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PHOTOCHEMISTRY OF 1,4-DISILYLATED DIHYDRONAPHTHALENESl 

Yasuhiro Nakadaira, Tatsuo Otsuka, and Hideki Sakurai* 

Department of Chemistry, Faculty of Science 

Tohoku University, Sendai 980 Japan 

Summary: Five 1,4_dihydronaphthalene derivatives bridged by a -SiMe2XSiMe2- 
group (X=0, CH2, CH2CH2, CH2CH2CH2, SiMe2) at 1,4-position were photolyzed to 
give isomers due to 1,2-silyl migration. 

In a previous paper, 
2 
we have described the first photochemical 1,2-silyl 

migration together with generation of a disilene intermediate from &. 

I 2 

Encouraged by this observation, we have investigated photochemical reac- 

tions of variously bridged 1,4_dihydronaphthalene derivatives (A), and have 

found that similar photochemical isomerization occurs very efficiently. 

hv, 2’ 

39-e 40-e 

a, x=0; 6, X=CH2; c, X=(CH2)2; d, X=(CH2)S; e, X=SiMe2. 

One interesting possibility that we have initially anticipated in the 

photochemistry of 2 was decomposition of 2 accompanied by the generation of di- 

radical and/or small-ring reactive intermediates, but no such decomposition to 

yield naphthalene was observed. Instead, irradiation of ?a, 3 Lb,4 
5 

and zc in 

n-hexane with a medium pressure mercury lamp through a quartz wall under argon 
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atmosphere afforded tricyclic compounds $a, Lb, and $c in 67, 58, and 52% yield, 

respectively. Table 1 lists the physical properties of the photo-products 

which are those expected from the photo-induced 1,2-silyl migration. 

By the same labeling experiments described in the previous paper, 2 the 

1,2-silyl migration was proved for Lb by the photolysis of 3_f that gave two 

photo-products if' and 4f in 39 and 16% yield, respectively. The formation of 

these two products are only compatible with 1,2-silyl migration mechanism. 2 

Me + 

Interestingly, in the case of 2d6 containing a trimethylene bridge gave 

hydrosilanes ?a and zb in 19 and 20% yield, respectively, along with the ex- 

pected isomerization product zd (12%). These hydrosilanes are presumed to a- 

rise from biradical intermediates such as 6 0..* The hydrosilanes were identified 

with authentic samples prepared by the reaction with l- and 2-naphthylithium 

with 1,3-bis(chlorodimethylsilyl)propane in ether followed by reduction with 

lithium aluminum hydride. 7 

SiXSiH 
Si 

& SiXSiH 

4d Si = SiMe;! 50, X = (CH2)3 5 b. X’(CH2)3 

On irrdiation, $e with a trisilanylene bridge afforded a new product 7_ 

containing a hydroazulene ring in 23% yield along with ?e (23% yield). The 

structure of z was assigned on the basis of its spectroscopic properties cou- 

pled with the fact that it gave an azulene 5 upon exposure to air. 8 
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Table 1. Physical and Spectroscopic 

Data of Photo-Products 
9 

a, b 

Aa (X=0) : mp 43.5-45.5; NMR(CC~~, 6 ppm) -0.7o(s, 3H, Si-CH3). o.os(t, lH, Ja_b’Ja_c=*-5Hz* Ha)@ 

0.15(s, 3H, Si-cH3), 0.31(s, 3H, Si-CH3), 0.36(s, 3H, Si-CH3), 2.44(ddd, lH, Ja_c=8*5, Jb_=’ 

5.8, Jc_d =7.OHz, Hc), 2.60(d, lH, Jc_d=7.0Hz, Hd), 2.69(dd, lH, Ja_b=*.5, Jb_c=5.*Hz, sb), 

7.0(~, 3H, Ar-H), 7.2(m, lo, Ar-H); IR(CC14, cm-') 1250(Si-CH3), 9*5(Si-O-Si); UV(n-bexane, 

x max nm(logc)) 273.5(3.12), 281.0(3.181; MS (m/e) M+, 260(26), 132(45), 117(loo). 

4b(X=CH2): an oil; n;3=l.5481; NMR(CC14, 6 ppm) -0.94(d, lH, JHCH=13.5Hz, CH2), -0.49(d, lH, JHCH= 

13_5Hz, CH2), -0.41(s, 3H, Si-CH3), -O.O4(t, lH, Ja_b=Ja_c=9.0Hz, Ha), 0.14(s, 3H, Si-CH3), 

0.34(s, 3H, Si-CH3), 0.35(s, 3H, Si-CH3), 2.30(ddd, lH, Ja_c=9.0, Jb_c=6.0, Jc_d=7.0Hz, Hc), 

2_57(dd, lH, Ja_b=9.0, Jb_c=6.0, Hz, Hb), 2.61(d, lH, Jc_d=7.0H~, Hd), 6.9(m, 3H, Ar-H), 7.2 

(m, lo, ATZ-H); IR(neat, cm-l) 1245(Si-CH3); UV(n-hexane, Xmax nm (loge)), 275.5(3.95), 283 

(3.17); MS (m/e) M+, 258(11), 130(100). 

$4(X=CH2CH2): an oil; NMR(CC14, 6 ppm) -0.84(s, 3H, Si-CH3), -0.03(s, 3H, Si-CH3, O.O6(dd, lH, 

J a_b=8.3Hz, Ja_c=9.0Hz, Ha), O.O-l.O(m, 4H, -CH2CH2-), 0.25(s, 3H, SiCH3), 0.27(s, 3H, Si- 

cH3), 2.18(ddd, lH, Ja_==9.0Hz, Jc_d=6.5Hz, Jb_c=5.6Hz, Hc), 2.78(dd, lH, Ja_b=8.3Hz, Jb_c= 

6.5Hz, Hb), 2.83(d, lH, Jc_d=6.5Hz, Hd), 7.3(m, 4H, Ar-H). 

4d(X=CH2CH2CH2): mp 70.0-71.0°; NMR(CC14, 6 ppm) -0.34(s, 3H, Si-CH3), O.OS(s, 3H, Si-CH3), O.OS(dd, 

lH, Ja_b=8.5, Ja_c=9.0Hz, Ha), 0.20(s, 3H, Si-CH3), 0.45(s, 3H, Si-CH3), 0.5-1.9(m, 6H, cH2), 

2.22(dt, lH, Ja_c=9.0, Jb_c=7.0Hz, Hc), 2.62(dd, lH, Ja_b=8.5, Jb_c=7.0Hz, Hb), 2.87(d, IH, 

J c_d=7.0Hz, Hd), 7.o3(m, 3H, AK-H), 7.28(m, lH, Ar-H); IR(KBr, cm-l) 1240(Si-CH3); UV(n- 

hexane, Xmax nm (loge)) 275(3.00), 282.5(3.01); MS (m/e1 M+, 286, 158(100). 

4e(X=SiMe2SiMe2SiMe2): an oil; NMR(CCl$, 6 ppm) -0.47(s, 3H, Si-CH3), -0.42(s, 3H, Si-CH3), 0.02(s, * 
3H, Si-CH3), o.O2(t, lH, Ja_b=Ja_c=8.8Hz, Ha), O.ll(s, 3H, Si-CH3), 0.29(s, 3H, Si-CH3), 

0.41(s, 3H, Si-CH3), 2.20(ddd, lH, Ja_c=8.8, Jb_==6.0, Jc_d=0.3Hz, Hc), 2.64(dd, lH, Ja_b= 

8.8, Jb_c=6.0H~, Hb), 2.75(d, lH, Jc_d=6.3Hz, Hd), 6.9(m, 3H, Ar-H), 7.l(m, lH, AK-H); IR 

(neat, cm-') 1240(Si-CH3); MS (m/e) M+, 302(5), 174(100). 

Lf(X=CH2, a=f=Me): an oil; NMR(CCl$, 6 ppm) -0.92(d, lH, JHCH=13.5Hz, CH2), -0.48(d, lH, J HCH= 
13.5Hz, cH21, -O.24(S, 3H, Si-CH3), O.lS(s, 3H, Si-CH3), 0.36(s, 3H, Si-CH3), 0.40(s, 3H, 

Si-CH3), l.o9(s, 3H, Me,], 2.00(t, lH, J b_c=Jc_d=6.5Hz, Hc), 2.22(d, lH, Jb_c=6.5Hz, Hb), 

2.39(s, 3H, MefIr 2.70(d, lH, J c_d=6.5Hz, Hd), 

Hh) . 

6.8(m, 2H, H,+Hg), 7.15(d, lH, Jg_h=8.0Hz, 

4f'(X=cH2, c=g=Me): an oil; NMR(CC14, 6 ppm) -0.92(d, lH, J 

13.5H2, CH2), 

HCH=13.5Hz, CH2), -0.52(d, 1H. JHCH= 

-0.52td. 1H, JHCH=13.5Hz, CH2), 0.29(s, 3H, Si-CH3), -O.O2(d, lH, J 

Ha), 

a_b=9.0Hz 

0.18(s, 2H, Si-CH3), 0.36(s, 3H. Si-CH3), 0.40(s, 3H, Si-CH3), 1.55(s, 3H, Me, ), 2.28 

(d, lH, Ja_b=9.'Jsz, sb), 2.39(s, 3H, Meg ), 2.46(s, lH, Hd), 6.8(m, 2H, H +Hf), 

Hh); 
e 

7.06(s, lH, 

NOE (10%) between Hh and Hb was observed. 

a a-h stand for H, 
b 

Unless otherwise stated. 

Correct elemental analyses were obtained for all compound. 



2424 

7 8 

The mechanism of the formation of 2 and the reason why only ze gave this 

sort of product are not clear at this moment. The study on the mechanism of 

this novel photo-rearrangement is under way. 
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2d.d; an oil, nk6=1.5656; NMR(CC14, 6 ppm) 0.13(s, 6H), 0.18(s, 6H), 0.5(m, 

4H), 1.4(m, 2H), 3.03(m, 2H), 5.77(m, 2H), 6.92(m, 4H). 

?a; an oil, bp 101-107°C/0.17 mmHg. NMR(CC14, 6 ppm) O.l2(d, 6H), 0.58(s, 

6H), 0.5-1.8(m, 6H), 3.98(m, lH), 7.3-8.2(m, 7H); IR(neat, cm-') 2080(Si-H). 

5b; an oil, nb6=1.5528; bp 105'C/O.2 mmHg; NMR(CC14, 6 ppm), 0.21(d, 6H), 

0.52(s, 6H), 0.7-1.9(m, 6H), 4.05(m, lH), 7.3-8.2(m, 7H); IR(neat, cm-l) 

2070(Si-H). 

2; mp 75.0-77.0°C; NMR(CC14, B ppm) -0.28(s, 3H), -O.lO(s, 3H), 0.15(s, 6H), 

0.22(s, 3H), 0.27(s, 3H), 2.89(bs, lH, H3), 2.91(dd, lH, J4 6=l.8,J4 5=4.5Hz, 

H4), 4.77(dd, lH, J5 6=9.0, J4 5=4.5Hz, H5), 5.84(ddd, lH, i6 7=5-5.'J5 6= 
I I , I 

9.0, J4,6=1.8Hz, H6), 5.87(m, 2H, Hl and HZ), 6.24(dd, lH, J7,8=ll.0, J6,7= 

5.5H2, H7), 6.58(d, lH, J7 8=11.0Hz, H8). 
I 

&J; a blue solid; NMR(CDC13, dppm) -0.09(s, 12H), 0.04(s, 12H) I 0.58(s, 12H), 

7.12(dd, lH, J6 7=10.0, J7 8=9.5Hz, H7), 7.33(d, lH, J5 6=10.0Ha, H5), 7.37 

(d, lH, J2,3=4.iHz, H3), 7:47(d, lH, Jl,2=4.0Hz,Hl),7.;2(t,1H, J5 6=J6 7= 

lO.OHz, H6), 7.87(t, lH, Jl,2=J2,3=4.0Hz, HZ), 8.32(d, lH, J7,8=9:5Hz,'H8); 

Dv(Xmax nm (logs)) 250(4.54), 283(4.80), 349(3.88), 363(3.46), 566(2.85), 

592(2.92), 614(2.88), 646(2.83). 
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