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Abstract ----Radical reaction of 1-(2-bromoarylmethyl)-2-silatetralins
{4a-f) with Bu3sSnH 1n boiing benzene containing AIBN was found to
give novel tetracyclic (5a-f) and trnicyclic (6a-f) organosilicon com-

pounds, and 9-silylphenanthrenes {7a-c), respectively.

Introduction

Recently,! we have reported that 2-silatetralins {1) having oxygen functional groups are readily
synthesized by intramolecular Fnedsl-Crafts reaction coupled with the Grignard reaction.
Furthermore, alkylation? of 2-silatetraling (1a) with alkyl halides under basic conditions was found
to give nse to the corresponding 1-alkyl-2-silatetralins (2) in fair to good yields. In connection of
our studies on synthesis and reaction of organosiicon compounds, the 1-alkyl-2-silatetralins thus
obtained attracted our attention on synthesis of polycyclic siicon-containing compounds from
them, because they might have a promise of biclogically active silicon-containing compounds.
Numerous methods for construction of polycyclic ning systems have been reported ; photochemical
cychzation,3 phenolic? and non-phenolicd oxidative coupling reaction, the Pschorr reaction,8 the
intramolecular benzyne reaction,” radical reaction® and so on. Among them, at the present time,

we tried synthesis of polycyclic silicon-containing compounds by radical reaction, because the
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reaction 1S known to proceed under mild conditions ® The present paper deals with synthesis of

palycyclic silicon-containing compounds by radical reaction,

R1
Rzj@i/\&l‘\ﬂe2 SiMe,

1-R'=H, OMe R
R?=H, OMe 2 R=Me, CHzPh

RESULT AND DISCUSSION

Synthesis of 1-(2-Bromoarylmethyl)-2-silatetralins (4a-f)

Alkylation? of 2-silatetralin (1a) with alkyl halide under basic conditions readily proceeded at 1-
position to give 1-alkyl-2-silatetralins (2) in fair to good yields. Therefore, the method was applied
to synthesis of the 1-(2-bromoaryimethyl})-2-silatetralins (4a-f) as the starting material for radical
cyclization.

Lithiation of 2-silatetralin (1a) with butyliithium {Buli) (1 2 eq.) in tetrahydrofuran {THF) containing
tetramethylethylenediamine (TMEDA) (1.2 eq.) at 0-5 °C for 1 5 h followed by treatment with 2-
bromoveratryl chloride0 gave 1in 67 % yield 1-(2-bromaoveratryi)-2-silatetralin (4a} as colorless oll.
Structure of 4a was determined on the basis of proton nuclear magnetic resonance and mass
spectra (YH-nmr and ms). Analogously, 1-(2-bromoarylmethyl)-2-silatetralins (4b-f) were obtained

in moderate yields The resulis are listed in Table 1.

1) BuLi - TMEDA
HS
9@ Xrr—= g
+
A SiMe; R2 Br 2)3ac R SiMe;

3

1a.R'=H 3a RZ-R*-OMe, X=CI R
b R'-OMs b RZAP=0CH,0, X=GI
€ R%*=R%-H, X=5r R2 Br

4a-f
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Table 1 Yields and TH-Nmr Spectra for 1-{2-Bromoaryimethyl)-2-sitatetralins (4a-f)

Compound 4 Yield {%) TH-Nmr & {J, Hz)
R' RZ RS SiMe, 3-H 1-H OMe OCH,0
a H OMe OMe 67  -0.06,0.11 0.84 2.41 3.59, 3.84 —
(each s) (t, 7.1) (dd, 7.1, 8.6) {each s}
b H OCH,0 16 -0.02,0.01 0.59-0.95 2.46 — 5.89 (s)
(each s) (m) 7.1
¢ H H H 24 -0.05, 004 068-0.95 2.56 — —
(each s) (m) (t, 8.6}
d OMe OMe OMe 48 -0.06, 0.09 0 82 2.41% 3.64, 3.65, —
(each s) (t, 7.1) (dd, 7.1, 88) 3.84 (each s)
e OMe OCH0 36 -0.02, -0.01 0.64-0 84 2.44 3.69 (s) 5.89 (s)
{each s) (m) (t, 7.1)
f OMe H H 36 -0.06, 004 0 59-0.9¢ 2.52 364 (s) e
(each s) {m) {t, 7.1}

Radical Reaction of 4 leading to Cyclized Products (5, 6, and 7)

R g SiMe,

BuaSnH {3 eq)
AIBN(05¢eq)

R3
RZ ] Br

Benzene

R2 R

R
H OMe
H QOCH.0
H H H
OMe

QCH-0

H

OMe
OMe
OMe H

- D QA o T |,

CMe

OMe
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The reaction of 4a with tributyltin hydnde (Bu;SnH) (2.0 eq) in boiling benzene (0.01 M)
containing azobisisobutyronitrile {AIBN ; 0.5 eq.) for 2 h did not take place completely. Therefore,
the reaction was carried out with 3 eq. of BuzSnH i the same concentration. After usual work-up,
the reaction ruxture was separated by silica gel column chromatography followed by medium
pressure liquid and then preparative thin layer chromatographies (mplc and prep. tic) to give
tetracyclic (5a) and tricyclic silicon compounds (6a and 7a) together with debrominated product
{8a) (14 %) in 32, 19, and 3 % yields, respectively. "H-Nmr spectrum of 5a showed one proton
due to aromatic preton at 7-position at 8 7.21 (s) and one proton due to aromatic proton at 6-
position at 8 7.59 (dd, J = 1.4, 7.1 Hz) and in the ms a molecutar peak (M+) was measured at m/z

324. On the other hand, ms of 6a, 7a, and 8a showed the same molecular peaks (M+} at m/z 326.

TH-Nmr spectrum of 6a indicated a pair of twe methylene protons at § 0.60-0.82 (4H) and 2.17-
2.84 {(4H} as each multiplet, while that of 7a showed peaks due to an ethyl group at  0.31 (g, J =
7.1 Hz) and 0.79 (t, /= 7.1 Hz). From these spectral data structures of 5a, 6a, and 7a were proved
to be B 8-dimethoxydibenzo[de,g]-1-siladecalin, 5,6-dimethoxydibenzo[d,f-1,1-dimethyl-1-
silacyclononane, and 9-ethyldimethylsilyl-2,3-dimethoxy-9,10-dihydrophenanthrene, respectively.
Compound (8a) was also determined to be 1-veratryl-2,2-dimethyl-2-silatetralin on the basis of
TH-nmy. Moreover, in order to examine effect of the solvent and the concentration on yield of 5a,
the reaction of 4a in toluene {G.01 M) or o-xylene {0.01 M) was carried out under conditions similar
to those noted for the reaction of 4a in benzene However, no remarkable improvement!? in the
reaction was observaed. The reaction In benzene (001 M) using syringe pump or in low
concentration (0.002 M) did not proceed completely Thus, the reaction of 4b and 4¢ was
performed under the conditions similar to those noted for the reaction of 4a in benzene to provide
5b (23 %), 6b (24 %), and 7b (3 %) and 5¢,12 6¢ (19 %), and 7¢ (4 %) along with 8b (8 %) and
8¢,2: 12 respectively. Carbon nuclear magnetic resonance (13C-nmr) spectrum for 6¢ supported
also the structure.

Next, radicai reaction of 4d was investigated, because the presence of a methoxyl group at 7-
position might decrease formation of a phenanthrene such as 7 (see Scheme 1). Thus, the
reaction of 4d was performed under the conditions similar to those noted for 4a. However, the

reaction did not proceed completely and the starting material {4d) was recovered in 35 % yield.
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After several attempts 10 examine reaction conditicns, 12 molar eq. of BuzSnH were required for
disappearance of the starting materiat on tlc. Purification of the reaction mixture by the methods
similar to those noted for 4a gave 5d, Bd, and 8d together with 3d (4 %) in 11, 12, and 14 %
yields, respectively. No phenanthrene derivative (7d) was detected. Structures of 5d, 6d, and 8d
were characterized on the spectral data. Similarly, 4e, f gave 5e, f, 6e, f, and 8e, 1,2 respectively.

The results are listed in Table 2.

Table 2 Yields of Cyclized Preducts (5, 8 ) and Debrominated Compounds (B)

Starting Matenals BusSnH Yield (%) @
(eq.)
4 (R1=OMe) 5 6 8
d : R2-R3=0OMe 3bi 23 6 5
12¢) 11 12 14
e - R2+R3=0CH,0 3 21 8 _d)
12€) 24 14 22
f - R2=R3=H 3 22 7 o
12 23 8 g

a) Isolated yield b) 4d was recovered in 35 % yield c) 4d was recovered in 4 % yield.
d) Product ratio (8e - 4e = 2.0 * 1) was estimated by glc analysis.

¢) 4e was not isolated. f) Product ratio (8f . 4f = 1.6 . 1) was estimated by glc analysis.
a) Product ratio {8f - 4t = 5.1 - 1) was estimated by glc analysis.

The reacticn pathway ¢n formation of 5, 6, and 7 was deduced as follows. A radical intermediate
(A} generated from 4 would be able to attack on 8- (path a), 8a- (path b), or 4a-position (path ¢) to
produce further radical intermediate (B, C or D) as depicted in Scheme 1. Elimination of hydrogen
radical from intermediate (B} provided 5, which might be also formed from intermediate (C) by
rearrangement and elimination of hydrogen radical (paths a and b}. Compound (6) would be
produced through intermediate (E) by cleavage of a carbon-carbon bond between 8a- and 1-
positions In intermediate {C) (path b). On the other hand, intermediate (D) would provide radical
(F) by B-effect of a siicon atom to give 7. With 4d-f, however, generation of radical intermediate D

might be prevented by a methoxyl group at 7-posiion, although the reason remains uncertain.
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da B 1
2; a SiMe, R1a(.y SiMe,
DO NG
e
Path a Path ¢

Scheme 1 RS B R7

In conclusion, radical reaction of 1-(2-bromoarylmethyl)-2-silatetralins was proved to give
tetracyclic (5) and tricyclic (6) organosiicon compeounds, and 9-silylphenanthrenes (7a-c},

respectively The present results suggested the possibility on synthesis of polycyclic erganosilicon
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compounds Evaluation on biological activity of the polycyclic organosilicon compounds is now

under way.
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EXPERIMENTAL

General.—-—— All melting points were measured on Blch or Yanagimoto (hot plate) melting point
apparatus and are uncorrected. Ir spectra were taken with a Hitachi model 260-10 spectro-
photometer in CHCiq solution, unless otherwise noted. 'H-Nmr and '3C-nmr spectra were
recorded on a JEOL model FX-100 spectrocmeter in CDCly solutton using CHCI3 as internal
standard, unless otherwise noted. Ms were measured on a Hitachi M-80 or M-80A specirometer.
HRms were measured on a Hitachi M-80 spectrometer. Ball-to-ball distillation was carried out by
means of a Sibéta glass tube oven model GTO-250RS. Mplc was carried out by a Kusano
kagakukikai KP-6H or KPW-20 micro pump. Prep tlc was performed with Kieselgel 60F a5, Art,
5744 (Merck) or Kieselgel 60GF554 Art 7730 {Merck) For column chromatography, silica gel
(Wako gel C-200) was used.

Materials.—— THF was distilled from sodium wire and benzophenone prior to use. Benzene,
toluene or o-xylene was distilled from CaH» or LIAIH,4 prior to use. BusSnH was purchased from
Aldrich Chemical Company, Inc.

General Procedure for Preparation of 1-(2-Bromoarylmethyl)-2,2-dimethyl-2-
silatetralins (4a-f} —— A solution of BuLt {Buli-hexane) was added dropwise to an ice-cald,
stirred solution of 2-silatetralin (1a) and TMEDA in THF under Ar stream and the whote was stirred
at 0-5 °C for 1.5 h. A solution of 2-bromoarylmethyl bromide or chloride in THF was added
dropwise to the mixture and stirring was continued at the same temperature for 1 h. The reaction

was quenched with addition of water The organic layer was separated and the agueous layer was
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extracted with CH,Clo. The combined organic layers were washed with 10 % HCI and brine, and
dried (MgSQ,). Removal of the solvent in vacuo followed by ball-to-ball distiilation under reduced
pressure gave an olly residue, which was purified by column chromatography combined with prep.
tle.

4a : A mixture of 1a (529 mg, 3.0 mmol), TMEDA (0 54 ml, 3.6 mmol) and 1.18 M Buli-hexane (3.1
ml, 3.6 mmol) in THF (30 m!) was allowed to react with 3a10 (956 mg, 3.6 mmol) in THF (6 ml) to
give a brown oil (967 mg). Column chromatography (twice) of the oil with hexane-AcOEt (30 : 1)
and (40 . 1), successively, furmished 4a (811 mg, 67 %), which was purified by ball-to-balt
distillation to give 4a {679 mg, 56 %, bp 156-187 °C / (5.0-6.0)x10"3 Tarr.] as a colorless oil. 1H-
Nmr & :-0.06, 0.11 {6H, each s, SiMes}, 0.84 (2H, t, /= 7.1 Hz, C5-H), 2.41 (1H, dd, J= 7.1, 8.6 Hz,
Cq-H), 2.65-3.34 (4H, m, C4-H, CH-Ph), 3.59, 3.84 (8H, each s, 2xOMae), 6 28 (1H, s, Ar-H), 6.61-
6.81 (1H, m, Ar-H), 6.85-7.21 (4H, m, 4xAr-H). Ir : 1260 (SiMe) cm™'. Ms m/z (rel. nt., %) : 406
(M++2, 22), 404 {(M+, 21}, 229 {100) ; HRms mvz calcd for CogHasGoBrSi (M+) : 404.0806, found :
404.0800.

4b : A mixture of 1a (529 mg, 3.0 mmel), TMEDA (0.54 ml, 3 6 mmol) and 1.55 M Buli-hexane (2.3
ml, 3.6 mmol) in THF (30 ml) was aliowed to react with 3b13 (838 mg, 3.6 mmol) in THF (7 ml} to
give a brown oil (450 mg). Column chromatography of the oil with hexane and hexane-AcOEt
(100 : 1) followed by that with hexane afforded 4b (192 mg, 16 %), purification of which by ball-to-
ball distillation gave a pale yellow oil (161 mg, 14 %, bp 170-185 °C / 7.8x10-3 Torr.). TH-Nmr & :
-0.02, 0.01 {6H, each s, SiMey), 0.59-0.95 (2H, m, C5-H), 2.46 (1H, t, J= 7.1 Hz, C4-H), 2.65-2.99
(2H, m, C4-H), 3.12 (2H, d, J = 7.1 Hz, CH,Ph), 5.89 (2H, s, OCH»0), 6.48 (1H, s, Ar-H}, 6.64-7.15
{5H. m, SxAr-H). Ir : 1245 (SiMe) cm™1. Ms m/z (re! int., %) : 380 {(M++2, 22}, 388 (M+, 21), 59 {100} ;
HRms m/z calcd for C1gH210O5BrSI (M+) : 388 0492, found : 388.0490.

4c * A mixture of 1a {629 mg, 3.0 mmol), TMEDA (0.54 ml, 3 6 mmol) and 1.59 M BuLi-hexane {2.3
ml, 3.6 mmol) in THF (30 ml) was allowed to react with 3¢74 (900 mg, 3.6 mmol) in THF {8 ml) to
give a brown oil (777 mg). Repeated (four times} column chromatography of the oil with hexane
gave 4c (251 mg, 24 %) as a colorless oll, which was crystallized by trituration in MeOH to give a
solid. Analytical sample had mp 70-70.5 °C (MeOH). Anal. Calcd for CygH»BrSi : C, 62.60; H,
6.13 Found :C, 62.53; H, 6.12. 'H-Nmr $ -0 05, 0 04 (6H, each s, SiMe,), 0.68-0.95 (2H, m, C5-
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H), 2.56 (1H, t, J = 8.6 Hz, C-H), 2.76-2.02 (2H, m, C4-H), 3.21 (2H, d, J = 8.6 Hz, CHoPh), 6 68-
7.21 (7H, m, 7xAr-H), 7.44-7.64 (1H, m, Ar-H). Ir (KBr) : 1270 (SiMe) cm-1, ms m/z (rel. int., %) : 346
(M+42, 5), 344 (M+, 6}, 59 (100).

4d : A mixture of 1b1 (516 mg, 2 5 mmol), TMEDA (0.45 mi, 3.0 mmol) and 1.48 M BuLi-hexane
(2.0 mi, 3.0 mmoi) in THF (25 ml} was allowed to react with 3a (730 mg, 2.75 mmol} in THF (7.5 mi}
to give an orange red oil (1.03 g). Column chromatography of the oil with hexane-AcOEt (70 : 1
and 50 : 1) produced fractions A (165 mg} and B {500 mgj. The fraction A was separated by prep.
tic (three developments with hexane AcOEt = 20 * 1) 1o give fraction C (140 mg). Combined
fractions B and C were twice chromatographed with hexane-AcOEL {70 : 1, 50 : 1) to afford 4d (552
mg, 48 %), purification of which by ball-to-ball distillaticn furnished 4d [497 mg, 46 %, bp 180-210
°C / (5 0-6 6)x10-3 Torr.] as a pale yellow oIl TH-Nmr & -0 08, 0.09 (6H, each s, SiMejp), 0.82 (2H,
t, J = 7.1 Hz, C4-H), 2.41 (1H, dd, J = 7.1, 8.6 Hz, C;-H), 2.68-3 21 (4H, m, C4-H, CH,sPh), 3.64,
3.65, 3.84 (9H, each s, 3xOMe), 6.36 (2H, s, Cg-H, Ar-H), 6.56 (1H, dd, J = 2.9, 8.6 Hz, Cg-H), 6.99
(1H, s, Ar-H), 7.02 (1H, d, J = 8.6 Hz, C5-H}. Ir 1260 (SiMe) cm 1. Ms m/z (rel. int., %) : 436 (M++2,
8), 434 (M+, 7), 231 (100} ; HRms m/z caled for CoyHp703BrSi (M+) © 434 0912, found : 434.0911.
4e ' A mixture of 1b (516 mg, 2.5 mmol), TMEDA (0 45 ml, 3.0 mmaol} and 1.21 M BuLi-hexane (2.5
ml, 3 0 mmol) in THF (25 ml) was aliowed to react with 3b (748 mg, 3 0 mmol) in THF (7.5 ml) to
give a brownish oily crystals (598 mg). Column chromatography with hexane . AcOEt = 150 : 1
foilowed by flash chromatography wiht hexane . AcOEt = 20 : 1 gave fractions A {173 mg) and B
(269 mg). Prep. tic of the fraction A (five developments with AcOEt = 40 : 1) gave fraction C (157
mg) Combired fractions B and C were crystallized by trituration to give 4e (381 mg, 36 %, mp
84.5-91 °C) as pale yellow crystals. Colorless pnsms of mp 97-99 °C (hexaneg) were used as
analytical samgple. Anal. Calcd for CogHpa04BrSi C, 57.28; H, 5.53. Found - C, 57.30; H, 5.63. 1H-
Nmr & : -0.02, -0.01 (6H, each s, SiMe»), 0.64-0 94 (2H, m, C3-H}, 2.44 {(1H, t, J = 7.1 Hz, Cy-H),
2.68-2.94 (2H, m, C4-H), 3.09 (2H, d, J = 7.1 Hz, CH,Ph}, 3.69 (3H, s, OMe), 5.89 (2H, 5, OCH,0),
6.42 (1H, d, /=28 Hz, Cg-H), 6.51 (1H, 5, Ar-H}, 6.58 (1H, dd, /=29, 8.6 Hz, Cz-H), 6.9 (1H, s,
Ar-H), 7.01 (1H, d, J = 8.6 Hz, C5-H) Ir (KBr) . 1240 (SiMe) et ms miz (rel. int,, %) : 420 (M++2,
5}, 418 (M+, 5}, 59 (100).
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4f : A mixture of 1b (516 mg, 2.5 mmol}, TMEDA {0 45 ml, 3 0 mmoi) and 1.48 M BuLi-hexane (2.0
mi, 3.0 mmol} in THF (25 ml) was allowed to react with 3¢ (687 mg, 2.75 mmol) in THF (7.5 ml) to
give a brownish cil (665 mg). Twice column chromatography with hexane gave 4f (334 mg, 36 %),
purification of which by ball-to-balt distillation gave 4f [317 mg, 34 %, bp 130-170 °C / {5.5-6.0)x
10-3 Torr.]. TH-Nmr & : -0.06, 0.04 (6H, sach s, SiMey), 0.59-0.99 (2H, m, C4-H), 2.52 (1H, 1, J = 7.1
Hz, C4-H), 2.66-2,99 (2H, m, C4-H}, 3.19 (2H, d, J= 7.1 Hz, CH,Ph), 3.64 (3H, s, OMe), 6.38 (1H, d,
J=2.9 Hz, Cg-H), 6.58 (1H, dd, J=2 9, 7.1 Hz, Cg-H), 6.85-7 19 (4H, m, 4xAr-H), 7.44-7.61 (1H, m,
Ar-H). Ir : 1250 (SiMe) cm!. Ms m/z {rel. int., %) : 376 (M++2, 23), 374 (M+, 22), 205 {100) : HRms
m/z caled for C4gH23OBrSi (M*) 1 374.0700, found : 374 0697

Radical Reaction of 1-(2-Bromoarylmethyl)-2,2-dimethyl-2-silatetralins (4a-f) ——
With 4a : 4a (203 mg, 0.5 mmol), AIBN (41 mg, 0.25 mmol}, BuzSnH (437 mg, 1 5 mmol), and

benzene (50 ml) were used. After refluxing for 2 h, a residue (684 mg) obtained on removal of the
solvent was purified by celumn chromatography with hexane and AcOEt to give a yeliow oil (234
mg). The ol was purified by further column chromatography with hexane-AcOEt (30 : 1} to furnish a
‘pale yellow il (207 mg), which was subjected to mplc [patroleum ether (bp 47-64 °C) : AcOEt =
;100 :1,200:1,100 : 1, and 10 : 1] to be separated into fractions A (40 mg), B (8 mg), C (27 mg),
and D (66 mg), respectively. Fraction A . 6a (31 mg, 19 %) as a coloriess oif was obtained by
further prep. tic [twice developments with petroleum ether : AcOEt = 10 : 1]. 6a : TH-Nmr (CD30D)
6 :-0.41, -0 39 (6H, each s, SiMejy), 0 60-0.89 [4H, m, (CH)oSi], 2.17-2.84 [4H, m, (CH>CHy)5Si],
373, 3.84 (6H, each s, 2xOMe), 6 56, 6.84 (2H, each s, 2xAr-H), 6.90-7 33 (4H, m, 4xAr-H). ir :
1240 (SiMe) cm-1. HRms m/z caled for CogHagOpSi (M) . 326.1701, found : 326.1710; ms m/z (rel.
int., %) : 326 (M+, 75), 255 (100). Fraction B : 7a (5 mg, 3 %) as a colorless oil was obtained by
further prep. tlc similar to that noted for 6a. 7a : TH-Nmr & -0.29, -0.28 (6H, each s, SiMes), 0.31
(2H, q, J = 7.1 Hz, SiCHsMe), 079 (3H, t, J = 7.1 Hz, SiCH,Me), 2.45 (1H, dd, J = 1.4, 7.1 Hz,
CHS)), 2.76 [1H, dd, J = 1.4, 14.3 Hz, CH(H)CHSI], 3.25 [1H, dd, J = 7.1, 14.3 Hz, CH{H)CHSI],
3.91, 3.95 (BH, each s, 2xOMe), 6 69 {1H, s, Ar-H), 6.96-7 22 (4H, m, 4xAr-H), 7.52-7.71 (1H, m, Ar-
H). Ir : 1265 (SiMe) em* HRms m/z caled for CogHpg0,Si (M*) @ 326 1700, found : 326.1689: ms
m/z (vel. nt., %) : 326 (M+, 52), 311 (100), 238 (M*-SiHMe,Et, 58). Fraction C : 8a (22 mg, 14 %,

mp 62-64 °C) was obtained by further prep. tic similar to that noted for 6a. Colorless prisms of mp
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68-69 °C (MeOH-H,0) was used as analytical sample 8a Anal Caled for CogHogO05S1 1 C, 73.57;
H, 8 03. Found : C, 73.62, H, 7.99. TH-Nmr & : -0.15, -0.06 (6H, each s, SiMe,), 0.58-0.99 (2H, m,
Cqa-H), 236 (1H, dd, J = 7.1, 8.6 Hz, Cq-H), 2.64-3 28 {4H, m, C4-H, SICHCH,), 3 79, 3.85 (6H,
each s, 2xOMe), 6.64 (1H, s, Ar-H), 6.74 (2H, s, 2xAr-H), 6.85-7 16 (4H, m, 4xAr-H). Ir (KBr) : 1255
(SiMe) cm1; ms m/z (rel. int., %) : 326 {M+, 10), 15% (100). Fraction D : 5a (52 mg, 32 %) was
obtained by further prep. tic similar t¢ thal noted for 6a (four developments). Analytical sample had
mp 106 °C (hexane) as colorless plates. 5a - Anal. Calcd for CogH240551 . C, 74.03; H, 7 45.
Found C, 73.70;H, 7.49. TH-Nmr § : 0.04, 0.25 (6H, each s, SiMey), 0 64-1.21 (2H, m, Cp-H), 2.09
(1H, dd, J = 886, 11.4 Hz, CHSJ), 2.56-3.16 {4H, m, C3-H, C44-H}, 3 92, 3.95 (6H, each s, 2xOMe]),
6.74 (1H, s, Arqg-H), 7.02 (1H, dd, J =14, 7 1 Hz, Arg-H). 715 (1H, t, J = 7.1 Hz, Arg-H), 7 21 (1H,
s, Arp-H), 7.59 (1H,dd, J= 1.4, 7 1 Hz, Arg-H) Ir {KBr) : 1260 (SiMe)} cm™1; ms m/z (rel. int, %) : 324
(M+, 100},

With 4b ' 4b {195 mg, 05 mmol}, AIBN (41 mg, 0 25 mmo!) BusSnH (437 mg, 1.5 mmol), and
benzene {50 mi) were used. After refluxing for 2 h, a residue (856 mg) obtained on removal of the
solvent in vacuo was subjected to column chromatography with hexane and hexane-AcOEt (20 . 1)
1o give a pale yellow oll (182 mg). The ol was purfied by further column chromatography with
hexane-AcOEt (40 : 1) to furnish a pale yellow oil {160 mg), mplc of which with hexane-AcOEt
{400 : 1) afforded fractions A (40 mg) and B (73 mg), respectively. From fraction A, 6b {37 mg, 24

%, colorless oil) and 7b (5 mg, 3 %, colorless oil) were obtained by further prep. tlc (hive

developments with hexane ; AcOEt = 5¢ 1) 6b 'H-Nmr (CD30D) 8 : -0.41, -0.36 (6H, each s,
SiMey), 0.567-0 93 [4H, m, (CH5)5Si], 2.13-2.86 [4H, m, {(CH,CH),5i], 5.90 (2H, s, OCH,0), 6.44,
6 74 (2H, each s, 2xAr-H), 6.87-7.33 (4H, m, 4xAr-H). Ir . 1245 (SiMe} cm-t. HRms m/z calcd for
CygH250581 (M+) 1 310.1387, found 310 1387; ms m/z (rel int, %) : 310 (M+, 68}, 239 (100). 7b :
*H-Nmr & - -0.26, -0.25 (BH, each s, SiMes), 034 (2H, q, J=7.1 Hz, SiCH:Me), 0.81 (3H, t, J=7.1
Hz, SICH,Me), 2.42 (1H, dd, J = 1 4. 7 1 Hz, CHS1), 2.76 [1H, dd, J = 1.4, 14 3 Hz, CH(H)CHSI],
3.22 [1H, dd, J= 7.1, 14,3 Hz, CH{H}CH&I], 5 95, 5 98 (2H, each d, J = 1 4 Hz, OCH,0), 6.66 (1H,
s, Ar-H), 6 92-7.24 (4H, m, 4xAr-H), 7 45-7.76 {1H, m, Ar-H). Ir : 1275 (SiMe) cm-1. HRms m/z calcd
for C4gH2505Si (M*) : 310.1388, found 310 1396; ms m/z (rel. int, %) : 310 (M+, 27), 222 (M*-
SIHMesEt, 59), 59 {100) Mpic of fraction B with hexane-AcOEt (400 : 1) produced an oil (67 mg),
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prep. tle of which [developing soivents; hexane : AcOEt = 30 - 1 {two developments), 20 : 1 and 30 :
1 and, petroleum ether : AcOEt = 30 : 1 and 10 : 1 {two developments)] afforded fractions C {13 mg)
and D (39 mg). Fraction D gave fraction E {5 mg) and 5b (35 mg, 23 %, colorless oil) by further
prep. tlc {three developments with petrofeum ether AcCEt = 10 :1). 5b *H-Nmr & : 0.04, 0.25 (6H,
each s, SiMey), 062-1.06 (2H, m, Cx-H), 2.05 (1H, dd, J = 8.6, 11.4 Hz, CHSI), 2.59-3.19 (4H, m,
C3-H, Cqq-H), 5.95 (2H, s, OCH»0Q), 6 69 (1H, s, Aryg-H), 7 02 (1H, dd, J = 1.4, 7.1 Hz, Arg-H), 7.14
(1H, 1, J= 7.1 Hz, Ars-H}, 7 18 (1H, s, Ary-H), 7 52 (1H, dd, J = 1.4, 7.1 Hz, Arg-H). Ir : 1245 (SiMe)
cm'! HRms m/z caled for CygHpaO051 (M*) . 308.1231, found : 308.1231; ms m/z {ret int., %) ; 308
(M+, 100). Combined fractions C and E were further separated by prep tic (iwo developments with
the same developing solvent as noted for fracticn D) to give 8b (13 mg, 8 %, colorless oil). 8b : 1H-
Nmr & - -0.12, -0.09 (6H, each s, SiMej), 0 56-1.06 {2H, m, C3-H), 2.36 (1H, dd, J= 7.1, 8.6 Hz, C4-
H), 2.62-3.35 (4H, m, C4-H, SICHCH,), 5.91 (2H, s, OCH,0), 6 68 (3H, s, 3xAr-H), 6.85-7.16 (4H,
m, 4xAr-H), Ir - 1250 (SiMe)} cm-1. HRms m/z calcd for CygH25058i (M) . 310.1388, found :
310.1391; ms m/z (rel. int., %) : 310 (M+, 18}, 135 (100).

With 4¢ : 4e (207 mg, 0.6 mmol), AIBN (49 mg, 0.3 mmol), BuzSnH (524 mg, 1.8 mmal), and
benzene (60 ml} were used. After refluxing for 2 h, removal of the solvent in vacuo gave a pale
yellow oily solid (788 mg), which was chromatographed with hexane to give a yellow oil (534 mg).
Further column chromatography of the oil with hexane gave a cotorless oil {485 mg), mpic of which
with cyclohexane was separated into fractions A (110 mg) and B (104 mg). Each fraction was
punfied by prep tlc (twice developments with hexane). From fraction A, 6¢ (31 mg, 19 %) were
obtained. 6¢ : TH-Nmr & . -0.42 (6H, s, SiMey), 0.64-0.88 [4H, m, (CH5),5i], 2.19-2.84 [4H, m,
(CHpCH»)oSi], 6.85-7.34 (8H, m, 8xAr-H). 13C-Nmr & : -1.468 {q, SiMe}, 17.545 {t, CH,Si), 27.605
{t. ArCHy), 125.483, 127.472, 129 286, 129 637 {each d, Ar-C), 141.162, 142.683 (each s, Ar-C),
Ir: 1250 (SiMe) cm™! HRms mv/z caled for CqgHp5Si (M*) © 266.1490, found : 266.1496; ms m/z (rel.
int., %) . 266 {M*+, 186}, 195 (100). The mixture {90 mg) combined with a component obtained from
fractions A and B was purified by prep tlc (three developments with the same developing solvent)
to produce 7¢ (6 mg, 4 %) and a mixture {71 mg), respectively. 7¢ : TH-Nmr 8 : -0.29 (6H, s,
SiMey), 0.31 (2H, g, J = 7 1 Hz, SiCH,Me), 0.79 (3H, t, J = 7.1 Hz, SICH,Me), 2.48 (1H, dd, J = 1.4,
7.1 Hz, CHSI), 2.88 [1H, dd, 4 = 1.4, 143 Hz, CH(H)CHSI], 3.31 [1H, dd, J = 7.1, 14.3 Hz,
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CH(H)CHSY], 6.96-7.41 (6H, m, BxAr-H), 7 49-7.81 {2H, m, 2xAr-H). Ir 1270 (SiMe} cm-'. HRms
m/z calcd for CigH22S1 (M) : 266.1489, found : 266 1485; ms m/z (rel. int., %) : 266 (M+, 10), 178
{M+-SiHMesEt, 100) The mixture (71 my) was funther punfied by prep. tlc (five developments with
petroleum ether) to afford an inseparable mixture of S5c and 8¢ in 2.4 : 1 product ratio, which was
estimated by glc analysis {column : 1 % QV-1, column temperature, 230 °C, Rt 27.5 min for 5¢ ; Rt
13.5 min for 8¢). 5¢ : *H-Nmr & : 0.05, 0.26 (6H, each s, SiMe,), 2 14 (1H, dd, J = 7.1, 11.4 Hz,
CHSi), 7.56-7.81 (2H, m, 2xAr-H): ms m/z (rel. int., %) - 264 {M+, 100). 8¢2 : 1TH-Nmr & : -0.186, -0.06
(6H, each s, SiMes), 245 (1H, ad, J = 7 1, 8.6 Hz, C¢-H), ms m/z (rel. int., %) : 266 (M*, 16), 59
(100)

With 4d : 4d (218 mg, 0 5 mmoi), AIBN (41 mg, 0 25 mmol), BuzgSnH (1.75 g, 6.0 mmol), and
benzene {50 ml) were used After refluxing for 2 h, work-up similar to noted for 4a gave an oy
solid (2.0g), which was subjected ta column chromatography with hexane and hexane-AcOEt (10 :
1 and 5 : 1) to produce an oily golid {244 mg) Mpic of the oily solid with hexane-AcOEt (100 : 1,
70°1,50:1,30 1,20:1,and 5 ;1) gave 6d (21 mg, 12 %, mp 78-80 °C), 4d (8 mg, 4 %}, and
fraction A (70 mg). Analytical sample for 6d had mp 80-80.5 °C (hexaneg) as colorless prisms. 6d :
Anal. Caled for CoqHogQ3Si 1 C, 70.74; M, 7.91. Found C, 70.82; H, 7.91. TH-Nmr 8 : -0.36, -0.35
(6H, each s, SiMe,), 0.62-0.91 [4H, m, (CH2)>S1], 2.19-2.79 [4H, m, (CH,CH,)»Si], 3.79, 3.82, 3.92
(9H, each s, 3xOMe), 8 58 (1H, s, Arg-H), 6.62 (1H, d, J= 2.9 Hz, Arg-H), 6.76 (1H, s, Ar;-H), 6.85
(1H, dd, J = 2.9, 86 Hz, Arqg-H), 7.18 (1H, d, J = 8 6 Hz, Ary1-H). Ir (KBr) : 1260 {SiMe) cm!; ms
m/z (rel int., %) ; 356 (M+, 82), 285 (100} Prep. tlc (four developments with hexane : AcOEt =5 1)
of fraction A gave fractions B (36 mg) and C (26 mg). Further purification of fraction B by prep. tic
{three developments with hexane - AcOEt = 5 : 1) led to fractions D (26 mg, mp 141-144.5 °C) and
E (3 mg). Prep. tic (three developments with hexane : AcOEt = 10 : 1) of combined fractions C and
E furnished 8d (24 mg, 14 %, colorless oil) 8d * "H-Nmr 8 : -0.15, -0.06 (6H, each s, SiMe,), 0.51-
099 (2H, m, C5-H), 2.34 (1H, t, J = 8 6 Hz, C4-H), 2.64-3.19 {(4H, m, C4-H, CH,Ph), 3.69, 3.81, 3.85
{9H, each s, 3xOMe), 6.42-6.76 (5H, m, 5xAr-H), 7 01 {1H, d, J = 8.6 Hz, Arg-H). Ir : 1260 (SiMe)
em-1. HRms myz caled for CoyHpgO4Si (M*) : 356.1806, found : 356.1813; ms my/z (rel. int., %) : 356
(M+, 10}, 151 (100). Fraction D gave after prep. tic {four developments with hexane : AcOEt =5 : 1)
5d (20 mg, 11 %, mp 142-146 °C). Analytical sample had mp 151 5-153 °C (hexane) as coloriess
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prisms. 5d : Anal. Caled for Co1Hzg0381 1 C, 71.44, H, 7.3%, Found ; C, 71.05; H, 7.30. TH-Nmr & :
-0.04, 0.21 (6H, each s, SiMey), 0 62-1 02 {2H, m, Co-H), 1.96 {1H, dd, J = 7 1, 11.4 Hz, CHSI),
2.42-2.99 (4H, m, Ca-H, Cy4-H), 3.88, 3.89, 3.91 (9H, each s, 3xOMe), 6 72 (1H, s, Ary-H), 6.76
(1H,d, J= 7.1 Hz, Ars-H), .98 (1H, d, J = 7.1 Hz, Ars-H), 7 89 {1H, s, Aro-H} Ir (KBr) : 1255 {SiMe)
em-1; ms m/z (rel. int., %) * 354 (M+, 100).

With 4e : 4e (210 mg, 05 mmol}, AIBN (41 mg, 0.25 mmol}, BuzSnH (1 75 g, 6.0 mmol}, and
benzene (50 ml} were used. After refluxing for 2 h, a residue (2.0 g) obtained in a way similar to
that noted for 4a was subjected to column chromategraphy with hexane and hexane-AcOEt (20 :
1) to afford a pale yeliow oil {246 mg), mplc of which with hexane-AcOEt (100 : 1 and 5 : 1) gave
fractions A (67 mg), B (49 mg), and C (45 mgq}, respectively. Prep. tlc (three developments with
hexane ' AcOEt = 50 : 1 and three developments with hexane . AcOEt = 40 : 1) of frachon A gave
6e (23 mg, 14 %, colorless oil). 6e : TH-Nmr & -0.36, -0.34 (6H, each s, SiMe,), 0.62-0.85 [4H, m,
(CHp),Si], 2.19-2 75 [4H, m, (CHoCH,),S1], 3 78 (3H, 5, OMe), 5.95 (2H, s, OCH,0), 6.56 (1H, s,
Arg-H), 6.59 (1H, d, J = 2.9 Hz, Arg-H), 6.75 (1H. s, Ar;-H), 6 84 {1H, dd, J = 2.9, 8.6 Hz, Aryg-H),
7.16 (1H, d, J = 8.6 Hz, Arqy-H) Ir 1235 {SiMe) cm™!. HRms m/z calcd for CogHpaO3Si (M*) -
340.1493, found : 340.1495; ms m/z (ret Int, %) - 340 (M+, £9), 269 (100). Fraction B afford 5e {40
mg, 24 %, pale yeliow ¢il) by prep tic (four developments with hexane - AcCEt = 100 : 1). 5e : H-
Nmr 3 . -0.02, 0.21 (6H, each s, SiMe,), 0.46-1.15 (2H, m, Co-H), 1 92 (1H, dd, J = 7.1, 11.4 Hz,
CHSi), 2.38-3.06 {(4H, m, C3-H, C44-H), 3.86 (3H, s, OMe), 5.94 (2H, s, OCH,0), 6.71 (1H, s, Arqg-
H), 6.75 (1H, d, J = 7.1 Hz, Ars-H), 6.98 (1H, d, J = 7 1 Hz, Arg-H), 7.76 {1H, s, Arz-H). Ir : 1270
(SiMe) cm™1. HRms m/z caled for CogHppO3Si (M*) © 338.1336, found : 338 1333; ms m/z (rel int.,
%) : 338 (M+, 100). Prep. tlc {development with hexane and four developments with hexane -
AcOEt = 100 : 1) of fraction C gave 8e (38 mg. 22 %, mp 89-92 °C}. Analytical sample had mp 93-
94 °C (hexane} as colorless prisms 8e Anal Caled for CogHosO5Si @ C, 70.55; H, 7.10. Found :
C, 7065; H, 7.12 TH-Nmr 3 : -0.14, -0.11 (6H, each s, SiMep), 0.46-1.02 (2H, m, C3-H), 2.34 (1H, t,
J=7.1Hz, Cy-H}, 2.58-3.31 (4H, m, C4-H, CH,Ph), 3.71 (3H, s, OMe), 5 89 (2H, s, OCH,0), 6 48-
6 78 (BH, m, 5xAr-H), 6.99 (1H, d, J = 8.6 Hz, Arg-H). Ir (KBr) . 1245 (SiMe) cm*! , ms m/z (rel. int.,
%) : 340 (M+, 19), 135 (100).
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With 4f : 4f (225 mg, 0.6 mmol), AIBN (42 mg, 0.3 mmol), BugSnH (2.1 g, 7 2 mmot), and benzene
(60 ml) were used. After refluxing for 2 h, a residue (2.45 g) obtained on removal of the sclvent in
vacuo was subjected to column chromatography with hexane and hexane-AcOEt (30 : 1) to afford
a pale yellow oil (283 mg), which was further separated by mplc with hexane-AcOEt {200 : 1 and
5: 1) to produce fractions A (186 mg, colorless oil) and B (24 mg, celorless cil). Prep. tic of fraction
A (three developments with hexane : AcOEt = 100 - 1) gave fractions C {17 mg, ¢olottess oil}, D (57
mg, pale yellow solid), and E (21 mg, pale yellow oll), respectively Fractions B [by prep. tic {three
developments with hexane : AcOEt = 50 : 1] and C [by prep. tlc {four developments with hexane
AcOEt = 100 1)] gave an inseparable mixture (32 mg) of 4f and 8f in 1 5 1 of product ratio, which
was estimated by glc analysis (cclumn : 1 % CV-1, column temperature, 255 °C, Rt 23.1 min for 4f ;
Rt 13.7 min for 8f). 82 . TH-Nmr § : -0.18,  -0.08 (6H, each s, SiMe,), 0.48-0.99 (2H, m, C3-H),
2.41 (1H, 1, J = 7.1 Hz, Cy-H), 2 59-3.3% (dH, m, C;-H, CHyPh}, 369 (3H, 5, OMe), 6.48-6.64 (2H,
m, 2xAr-H), 6.88-7.24 (6H, m, 6xAr-H); ms m/z (rel. int , %) 296 (M*, 36), 205 (100). Prep. tlc (five
developments with hexane AcOEt = 100 : 1) of fraction D gave a solid {47 mg, mp 75-77 °C),
which was further purtfied by prep. tlc (three developments with the same developing solvent as
noted for fraction D) to produce 5f (41 mg, 23 %, mp 74 5-77 °C). Analytical sample had mp 82-83
°C (hexane) as colorless needies 5f : Anal. Caled for CygH»,0Si C, 77.50; H, 7.53. Found . C,
77.86, H, 7 40. tH-Nmr & . -0 04, 0.21 (6H, each s, SiMe,), 0.49-1,14 (2H, m, C,-H), 1.95 (1H, dd, J
=71, 11.4 Hz, CHS{), 2 46-3.06 (4H, m, Cs-H, C44-H), 3.88 (3H, 5, OMe), 6.75 (1H, d, J=7.1 Hz,
Ars-H), 6.99 (1H, d, J = 7 1 Hz, Ary-H), 7.02-7.22 {(3H, m, 3xAr-H}, 8.08-8.29 (1H, m, Arz-H). Ir
{(KBr} 1270 (SiMe) cm?; ms m/z (rel nt., %) . 294 (M+, 100). Repeated (twice) prep. tlc {three
developments with hexane : AcOEt = 100 : 1) of fracticn E gave 6f (15 mg, 8 %) as a pale yellow
oil. 6f - "H-Nmr § : -0.38, -0.35 (6H, each s, SiMe,), 0.59-0.91 [4H, m, (CHoCH,),Si], 2.24-2.84
[4H, m, (CH>CH5)5Si], 3.78 (3H, s, OMe), 6.62 (1H, d, J = 2.3 Hz, Arg-H), 6.85 (1H, dd, J=2.9, 8.6
Hz, Arqg-H), 6.99-7.35 (5H, m, 5xAr-H) Ir + 1260 (StMe) cm-1. HRms m/z calcd for C1gH2408Si
{(M+*} 296 1594, found - 296.1586; ms m/z {rel Int., %) 296 (M*+, 61), 225 (100).
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