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Cyclotrisilene3 was obtained in good yield by the following
process (eq 2): To a suspension of 8.6 mmol) in THF (15
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Among a variety of doubly bonded compounds of group-14 ML) was added a solution @ (0.99 mmol) in THF (10 mL) at
metallic elements (M=MR,; M = Si, Ge, Sn}, very few —78 °C.” The solution was then st!rred overnight at room
permetallacycloalkenes have been isolated and charactérfized, temperature. Removal of the resulting salt and graphite by
and unique Chemistry of their endocyc”c metatetal double flltr.atlon and eVapO_ratlon.Of SOlVen_tS In vacuo gaVe. a dark orange
bonds needs to be investigated. We have synthesized the firs0lid, which contained in 65% yield together with trigért-
stable cyclotetrasilene, hexakimt-butyldimethylsilyl)cyclotet-  butyldimethylsilyl)chlorosilane as the sole byproduct as deter-
rasilene 1), and found an unprecedented interconversion between Mmined by NMR. After removal of the chlorosilane by distillation,

1 and the corresponding skeletal isomer, hexagisputyl- recrystallization from pentane gave puras dark red crystals in

dimethylsilyl)bicyclo[1.1.0]tetrasilane2) (eq 1)? Stable cyclo- ~ 11%2 The structure o8 was determined by MS antH, **C,
and?°Si NMR spectroscopies as well as the product analysis of

a reaction with carbon tetrachloride (vide infra). Cyclotrisil&ne

F{ ;R F|‘_ was air-sensitive similar to other cyclic and acyclic tetrasilyl-
R\?-,_?rR hv (A > 420 nm) R '\g’s\\ R (1) disilenes; the dark red color disappeared immediately when a
SFS{ ~ A, dak ‘$ié i solution of 3 was exposed to air.
R R R R It is interesting to compare the UWis spectra of3 and
1 R = tBuMe,Si 2 cyclotetrasilenel in 3-methylpentane. The absorption maxima

of 3 were observed at 482 £600) and 401 nme(1300), which

trigermene derivative® which have been prepared by the Wwere red shifted from those fdr (Ama/nm (€): 465 (6800) and

reactions of GeGHdioxane with t-BusSiNa and t-BusGeLi, 359 (1060)j consistent with the greater ring strain3n
cyclotrigermenium ion&¢ and a cyclotrigermenyl radicahave Two 2°Si NMR resonances of the three-coordinated silicon
been synthesized within a short time of one another. However, atoms ¢(Si,)) in 3 appeared at-81.9 ¢-BuMe,Si-S) and+99.8
the silicon analogues of cyclopropene have not been known to Ppm (-BuMe;Si);Si-SF),? which are significantly high-field
date, probably because of the unavailability of the functional shifted relative to those for the acyclic tetrasilyldisilenes (142
silylenes as a reagent. We report herein the synthesis andl54 ppmj}°and1 (160.4 ppmy2!! The tendency of thé(Si,)

characterization of the first stable cyclotrisilene, 1-tasf
butyldimethylsilyl)silyl-2,3,3-tris{ert-butyldimethylsilyl)cyclo-
trisilene @, R = t-BuMe;Si), by a reduction of 1,1-dibromo-3-
(tert-butyl)-2,2-ditert-butyldimethylsilyl)-1-chloro-3,3-di-
methyltrisilane 4) with potassium graphite (K in THF. The
major product of reduction oft depends significantly on the
reaction conditions; a reaction dfwith sodium metal in toluene
did not give3 but 1 in good yield. Interestingly, the reaction of
3 with carbon tetrachloride gave the corresponding 1,2-dichlori-
nated cyclotrisilane in a trans-addition manner.

(1) For reviews on BM=MR; (M = Si, Ge, and Sn), see: (a) West, R.
Pure Appl. Chem1984 56, 163. (b) Raabe, G.; Michl, Lhem. Re. 1985
85, 419. (c) West, RAngew. Chem., Int. Ed. Endl987, 26, 1201. (d) Raabe,
G.; Michl, J. In The Chemistry of Organic Silicon Compoundkatai, S.,
Rappoport, Z., Eds.; John Wiley & Sons: New York, 1989; Part 2. (e) Barrau,
J.; Escudie J.; Satge J. Chem. Re. 199Q 90, 283. (f) Tsumuraya, T.;
Batcheller, S. A.; Masamune, 8ngew. Chem., Int. Ed. Endl991, 30, 902.

(g) Grev, R. SAdv. Organomet. Cheni991, 33, 125. (h) Okazaki, R.; West,
R. Adv. Organomet. Chem1996 39, 231.

(2) (a) Kira, M.; lwamoto, T.; Kabuto, CJ. Am. Chem. S0d.996 118
10303. (b) Iwamoto, T.; Kira, MChem. Lett1998 277.

(3) Very recently, Wiberg et al. reported that the novel cyclotetrasilene,
1,2,3,4-tetrakis(trtert-butylsilyl)-1,2-diiodo-3,4-cyclotetrasilene, was obtained
by a simple reaction of tetrakis(ttért-butylsilyl)tetrahedrane with iodine.
Wiberg, N.; Auer, H.; Nt¢h, H.; Knizek J.; Polborn KAngew. Chem., Int.
Ed. Engl.1998 36, 2869.

(4) The formation of a Dewar hexasilabenzene by the photolysis of the

values among the corresponding tetrasilyldisiléh@ndl is quite
parallel to that of thé3C NMR chemical shifts of the unsaturated
carbons §(C,)) among ethylene, cyclopropene, and cyclobuténe;
the high-field shift ofd(Si,) of 3 andd(C,) of cyclopropene would
have the same origin.

Recently, we have found that tetrasilyldisilenes readily react
with carbon tetrachloride to give the corresponding 2,3-dichlo-

(7) For the applications of potassium graphite to reduction of organosilicon
compounds, see: (a) Riner, A.; Weidmann, Hl. Organomet. Cheni988
354, 15. (b) Cleij, T. J.; Tsang, S. K. Y.; Jenneskens, L.@%em. Commun.
1997 329 and references therein. See also ref 6.

(8) 3: air-sensitive dark red crystals; mp 180 dec;*H NMR (CsDg) 6
0.40 (s, 6 H, SiMg), 0.42 (s, 6 H, SiMg), 0.47 (s, 6 H, SiMg), 0.51 (s, 18
H, SiMey), 1.109 (s, 9 Hf-Bu), 1.113 (s, 27 Ht-Bu), 1.18 (s, 18 Hf-Bu);
3C NMR (GsDg) 6 —1.7,—1.5,—1.2 0.8 (SCH3), 19.5, 20.0, 20.5G(CHs)s),
27.7, 28.8, 29.3 (@H3)s); 2°Si NMR (CsDe) 6 —117.2 (€-BuMe;Si),S)),
—105.7 ((-BuMeSi)Si), 0.4 (t-BuMe,Si),Si), 6.4 ((-BuMe;Si)sSi), 14.0 (-
BuMe,SiSi=), 81.9 (-BuMe,SISi=), 99.8 (¢-BuMe,Si);SiS); MS (El, 70
eV) 802 (5.9, M), 687 (57.2), 515 (32.2), 147 (41.0), 131 (33.2), 115 (38.5),
73°(100), 59 (68.5); UV-vis (3-methylpentane)m./nm (€) 482 (2640), 401
(1340), 315 (sh, 7690), 245 (sh, 3670), 217 (5210).

(9) The assignment of the tw&Si signals for unsaturated silicons was
confirmed by two-dimensional NMR. The details were given in the Supporting
Information.

(10) Kira, M.; Maruyama, T.; Kabuto, C.; Ebata, K.; Sakurai,Ahgew.
Chem., Int. Ed. Engl1994 33, 1489.

(11) Thed(Siy) values for the tetrasilyldisilene3, and1 are good in accord
with those for the model compound3, 7, and8, calculated with the GIAO

corresponding hexasilaprismane was evidenced spectroscopically: (a) Sekigumethod (GIAO/B3LYP/6-31+G(2df, p)//HF/6-31G(d)); those are147.5}

chi, A.; Yatabe, T.; Kabuto, C.; Sakurai, H. Am. Chem. Sod.993 115
5853. (b) Sekiguchi, A.; Yatabe, T.; Doi, S.; Sakurai,fhosphorus, Sulfur,
Silicon Relat. Elem1994 93/94 193.

(5) Cyclotrigermenes: (a) Sekiguchi, A.; Yamazaki, H.; Kabuto, C.;
Sakurai, H.; Nagase, 3. Am. Chem. So&995 117, 8025. Cyclotrigermenium
ions: (b) Sekiguchi, A.; Tsukamoto, M.; Ichinohe, Biciencel997, 275 60.

(c) Sekiguchi, A.; Tsukamoto, M.; Ichinohe, M.; Fukaya, Rhosphorous,
Sulfur, Silicon Relat. Elen1997 124and125, 323. (d) Ichinohe, M.; Fukaya,
N.; Sekiguchi, A.Chem. Lett1998 1045.

(6) A cyclotrigermenyl radical: Olmstead, M. M.; Pu, L.; Simons, R. S;

Power, P. PChem. Commuril997, 1595.
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rotetrasilanes through chlorine abstraction of the tetrasilyldi-
silenest* Expectedly, a reaction & with an excess amount of
carbon tetrachloride completed within 1 min even-at0 °C to
afford the correspondingrans-1,2-dichloro-1-trisiert-butyldi-
methylsilyl)silyl-2,3,3-tristert-butyldimethylsilyl)cyclotrisilane %)
guantitatively without cleavage of the-Ssi single bonds in the
ring (eq 3)*° The X-ray analysis of a single crystal 6flisclosed

that the two chlorine atoms were arranged in a trans fashion as

shown in Figure 2517 The formation of5 from 3 confirms the

three-membered-ring structure and the existence of an endocyclic

silicon—silicon double bond ir8.

CClg, dark i
2 \
3 —oc R=shSpsiR; )
g
5

The mechanism of the formation 8by the reductive coupling

J. Am. Chem. Soc., Vol. 121, No. 4, 1889

of 4remains open at present. A possible and attractive mechanismfigure 1. ORTEP drawing oftrans1,2-dichlorocyclotrisilane 5).

is the production of the corresponding disilyrteB(Me,Si);SiSE
SiSi(SiMeBu-t)s, through the reductive coupling followed by the
1,2-migration of attBuMe,Si);Si group to give the corresponding
disilavinylidene, [(-BuMe,Si);Si],Si=Si:, which rearranges t®
through intramolecular silylene insertion into a-S&i bond?°
The major product of the reduction 4fdepended remarkably

(13) The'3C chemical shifts of the unsaturated carbo(,) for ethylene,
cyclopropene, and cyclobutene are reported to be 123.5, 108.7, and 137.
ppm, respectively. (a) Kalinowski, H.-O.; Berger, S.; BraunCarbon-13
NMR SpectroscopyJohn Wiley & Sons: New York, 1988. See also for
cyclopropene: (b) Guther, H.; Seel, HOrg. Magn. Reson1976 8, 299.

For cyclobutene: (c) Dorman, D. E.; Jautelat, M.; Roberts, J. Drg. Chem.
1971, 36, 2757. For ethylene: Savitsky, G. B.; Ellis, P. D.; Namikawa, K.;
Maciel, G. E.J. Chem. Phys1968 49, 2395.

(14) lIwamoto, T.; Sakurai, H.; Kira, MBull. Chem. Soc. Jpri998 71,

2741.

(15)5: air-sensitive pale yellow crystals; mp 15254°C. *H NMR (CgDg)
0 0.40 (s, 3 H, SiMg), 0.41 (s, 3 H, SiMg), 0.43 (s, 3 H, SiMg, 0.47 (s, 6
H, SiMey), 0.50 (s, 9 H, SiMg), 0.54 (s, 9 H, SiMg), 0.61 (s, 3 H, SiMg),
1.11 (s, 9 Ht-Bu), 1.13 (s, 27 H{-Bu), 1.14 (s, 9 Ht-Bu), 1.18 (s, 9 H,
t-Bu); °C NMR (CDg) 0 —2.6,—2.5, 1.9, 2.2, 2.4, 3.5, 3.6 (SH3), 19.5,
19.9, 20.6, 20.8G(CHs)s), 28.5, 29.0, 29.2, 29.6 (CHa)s); 2°Si NMR (CsDe)
0 —119.2 (¢-BuMe;Si),Si), —95.3 (t-BuMe,Si);Si), —40.0 t-BuMe;SISICl),
—20.0 (¢-BuMesSi)SISIC), 7.1 (t-BuMe,Si)sSi), 9.4 ((-BuMe;Si),Si), 11.3
(t-BuMe;SISiCl), 12.4 (¢-BuMe,Si),Si).

(16) X-ray analysis 05: CzgHooSi1oClz; pale yellow prism; orthorhombic;
space groufPna2; a = 17.286(7) Ab = 25.14(1) A,c = 12.473(8) AV =
54193) &, Z = 4; peaca = 1.072 gleri;, u(Mo Ka) = 3.63 cml. The
reflection intensities were collected on a Rigaku AFC-5R diffractometer with
a rotating anode (45 kV, 200 mA) using graphite-monochromated Mo K
radiation ¢ = 0.71069 A) at 150 K. The structure was solved by direct
methods, using SIR-92,and refined by full-matrix least squares Bf using
SHELXL93:** R = 0. 049 (data with > 20(l)), Rw= 0.159 (all data).

(17) A mechanistic study of the reactions of disilenes and haloalkanes is
under way. Trans arrangement of two chlorine atom§ gan be explained
by a stepwise chlorine abstraction mechanism in the reactibmith carbon
tetrachloride.

(18) Altomare A.; Burla, M. C.; Camalli, M.; Cascarano G.; Giacovazzo,
C.; Guagliardi A.J. Appl. Crystallogr.1994 27, 435.

(19) Sheldrick, G. MSHELXL93 Program for the Refinement of Crystal
Structures; University of Gtingen: Gdtingen, Germany, 1993.

Hydrogen atoms were omitted for clarity. Selected bond lengths (A):
Si1-Cl1, 2.121(2); Si2CI2, 2.097(2); SitSi2, 2.350(2); Sit+Si3,
2.404(1); Si2-Si3, 2.380(2); SitSi4, 2.409(1); Si2Si8, 2.363(2); Si3-
Si9, 2.397(2); Si3-Si10, 2.398(2). Selected bond angles (deg): -CI1
Si1—-Si2, 98.34(6); Cl2-Si2—Si1, 119.02(6); Sit+Si2—Si3, 61.08(4);
Si2—-Si1-Si3, 60.07(4); SitSi3—Si2, 58.85(4); Si2Sil-Si4,
141.46(6); Si3-Si1—Si4, 141.33(6); Si+Si2—Si8, 126.33(6); Si3 Si2—
Si8, 136.91(6).

on the reaction conditions. Thus, treatmend e@fith sodium metal
in toluene at room temperature gave cyclotetrasilene 64%
yield without formation of3 (eq 4). The yield ofl formed by

Na
— < .
toluene

4 1,R=tBuMeSi  (4)

this reaction is much higher than that by our previous method,
i.e. the reductive cross coupling of 2,2-dibromo-1,3edi-butyl-
1,1,3,3-tetramethyltrisilane and 2,2,3,3-tetrabromo-1,teudi-
butyl-1,1,4,4-tetramethyltetrasilad® The reduction of3 with

sodium provides an advantageous method for preparatidn of
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(20) Kobayashi and Nagase have recently reported the relative energies of
the two isomers of ESi, derivatives, RSESIR and RSi=Si:. When R=
(HsSi)sSi, the disilavinylidene isomer is calculated to be 6.2 kcal/mol more
stable than thetransbent disilyne isomer. Kobayashi, K.; Nagase, S.
Organometallics1997, 16, 2489.




