1H), 1.92 (br s, 1H),
5.36 (d, 1H, “Jup = 6.1 Hz, satellite, 'Jus; = 211 Hz), 6.32 (br s, 1H), 6.44 (br s, 1H), 7.07 (dd, J = 41.7,
16.5 Hz, 2H), 7.34 (s, 1H), 7.35 (s, 1H), 7.49 (dd, J = 30.2, 16.5 Hz, 2H); *C{'H} NMR (75 MHz, 298 K,
CDCls) 6 0.8 (CH3), 1.1 (CHs3), 30.1 (CH), 30.3 (CH), 30.8 (CH), 31.0 (CH3), 33.8 (CHs), 34.5 (CH), 40.1
(C, d, Jcp = 3.1 Hz), 121.1 (C), 122.0 (CH), 123.8 (CH, Jcp = 11.3 Hz), 126.3 (C, d, Jcp = 106.8 Hz),
127.1 (CH), 143.2 (CH, d, Jcp = 4.2 Hz), 145.8 (C), 149.4 (CH, d, Jcp = 98.6 Hz), 151.0 (C, Jcp = 3.2 Hz),
152.2 (C), 152.6 (C), 159.3 (C); *'P NMR (121 MHz, 298 K, CDCl3) 812.6 (Jpsi = 35 Hz); *Si NMR (59
MHz, 298 K, CDCl3) 8 —62.0 (d, *Jsip = 35 Hz), 1.9, 2.1; HRMS (APPI-TOF) m/z calcd for C40Ho4sOPSiy
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[(M+H)']: 925.5422, found 925.5500; Anal. Calcd for C49Hg30PSi;: C, 63.57; H, 10.12. Found: C, 63.60;
H, 10.28.

Synthesis of 11. To a C¢Dg solution (1.55 mL) of cis-7 (140 mg, 0.186 mmol) in an NMR tube (5¢)
filled with argon was added trichlorosilane (0.0934 mL, 0.924 mmol) at room temperature. The NMR
tube was sealed with screw-type cap, and then heated at 80 °C.  Starting material was consumed after 1.5
h, resulting in the formation of 11 almost quantitatively. Recrystallization form n-hexane at —40 °C
afforded 11 (77.0 mg, 0.0992 mmol, 53%). When using trans-7 as a starting material, the same
compound was generated. 11: 'H NMR (300 MHz, 298 K, C¢Ds) 8 0.15 (br s, 18H), 0.24 (br s, 18H),
0.27 (br s, 18H), 1.47 (s, 1H), 2.78 (s, 2H), 6.52 (br s, 1H), 6.63 (br s, 1H), 6.77-7.15 (m, 7H), 7.40-7.45
(m, 2H); “C{'H} NMR (75 MHz, 298 K, CsD¢) 5 1.0 (CH3), 1.1 (CHs), 1.5 (CH3), 29.1 (CH), 29.4 (CH),
31.1 (CH), 122.9 (CH), 124.6 (C, d, Jcp = 6.2 Hz), 127.7 (CH), 128.8 (CH, d, Jcp = 8.6 Hz), 130.1 (CH),
133.4 (C, d, Jcp = 4.9 Hz), 133.9 (CH, d, Jcp = 5.6 Hz), 134.1 (CH, d, Jcp = 21.6 Hz), 146.7 (C), 148.2
(CH, d, Jep = 16.1 Hz), 152.9 (C), 153.4 (C); *'P NMR (121 MHz, 298 K, C¢D¢) & —25.2 (satellite, *Jps; =
9 Hz); *°Si NMR (59 MHz, 298 K, C¢Ds) 8 —26.4 (d, *Jsip = 9 Hz), 2.3, 2.8.

Reaction of 11 with lithium aluminum hydride. To a THF solution (0.65 mL) of 11 (25.4 mg, 0.0327
mmol) was added lithium aluminum hydride (1.7 mg, 0.045 mmol) at 0 °C. The reaction mixture was
warmed up to room temperature. After stirring for 1 h, the solvent was removed, and the reaction
mixture was put into a glovebox filled with argon. To the reaction mixture was added n-hexane, and the
resulting suspension was filtered with Celite to afford almost pure 5 (a mixture of isomers, 24.5 mg,
0.0330 mmol, if pure).

Reaction of 5 with Ph;C'TPFPB™. Ina glovebox filled with argon, CsDg (0.60 mL) was added to the
mixture of 5 (a mixture of isomers, 17.8 mg, 0.0240 mmol) and Ph;C " TPFPB™ (22.1 mg, 0.0240 mmol) in
an NMR tube (5¢) at room temperature. The NMR tube was sealed with screw-type cap. Starting
material was almost consumed after heating at 80 °C for 51 h. Although the generation of Ph;CH was
observed, the *°Si and *'P NMR spectra were complicated (dp: —15.2, —15.0, 6.7, 7.0; dsi: —62.0, —61.9,
—61.4,-61.3).

Reaction of 6 with Ph;C'TPFPB™. Ina glovebox filled with argon, C¢He (1.90 mL) solution of 6 (60.6
mg, 0.0666 mmol) was added to Ph;C 'TPFPB™ (61.4 mg, 0.0666 mmol) in a glass tube (10¢) at room
temperature. The NMR tube was degassed and sealed. During heating at 70 °C for 15 h, the reaction
mixture was separated to two phases. The tube was opened in a glovebox, and the solvent was removed.
Although the generation of PhsCH was observed, many signals were observed around —44 and —23 ppm
in the *'P NMR. In addition to these signals, characteristic peak was observed at +221.4 ppm.
Unfortunately, we could not determine the structure of the corresponding compound.

Reaction of 11 with Ag"TPFPB". In a glovebox filled with argon, a C4Ds solution (0.77 mL) of 11
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(30.0 mg, 0.0387 mmol) was added to Ag'TPFPB™ (39.5 mg, 0.0387 mmol) in an NMR tube (5¢) at room
temperature. The NMR tube was sealed with screw-type cap. Starting material was consumed after 1
h, resulting in the complicated mixture (3p = 6.5, 8.2, and many signals appeared between —19 and —26
ppm).

Reaction of 5 with lithium dispersion. In a glovebox filled with argon, lithium dispersion (3.6 mg,
0.52 mmol) was added to a THF solution (0.64 mL) of 5 (a mixture of isomers, 38 mg, 0.051 mmol) in an
NMR tube (5¢) at room temperature. The NMR tube was sealed with screw-type cap. Starting
material (0p = —25.1, —25.3 in THF) was consumed after 3 h, resulting in the quantitative formation of
novel species (8p =—17.4 in THF). The non-decoupling *'P NMR showed tt pattern (J = 44.3, 11.7 Hz),
suggesting the retain of the -C(H)=C(H)-P-C(H)=C(H)— moiety. The 'H NMR signals in 5-8 ppm were
observed at 5.69 (dd, J = 15.9, 11.7 Hz, 2H), 6.49 (s, 1H, Si—H), 6.58 (br s, 1H, m-Tbt), 6.67 (br s, 1H,
m-Tbt), 7.73 (dd, J = 44.3, 15.9 Hz, 2H) ppm. The detachment of the phenyl group and formation of
P-Li species are most reasonable. However, this species decomposed by condensation, and several
attempts of trapping reaction by MeOH or benzyl chloride afforded a complicated mixture.

General procedure for X-ray crystallographic analysis of compounds 2, trans-6, [trans-7-H,0), cis-7,
and [trans-8-2.25CHCIl;]. The intensity data were collected on a Rigaku/MSC Mercury CCD
diffractometer with graphite monochromated MoKa radiation (4 = 0.71070 A). A single crystal suitable
for X-ray analysis was mounted on a glass fiber. The structures were solved by a direct method
(SHELXS-97)* and refined by full-matrix least-squares procedures on F° for all reflections
(SHELXL-97)2%  All hydrogen atoms except for Si-H were placed using AFIX instructions, while all
other atoms were refined anisotropically. Deposition numbers CCDC-898201 (2), 898202 (trans-6),
898205 (trans-7-H,0), 898204 (cis-7), and 898203 (trans-8-2.25CHCIl;). Free copies of the data can be
obtained via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033; e-mail:
deposit@ccdc.cam.ac.uk).
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