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A b s t r a c t  : Photolysis of  l-(o-allyloxyphenyl)-2-pentalnethyldisi lanyl ethynesl  a and i b in benzene 
provides novel stereoselective intramolecular cyclization products 3a and 3b. © 1998 
Elsevier Science Ltd. All rights reserved. 

Photolysis of alkynyl-substituted pentalnethyldisilal~es offers a convenient route to the 
silacyclopropenes. 1 During the course of our investigations on the photochelnical reaction 
pathways via silacyclopropene intermediates, 2 the photoreaction of 1-(o-allyloxyphenyl)-2- 
pentalnethyldisilanyl ethynes la and l b attracted our attention since a novel intramolecular 
reaction of allyloxy group with the photogenerated silacyclopropene is expected. 

Irradiation of la and lb 3 (5x10 -4 tool dm 3) in deaerated benzene with 300nm UV light 
provided novel stereoselective cyclization products 3a and 3b (25%, 18% yield, respectively) 4 
along with some decomposition products of ullknown structure. Tile UV absorption 
spectnlm of la turned into that of photoproduct 3a gqadually with the irradiation time. As the 
absorbance at around 306 and 298nm decreased, tile intensity of absorption at around 324 and 
280nlu increased. After irradiation of la in dry methylene chloride for 5 lninutes 5, dry 
benzene was added and HPLC analysis showed the formation of tile product 3a, strongly 
suggesting tile 2a -+ 3a reanangement to be the therlnal process. Photolysis of lb m dry 
benzene gave o n l y  the regioselective photoproduct 3b as shown in Scheme 1, 
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la R=H 2a .  R=H 3a .  R=H 
l b  R=CH~ 2 b  R=CH~ 3b . R=CH~ 

The resnlts indicate the initial fonnation of silacyclopropene internmdiate 2 npon irradiation 
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followed by the intramolecular oxygen-silicon bond tbrmation to give the product 3 with Z 
configuration as the sole photoproduct. The stereoselective cycloaddition reaction leading to Z 
configuration indicates concerted addition of allyloxy group to silacyclopropene formed 
After the photolysis of la in dry methylene chloride for 5 lninutes, allyl ethyl ether was 
added to check the thermal intermolecular reaction of  the allylic ether with the 
silacyclopropene intermediate formed No intermolecular reaction product was formed but 
only 1-(o-allyloxyphenyl)-2-trimethylsilylethyne 4 ~' was obtained. 
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Tile structure of tile photoproduct 3a was determined by various physical methods inclndmg 
~H-~H and I H - 1 3 C  conelation spectroscopy (COSY), HMBC, nuclear Overhauser and 
exchange spectroscopy (NOESY) (Table 1). The 3D-structure of 3a was determined by 
NOESY spectrum.. In particular, the presence of the cross-peaks between a proton of C(3) and 
the protons of  C(7) and C(12) and between a proton of C(12) and the protons of  C(13) showed 
the close proximity of a proton of C(3) to the protons of C(7) and C(12) and a proton of C(12) 
to the protons of C(13), indicating that these protons are located on the same surface of the 
molecule. The location of the quaternary carbons was identified by the HMBC spectrum. The 
presence of the cross-peaks due to the vicinal coupling between the protons of  C(7), C(3), 
C(13) and the quaternary carbon C(5) showed the comlectivity of the carbon C(5) and the 
benzene ring, dimethylsilyl group, and carbon C(4). In lhe same manner, the connectivity of 
the carbon C(4) and allyl bqoup and trimethylsilyl group was established. The skeletal 
structure of 3a was established as shown m Figme 1. 

Further studies are in progress to elucidate the lnore detailed mechanism of the reaction. 
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Figure I. hnportatlt correlations observed in HIMB(" and 
NOESY spectra of l)hotoproduct 3a. 
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Table I. ~H NMR(~ ~1 Mttz) and *~C NMR(125MHz) dala for pholoproducl 3a in CD( ' I (  

Posnlion 8,.(ppm) M + 8.(ppm) I t NI* Jll ~l(Hz) NOESY 
1,, 116.40 1 5.08 IH dq 
1~+ 116.411 1 5.15 IH dq 
2 135,66 d 6 01 IH m 
3 38.34 l 3,41 2H dt 
4 153.01 s 
5 147.41 s 
6 130.58 s 
7 127 59 d 7.59 IH dd 
8 119.83 d 6.82 IH td 
9 129.36 d 7.14 IH Id 
I0 115 27 d 688  IH dd 
[ I 160,1111 s 
12 11.48 q 0 2119 31t s ~ 
12 0 5O q 0.214 3H s 
12 0.51 q 0221 3H s 
13 1.17 q (b 54 ( ,H  ,~ 

* All these assignmcnls v, crc confirmed by' q-l-~H and 
'~" Mulliplicilies v, erc dclcrmined b~ DEPT spectrum 

lnlegnllcd inlcnsfl.~ 
'~" Mulliplicflies. 
** lmpol'lan! correlatmns by NOESY speclrmn. 

17 6(J~,~. m). 2 I)(J,mmt um ) 
10 t(JmH ++H)- 2.O(Jum ~U. lm ) 

4 9(J~ H >~). 2.01Jm.m ) 

2H 
IH, 3H 

7H", 12H". 2H 

7 81J-H.sul, 1 51Jn~.~+u ) 8H, 3H'" 
7-8(JsH-u,,m/- 1 5( Js+~.l.U ) 9H. 7H 
7 8(J,, H ,q, luu), [ 5(J+ u ,l~) gH. IOH 
7-8(JI,,H <l)- I 51J~,bH,u ) 9H 

~H-I'c COSY and NOES'r: HMBC spcclra 

13H". tH'" 
13H". 3H'" 
13H". 3H'" 

1 2 f t -  
_ _ I  

Acknowledgements :  The authors would like to thank Prof. Chan Mo Yu, Sung Kyun Kwan 
University lbr helpflll discussions, Dr. Yotmg Wan Seo and Dr. Jong Heon Shin, Korea Ocean 
Research & Development Institute for 2D NMR experilnents. This investigation was partially 
supported by the Korea Advanced Institute of Science and Technology. 

References and Notes 

l.(a) Ishikawa, M .  Fuchikami, Y .  Kumada, M. J. Am. ('hem. Soc. 1977, 99,245-247. 
(b) Ishikawa, M . '  Nishinnua, K . '  Sugisawa, H. '  Kulnada, M. J. ()l;~am)nwl. (7win. 1980, 

194, 147-158. 
(c) Ishikawa, M. ' Sugisawa, H. • Fuchikami, Y. ' Kumada, M. • Yamabe, T. ' Kawakami, 

H .  Fukui, K . Ueki, Y .  Shizuka, H.J. Am. ( ' lwm.  Soc .  1982, 104, 2872-2878. 
(d) Shizuka, H. • Okazaki, K. ' Tanaka, H. • Tanaka, M. ' Ishikawa, M. ' Sulnitani, M. '  

Yoshihara, K. 3. l'hy. ('hem. 1987, 91,2057-2062. 
2. (a) Kwon, J. H. • Lee, S. T. ' t toshmo, M. ' Shim, S. C. 3. ()r~: ("hem. 1994, 59, 1108- 

1114. 
(b) Shiln, S. C .  Lee, S. T..1. ("hem. Sin'.. l'cr/,'m 71"a,s.2 1994, 1979-1984. 
(c) Shim, S. C. " Lee, S. T. B,I/. Korean ('/win. Noc. 1995, 16, 988-990. 
(d) Lee, S. T . '  Baek, E. K .  Shim, S. C. Or~,,ammwlallics 1996, 15, 2182-2184. 

3. la • ('olorless oil ' 11t NMR(CDCI~, 200MHz) 81~ 0.15191-I, s), 0.25(6H, s), 4.5712I-t, dt, 
J 4.8, 1.6ttz), 5.30( 1 t t, dq, ,I--7.4, 1.5tlz), 5,48( I H, dq, J= 17.2, 1.6Hz), 6.03( 1 tt, m), 
6.8612H, in), 7.22 (I H, td, ,I=7.7, 1.7tlz). 7.40(1 H, dd, ,1=7.5, 1.7Hz) • ~(" 

_ 2 , . ' 5 ,  "~ q 190 53 1 ' NMR(CDCI~,~,0Mttz) 8c159.48, I~? 8"~ 133.04, 1=9._6 . . . . .  117.09, 1~.39, 
II 2.40, 103.30, 97.4% 69.17, -2.5 I, -2.94 • UV(Ctt2CI:) L,,,~,,306, 298, 26 Iron • FT- 
IR (NaCI) 2953.0, 2151.9, 1488.7, 1246.5,749.4 c'm -~ MS 170cI.)m - 288 ( M }  
HRMS(M')calcdlbrC~,He4OSi  e288.1366, fimnd288.1352. 
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Colorless oil ; ~H NMR(CDCI 3, 300MHz) ¢3, 0.16(9H, s), 0.26(6H, s), 1.72(3H,s), 
1.77(3H,s), 4.56(2H, d, J=6.6Hz), 5.50(1 H, t, J=6.6Hz), 6.85(2H, in), 7.23(1H, td, 
J=7.9, 1,8Hz), 7.40(1H, dd, J=7.9, 1.8Hz) ; ~3C NMR(CDCI~, 75MIlz) 8 c 160.03, 
137.43, 133.95, 129.63, 120.30, 120.03, 113.39, 112.50, 103.53, 97.29, 65.60, 25.64, 
18.15, -2.70,-3.11 ; UV(CH2CI2) )~,,,,~307, 299, 261nm ; FT-IR (NaCI) 2952.2, 
2151.8, 1488.0, 1246.9, 749.1 cml~ MS (70el,) m z  316(M ~) ; FIRMS (M ~) calcd for 
CIsH2sOSi 2 316.1679, found 316.1654. 

Colorless oil ; UV(CH2CI2) )%ax324, 280, 273mn ; FT-IR (NaCI) 2956.8, 1594.9, 
1252.3,751.7cml; MS(70eV)m:z 288(M') ; HRMS (M +) calcd for C~,H24OSi 2 
288.1366, found 288.1367. 

Colorless oil ; ~H NMR(CDCI~, 300MHz) 8~j 0.20(9H, s), 0.51(6H, s), 1.68(3H, d, 
J=0.9Hz), 1.75(3H, d, J=1.5Hz), 3.30(2H, d, J=4.2Hz), 5.07(1H, Ill), 
6.82(1H, td, J=7.9, 1.5Hz), 6.87(1H, dd, J=7.9, 1.5Hz), 7.13(1H, td, J=7.9, 1.5Hz), 
7.52(1H, dd, J=7.9, 1.5Hz); t3C NMR(CDCI3, 75MHz) 8 c 160.14, 156.54, 145.70, 
133.33,131.01,129.14, 128.06, 123.35, 119.87, 115.25, 33.84, 25.56, 18.18, 1.00, 
0.29, UV(CH2CI2) ~,,,,,~323,280, 273 mn ~ FT-IR (NaCI) 2964. l, 1595.1, 1251.4, 
751.5cm1 ~ MS (70el/) m z 316(M') ~ HRMS (M') calcd for Cj~H2sOSi 2 
316.1679, found 316.1679. 

In the photoreaction of la in dry methylene chloride, no photocycloproduct 3a was 
observed but the silacyclopropene intermediate is formed. After irradiation of la (5 
x 104tool dm 3) in 5ml of methylene chloride for 5 minutes, 5ml of methanol was added 
and detected methanol addition to silacyclopropene by HPLC. The results strongly 
support the tbrmation of silacyclopropene intermediate. When acetone was added as a 
nucleophile, the acetone addition products were obtahled. The photolysis of I a m the 
presence ofnucleophiles such as methanol or acetone will be reported elsewhere. 
4 : Colorless oil : ~H NMR(CDCl> 300MHz) 8j~ 0.26(9H, s), 4.60(2H, dt, J=4.6, 

1.6Hz), 5.30(1H, dq, J=10.6, 1,6Hz), 5.56(IH, dq, J=17.2, 1.THz), 6.05(1H, m), 
6.88(2H, m), 7.26(IH, td, J=7.7, 1.7Hz), 7.44(1H, dd, .1=7.6, l.THz) ~ ~3C 
NMR(CDCI 3, 75MHz) ¢5 c 159.94, 134.24, 133.29, 130.23, 121.00, 117.23, 112.77, 
101.61, 98.97, 96.82, 69.43, 0.45 : UV(CH:CI,) )~ ...... 304, 296,260mn; FT- 
IR(NaCI) 2959.4, 2158.8, 1489.2, 1250.5, 751.88cn/ ; MS (70e b) m z 230(M ') : 
HRMS (M ~) calcd fbr C~_~HI~OSi 230. I 127, found 230. 1079. 

The JH NMR signal due to SiMe3 group appeared as three lines because the NMR time 
scale in 500MHz spectrometer is thst enough to detecl the C(12) methyl groups as the 
different peaks. 


