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Abstract

Irradiation of 4,4-bis(pentamethyldisilanylethynyl) bipherglvith methanol in deaerated methylene chloride yielded two 1:1 photoad-
dition products5 and6 and two photodimer8 and 10 via silacyclopropene intermediate, while regioselective photoaddiscisid 16
were obtained with acetone in deaerated methylene chloride. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction 2. Experimental

In an earlier paper, the author reported on the photore-2.1. General methods
action of 1,4-bis(pentamethyldisilanylethynyl)benzene with
methanol or acetone [1]. It is well known that the photolysis  All reactions were carried out under an atmosphere of
of alkynyl-substituted disilanes yields the highly strained dry nitrogen.’H and 13C NMR spectra were recorded on
silacyclopropenes and most of the silacyclopropenes areBruker AM-300 and Bruker AC-200 spectrometers with
extremely unstable toward atmospheric oxygen and mois-chemical shifts being referenced against TMS as an in-
ture [2,3]. Therefore, the existence of the silacyclopropenesternal standard or the signal of the solvent CRCPSi
is, in most cases, proved by trapping them with sol- NMR spectrum was recorded on Bruker AVANCE 600
vents such as methanol or acetone [4]. Irradiation of high resolution NMR spectrometer with chemical shifts
1,4-bis(pentamethyldisilanylethynyl)benzene in methanol being referenced against TMS as an internal standard. UV
or acetone was shown to yield the 1:1 photoaddition prod- absorption spectra were recorded on a Hewlett-Packard
ucts via silacyclopropene intermediate. 8453 spectrophotometer. Mass spectra were determined at

Along with the studies on the silacyclopropene intermedi- 70 eV with a Hewlett-Packard 5985A GC-MS by the elec-
ate formed from the photoreaction of 1-aryl-4-(pentamethyl- tron impact (EI) method. FT-IR spectra were recorded on a
disilanyl)-1,3-butadiynes [5-7], 1,4-bis(pentamethyldisil- Bomem MB-100 spectrometer in KBr pellets and NaCl cell.
anyl)butadiyne [8], 1-¢-allyloxyphenyl)-2-pentamethyldisi-  High-performance liquid chromatography was performed
lanyl ethyne [9,10], 1¢-acetoxyphenyl)-2-pentamethyldisi- on a Waters Associates Model 244 liquid chromatograph
lanyl ethyne [11], and letmethoxycarbonylmethoxy-  (Mildford, MA) equipped with a Model 6000A solvent
phenyl)-2-pentamethyldisilanyl ethyne [12,13], the present delivery system, Model 440 UV absorbance detector fixed
author investigated the photochemistry of '4ik(penta- at 254nm, and Model U6K universal injector. Lichrosorb
methyldisilanylethynyl)biphenyB expecting the formation  SI-60 column was used for preparative analyses. Methy-
of two silacyclopropene intermediates in the molecule and |ene chloride was dried with s followed by fractional
reports, in this paper, the novel results about the forma- distillation prior to use. Acetone was dried with,&O3
tion of photodimers9 and 10 and the regioselective 1:2  followed by fractional distillation immediately prior to use.
photoadductl6 via two silacyclopropene intermediates. Solvents of reagent grade for chromatography were used

without further purification. Spectroscopic grade solvents
(Tedia) were used for HPLC and UV absorption spectra.

"5 Tel ffax: 1+82-331-220-2153. The 4,4-bis(pentamethyldisilanylethynyl)biphenglwas
E-mail address:skpark@mail.suwon.ac.kr (S.K. Park) prepared by the reaction of 4.diethynylbiphenyl2 with
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Scheme 1.

chloropentamethyldisilane in 86% yield and recrystallized
from methanol (Scheme 1).

2.2. Synthesis of 4/bis(trimethylsilylethynyl)biphenyl

Trimethylsilylacetylene (1.74 ml, 12.3 mmol) was added
dropwise to a deaerated solution of ‘4cdiodobiphenyl
(249, 4.93mmol), bis(triphenylphosphine)palladium dichlo-
ride (69 mg, 0.099 mmol) and copper(l) iodide (18.8 mg,
0.099 mmol) in anhydrous diethylamine (40 ml) at room
temperature. The reaction mixture was heated aC4fr
2 h. To this solution, saturated ammonium chloride solution

13C NMR (CDCk, 75MHz) 8¢ 78.5, 83.8, 121.9, 127.3,
133.1, 140.9; UV (CHCl2) Amax 290nm; FT-IR (NaCl)

2921.7, 2105.4, 1487.6, 1392.0, 824.1¢mMS (70eV)

m/z 202 (M*); HRMS (M™) calc. for GgH1g 202.0783,

found 202.0782.

2.4. Synthesis of 4bis(pentamethyldisilanylethynyl)-
bipheny!3

A solution of 4,4-diethynylbiphenyP (0.88 g, 4.36 mmol)
in THF (30 ml) was treated with-BuLi (3.7 ml, 9.15 mmol)
at —78°C followed by chloropentamethyldisilane (1.76 ml,

(40 ml) was added and the reaction mixture was extracted9.15mmol). The reaction mixture was warmed at room

with ethyl acetate (230ml). The combined ethyl acetate
solution was washed with # (20 ml), brine (20 ml), and
dried (MgSQ), and concentrated in vacuo to give the crude
product. Flash column chromatography witthexane/ethyl
acetate (300:1, v/v) as eluents gdvé€l.64 g, 96% vyield).

1: m.p. 158-159C. 'H NMR (CDClz, 300 MHz)$H 0.26
(18H, s, —Si(®3)3), 7.52(8H, s, ArH):33C NMR (CDClh,
75MHz) §c 0.38, 95.6, 105.2, 122.8, 127.1, 132.8, 140.6;
UV (CH2Cl3) Amax 304 nm; FT-IR (NaCl) 2956.0, 2157.2,
1488.3, 1253.4, 844.5cm; MS (70eV) m/z 346 (M™);
HRMS (MT) calc. for G2H6Siz 346.1573, found 346.1561.

2.3. Synthesis of 44liethynylbipheny?

The reaction solution of 4,4is(trimethylsilylethynyl)bi-
phenyll (1.64 g, 4.74 mmol) and sodium hydroxide (0.47 g,
11.8 mmol) in methanol (100 ml) was stirred for 50 min at
room temperature. The reaction mixture was acidified with
2 N HCI solution, concentrated in vacuo, and extracted with
ethyl acetate (350 ml). The combined ethyl acetate solution
was dried (MgS@®) and evaporated in vacuo to give a crude
product. Flash column chromatography witthexane/ethyl
acetate (90:1, v/v) as eluents gave'4jiethynylbiphenyl2
(0.884, 92% yield).

2: m.p. 162-163C. 'H NMR (CDCls, 300 MHz)8H 3.15
(2H, s, acetylicH), 7.55 (8H, td,J=8.6, 2.5Hz, ArH);

temperature and stirred for 2.5 h. After evaporation of sol-
vent, the reaction mixture was extracted with ethyl acetate
(3x50 ml), washed with water (820 ml), and dried with
MgSQy, and concentrated in vacuo to give the crude prod-
uct. Flash column chromatography usinghexane: ethyl
acetate (120:1, v/v) as eluents g&/€1.73 g, 86% vyield).

3: m.p. 129-130C. 'H NMR (CDCl3, 300 MHz)5y 0.17
(18H, s, —Si(®i3)3), 0.28 (12H, s—Si(CHz)>—), 7.51 (8H,
s, ArH); 13C NMR (CDCk, 75MHz) ¢ —3.02, —2.50,
94.3, 107.0, 122.7, 126.7, 132.3, 140.1; UV (Hb) Amax
310nm; FT-IR (NaCl) 2951.1, 2149.9, 1491.3, 1397.7,
1243.5, 843.9cm*; MS (70eV) m/z 462 (M+); HRMS
(M™) calc. for GeH3gSis 462.2051, found 462.2048.

2.5. Irradiation of 4,4-bis(pentamethyldisilanylethynyl)-
biphenyl3 with methanol

Deaerated solution (610~*M) of 4,4 -bis(pentamethyl-
disilanylethynyl)biphenyB (115.5 mg) and methanol (2 ml)
in methylene chloride (500 ml) was irradiated in a Rayo-
net photochemical reactor, model RPR-208, equipped with
RUL 300nm lamps. After irradiation for 20 min, the re-
sulting photoreaction mixture was concentrated in vacuo.
The photoadducts, 6, 9, and10 were isolated in (18.5mg,
15% vyield), (13.5mg, 11% vyield), (18.5mg, 8% yield) and
(6.9mg, 3% vyield), respectively, by column chromatog-
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raphy with n-hexane/ethyl acetate (60:1, v/v) as eluents respectively, by silica gel column chromatography with

followed by normal phase HPLC (Lichrospher Si 60) using
n-hexane/ethyl acetate (20:1) as eluents.

5 'H NMR (CDCl;, 300MHz) sy 0.06 (9H, s,
—Si(CH3)3), 0.21 (9H, s, -Si(EB3)3), 0.31 (6H, s,
—Si(CHg)>—-), 0.33 (6H, s, —Si(B3)>-), 3.49 (3H, s,
—OCHS3), 7.31 (2H, m, ArH), 7.50 (6H, m, ArH), 7.89 (1H,
s, vinylic H); 13C NMR (CDCk, 75 MHz)8¢c —2.61,—2.11,

n-hexane/ethyl acetate (40:1, v/v) as eluents. The products
were purified by normal phase HPLC (Lichrosper Si 60)
usingn-hexane/ethyl acetate (15:1, v/v) as eluents.

15: m.p. 124-125C. 'H NMR (CDClz, 300 MHz) 84
—0.17 (9H, s, =Si(El3)3), 0.29 (9H, s, —Si(B3)3), 0.35
(6H, s, —Si(®3)2-), 1.35 (6H, s, dimethyl), 7.16 (2H, m,
ArH), 7.58 (6H, m, ArH); 3C NMR (CDCk, 75MHz)

—0.50, 2.09, 50.7, 94.5, 107.6, 122.9, 126.7, 127.1, 128.9,éc 0.40, 0.70, 2.50, 29.6, 88.1, 95.3, 105.4, 122.5, 126.4,

132.7, 139.6, 140.9, 141.9, 145.6, 156.4; UV (CHp)
Amax 304 nm; FT-IR (NaCl) 2953.4, 2150.3, 1558.1, 1489.7,
1246.9, 834.3cm!; MS (70eV) miz 494(M+); HRMS
(M) calc. for G7H420Si 494.2313, found 494.2312.

6: 'H NMR (CDClz, 300MHz) 8y 0.11 (6H, s,
—Si(CH3)>-), 0.21 (9H, s, —Si(B3)3), 0.24 (9H, s,
—Si(CH3)3), 0.32 (6H, s, —Si(El3)>-), 3.33 (3H, s, —08s3),
7.36 (2H, m, ArH), 7.55 (6H, m, ArH), 7.77 (1H, s, vinylic
H); 13C NMR (CDCk, 75MHz) §¢ —2.60, —2.11, 0.65,

127.1, 129.4, 132.8, 136.9, 139.1, 141.0, 141.6, 176.6;
UV (CH2Cl,) Amax 289 nm; FT-IR (NaCl) 2964.7, 2930.2,
2157.2, 1488.5, 1248.9, 868.6Th MS (70 eV) Mz 462
(MT); HRMS (M) calc. for G7H330Sk 462.2230, found
462.2223.

16 m.p. 252-253C. H NMR (CDCls, 300 MHz) 84
—0.15 (18H, s, —Si(B3)3), 0.35 (12H, s, -Si(83)2-), 1.35
(12H, s, dimethyl), 7.17 (4H, m, ArH), 7.61 (4H, m, ArH),
13C NMR (CDCk, 75MHz) §c 0.74, 2.52, 29.6, 88.2,

0.83, 50.1, 94.5, 107.6, 122.8, 126.6, 127.0, 129.0, 132.7,126.3, 129.3, 136.7, 139.4, 141.2, 176.7; UV (CHp)

139.6, 140.9, 141.7, 146.9, 155.3; UV (@E2) Amax
305nm; FT-IR (NaCl) 2953.2, 2150.6, 1558.8, 1489.8,
1246.5, 833.8cm’; MS (70eV) miz 494 (M*); HRMS
(M™) calc. for G7H420Siy 494.2313, found 494.2309.

9: 'H NMR (CDCl;, 300MHz) 84 0.06 (18H, s,
—Si(CH3)3), 0.20 (18H, s, -Si(B3)3), 0.31 (12H, s,
—Si(CH3)2-), 0.36 (12H, s, —Si(83)2-), 7.30 (4H, m, ArH),
7.58 (10H, m, ArH), 7.91 (2H, s, ArH)3C NMR (CDCk,
75MHz) §c —2.58,—2.08, 1.95, 2.23, 94.5, 107.6, 122.8,

126.7, 127.1, 128.9, 132.7, 139.6, 140.9, 141.9, 146.9,

155.7; UV (CHCl2) Amax 307 nm; FT-IR (NaCl) 2953.9,
2895.4, 2150.5, 1558.5, 1490.0, 1246.8, 833.84nMS
(70eV) m/iz 924 (M™); HRMS (M™) calc. for GoH76Sig
924.4101, found 924.4161.

10: 'H NMR (CDCl;, 300MHz) 8y 0.19 (12H, s,
—Si(CH3)>-), 0.20 (18H, s, —Si(H3)3), 0.26 (18H, s,
—Si(CH3)3), 0.31 (12H, s, —Si(Bl3)2-), 7.34 (4H, m, ArH),
7.56 (10H, m, ArH), 7.76 (2H, s, ArH)}3C NMR (CDCk,
75MHz) §c —2.58,—2.08, 0.67, 3.63, 94.6, 107.5, 122.9,

127.0,127.1,128.7,132.8,139.8, 140.7,141.9, 148.3, 154.5

29Si NMR (CDCk, 119MHz) § —6.16, —9.39, —18.57,

—36.64; UV (CHCl) Amax 310 nm; FT-IR (NaCl) 2953.9,
2895.8, 2150.2, 1604.6, 1491.5, 1246.8, 844.1knMS

(70eV) m/iz 924 (M); HRMS (M™) calc. for GoH76Sig

924.4101, found 924.4133.

2.6. Irradiation of 4,4-bis(pentamethyldisilanylethynyl)-
biphenyl3 with acetone

Deaerated solution (610~ M) of 4,4'-bis(pentamethyl-
disilanylethynyl)biphenyl3 (115.5mg) and acetone (2 ml)
in methylene chloride (500 ml) was irradiated in a Rayo-

Amax 271 nm; FT-IR (NaCl) 2953.4, 2923.0, 1554.5, 1488.2,
1247.1, 867.6cmt; MS (70eV) m/z 578 (M*); HRMS
(M) calc. for GoHs002Sis 578.2888, found 578.2887.

2.7. Synthesis of 4-pentamethyldisilanylethyriyl-4
ethynylbiphenyR20

A solution of 4,4-diethynylbiphenyR (0.5 g, 2.48 mmol)
in THF (25 ml) was treated with-BuLi (1.1 ml, 2.7 mmol)
at —78°C followed by chloropentamethyldisilane (0.52 ml,
2.7 mmol). The reaction mixture was warmed at room tem-
perature and stirred for 2 h. After evaporation of solvent, the
reaction mixture was extracted with ethyl acetate 8 ml),
washed with water (820 ml), and dried with MgS@ and
concentrated in vacuo to give the crude product. Flash col-
umn chromatography using-hexane:ethyl acetate (120:1,
v/v) as eluents gav0 (0.74 g, 90% yield).

20: m.p. 61-62C. *H NMR (CDCls, 300 MHz) 84 0.21

(9H, s, =Si(®3)3), 0.32 (6H, s, —Si(El3)>-), 3.17 (1H, s,
"acetylic H), 7.56 (8H, m, ArH)}3C NMR (CDCk, 75 MHz)

§c —2.60, —2.08, 78.4, 83.8, 94.9, 107.4, 121.8, 123.3,
127.2, 127.3, 132.8, 133.0, 140.4, 141.1; UV 1)
Amax 302 nm; FT-IR (NaCl) 2952.2, 2150.9, 1489.2, 1395.5,
1246.4, 824.3cm!; MS (70eV) m/z 332 (M+); HRMS
(M™) calc. for G1H24Si> 332.1417, found 332.1419.

2.8. Synthesis of 4-pentamethyldisilanylethyriyl-4

trimethylsilanylethynylbiphenyll7

A solution of 4-pentamethyldisilanylethynyl;-éthynyl-
biphenyl20 (0.74 g, 2.23 mmol) in THF (30 ml) was treated

net photochemical reactor, Model RPR-208, equipped with with n-BuLi (0.98 ml, 2.45mmol) at-78°C followed by

RUL 300 nm lamp. After irradiation for 20 min, the result-

trimethylsilane (0.31ml, 2.45mmol). The reaction mix-

ing photoreaction mixture was concentrated in vacuo. The ture was warmed to room temperature and stirred for 2 h.

photoadductsdl, 15, and 16 were isolated in (0.9mg, 1%
yield), (11.5mg, 10% vyield), and (36.1mg, 25% yield),

After evaporation of solvent, the reaction mixture was ex-
tracted with ethyl acetate {10 ml), washed with water
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(3x20ml), and dried with MgS@ and concentrated in
vacuo to give the crude product. Flash column chromatog-

3. Results and discussion

raphy usingn-hexane: ethyl acetate (90:1, v/v) as eluents 3.1. Photoreaction of 4,&is(pentamethyldisilanyl-

gavel7 (0.84 g, 93% yield).

17: m.p. 85-86C. 'H NMR (CDCls, 300 MHz) 84 0.20
(9H, s, —Si(®3)3), 0.29 (9H, s, —Si(El3)3), 0.31 (6H, s,
—Si(CH3)2-), 7.54 (4H, s, ArH), 7.55 (4H, s, ArH)Y3C

NMR (CDClz, 75 MHz) §c —2.60,—2.08, 0.40, 94.8, 95.6,

ethynyl)biphenyB with methanol

Irradiation of3 with 300 nm UV light in the presence of
a large excess of methanol in deaerated methylene chloride
afforded two 1:1 photoaddition produdisand6 in 15 and

105.2,107.4,122.8,123.2,126.3,127.1,132.8, 132.9, 140.4,11% yield, respectively, and two photodimé&and10in 8

140.7; UV (CHCI2) Amax 307 nm; FT-IR (NaCl) 2955.6,
2155.4, 1489.6, 1397.9, 1248.3, 845.8¢mMS (70eV)

m'z 404 (M*); HRMS (M™) calc. for G4H3,Si3 404.1872,
found 404.1820.

Me3SiMeZSiSiMeZSiMe3
3

SiM83

. — =
|v|e3suv|ezs|Me2

4

Me3SiMeZSi

Me3SiMeZSi

— I

and 3% yield, respectively, but the expected successive reac-
tion of the photoproduds or 6 to give the compoun8 was

not observed (Scheme 2). The produgend6 were proba-

bly formed by the addition reaction of the silacyclopropene

hv

CH,Cl,, MeOH

MeOMe,Si

/) SiMeg
Me;SiMe,Si—= Q O
H

6, 1%

hv *
Me3Si Megsi

N /)—SiMe,0Me
ves>—_)—4_)
H

7
MeOHJ
Me;;Si
H O O / SiMe,OMe
MeOMe,Si—( H

SiMe3

8
SIMezsiME3
SiMeZSiMea

Scheme 2.
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intermediated arising from a 1,2-trimethylsilyl shift to the [ Me; Me;Si R | R “S"ie? SiMes
ethynyl group when the compourgiwas photolyzed with S~ S/ |
methanol. Photochemical reactions of phenylethynyl pen- R SiMe; Me MesSi”” Si” TR
tamethyldisilane in the presence of methanol were reportec - - Me,
to give the photoaddition products through the silacyclo- °
propene intermediates [2—4]. r 1

The major addition product hds configuration between Me, R\W/S"V'% R '\Sﬂiez R
the phenyl and dimethylmethoxysilyl groups and isomer- b) Al Si X I |
izes to giveZ isomer on further irradiation. After irradiation | R SiMes  Mez ] MesSi” Si” “SiMes
of 3 in dry methylene chloride in the absence of methanol Ve
for 20 min, methanol was added to the reaction mixture to 1
identify the formation of silacyclopropene as the intermedi-
ate. The addition produ& having anE configuration was [ Me, Me.Sir R ] Me
detected by HPLC fron8, strongly supporting the forma- Si Y RS sive,
tion of silacyclopropene intermediate. In this experiment, © |g~" SiMe; Me;Si —'M A | =
only photoadduct was detected and further irradiation of L ] &S S R

. . L iMe;

the reaction mixture gave the compou6@dndicating that 10
the adduchb is a primary photoproduct and the compouhd
is a secondary photoproduct. The formation of photodimers Me, o SiMe; 1 . hé[ez
9 and 10 can best be explained in terms of the dimeriza- d) Si /—{e\z,‘ / —X— [ "“siMe,
tion of the silacyclopropene intermediade Indeed, it is R SiMe; R MeSSiL)\SiM%
well known that 1,4-disilacyclohexa-2,5-dienes like pho- * - R
todimer 9 can always be produced in the palladium(Il) 12

catalyzed reaction of the silacyclopropenes [14-16]. For
example, Ishikawa et al. [17] found that the treatment of (R= SiMeZSiMe3 )
1,1- dimethyl-2-phenyl-3-(substituted-dimethylsilyl)- 1-sila-
cyclopropenes with a catalytic amount of dichlorobis- Scheme 3.
(triethylphosphine)palladium(ll) in the presence or absence
of phenyl(trimethylsilyl)acetylene gave the respective
1,4-disilacyclohexa-2,5-dienes as the sole product with high sustained. The structure of photoisongecould be distin-
regio and stereoselectivity. Although the transition metal guished from that 06 on the basis of théH NMR spectra
catalyzed reactions of the silacyclopropenes have beenof the isomer pair. The chemical shifts (7.89 and 7.77 ppm,
extensively investigated [18-20], relatively few examples respectively) for the vinylic protons d& and 6 are simi-
have been reported in the absence of a transition metallar to those (7.77 and 7.65 ppm, respectively) Bf and
catalyst [21]. Interestingly, irradiation & in the absence  (Z)-1-methoxydimethylsilyl-1-trimethylsilyl-2-phenylethyl-
of a palladium(ll) catalyst yielded two photodime®sand ene [2] and those (7.81 and 7.68 ppm, respectively)=f (
10 in addition to the product$ and 6. The formation of and @)-1-methoxydimethylsilyl-1-trimethylsilyl-2-(4-penta-
compound9 was explained by the cycloaddition reaction methyldisilanylethynylphenyl)ethylene [1]. Also, the chem-
of two silacyclopropene intermediates, while the compound ical shifts (0.31 and 0.11 ppm, respectively) for the dimethyl
10 was probably obtained through the silicon—silicon bond protons in the dimethylmethoxysilyl group &fand 6 are
formation (Scheme 3). Neither compourdd nor com- similar to those (0.24 and-0.05 ppm, respectively) off)
pound 12 was probably formed by the steric hindrance and @)-1-methoxydimethylsilyl-1-trimethylsilyl-2-phenyl-
between the pentamethyldisilanyl ethynylbiphenyl group ethylene [2] and those (0.31 and 0.06 ppm, respectively) of
and trimethylsilyl group. (E) and @)-1-methoxydimethylsilyl-1-trimethylsilyl-2-(4-
The structure of these photoproduéts, 9, and10 was pentamethyldisilanyl ethynylphenyl)ethylene [1]. TAE
determined by various physical methods sucht\MR, NMR of photo-adduct6 showed an upfield shift for the
13C NMR, 2°Si NMR, UV, FT-IR, and mass spectrome- dimethylmethoxysilyl group due to the ring current of the
try. The molecular ion peaks (W) of 5 and 6 indicated phenyl ring, while its isomeb showed the upfield shift for
that the photoproducts were formed by the addition of one the trimethylsilyl group but not for the dimethylmethoxysi-
methanol molecule t@. The high resolution mass spec- lyl group, andE structure to5 and Z structure to6 could
tra of two photodimer® and 10 showed the parent peak be assigned. Th&C NMR spectra of photoadductand
at 924.4161 and 924.4133, respectively, corresponding to6 also showed similar pattern for the chemical shifts of
the calculated molecular weight f@& and 10 (924.4101). dimethylmethoxysilyl group and trimethylsilyl group as
FT-IR spectra o6, 6, 9, and10 showed the typical ethynyl  compared to the literature data [1]. THd NMR spectrum
absorption at 2150.3, 2150.6, 2150.5, and 2150.2'¢re- of photodimer9 having a center of symmetry showed four
spectively, indicating that one of the two ethynyl groups is singlets in the ratio of 3/3/2/2, as expected in the structure
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of 9, at 0.06, 0.20, 0.31, and 0.36 ppm, due to theMat
1,4-disilacyclohexa-2,5-diene ring, the Mg, the MeSi,
and the MeSi at 1,4-disilacyclohexa-2,5-diene ring, re-
spectively. The 1,4-disilacyclohexa-2,5-diene uniQofas
confirmed by comparison with reported results [17]. THe
NMR spectrum of photodimet0 having a symmetry plane

S.K. Park/Journal of Photochemistry and Photobiology A: Chemistry 135 (2000) 155-162

isomerization of5 yields 6 upon irradiation of5, but an-
other silacyclopropengis not formed upon irradiation ¢,
suggesting that the formation of silacyclopropé&may be
blocked by the facile photo-induceis—transisomerization,
and two photodimer8 and 10 are formed from the dimer-
ization of a silacyclopropene intermediatén two different

also showed four singlets in the ratio of 2/3/3/2, as expectedways (a) and (c), respectively, as shown in Scheme 3.

in the structure ofl0 at 0.19, 0.20, 0.26, and 0.31ppm
due to the MeSi at 1,2-disilacyclohexa-3,5-diene ring, the
MesSi, the MgSi at 1,2-disilacyclohexa-3,5-diene ring, and
the MeSi, respectively. In order to differentiate the pho-
todimer structure betweet0 and 11, the 2°Si NMR spec-

3.2. Photoreaction of 4)sis(pentamethyldisilanyl-
ethynyl)biphenyB with acetone

trum of 10 was obtained. As expected, the proton-decoupled When a deaerated methylene chloride solutiof iof the

293 NMR spectrum of photodimet0 showed four peaks
—6.16, —9.39, —18.57, and—36.64 ppm, due to the
MesSi at 1,2-disilacyclohexa-3,5-diene ring, the e
at 1,2-disilacyclohexa-3,5-diene ring, the M and the
MesSi, respectively, indicating that some possibility of the
structurell for 10 was ruled out since the five peaks were
expected in the proton-decouplé®Si NMR spectrum of
11 The photolysis of3 in deaerated methylene chloride in
the absence of methanol afforded only two photodingers

presence of acetone was irradiated at room temperature with
300 nm UV lamp under a purified nitrogen atmosphere, site
specific and regioselective photoaddutdsand16 were ob-
tained in 10 and 25% yield, respectively, in addition to 1%
yield of 1. The formation of productd5, 16, and1 can
be best understood by assuming intermediacy of silacyclo-
propenedl, 14, and18 (Scheme 4).

Insertion of acetone into the silicon—carbon bond in sila-
cyclopropene4 generated five-membered compoufhd.

and 10, as expected, in 6 and 1% yield, respectively, along Further irradiation ofL3 yielded silacyclopropene interme-

with some products, probably polymers.

diate 14, which was reacted with acetone to give the novel

From these results, the reaction mechanism is proposedphotoproductl6 which can be expected from the reaction

as shown in Scheme 2. A silacyclopropene intermediate
is formed from the photolysis & and reacts with methanol
to give the primary photoproduét Geometrical €C bond

Me3S|MeZS|SiMeZSiMe3

3 "
Me,CO_MeSiMe;Si O 4 glMez
aroute 13

posims=— <L

4

b route l— SiMe,

Me3SlMeZSISiM83

SiMe; l

Me28| — SIMe3

of two silacyclopropene moieties with acetone. Libera-
tion of dimethylsilylene species from the intermedid#
or insertion of acetone into the silicon—carbon bond in

hv

CH20|2, MezCO

SiMe3 Me;Si

MO0
Me,Si C’)
14

Me,CO 1

— iSiMe,
0 /> SiMe,
\\ Me,Si o)
A Me,CO Me;Si SiMe3 16, 25%
—iSiMe, Y :
o= O

15, 10%

Me38|SiMe3

1, 1%

Scheme 4.
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1) 1eq n-BuLi . L _
=—H Me3zSiMe,Si—— ——H

H—— \ /

161

2) 1eq ClSiMe,SiMes

1) 1eq n-BuLi
2) 1eq CISiMe;

20, 90%

Me3SiMeZSiSiMe3

17, 93%

Scheme 5.

silacyclopropene intermediafi8 resulted in the formation
of 15. Compoundl can be rationalized in terms of loss of

an ethynyl carbon ai 95.3 and 105.4 indicating that one
of the two ethynyl groups i3 remains intact but that df6

dimethylsilylene species in silacyclopropene intermediate did not show the ethynyl carbon.

18 arising from the photolysis ol7, which was formed
from the photolysis 08 by loss of dimethylsilylene species.
To establish whether or not the compoutidwas formed
in the photolysis of3 and the compound$ and 15 were
formed from the photolysis o017, the compoundl7 was

From these results, a plausible photoreaction mechanism
as shown in Scheme 4 is proposed. The photolysi8 of
has been found to proceed simultaneously by two different
routes, one of which, a main route, leads to the production
of 13, and the other, a minor one, comprises the formation

synthesized (Scheme 5) and was irradiated with 300 nmof 17. The silacyclopropene intermediatd arising from
UV lamp in the presence of acetone in deaerated methylenefurther irradiation ofl3 afforded the novel photoproduts,

chloride solution to obtain, as expected, the compoflind
and15in 9 and 21% yields, respectively.

The structure of these photoprodudts and 16 was de-
termined by various physical methods suchlesNMR,
13C NMR, UV, FT-IR, and mass spectrometry. The high
resolution mass spectrum of the photoprodistshowed

which was formed from the insertion of acetone into the
silicon—carbon bond in silacycloproped and the photo-
product15 formed from the liberation of dimethylsilylene.
Further photolysis of 7 gave the product5formed from the
insertion of acetone into the silicon—carbon bond in silacy-
clopropene intermediati8 and the compountiwas formed

the parent peak at 462.2223 corresponding to the cal-from the loss of dimethylsilylene speciesi8.

culated molecular weight foll5 (462.2230) and that of
the photoproductl6 showed the parent peak at 578.2887
corresponding to the calculated molecular weight fér
(578.2888) indicating that the photoprodd&was formed
by the removal of dimethylsilyl group in silacyclopropene
intermediatel4 and 16 was formed by the stepwise addi-
tion of two acetone molecules t4, and thenl4. FT-IR
spectrum of photoproduct5 showed the typical ethynyl
absorption at 2157.2cnt indicating that one of the two
ethynyl groups is sustained but that ®6 did not show
the ethynyl absorption at 2000-2200thrange. The
photoproductsl5 and 16 can be distinguished by com-
parison with the literature data [1,2]. The chemical shifts
for the trimethylsilyl, dimethylsilyl and dimethylmethy-
lene protons ofl5 and 16 are patterns similar to those of
2,2,5,5-tetramethyl-3-trimethylsilyl-4-phenyl-1-oxa-2-sila-
cyclopent-3-ene [2] and 2,2,5,5-tetramethyl-3-trimethylsilyl-
4-(4-pentamethyldisilanylethynyl)phenyl-1-oxa-2-silacycl-
opent-3-ene [1]. ThéH NMR spectrum of photoaddudi6

having a center of symmetry showed three singlets in the ra-

tio of 3/2/2, as expected in the structureléf at—0.15, 0.35,
and 1.35ppm, due to the M8i, the MeSi, and the MgC
at l-oxa-2-silacyclopenta-3-ene ring, respectively. the
NMR spectra of photoadduct® and16 showed the charac-
teristic dimethyl substituted $garbons as 88.1 and 88.2,
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