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Abstract

Photolysis of (2-allyloxyphenyl)pentamethyldisilad&in benzene provides a novel intramolecular photoproB8wia silatriene interme-
diate3 in addition to6 and7 but the photoreaction of [2-(3,3-dimethyl-2-propenyloxy)phenyl]pentamethyldisiarie benzene affordé
andl12instead of a expected intramolecular photoproduct.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction sis of silicon-containing heterocyclic compounds, | was
interested in the generation of silatriene intermediate

Since the first reports on the unusual electronic spectra ofthrough the photolysis ofortho-substituted aryldisi-
aryl- and vinyl-substituted polysilanes by Sakurai and Ku- lanes. And, | would like to report the photoreactions of
mada[1], Gilman et al.[2], and Hague and Prind8] in (2-allyloxyphenyl)pentamethyldisilane2a and [2-(3,3-
1964, the electronic propertigd—25] and photoreactions  dimethyl-2-propenyloxy)phenyl]pentamethyldisilane2b,
[26—45] of aryldisilanes have been extensively investigated. since novel photoproducts from the intramolecular reaction
The photoreactions of phenyldisilanes in the presence of of ortho-substituted group with the silatriene intermediate,
alcohols involve four types of reactidd6]: (a) formation which is formed from the radical scission of a silicon—silicon
of a silaethend26], (b) formation of a silatriene via 1,3- bond followed by migration of the resulting trimethylsilyl
silyl migration[27-40] (c) elimination of a silylen§27,43], radical to the @ position of the benzene ring, are expected
and (d) nucleophilic cleavage of a Si—Si bond in the pho- and | describe, in this paper, a detailed photochemical
toexcited statpd4]. Although the photoreactions of aryldisi-  study of (2-substituted-phenyl)pentamethyldisilaBasnd
lanes have been extensively studied, relatively little is known 2b.
about the excited state behaviomotho-substituted aryldisi-
lanes.

Recently, | have found that the photolysis oftho-
substituted 1-aryl-2-(pentamethyldisilanyl)ethynes afforded
novel intramolecular photoproducts via silacyclopropene or
1-silaallene intermediatg¢47-58]

In connection with my ongoing studies for the util-
ity of silacyclopropenes, 1-silaallenes, silaethenes, and
silatrienes as reaction intermediates in organic synthe-

2. Experimental
2.1. General methods

All reactions were carried out under an atmosphere of
dry nitrogen.'H and 13C NMR spectra were recorded on
Bruker AM-300 and Bruker AC-200 spectrometers with
chemical shifts being referenced against TMS as an inter-

* Tel.: +82 331 220 2153; fax: +82 331 220 2153. nal standard or the signal of the solvent CRQUV ab-

E-mail addressskpark@suwon.ac.kr. sorption spectra were recorded on a Hewlett-Packard 8453
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spectrophotometer. Mass spectra were determined at 70 e\2.4. Synthesis of [2-(3,3-dimethyl-2-
with a Hewlett-Packard 5985A GC-MS by the electron im- propenyloxy)phenyl]pentamethyldisilagb
pact (El) method. FT-IR spectra were recorded on a Bomem
MB-100 spectrometer in KBr pellets and NacCl cell. High- A solution of 0-(3,3-dimethyl-2-propenyloxy)iodob-
performance liquid chromatography was performed on a Wa- enzenelb (0.5g, 1.74 mmol) in tetrahydrofuran (5 ml) was
ters Associates Model 244 liquid chromatograph (Mildford, added to a solution of magnesium(55.9mg, 2.3 mmol) in
MA) equipped with a Model 6000A solvent delivery sys- THF(15 ml) at room temperature under nitrogen atmosphere.
tem, Model 440 UV absorbance detector fixed at 254 nm, Chloropentamethyldisilane (0.34 g, 2.09 mmol) was added
and Model U6K universal injector. Lichrosorb SI-60 column dropwise to the resulting solution and the mixture was re-
was used for preparative analyses. Thin layer chromatog-fluxed for 1.5h. The reaction solution was filtered through
raphy (TLC) was performed on Sigma-Aldrich pre-coated Celite and then hydrolyzed with water (20 ml). The organic
silica gel k54 aluminum foils. Purification of the reaction layer was separated, and the aqueous layer was extracted
products was carried out by flash column chromatography with ethyl acetate (X 15ml). The organic layer and the
using a glass column dry-packed with silica gel (230-400 extracts were combined, washed with water (20 ml), brine
mesh ASTM). (20 ml) and dried (MgS@. The solvent was evaporated in
vacuo to give the crude product. Flash column chromatogra-
phy with n-hexane/ethyl acetate (40/1, v/v) as an eluent gave
2b (0.40 g, 79% yield) as a colorless ot NMR (CDCls,
600 MHz) 5y 0.058 (9H, s), 0.34 (6H, s), 1.76 (3H, s), 1.82
g (3H.s), 454 (2H, dJ=6.5Hz), 551 (1H, m), 6.82 (1H,
dd,J=7.5, 1.5Hz), 6.96 (1H, td]=7.5, 1.5Hz), 7.32 (1H,
td,J=7.5, 1.5Hz), 7.37 (1H, dd]=7.5, 1.5 Hz);13C NMR
(CDCl3, 150 MHz)éc —3.29,—1.55, 18.4, 25.9, 64.5, 109.9,
120.4,120.5,127.8,130.3,135.3,137.1, 163.4; UV4CH)
Amax 288, 281 nm; FT-IR (NaCl) 3063.4, 2949.9, 1585.0,
1436.9, 1245.1, 833.1, 777.0ch) MS (70eV) m/iz 292
(M*); HRMS (M*) calcd for GgH2g0Sh 292.1679, found
292.1639.

2.2. Materials

o-Allyloxyiodobenzenela [53] and o-(3,3-dimethyl-2-
propenyloxy)iodo-benzerid [54] were prepared as reporte
in the literature. Tetrahydrofuran used in the preparation of
2aand2b was refluxed over sodium benzophenone and dis-
tilled under nitrogen. Benzene (HPLC grade) was distilled
from CaH before use. Solvents of reagent grade for chro-
matography were used without further purification. Spectro-
scopic grade solvents were used for HPLC and UV absorption
spectra.

2.3. Synthesis of (2-allyloxyphenyl)pentamethyldisilane 2.5, Irradiation of (2-allyloxyphenyl)pentamethyl-
2a disilane2ain benzene

A solution of o-allyloxyiodobenzene (0.5g, 1.92 mmol) A solution (5x 104M) of (2-allyloxyphenyl)penta-
in tetrahydrofuran (5 ml) was added to a solution of magne- methyldisilane2a (132 mg) in benzene(1L) was deaerated
sium (60.8 mg, 2.5 mmol) in THF (15ml) at room tempera- by nitrogen purging for 1 h and irradiated in a Rayonet pho-
ture under nitrogen atmosphere. Chloropentamethyldisilanetochemical reactor, model RPR-208, equipped with RUL
(0.389, 2.31 mmol) was added dropwise to the resulting so- 254 nm lamps. After irradiation for 1.5 h, the resulting pho-
lution and the mixture was refluxed for 1.5h. The reaction toreaction mixture was concentrated in vacuo. The photo-
solution was filtered through Celite and then hydrolyzed with products5, 6, and7 were isolated in 33.5mg (31% vyield),
water (20 ml). The organic layer was separated, and the aque4.4 mg (3% yield), and 4.3mg (4% yield) as colorless oils,
ous layer was extracted with ethyl acetatex(B5 ml). Theor-  respectively, in addition to 18% (23.8mg) of the starting
ganic layer and the extracts were combined, washed with wa-compound2a by column chromatography with-hexane
ter (20 ml), brine (20 ml) and dried (MgS@ The solventwas  as an eluent followed by normal phase HPLC usimg
evaporated in vacuo to give the crude product. Flash columnhexane/ethyl acetate (20/1, v/v) as an elugntlV (CH»Cly)
chromatography with-hexane/ethyl acetate (40/1, viv)asan ., 300, 288 nm; FT-IR (NaCl) 3057.6, 2951.2, 2895.4,
eluent gav@a(0.42 g, 83% yield) as a colorless diti NMR 1420.3, 1244.8, 1040.8, 832.8th MS (70 eV) m/z 264
(CDCl3, 600 MHz)éH 0.12 (9H, 5), 0.41 (6H, ), 4.61 (2H, dt, (M™); HRMS (M*) calcd for G4H240Sh264.1366, found
J=5.5, 1.5Hz), 5.34 (1H, dgl=11, 1.5Hz), 5.44 (1H,dg,  264.1361.6; 'H NMR (CDCls, 600 MHz) 814 0.059 (9H,
J=17,1.5Hz), 6.14 (1H, m), 6.86 (1H, dd=7.5, 1.5Hz),  s), 0.11 (9H, s), 0.33 (6H, s), 0.43 (6H, s), 6.70 (1H,
7.01 (1H,td,J=7.5, 1.5Hz), 7.36 (1H, td]=7.5, 1.5Hz),  dd, J=7.5, 1.5Hz), 6.92 (1H, td)=7.5, 1.5Hz), 7.22
7.43 (1H, ddJ=7.5, 1.5H2)!*C NMR (CDCk, 150MHz)  (1H, td,J=7.5, 1.5Hz), 7.32 (1H, dd]=7.5, 1.5 Hz)13C
éc —3.16,-1.40, 68.9, 110.3, 117.9, 120.9, 127.8, 130.4, NMR (CDCls, 150 MHz) ¢ —3.10, —1.41, —1.39, 0.67,
133.9, 135.4, 163.1; UV (C¥Cl2) Amax 287, 280nm; FT-  116.1, 120.5, 129.1, 130.0, 135.7, 161.2; UV (CHp)
IR (NaCl) 3063.7, 2950.8, 2894.2, 1586.1, 1437.2, 1245.6, s 287, 281 nm; FT-IR (NaCl) 3076.6, 2951.5, 2894.2,
833.7cntt; MS (70 eV)miz 264 (M"); HRMS (M*) calcd 1583.9, 1467.7, 1247.0, 833.2, 795.9¢mMS (70 eV)nmvz
for C14H240Sk 264.1366, found 264.1378. 354 (M*); HRMS (M") calcd for GgH340Siy 354.1687,
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found 354.16797; *H NMR (CDClz, 600 MHz) 54 0.096
(9H, s), 0.38 (6H, s), 3.44 (2H, dij=6, 1.5Hz), 5.17
(1H, s), 5.23 (1H, dgJ=11.5, 1.5Hz), 5.26 (1H, m), 6.05
(1H, m), 6.93 (1H, t,J=7.5Hz), 7.13 (1H, ddJ=7.5,
1.5Hz), 7.28 (1H, ddJ=7.5, 1.5Hz);*3C NMR (CDCE,
150 MHz) 8¢ —3.30, —1.58, 36.2, 117.2, 121.0, 123.2,
126.1, 131.6, 134.2, 136.5, 159.4; UV (€El2) Amax 286,
280nm; FT-IR (NaCl) 3536.9, 3050.3, 2948.8, 2893.5,
1574.6, 1423.3, 1242.4, 833.9th MS (70eV) m/z 264
(M*); HRMS (M*) calcd for G4H240Sh 264.1366, found
264.1336.

2.6. Irradiation of [2-(3,3-dimethyl-2-
propenyloxy)phenyl]pentamethyldisilaBkin
benzene

A solution (5x10°4M) of [2-(3,3-dimethyl-2-
propenyloxy)phenyl]pentamethyldisilane2b (146 mg)

31

or 2-(3,3-dimethyl-2-propenyloxy)phenylmagnesium iodide
in tetrahydrofuran$cheme 1L

3.1. Photoreactions of
(2-allyloxyphenyl)pentamethyldisilaiza

To investigate whether or not the allyloxy group @s
tho substituent ir2a reacts intramolecularly with silatriene
moiety in3, the photolysis oRawas performed.

Irradiation of2ain deaerated benzene with 254 nm UV
light afforded a novel intramolecular photoprod&c(31%
yield) in addition to6 and7 (3 and 4% yield, respectively)
along with some decomposition products of unknown struc-
ture as shown ischeme 2when 82% oRawas photolyzed.
The formation of a novel photoprodubtcan best be ex-
plained in terms of the initial formation of silatriene interme-
diate 3 arising from 1,3-migration of trimethylsilyl radical,
which is formed via homolytic cleavage of silicon—silicon

in benzene (1L) was deaerated by nitrogen purging for bond in the photoexcited state 8& to the G position of
1h and irradiated in a Rayonet photochemical reactor, benzene ring §cheme B The intramolecular reaction to

model RPR-208, equipped with RUL 254 nm lamps. After
irradiation for 1.5h, the resulting photoreaction mixture
was concentrated in vacuo. The photoprodu6tsand
12 were isolated in 8.5mg (6% yield) and 10.5mg (9%
yield) as colorless oils, in addition to 20% (29.2mg) of
the starting materiaPb by column chromatography with

form a oxirane ring in this silatrien@resulted in the forma-
tion of the compoun@® accompanied by a 1,4-trimethylsilyl
shift and aromatizaton to give the compouhdindeed, it
is well known that the silatriene intermediate lilecan
be produced in the photolysis of aryldisilan@3—40] For
example, Kira et al[46] found that the photolysis of 4-

n-hexane as an eluent followed by normal phase HPLC (trifluoromethyl)phenylpentamethyldisilane in the presence

usingn-hexane/ethyl acetate (20/1, v/v) as an eluggtlH
NMR (CDClz, 600 MHz)sw 0.063 (9H, s), 0.35 (6H, s), 1.80
(3H, s), 1.82 (3H, s), 3.35 (2H, d=7Hz), 5.28 (1H, s),
5.31 (1H, m), 6.87 (1H, )=7.5Hz), 7.10 (1H, ddJ=7.5,
1.5Hz), 7.22 (1H, ddJ)=7.5, 1.5Hz);3C NMR (CDCB,
150 MHz) §¢ —3.31,-1.62, 18.1, 25.9, 39.0, 115.9, 120.6,
121.8, 127.7, 131.0, 133.6, 135.8, 159.4; UV (CHp)
Amax 288, 279nm; FT-IR (NaCl) 3465.4, 3054.1, 2951.7,
1594.8, 1422.2, 1244.9, 834.1cth MS (70eV) m/z 292
(M*); HRMS (M*) calcd for GgHogOSh 292.1679, found
292.1672.

3. Results and discussion

The starting (2-allyloxyphenyl)pentamethyldisilarza

or  [2-(3,3-dimethyl-2-propenyloxy)phenyl]pentamethyl-

disilane2b were prepared by the reaction of pentamethyld-

isilanyl chloride with 2-allyloxyphenyl magnesium iodide

R
' CI/\/\R !
@[OH NaH, DMF @Eo/\/\

1a: R=H, 97%
1b: R=CHj3, 99%

of alcohol gives rise to four types of reaction via silaethene,
silatriene, and silylene intermediates and the yield of the pho-
toproducts via silatriene intermediate increases with increas-
ing the electron-donating ability of the substituent and with
decreasing the polarity of the solvent. No product derived
from the intramolecular reaction of other possible interme-
diates except silatriene intermedi&twith ortho-substituted
allyloxy group in2awas detected in the photolysis 2.

One might consider the possibility that the photoproduct
could be produced by a stepwise process involving the forma-
tion of the compound.0 arising from the recombination of
trimethylsilyl radical, which is formed via homolytic cleav-
age of silicon—silicon bond in the photoexcited stateadind
phenoxy radical, which is formed via homolytic cleavage of
oxygen—carbon bond iartho-substituted allyloxy group in
23, followed by the ring formation and 1,5-trimethylsilyl shift
to the G position of benzene ringScheme 3 However, the
formation of the compounti0 and 1,5-trimethylsilyl shift in
the formation of the compounsifrom the compound.1 as

@ESiMeQSiMeg,
R
O/\/<R

2a: R=H, 83%
2b: R=CH3, 79%

i) Mg, THF

R i) Cl-SiMe,SiMe;,

Scheme 1.
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SiMe; Me,
(path a) SiMe, Sij\
O/\/ :; :O
3 SiMe3
5 31%
. . SiMe,SiM SiMe,SiMe
SiMe,SiMe; hv(254nm) (path b) @[ IMe,SiMes oSiMeﬁiM%@ 2 3
N _SiMe,SiM
o ~F PhH Os o~ SMezSiMes
6, 3%
2a 4 °
(path c) @ESiMezsiMea N SiMe,SiMe;
Oe OH
4
7, 4%
Scheme 2.

shown inScheme 4are not reasonable and the compounds
10 and 11 were not detected in the photolysis mixture by
either spectrometric analysis or TLC analysis. Compoaind
was probably formed from the recombination of the radi-
cal 4, which is formed by the homolysis of oxygen—carbon
bond in allyloxy group in the photoexcited state 2 and
pentamethyldisilanyl radical, which is formed by the homol-
ysis of silicon—carbon bond in the photoexcited stat@af
and compound was probably formed from 1,3-migration
of allyl radical, which is formed via homolytic cleavage of
oxygen—carbon bond in allyloxy group to thg @osition of

SiMe3

benzene ring although | could not obtain any evidence for
the formation of radicad, pentamethyldisilanyl radical, and
allyl radical in the photolysis c2ain benzene.

The structure of the photoproduBtwas determined by
various physical methods, such &d NMR, 13C NMR,
UV, FT-IR, and high resolution mass spectrometry. The
two methylene protons (Ha and Hb) located on a car-
bon adjacent to a stereocenterbns diastereotopic, and
they not only have different chemical shifts (3.30 and
2.80 ppm, respectively, itH NMR) but they also show split-
ting interactions3Jna—b,gen= 15.0 Hz,3Jna—Hc vic= 8.5 Hz,

M63Si

' _ ) Oxirane Me,
SiMe,SiMes | ppy SiMe, formation Si
—_— . (0)
[I N 1,3-silyl shift \/\/ \/
0 O ~
2a 3 8
‘ 1,4-silyl shift
M.e2 M.ez
Sj\ Aromatization Si
o | 5
(e} 0 )
SiMe " siMe;
5 9

Scheme 3.
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. L Me,
@ESIM%S'M% hv, PhH @SQMGZS'M% Si-Si bond homolysis ©:S'
AV4
— U= : ”
|
2a za* 1OSiMe3

ring
formation

Me, Me,
Sj\ 15-silyl shift Si
o Oj\/SiMe3
SiMe;
1
5
Scheme 4.
3JHb_Hevic= 7.5 Hz). The splitting patterns for the protons ’H* """"" ‘H
(Ha and Hb) in5 appear as two doublet of doublets (dd).
ﬁ‘” 3
i~ 7 b
Ve,
8 \_9/4
—Si
/\ H
-«— : HMBC
The structure of the photoprodugtvas also determined -«---» :NOESY

by various spectroscopic methods includitg—tH and
1H-13C correlation spectroscopy (COSY), HMBC, nuclear
overhauser and exchange spectroscopy (NOETaB)I€ ).
The 'H-'H and 'H-'3C correlation spectroscopy (COSY) HMBC spectrum of was taken. The presence of the cross-
spectra ob were carried out to identify the protons directly peaks due to the vicinal coupling between the protons of C(7)
attached to the individual carbons. According to the corre- and C(10) and the quaternary carbon C(6hishowed the
lated peaks irb, | have been able to identify the pairs of connectivity of the carbon C(6) to the dimethylsilyl group in
carbons and directly bonded protons as showrainle 1 In 5. In the same manner, the presence of the cross-peaks due to
order to determine the location of the quaternary carbons, thethe vicinal coupling between the protons of C(2) and C(11)

Fig. 1. Important correlations observed in HMBC and NOESY spectra of
photoproducb.

Table 1
IH NMR (600 MHz),13C NMR (150 MHz), and HMBC data for photoprodugtn CDCl32
Position 5c (ppm) M 5 (ppm) £ md i (H2) HMBC®
1 1254 d 7.16 1H dd 7.0 H-2H), 1.0 Q1H-3H) H3
2 1189 d 6.84 1H t 7.08H-1H), 7.0 U2H-3H)
3 1333 d 7.16 1H dd 7.03H-2H), 1.0 Q3n-1H) H1
4 12Q0 S H2, H11
5 1647 S H1, H3
6 1257 S H2, H10, H7a, H7b
7a 373 t 3.30 1H dd 15.0%a1-7b8), 8.5 F7an-gH) H8, H9, H10
7b 373 t 2.80 1H dd 15.0%bH-7a8), 7-5 O7bH-8H) H8, H9, H10
8 787 d 4.88 1H m H7a, H7b
9 222 q 1.46 3H d 6.5JoH-8H) H7a, H7b
10 —379 q 0.35 3H s
11 -171 q 0.10 3H s

a All these assignments were confirmedty-'H and'H-13C COSY and NOESY, HMBC spectra.
b Multiplicities were determined by DEPT spectrum.

¢ Integrated intensity.

d Multiplicities.

€ Protons correlated to carbon resonanceS@column.
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(path a) SiMe;SiMes | eSiMe,SiMes; SiMe;SiMe;
@[O O/SiMeZSiMe3
L]
4 8, 6%

@ESiMezsiMe:z, hv(254nm)
2b . . o\)\ ) )
(path b) ©:S'M623'Mes P SiMe,SiMe;

—_—
Oe OH
4
| 12, 9%
Scheme 5.

and the quaternary carbon C(4)5showed the connectivity  rearrangement did not occur in the photolysiafr 2b in
of the carbon C(4) to the trimethylsilyl group % The 3D- benzene.
structure of5 was determined by a nuclear overhauser and  In conclusion, the photolysis @ain benzene provided a
exchange spectroscopy (NOESY). In particular, the presencenovel intramolecular photoprodubtin addition to6 and7
of the cross-peak between the protons of C(7) and the pro-butthe expected water or methanol addition photoproduct via
tons of C(9) inb showed the close proximity of the protons of  silatriene intermediat® were not obtained. Irradiation &b
C(7) to the protons of C(9) indicating that these protons are in benzene gave two photoprodu6tnd12 but the expected
located on the same side of the molecule. Thus, the skeletalintramolecular photoproduct like was not obtained in this
structure of5 was unambiguously established as shown in case.
Fig. 1

To make the proposed mechanism as show®dneme 3
reliable and obtain the products formed from the reaction Acknowledgements
of the proposed reaction intermedia®&<8, or 9 with trap-
ping agents, the photolysis @& in the presence of trapping This work was supported by the Korea Research Founda-
agents such as water or methanol was carried out but thetion Grant (KRF-2003-015-C00373). The author would like

expected photoproducts formed from the reaction of the pro- to thank Mr. Jae Yi Sim at the University of Suwon for helping
posed intermediateZ; 8, or 9 with water or methanol except  with the preparation of compounds.
the photoproducts, 6, and7 were not obtained.
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