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Abstract 

The photolysis of 1,4-bis(2-phenyltetramethyldisilanyl)benzene (1) in the presence of isobutene in 

benzene gave 4-~isobutyldimethylsilyl)-l-(2-phenyltetramethyldisilanyl~-3-~dimethylphenylsilyl~benzene, 

2-~isobutyldimethylsilyl~-l-(dimethyl[4-~2-phenyl~etrame~hyldisilanyl~phenyl]silyl)benzene, and 1,4- 
bis~isobutyldimethylsilyl~-2,5-bis(dimethylphenylsilyI~benzene in 49, 4 and 12% yields, respectively, 

along with small amounts of 1-(2-phenyltetramethyldisilanyl~-4-(dimethylphenylsilyl~benzene (Sa), 4-di- 

methylsilyl-l-~2-phenyltetramethyldisilanyl~benzene (6), dimethylphenylsilane (7) and dimethyldiphenyl- 

silane @a). Irradiation of 1 in the absence of isobutene afforded 5a (2% yield), 6 (less than 1% yield), 7 

(2% yield) and 8a (3% yield). Similar irradiation of 1 in deuteriobenzene produced a mixture of 5a and 

4-[~pentadeuteriophenyl~dimethylsilyl]-l-~2-phenyltetramethyldisiIanyl~benzene, in addition to 6, 7 and 

(pentadeutertiophenyl)dimethylphenylsilane. 

Introduction 

The photolysis of benzenoid aromatic disilanes produces the silene (rearranged 
silene) arising from a 1,3-silyl shift to an ortho carbon atom of the benzenoid 
aromatic ring [l-3]. The silene thus formed reacts with various trapping agents [2]. 
In the absence of the trapping agent, the silenes undergo polymerization to give 
nonvolatile products. In some cases, the formation of another type of a silene 
which is formed from homolytic scission of a silicon-silicon bond, followed by 
disproportionation of the resulting silyl radicals has been observed [4]. This type of 
silene (nonrearranged silene) is produced only in low yield when aryldisilanes are 
photolyzed. However, the photolysis of the polymeric system involving a disil- 
anylenephenylene group proceeds mainly to give the nonrearranged silene [5]. 
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We have recently found that irradiation of 1,4-bis( l-phenyltetramethyldisilanyl)- 
benzene in the presence of isobutene in benzene gives 4-(isobutylmethylphenylsi- 
lyl)-l-(l-phenyltetramethyldisilanyl)-3-~trimethylsilyl)benzene produced from the 
ene reaction of the rearranged silcnc arising from the I,.?-shift of a trimethylsilyl 
group to the phenylene ring, but not the phenyl ring, with isobutenc in high yield 
[6]. In this photolysis, no products derived from the nonrearranged silcne can be 
detected in the reaction mixture. As part of an investigation concerning the 
photochemistry of disilancs with two different r-electron systems [4,7]. we have 
examined the photochemical behavior of 1.4~his(Zphcnyltctramcthyldisilanyl)- 
benzene. 

Mc,Si CH &.HMe, 

Results and discussion 

1,4-Bis(2-phenyltetramethyldisilanyl)benzene (1) was prepared by the reaction 
of I-chloro-2-phenyltetramethyldisilane with the di-Grignard reagent prepared 
from p-dibromobenzene and magnesium in THF. 

When a benzene solution of 1 in the presence of a 93-fold excess of isobutcne 
was photolyzed with a low-pressure mercury lamp bearing a Vycor filter (2.54 nm) 
at ambient temperature for 30 min, four products. 4-(isobutyldimethylsilvl)-1-(2- 
phenyltetramethyldisilanyl)-3-(dimethylphenylsilyl~benzene (21, 2-tisobutyldimetl~- 
ylsilyl)-l-(dimethyl[4-(2-phenyltetramethyldisilanyl)phcnyl]silyl}b~nzenc (.3), I.-F- 
bis(isobutyldimethylsilyl)-2,5-bis~dimethylphenylsilyl~benzene (4) and an isomer of 
4 were obtained in 49, 4, 12 and 5%’ yields, respectively. in addition to lSri of the 
starting compound 1 (Scheme 1). In the photolysis of 1. four other products 
detected by GLC were produced in less than 1 $5 yield. The GC-mass spectromet- 
ric analysis of these products indicates that two of them have a parent ion peak at 
m/c 404, corresponding to the calculated molecular weight of 1-(2-phonyltetra- 
methyldisilanyl)4-(dimethylphenylsilyl)benzene (5a). while parent ions of the oth- 
ers are calculated to be tn/e 328 and 136, corresponding to the molecular weight 
of 4-(dimethylsilyl~-l-(2-phenyltetramethyldisilanyl~bcnzenc (6) and dimeth- 
ylphenylsilane (7), respectively. 

The formation of 2 and 3 may be understood in terms of the reaction of two 
types of the rearranged silenes with isobutene. One of the silenes is probably 
produced from a 1,3-dimethylphenylsilyl shift to the phenylene ring, while the 
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Scheme 1. 

other involves a 1,3-shift of a dimethyl [4-(2-phenyltetramethyldisilanyl)phenyl]silyl 
group to an ortho carbon atom of the terminal phenyl ring. Compound 4 is not a 
primary photoproduct, but a secondary product. In fact, compound 4 cannot be 
detected in the reaction mixture in the early stages of the photolysis. For example, 
in the photolysis of 1 in the presence of isobutene, when 39% of 1 was photolyzed, 
products 2 and 3 were produced in 30 and 11% yields, respectively, in addition to 
trace amounts of 5a and 6. No compound 4 was detected in the photolysis mixture 
by either GLC or spectrometric analysis. That compound 4 was produced photo- 



chemically from 2 was confirmed by the fact that the photolysis of 2 under the 
same conditions gave compound 4. Thus, the photolysis of 2 which was isolated in 
a pure form in the presence of isobutene gave 4 in 9% yield. along with 30c? of the 
unchanged compound 2. Careful analysis of the reaction mixture indicated that the 
isomer of 4 could not be de!ected. Therefore, the isomer of 4 would be produced 
photochemically from compound 3, although the structure of this compound could 
not bc verified at present. The structures of compound 2. 3 and 4 were confirmed 
by spectrometric analysis, ax well as by elemental analysis. 

We carried out NOE-FID difference experiments at 770 MHz. to confirm the 
structure of 3. Thus, saturation of the dimethylsilyl protons of an isobutyldimeth- 
ylsilyl group caused a strong positive NOE of methylenc and methine protons of an 
isobutyi group and dimethylsilyl protons at 6 0.04 ppm. as well ah phenylcnc ring 
protons. Irradiation of the tetramcthyldisilanylene protons at 8 0.13 ppm produced 
a positive NOE of protons on phenyl and phenylene rings. These results arc uholly 
consistent with the structure proposed for 3. 

In order to learn more about the mechanism for the formation of minor 
products, 5a, 6 and 7a, WC carried out the photolysis of I in the absence of a 
trapping agent. In general. the rearranged silenca in the absence of a trapping 
agent produced photochemically from benzenoid aromatic disilanes undergo poly- 
merization to give nonvolatile substances. Thus, when the photolysk of 1 was 
carried out in the absence of isobutene in benzene. no compounds 2-4 were 
detected in the photolysis mixture. but Sa (2% yield), 6 (less than 15 yield). 7 (25 
yield), and 8a (3% yield) were produced, in addition to an isomer of 5a (less than 
1%) and 13? of the starting compound 1. Interestingly, similar photolysis of I in 
deuteriobenzene afforded a mixture of Sa and ~-[(pcntadeuterio~~~ie~i~l)dimethvl- 
silyl]- t-(2-phenyltetramethyldisilanyl)bcnzene (5b) (3 7; combined yield). togethel 
with 6 (less than 1% yield), 7 (2V yield) and (pentatieutcriophen\il)dimcthylphenyl- 
silane (Sb) (1% yield). The ratio of 5a,/5h was calculated to be .T : 2 by mass 
spectrometric analysis, 

Compound Sa is probably formed by extrusion of dimethylsilylcnc [Xi] from the 
starting compound 1, although evidence for the formation of this silylene could not 
be obtained. In contrast to this, compounds Sb and 8b may be understood in terms 
of homolytic scission of a silicon-silicon bond in the starting compound 1, followed 

Scheme 2. 
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by homolytic aromatic substitution of the resulting silyl radicals onto deuterioben- 
zene (Scheme 2). Compound 6 can be explained by homolytic scission of a 
silicon-silicon bond of 1, followed by disproportionation of the resulting silyl 
radicals. Although the product derived from a nonrearranged silene, l-methyl-l- 
phenylsilene could not be detected, such disproportionation of the silyl radicals is 
well known [4,7,8]. 

The structures of Sa and 6 were confirmed by comparison with mass fragmenta- 
tion patterns and retention time in GLC of authentic samples obtained from an 
independent synthesis (see Experimental section). Similarly, compounds 7 and 8a 
were identified by comparison with mass fragmentation patterns and also the GLC 
retention time of authentic samples. Compounds 5b and 8b were identified by 
mass spectrometric analysis. 

(6) 

@a) 

In conclusion, the photolysis of 1 produces two types of rearranged silenes 
arising from a 1,3-silyl shift to the phenylene ring (main route) and to the phenyl 
ring (minor route). Homolytic scission of a silicon-silicon bond in compound 1 also 
occurs slightly. 

Experimental 

General procedures 
All reactions were carried out under an atmosphere of dry argon. Mass spectra 

were measured on a Shimadzu Model GCMS-QPlOOO instrument. Infrared spectra 
were recorded on a Perkin-Elmer 1600 FT-infrared spectrometer. ‘H and 13C 
NMR spectra were determined with a JEOL Model EX-270 spectrometer using 
deuteriochloroform as a solvent. Yields of the photoproducts were determined on 
the basis of the starting compound used by GLC, using tetradecane, pentadecane 
and undecane as internal standards. 

Benzene used as a solvent was dried over lithium aluminium hydride and 
distilled before use. Tetrahydrofuran (THF) was dried over sodium-benzophenone 
ketyl. l-Chloro-2-phenyltetramethyldisilane was prepared as reported previously 

[91. 

Preparation of 1,4-bis(2-phenyltetramethyldisilanyl)benzene (1) 

In a 300-mL four-necked flask fitted with a stirrer, reflux condenser and 
dropping funnel was placed 3.4 g (0.14 mol) of magnesium in 100 mL of THF. To 



this was added a mixture of 23.31 g (0.14 mol) of 1-chloro-2_phenyltetramethyldi- 
silane and 16.5 g (0.07 mol) of p-dibromobenzene in 50 mL of THF at room 
temperature over a period of 2 h. The reaction mixture was heated to reflux for 6 h 
and then hydrolyzed with water. The organic layer was separated and the aqueous 
layer was extracted with ether. The organic layer and extracts were combined, 
washed with water and dried over magnesium sulfate. The solvents were distilled 
off under reduced pressure (4 mmHg). The residue was recrystallized from 100 mL 
of ethanol to give 13.08 g of 1 (40% yield): m.p. 113-I 15°C. UV (in cyclohcxanc): 

A,;,, (t) 253 nm (60, 500). MS: m/c 462 (M-1. IR (K&j: 1437. 1400. 137%. 1247. 
1127, 1104 cm- ‘. ‘H NMR: 8 0.32 (s, 12H. Mc,Si): 0.33 (s, 12H. Mc,Si); 7.27-7.iY 
(m, 14H. aromatic ring protons). ‘jC NMR: ,S -4.06 (MeTSi). ~mi.Yl (Me,Si), 
127.7, 128.4. 133.1, 133.9, 130.0 (aromatic ring carbons). Anal: Found: (‘. 67.35: I-1. 
8.23. C2(,HIxSi, talc.: C, 67.36: H. X.27cG. 

A mixture of 0.2322 g (0.502 mmol) of 1, 2.6 g (46.5 mmol) of isobutcne and 
0.0200 g (0.13 mmol) of pentadecanc as an internal standard in 2S mL of bcnzcnc 
was photolyzed upon irradiation of a low-pressure mercury lamp bearing a Vycol 
filter for 35 min. The mixture was analyzed by GLC as being 3-(isobutyldimethylsi- 
lyl)-3-(phenyldimethylsilyl)- l-(3-phenyltetramethyldisilanyl)bcnzenc (2) (4% yield). 
2-~isobutyldimethylsilyl~-1-(dimethyl[4-(2-phenyltetramct~~yldisil~~~~yl~pl~cnyl]silyl}- 
benzene (3) (4% yield), 1,4-bis(isobutyldimethylsilyl)-7,5-t~is~phe~~yldimcthylsilyl~- 
benzene (4) (12% yield) and an isomer of 4 (SC4 yield. tn/c 55Y t M’ -- Me)). in 
addition to 15% of the starting compound 1, 5a (less than I’i yield. n~,/e 403 
(M’)). 6 (less than 1% yield, /n/e 328 (iv’)) and 7 (2% yield. ~ljt~ 136 (M’ )). 
The products 2, 3 and 4 were isolated by medium-pressure liquid chromatography. 

For 2: MS: m/e 51X (M’). IR (neat): 1403, 1380, 1246, 1131 cm !. ‘H NMR: 6 
0.23 (s, 6H, McZSi); 0.33 (s. 6H, Mc,Si): 0.34 (s. 6H, Me,Si): 0.61 (5, 6H. Me,Si): 
0.69 cd. 2H. CH,, .I = 6.9 Hz): 0.86 (d, 6H. Me,, .I = 6.Y Hz); 1.6-1.X (m. lli, C’H’J: 
7.2x-7.50 (m, I lH, aromatic ring protons); 7.66 (br d. 1 f-i. aromatic ring proton. 
J mrt,,,, = 7 Hz); 7.73 (br d, IH, aromatic ring proton, .I,,l(.fO = 1 Hz). ‘-‘C NMR: ii 
-- 4.20 (Me,Si), -3.X8 (Mc,Si), 0.78 (Me:Si), 1.05 (Mo,Si). 3.0. 76.2, 77.9 
(CH,CHMe,), 127.7 (two carbons). 128.4, 128.8. 133.4. 133.X. 134.1. 133.8, 137.6, 
139.0, 140.5. 141.7, 142.2. 146.8, (aromatic ring carbons). Anal. Ft)und: C. 6Y.35: H. 
8.X). C,,,H,,Si, talc.: C, 69.42; H. 8.93%. 

For 3: MS: m/e 51X (M- 1. IR (neat): 1427, 1380, 1248. 1130. 1040 cm ‘. ‘H 
NMR: 6 0.20 (s. 6H. Mc,Si); 0.34 (s. IZH. two Mc,Si): 0.64 (s, 613, Me,Si); (I.69 (d. 
2H, CH,, J = 6.6 Hz): 0.84 (d. 6H. MC,. J = 6.6 Hz): 1.71) (nonct, lH, CH. J = 6.6 
Hz); 7.29-7.75 (m, 13H. aromatic ri& protons). “C NMR: f ~ 3.05 (Me,Si). 
-3.02 (MezSi), 0.90 (Me,Si). 1.W (Mc,Si). 25.0. 26.2. 27.Y (0-1 ,(:HMe.). 127.5. 
127.7, 128.0. 12X.4, 133.1. i33.5, 133.‘). 135.7, 136.6, 139.0. 13Y.o. lk.4. 14.1.1. 147.0 
(aromatic ring carbons). Exact mass: Found: 518.2656. (-‘j,,HlhSil talc.: 51X.3678. 

For 4: m.p. 75-76°C (after recrystallized from ethanol). MS: IIZ,,,‘C 517 (.!I ’ - 
CH,CHMe,). IR (KRr): 14%. 1358, 117’). 1110, 1086 cm !. !H NMK: ti 0.10 (IS, 
12H. two Me,Si): 0.56 (d. 4H, CH,, .I = 6.6 Hz): 0.61 (s. 121~. two Mc,Si): 0.76 (d, 
12H. Me,, J = 6.6 Hz); 1.60 (nonet. 2H. CH. .I = 6.6 Hz); 7.30-7.47 (m. IOH, 
aromatic ring protons); 7.80 (s, 2H, aromatic ring proton). “c‘ KMR: 6 0.67 
(Me?%), 0.81 (Me,Si), 24.9. 76.2, 27.7 (C’H,CHMe,). 127.7. 12X.8, 134.3, 140.3. 
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142.1, 143.6, 145.0 (aromatic ring carbons). Anal. Found: C, 71.00; H, 9.40. 
C,,H,,Si, talc.: C, 71.00; H, 9.46. 

Photolysis of I in the absence of isobutene 
A mixture of 0.2478 g (0.534 mmol) of 1 and 0.0290 g (0.186 mmol) of 

pentadecane as an internal standard in 20 mL of benzene was photolyzed for 33 
min. The mixture was analyzed by GLC as being 1-(2-phenyltetramethyldisilanylj- 
4-(dimethylphenylsilyl)benzene @a) (2% yield, m/e 404 (W)), 4-(dimethylsilyl)-l- 
(2-phenyltetramethyldisilanyljbenzene (6) (less than 1% yield, m/e 328 CM+)), 
dimethylphenylsilane (7) (2% yield, m/e 136 CM+)), and dimethyldiphenylsilane 
(8a> (3% yield, m/e 212 (M+)), in addition to 14% of the starting compound 1 and 
an isomer of 5a (less than 1% yield, m/e 404 (WI). GC-mass spectrometric 
analysis of 5 and 7 indicated that mass fragmentation patterns were consistent with 
those of authentic samples. 

Photolysis of 1 in deuteriobenzene 
A mixture of 0.0071 g (0.015 mmol) of 1 and 0.0033 g (0.017 mmol) of 

tetradecane as an internal standard in 0.5 mL of deuteriobenzene was photolyzed 
for 55 min. The reaction mixture was analyzed by GLC as being 5a and 4-[(penta- 
deuteriophenyl~dimethylsilyll-l-~2-phenyltetramethyldisilanyl)benzene (Sb) (3% 
combined yield; the ratio of Sa/Sb was calculated to be ‘3: 21, 6 (less than 1% 
yield), 7 (2% yield), and (pentadeuteriophenyl)dimethylphenylsilane (8b) (1% 
yield), in addition to 13% of the starting compound 1. 

Photolysis of 2 in the presence of isobutene 
A mixture of 0.1628 g (0.314 mmol) of 2, 3.63 g (64.7 mmol) of isobutene and 

0.0497 g (0.234 mmol) of pentadecane in 55 mL of benzene was photolyzed for 2 h. 
The mixture was analyzed by GLC as being 4 (9% yield) and starting compound 2 
(30% yield). All spectral data obtained from 4, which was isolated by preparative 
GLC, were identical with those of the authentic sample. 

Preparation of Sa 
To a Grignard reagent prepared from 1.447 g (4.97 mmol) of p-bromophenyldi- 

methylphenylsilane and 0.1111 g (4.57 mmol) of magnesium in 10 mL of THF was 
added 1.183 g (5.17 mmol) of 1-chloro-2-phenyltetramethyldisilane in 5 mL of 
THF. The reaction mixture was heated to reflux for 43 h. After approx. 20 mL of 
hexane was added to the mixture, the resulting magnesium salts was filtered off 
and the filtrate was treated with a short column. Compound Sa (0.731 g, 40% 
yield) was isolated by medium-pressure liquid chromatography. MS: m/e 404 
CM+). IR (neat): 1426, 1406, 1379, 1247, 1131, 1112 cm-‘. ‘H NMR: 6 0.32 (s, 6H, 
Me,Si); 0.34 (s, 6H, Me,Si); 0.57 (s, 6H, Me,Si); 7.27-7.56 (m, 14H, ring protons). 
13C NMR: 6 -3.95, -3.86 and -2.44 (Me,Si), 127.7, 127.8, 128.4, 129.1, 133.2, 
133.4, 133.9, 134.2, 138.2, 138.3, 139.0, 140.0 (ring carbons). Anal. Found: C, 71.19; 
H, 7.94. C,,H,,Si, talc.: C, 71.22; H, 7.97%. 

Preparation of 6 
To 0.2607 g (1.07 mmol) of magnesium in 1 mL of THF was added a mixture of 

2.466 g (11.5 mmol) of p-bromophenyldimethylsilane and 2.669 g (11.7 mmol) of 



1 -chloro-2-phenyltetramethyldisilane dissolved in 15 mL of THF. The mixture was 
heated to reflux for 17 h. To this was added approx. 20 mL of hexane, and the 
resulting magnesium salts were filtered off. The filtrate was distilled under 
reduced pressure to give 1.474 g (4 2% yield) of 6: b.p. 103- 106”C/O.5 mmHg. MS: 
m/r 328 CM+). IR (neat): v(Si-H) 2119 cm ’ ‘H NMR: f 0.33 (x. 6H, Mc,Si): 
0.34, (s. 6H> Me?Si): 0.35, (d. hH, Mc,Si. .I = 3.6 Hz); 4.43 (sept, IH, IHSi. J = 3.6 
Hz); 7.29-7.51 (m, 9H, ring protons). 13C NMR: 8 -3.95 (Mc,Si), am-3.88 (two 
Me,Si), 127.7, 128.4. 133.2, 133.3. 133.9, 137.4, 138.9, 140..! (ring carbons). Anal. 
Found: C. 65.73: H. 8.58. C,,H:,Si; talc.: C. 65.78: H, X.SF;. 

Acknowledgement 

This research was supported in part by a Grant-in Aid for Scientific Research 
on Priority Area of Organic IJnusual Valency, No. 03233105. from the Ministry of 
Education, Science and Culture. We thank Shin-Etsu Chemical Co. Ltd.. Nitto 
Electric Industrial Co. Ltd.. Dow Corning Japan Ltd. and Toshiba Silicone Co. 
Ltd. for financial support. 

References 

I M. Ishikawa, T. Fuchikami. T. Suyaya and M. Kumada. J. Am. Chem. Sec.. 07 (1075) 5Y2i. 

7 M. lshikawa and M. Kumadn. Adv. Organomet. Chem.. IY (1081) 51. 

i M. Ishikawa. Pure Appl. Chem.. SO (lY7X) I I. 
1 M. Ishikawx. Y. Nishimura and 11. Sakamtrto. Org;momrtallic\, IO (1991 ) 2701. 

5 K. Nate. M. lahikaua. 11. Ni. Il. Watanabe and Y. Sahrkl Organometallic\. h (19X7) lh73. 

6 IV. lshikawa. 1-f. Sakamoto. F. Kanetanc and A. M!nato. Organometallics. X ( 148Y) 7767. 

7 K. Takaki. H. Sakamoto, Y. Ni\himur;l. Y. Sugihara and M. I~hikaw;~. C)rganometallics, 10 (1901) 

88X. 
8 A.G. Brook. in S. Pa&i and Z. Kappoport (I:ds.). The Chemistq of Otsanw Silicon Compounds. 

Part 2. Wiley, New York. IYYY. Chap. 15. 

0 M. Kumada, M. Ishikawa and S. blaeda, J. Organomet. (‘hem.. 2 (lYh4) 17X. 

10 I<. Sakamoto and M. I\hikawa. .I. Organomet. (‘hem.. 577 (lYY2) CX. 


