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Abstract

The double intramolecular radical induced reaction of 5 gives in a highly regioselective reaction via a 7-endo
mode the tricyclic silaalkane 7 in 42% yield. In addition. The bicyclic trisilane 8 also formed by a 7-endo
cyclisation, is obtained in 33% yield. The structure of 7 has been confirmed by X-ray structure analysis.
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carbon centered radical exert a strong influence on the size of the ring to be formed [5][6].
Whereas hex-5-enyl radicals lead in a 5-exo mode to cyciopentyl radicals under kinetic control,
2-silahex-5-enyl radicals I lead to a mixture of cyclopentane and cyclohexane derivatives [7].
Similarly, five- and six-membered ring compounds are obtained from 2-sila-3-oxa-hex-5-enyl
radicals II [8]-[10]. The intramolecular cyclisations of radicals with a silaketal group in the
chain like III proceed preferentially by an endo mode and give predominantly sevenmembered
ring compounds [11][12].
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cyclisation of radicals like IV and V contammg 2 Si atoms. The required siloles 5§ and 6a were
prepared via the siloles 3 and 4 by reductive cyclisation of the bis(phenylethynyl)-silanes 1
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and 2 in overall yields of 23% and 20% respectively (Scheme) [13]. It is worth mentioning that
no siloles could be ghtained when the dianions. formed in the reaction of 1 or 2 with 1.
D1IN IV WA WA U LOLEE I YYIivwil LIlw > AVLIVLIL UL & UL A WYKL I
canbthalama (141 ware treated with R LT (O N Q0 The oilnloe £ amd o caroes emadil
apninaciic 14y, Were rea€a will Drurpiligpoitl. 1€ Sii0ies 5 aia va were reaaiy
obtained by reaction of 3 and 4 by S\2 reactions with I ions [15]
Scheme
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5R=Alj, X=1  —
L 6a)R=Viny, X =1
b) R = Vinyl, X = H
a) LiC,oHs, THF, r.t,, 3h; 1 or 2 added at -70°C, 15min; CICH,;Me,SiCl added at -70°C, then to r.t.[13][14]
b) Nal / butanone, reflux, 24h [15]; ¢) Bu;SnH, AIBN, C¢Hs.

The radical reactions were performed under standard conditions by heating a mixture of 5,
2 molequiv. Bu;SnH and AIBN in C¢Hg and gave the tricyclic silaalkane 7 with two seven
membered rings and the bicyclic silaalkane 8 with one sevenmembered ring in 42% and 33%
yield. No 6-exo products have been detected. The X-ray structure analysis of 7 clearly shows
the arrangement of the two seven membered rings (Figure)[16]. The bond angle CH,- Si(1)CH,
(C(2)-Si(1)-C(15)) is slightly larger than that in the (CH;),Si groups C(16)-Si(11)-C(17).

Selected bond distances (A) and bond angles (°)

Si(1)-C(7) 1.867(2), Si(1)-C(2) 1.875
Si(6)-C(7) 1.860(3), Si((6)-C(5) 1.887

C(7-Si(1)-C(10) 93.72(11), C(2)-Si(1)-C(i5) 112.71(13%)
Si(6)-C(7)-Si(1) 121.25(13), C(16)-Si(11)-C(17) 110.3(2)

Figure. Molecular structure of 7 (thermal ellipsoids at 50% probability level)

When 6a was submitted to the same reaction conditions, only reduction of the CH,-1
groups was observed to give 6b in 80% yield. No bi- or tricyclic product is formed under these
conditions. Our results might suggest, that the intramolecular cyclisation of a radical of type IV
has a high propensity for a 7-endo- rather than a 6-exo reaction, whereas a type V radical leads
to reduction rather than a 6-endo mode cylisation.
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General. For experimental details and analytical instrumentation see [13].

The siloles 3 or 4 were prepared as described with C}CHQ(CH3)201\,J as trapping agent
[13][14]. 3: 68%. Ry (hexane:Et,0=50:1): 0.32. IR: 1205(s);'H NMR: 0.087(s, 12H); 2.06(d,
J=7.7Hz, 4H); 2.39(s, 4H); 4.92-5.06(m, 4H); 5.77-5.91(m, 2H); 6.81-6.84(m, 4H); 7.06-
7.08(m, 6H). *C NMR: -2.27(q); 20.15(t); 31.15(t); 114.41(t); 126.79(d); 127.19(d); 128.46(d);
133.01(d); 138.50(s); 141.94(s); 172.84(s). ’Si NMR: -8.108; 20.213. MS: 526(M", 1);
485(14); 443(18); 407(16); 343(22); 277(89); 173(72); 159(45); 145(100); 129(51).

4: 67%. Ry (hexane:Et;0=50:1): 0.15. IR: 3000(s); 1252(s); 1005(s)-'H NMR: -0.016(s, 12H);

2.42(s, 4H); 6.12(dd, J=19.1Hz, 5.1Hz, 2H); 6.25(dd, J=14.3Hz, 4.8Hz, 2H); 6.35(dd,
J=18.7Hz. 14 3Hz. 2HY: 6.86-6 89(m. 4H): 7.07-7.09(m. 6H B NNMR- 22 47(a): 31 2004
LO. 7 L:, .l_Y.J,lLl.a, L.,lj}’ V. OU U-U/\lll, _l'l.L}, AN 4 I-V/\lll, i L} N 1 YEA N ‘—."'l\\i}, Jl.‘a/\\-),
126.81¢(3): 12727(d): 12831¢d): 131.77(d (4. Q7 . 1 ON Y 179 &2/ 290:
1200140y, 1£/7.£/Q); 12601 Q);, 1o1.717 o 1.7US), 1/72.03(5). Di

9(100); 421(40); 413(74);
405(54), 591(40), 356(59), 327(36); 290(82); 275(35); 200(34), 185(34), 145(32). HR-MS:
498.1173 (calc. Cy6H3,813Cl," 498.1189). The siloles5 or 6 were prepared according to [15]
with butanone as solvent. 5: 81%. R¢ (hexane:Et,0=50:1): 0.39. IR: 1000(s); 995(3);‘H NMR:
0.15(s, 12H); 1.63(s, 4H); 2.06(d, J=8.1Hz, 4H); 4.96-5.07(m, 4H); 5.81-5.95(m, 2H); 6.84-
6.87(m, 4H); 7.05-7.07(m, 6H). BC NMR: -11.43(t); -0.40(q); 20.18(t); 114.44(t); 126.72(d);
127.12(d); 128.37(d); 133.12(d); 138.60(s); 141.87(s); 172.52(5) 2Si NMR: -7.061; 19.914.

MS: 710(M", 12); 669(100); 627(18); 583(12); 541(42); 499(22); 413(12); 385(13); 369(15)
ITIR_NMC- 71N N111 (ralsr (L. T QT YrIn 014N
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0: 05706, K¢ Uncxanc.nLgu—Ju.L) UliY. IR DUUUGS); 1204(S); 1UUS(S). 11 INIMIR UUZL/(S, 141);
1.65(s, 4H); 6.i13(dd, J=19.1Hz, 4.8Hz, 2H); 6.26(dd, J=14.3Hz, 4.8Hz, 2H); 6.37(dd,

J=19.1Hz, 14.3Hz, 2H); 6.88-6.91(m, 4H); 7.07-7.09(m, 6H). °C NMR: -11.06(t); -0.58(q);
126.75(d); 127.22(d); 128.26(d); 131.88(d); 136.23(t); 139.91(s); 141.90(s); 172.31(s).”Si
NMR: -6.264; 2.015. MS: 681(M",100); 554(43); 497(22); 483(29); 382(27); 356(32); 255(54);
183(37) HR—MS' 681. 9547 (calc. C26H328i3l; 681.9901).

(0.0Smmo!) AIBN in 40 ml Qz,H(, was dega ed and reﬂ.x ed in a preheated 011 bath (90°C) for
14h A ftar ranlacramant nf the enlvent lhy 10 ml Aiathyl athar § ml 1004 K Ean) ware addad
1771k, £21IlCg lbylab\*lll\allb UL Lll‘.« SV VY LIL U 1V 1111 ul\rLlIJl \./Lll\al, o 1111 1V /U 1wl \(l\.l) vwuiv ausviviug
After stirring for 4 h the precipitate was filtered off and the residue obtained after work up was
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purified by flash chromatography with hexane. 7: 42%. Ry (hexane): 0.30. IR: 1005(s).

NMR: -0.68(s, 6H); 0.14(s, 6H); 0.72-0.91(m, 6H); 1.12-1.21(m, 2H); 1.34-1.45(m, 2H); 1.59-
1.72(m, 2H); 1.80-1.93(m, 4H); 6.79-7.07(m, 10H). *C NMR: -4.59(q); 1.33(q); 11.09(t);
17.13(t); 24.74(t); 26.49(t); 126.20(d); 126.98(d); 128.62(d); 142.99(s); 148.12(s); 168.89(s).
S NMR: -9.752; 28.059. MS: 458(M", 100); 443(6); 402(8); 385(9); 359(16); 346(9); 284(6);
258(8); 159(12). HR-MS: 458.2274 (calc. CogH3sSiy" 458.2281).8: 33%. Ry (hexane): 0.28. IR:

------

2900(s); 1470(s); 1245(s); 1020(s); 1005(s)."H NMR: -0.60(s, 3H); -0.13(s, 9H); 0.050(s, 3H);

077-0 28¢m. 3IHY 1.05-1.14(m. 1HY 1.32-1.42(rmi. 1THY: 1.59-1.70(m. 1H): 1.91 202(m THND-
L 77VUL00N, O11), L.VO- 113U, 121 ), 1.J&7 1. Fa\dil, 1kl), 1.0 770 7Uilll, 111), D S /...ux-\l 1, J11ij,

-
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43(13); 417 zsl) 385(16); 243(17); 220(50); 205(62);
HR-MS: 458.2269 (calc. C,3H35Si; 458.2281).

6b: The radical reaction was performed with 6a as described for 5; yield: 80%. R (hexane):
0.26. IR: 1245(s); 1000(s); 995(s); 'H NMR: 0.17(s, 18H); 6.07(dd, J=19.5Hz, 4.0Hz, 2H);
6.19(dd, J=14.7Hz, 4.4Hz, 2H); 6.36(dd, J=19.8Hz, 14.7Hz, 2H); 6.85-6.89(m, 4H); 7.03-
7.06(m, 6H). “C NMR: 0.79(q); 126.13(d); 126.92(d); 128.68(d); 133.16(d); 135.05(t);

26 28 ; 1
44.60(s); 0 30(s); 170.57(s). *’Si NMR: -10.01
443 .

142.27(s); 142.60(s); 171.24(s). ®Si NMR: -9.060; 2.765. MS: 431(M+1%, 42); 30(M+ 100);
415(18); 402(27); 330(15); 256(28); 241(24); 228(14). HR-MS: 430.1941 (calc. CogHaeSis'
AN 1OLON
45U.1900)

| 5 P SNSRI [ N, S

Reierences ana (Nowes

{11  Beckwith ALJ. Tetrahedron 1981; 37: 3073-3100

[2]  Curran DP, Chang C-T. I. Org. Chem. 1989; 54: 3140-3157
1 Mo M Teateabadon 1007 40, 11811 17

1°1] INCWCOIMD vl 1Cirancaron 175,45 1151-11/0

[4]  Giese B, Kopping B, Gobel T, Dickhaut J, Thoma G, Kulicke KJ, Frach F. Org. Reactions 1996; 48: 301-856.
(5] Marco-Contelles J, Martinez-Grau A, Bernabé M, Martin N, Seoane C. Synlett. 1991; 165-167.

[6] RamaRao AV, Yadav JS, Srinivasan R C, Chandrasekahr S, J. Chem. Soc. Perkin Trans I 1990; 1211-1213.
[71  Wilt JW. Tetrahedron 1985; 41: 3979-4000.

[8] Koreeda M, Hamann LG. J. Am. Chem. Soc. 1990; 112: 8175-8177.

9] Walkup RD, Kane RR, Obeyesekere NU. Tetrahedron Lett. 1990; 31: 1531-1534.

[10] Lakomy I, Scheffold R. Helv. Chim. Acta 1993; 76: 804-809.

} A (in NV Widdawioan I T Awy Mo Qon
x"y% > AU, T 7T, WIUMUWOUIT v, J. AT UHCTHEL. DU, )

] Hutchinson JH, Daynard TS, Gillar JW. Tetrahedron Lett. 1991; 32: 573-576.
]

13] Teng Z, Boss C, Keese R. Tetrahedron 1997; 53: 12979-12990.

[14] Tamao K, Yamaguchi S, Shiozaki M, Nakagawa Y, Ito Y. J. Am. Chem. Soc. 1992; 114: 5867-5868.

f15] Gehanne S, Giammaruco M, Taddei M, Ulivi P. Tetrahedron Lett. 1994; 35: 2047-2048.

[16] Crystal data: C,H;4Sis, orthorhombic, space group P2ca,, a = 16.939(1), b = 13.780(1), ¢ = 23.608(1) A, V = 5510.1(6) A*, Z
= 8 (two independent molecules per asymmetric unit), R1 = 0.032, wR2 = 0.059 (7020 obsd, reflections). Stoe Image Plate
Diffraction System; Structure solution and refinement: SHELXS & SHELXL (G. Sheldrick, 1997, University of Gottingen).

The full data for the X-ray crystal structure have been deposited at the Cambridge Crystallographic Data Centre.



