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Abstract: Treatment of bis(phenylethynyl)silane (PEC),SIiR, (R = Me (2a), Et (2b) or Ph @c)) with CpZrEt,

(1) (Cp = cyclopentadienyl) and ¥0/CuCl in this order afforded &,3E)-1,4-diphenyl-1,3-butadiene) in 56—

88% yields after hydrolysis. On the other hand, hydrolysis of the reaction mixtuPe-efi with Cp,ZrEt, gave
silacyclobutene derivativeta—h in 61-87% yields. Zirconium-containing intermediatevas obtained as crystals
suitable for X-ray analysis wheBuGCsH, was used as the ligands of a zirconocene derivative. Structuve of
showed that the intermediate contained the zirconacyclobutglaeyclobutene fused ring system. Reaction of
silacyclobuteneta with CuCl selectively opened the silacyclobutene ring. The further treatment of the reaction
mixture with Phl in the presence of a catalytic amount of PdgpPave 1,3,4-triphenyl-1-silyl-1,3-butadiene
compoundl6é. Zirconacyclopentadienes with an alkynylsilyl group at ¢hposition afforded zirconacyclohexadiene
derivatives19 in 82—98% vyields. Whert-BuCsH4 was used as the ligands instead of two Cp, the structure was
determined by X-ray analysis. The structure clearly showedlhtd the zirconacyclohexadiensilacyclobutene
fused ring system.

Introduction \ / _\/
_ _ _ . R—— \Si/ R = si R PR—=—Si_ R
The coupling of two organic groups on metals is a basic \W/ 5 2 -
reaction of organometallic compounds. It has been well Zr zr "V

investigated for transition metal compleXesiowever, it is very
rare for main group metal compounds such as organosilicon | n n
compounds$:® We found when bis(alkynyl)silanes were treated
with CpZrEt, (Cp = cyclopentadienyl) and iodine in this order,
intramolecular coupling of the two alkynyl groups was ob- Intramolecular Coupling of Two Alkynyl Groups of
served’ Bis(alkynyl)silanes: Formation of Diene Derivatives. Re-
Further investigation revealed that the transformation pro- cently, we have investigated the reactivity ofZgCH,=CH)?
ceeded via silacyclobutene ring formation. We found that this Which is quantitatively formedn situ from CpZrEt, (1).
type of new rearrangement is general for the series of zircona-PDuring the course of this study, we reported that the reaction
cycles such as zirconacyclopropenBs girconacyclopentenes ~ Of an alkynylsilane withl gave a zirconacyclopentene which

Results and Discussion

(I, and zircoancyclopentadieneBl { (vide infra). In this was a coupling product of the alkyne with ethylénéndination
paper, we describe the details of this novel type reaction of of such zwconacyclopent_en_es gives d||odob_utene derivatives.
alkynylsilane groups. However, unexpectedly, similar treatment of bis(phenylethynyl)-
silanes (Ph&C),SiR, (R = Me (2a), Et (2b), Ph @c)) with 1
T Aichi University of Education. equiv of CpZrEt; and iodine in this order gave diphenyldiyne
® Abstract published irAdvance ACS Abstractf)ecember 15, 1997. in high yields?

Ung&é;’sﬁ;’t"g;?ﬁ:ﬁ}"ate professor at IMS (1992995) on leave from Jena A similar intramolecular carboacarbon bond formation

(2) Visiting research student from Gifu University (1993, IMS) reaction was also observed whenHand CuCl instead of

(3) Current address: The Institute of Physical and Chemical Research, jodine was added to the reaction mixture 2d—c with 1.
Hirosawa 2-1, Wako, Saitama 351-01, Japan.

(4) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, RP@ciples (8) For preparation of zirconocenethylene complexes by the reaction
and Applications of Organotransition Metal Chemisteynd ed.; University of CpZrCl, with EtMgBrr, see: (a) Takahashi, T.; Murakami, M.; Kunishige,
Science Books: Mill Valley, CA, 1987. M.; Saburi, M.; Uchida, Y.; Kozawa, K.; Uchida, T.; Swanson, D. R.;
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Scheme 1
i) (R"05H4)22rEt2 R\ R M Me
(1:R"= H,O R s, Ph  _si
(R—=="7sir, m D%—Q
or (R'CgHs),ZrBu; 2, _ —
(R"CsHy), R D Ph
2a-h 4a-h
R=Ph 6a: R'=Me, R"=H 90% 5a
6c: R'=Ph,R"=H
orange crystals 75%
7: R'=Ph,R"=1t-Bu CuCl
orange crystals 63%
Ph OH R Cu ¢l
Ph — — 1
x:¥\ H* L\_(éiMe2 Hz0 \_<__:(SiR'2
3a Ph Ph R
12: 75% 1
Phl
Pd(PPh
(PPhy) / D,0
D
ph Ph OH Ph__Ph CI pn D OH Ph
=<_(S|Me2 = \_<_ (S'Mez =<_<sn=r2 — ;Qz\
Ph Ph
, Fn 14: 99%
16: 43% 15 13: 74% (based on 13)
i)CpZrEt, (1) R Table 1. Formation of Silacyclobutene Derivatives by the
(Fl —.SiR" .____.) H.o E\j 1) Reaction of Bis(alkynyl)silanes with GprEt?
——}__ ii) Ha _
RoM jii) CuClI 3 R Alkynyl silanes Product Yield/%P
2a: R=Ph, R'=Me . + R ‘R =
2b: R = Ph, R' = Et iv) H 3a:R=Ph  3d:R="Tol Me,
’ 88% from2a  79% from 2d —_ " i
2¢: R = Ph, R' =Ph K (Ph—=;SiMe; 22 Ph_ Si 87 (65)
2d: R = Tol, R = Me sa% 2 A
(1E,3E)-1,4-Diphenyl-1,3-butadienes) was obtained in good (Ph—=";siE. ph S 80 (67)
yields from2a (88%), 2b (64%), and2c (56%) (eq 1). = Ph ®
Hydrolysis Product of the Intermediate: Formation of
Silacyclobutene Compounds_.Smce this type of mtramolecular (Ph — Y sPh 2 o Phy 85 (70)
carbon-carbon bond formation of two alkynyl groups of bis- \=<)_Ph 4c
(alkynyl)silanes was quite unusual, we investigated the reaction 4
mixture of 2a—c with 1 (Scheme 1). Very interestingly,
hydrolysis of the reaction mixture dfa—c with 1 afforded (Meo-=Yysite, 22 "y e 87 (60)
silacyclobutene derivativeda—c in high yields as shown in _ S Cyom
Table 1. / e fe
Bis(anisylethynyl)silan@eand bis(tolylethynyl)silan&h also
gave the similar silacyclobutends and4h, respectively. Itis (t-Bu—=jzSiPh, 2 A 4 76 (60)
noteworthy that not only aryl substituted bis(alkynyl)silanes such = But &
as 2a—c, 2e and 2h but also cyclohexenyl- antert-butyl-
substituted onex{ and2g) gave similar types of silacyclobutene Ph
; X ( >_+: i ! 61(52
compounds4f and 4g, respectively, after hydrolysis of the ( 3P 29 _ S ©2
reaction mixture with CgZrEt,. / 49
Preparative methods of silacyclobutenes are very linifte.
exaAlkylidenesilacyclobutenes have been prepared by Ishikawa <Me e ;2 SiPhy 21 Me 0 Py (66)
by the reaction of silyl-substituted alkynes with polysilanes in S
the presence of an Ni(0) or Ni(ll) speci¥$:c Lukehart, 7/ Me 4h

(10) (a) Brook, A. G.; Baumegger, A.; Lough, A. Organometallics
1992 11, 3088-3093. (b) Auner, N.; Seidenschwarz, C.; Herdtweck, E.
Angew. Chem., Int. Ed. Endl991, 30, 1151-1152. (c) Block, E.; Revelle,
L. K. J. Am. Chem. Sod978 100 1630-1631. (d) Valkovich, P. B.;
Weber, W. PTetrahedron Lett1975 2153-2154. (e) Gilman, H.; Atwell,
W. H. J. Am. Chem. Socl965 87, 2678-2683. For a review of
silacyclobutenes, see: (f) George, M. V.; Balasubramania, Brganomet.
Chem. Libr.1976 2, 103-275.

(11) (a) Fink, M. J.; Puranik, D. B.; Johnson, M. R.Am. Chem. Soc.
1988 110, 1315-1316. (b) Ishikawa, M.; Ohshita, J.; Ito, Yarganome-
tallics 1986 5, 1518-1519. (c) Ishikawa, M.; Matsuzawa, S.; Higuchi, T.;
Kamitori, S.; Hirotsu, KOrganometallicsL984 3, 1930-1932. (d) Dema,
A. C.; Lukehart, C. M.; McPhail, A. T.; McPhail, R. . Am. Chem. Soc.
1989 111, 7615-7616;199Q 112 7229-7233.

(12) Tzeng, D.; Fong, R. H.; Soysa, H. S. D.; Weber, Wl.R>rganomet.
Chem.1981, 219, 153-161.

aReaction time: 1 h. Reaction temperature: room temperature. Ratio

of CpZrEt; to bis(alkynyl)silanes: 1.25:2.GC yields. Isolated yields
are given in parentheses.

McPhail, and co-workers have reported that 1,2-addition of

Pt—H to one C-C triple bond of an bis(alkynyl)silane followed
by an intramolecular insertion affordezkcalkylidenesilacy-
clobutenyl ring compoundsd

Formation of Zirconacyclobutene—Silacyclobutene Fused
Complexes as an Intermediate. It is interesting that deu-

(13) (a) Burns, G. T.; Barton, T. J.; Johnson, MJPOrganomet. Chem.
1981, 216, C5-C8. (b) Barton, T. J. IlComprehensgie Organometallic

Chemistry 1| Abel, E. W., Stone, F. G. A, Wilkinson, G., Eds.; Pergamon

Press: Oxford, 1982; Vol. 2, pp 26503.
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Figure 1. Perspective view of.

terolysis instead of hydrolysis of the reaction mixtur&afwith

1 afforded dideuterated compouBéein 86% yield with>99%

of deuterium incorporation. This result suggested that the
intermediate before hydrolysis has the zirconacyclobutene
silacyclobutene ring system. In fact, monitoring of the reaction
mixture of2awith 1 showed the formation dain 90% NMR
yield.

In the case of2c, the corresponding intermedia6x was
obtained as orange crystals by the reactioBafith Cp,ZrBu,
(Negishi reagent)* 'H NMR spectrum of6c revealed one Cp
signal at 5.58 ppm. ItC NMR spectrum showed four olefinic

Xi et al.

Table 2. Crystal Data and Refinement for Compouritiand 19¢

7 19¢

formula CigHa6SiZr CssHesSIZr

718.18 843.4
cryst syst monoclinic monoclinic
space group P2:;/n (No. 14) C2/c (No. 15)
a, 11.461(2) 31.268(3)
b, A 15.245(2) 13.434(3)
c, A 22.038(4) 22.733(4)
p, deg 95.43(1) 102.28(1)
VA 4 8
Vv, A3 3833.4(9) 9330(3)
u(Mo Koy, cmt 3.41 2.89
cryst color orange yellow
cryst habit prismatic prismatic
cryst size, mrh 02x0.3x04 0.2x 0.3x 0.3
deaca (g/cn®) 1.24 1.20
R 0.051 0.056
Ry 0.046 0.051

2 This contains 0.5¢H:4 as a solventR = Y ||Fo| — |F¢||/3 |Fol, Ry
= [YWI|Fol — IFc|3W|Fo[?Y2 w = [0%(F,) + {0.015€,)} %~

Table 3. Selected Bond Distances (A) and Angles (deg) for

Zr—C(1) 2.202(4) C(1}Zr—C(3) 72.7(2)
Zr—C(3) 2.180(4) ZrC(1)-C2) 83.1(3)
C(1)-C(5) 1.488(6) C(1C(2)-C(3) 125.6(4)
c(1)-C(2) 1.322(6) c(yC@)y-zr 78.4(2)
C(2)-C(3) 1.595(6) C(2}C(3)-C(4) 105.0(3)
C(3)-C(4) 1.348(6) C(3)C(4)-Si 92.6(3)
C(4)-C(11) 1.466(7) C(4)ySi—C(2) 77.5(2)
Si—C(2) 1.883(4) SHC(2)-C(3) 84.2(3)
Si—C(4) 1.854(5) C(1ASi—C(23) 108.8(2)
Si—C(17) 1.876(4)

Si—C(23) 1.878(5)

carbons at 140.91, 142.33, 160.50, and 203.72 ppm. X-ray study )
of 6¢, unfortunately, resulted in the gradual loss of intensity Table 4. Selected Bond Distances (A) and Angles (deg)¥6c

during the measurement, and the final refinement led to a
convergence withr, of more than 10%.

In order to determine the structure of the zirconacyclobutene
silacyclobutene intermediate-®u group was introduced into
cyclopentadienyl ligands as a substituent. Reactio?cafith
(t-BuGsHa)2ZrBu, gave the zirconacyclobutensilacyclobutene
complex 7 in 83% NMR vyield. Thel3C NMR showed the
characteristic four olefinic carbons at 140.87, 143.80, 161.79,
and 202.90 ppm. Crystalization @fafforded orange crystals
in 63% isolated yields.

The structure of7 is shown in Figure 1. It clearly shows
that a zirconacyclobutenssilacyclobutene fused ring system
exists in the structure. Its structure reveals that the lengths of
the Zr—C(sp) bonds, ZrC1 2.202(4) A and ZrC3 2.180(4)

A, are slightly shorter than those for a 5-membered zirconacy-
clopentadien® due to the strain of the 4-membered ring. Bond
lengths for C+C2, C2-C3, and C3-C4 are 1.322(6), 1.595-
(6), and 1.348(6) A, respectively. Compared with [(CsH2)--

Ti] 2[C4(CsHs)2] which has a two-titanacyclobutene fused ring
system, the bond length of &2 of 7, 1.322(6) A, is not
significantly different from the titanacyclobutene complex (1.325
A), whereas the bond length of EZ3 of 7, 1.595(6) A, is
much longer than that of the titanacyclobutene complex (1.485
A).16 As for the structure of the silacyclobutene ring, the bond
length of C3-C4 is 1.348(6) A which is much shorter than the
similar exaalkylidene type of silacyclobutene ring systé#.
Two Si—C bonds (1.883 (4) and 1.854 (5) A) are consistent
with the knownexa-alkylidene silacyclobutene (1.88 and 1.86
A).11d Crystallographic data for the X-ray structure analysis of

Zr—C(1) 2.304(6) C(BZr—C(5) 93.9(2)
Zr—C(5) 2.250(5) ZFC(1)-C(2) 121.5(4)
C(1)-C(2) 1.362(7) C(1-C(2)-C(3) 124.8(5)
C(2)-C(3) 1.492(7) C(2}C(3)-C(4) 127.9(5)
C(3)-C(4) 1.367(9) C(3}-C(4)-C(5) 132.6(5)
C(4)-C(5) 1.513(8) C(4yC(5)-2r 109.2(4)
C(5)-C(6) 1.367(8) C(5%C(6)-Si 93.2(4)
Si—C(4) 1.861(6) C(4)Si—C(6) 74.9(3)
Si—C(6) 1.846(6) C(5¥C(4)-Si 88.1(4)
Si—C(11) 1.863(5)

Si—C(17) 1.875(7)

7 and selected structural data7rare given in Table 2 and 3,
respectively.

Mechanism of the Formation of Silacyclobutene Deriva-
tives from Bis(alkynyl)silanes. A plausible mechanism in-
volves (i) a replacement of an ethylene ligand of,x1p
(CH,=CHy,) by an alkynyl group oRa—c to form a zircona-
cyclopropene compoun8land (ii) transformation fron® to 6.
There are two possible mechanisms fr@nio 6, namely, an
insertion mechanism and a vinylidene mechanism (Scheme 2).
Formation of zirconacyclopentadienes by intermolecular or
intramolecular coupling of two alkyne moieties is well-knotin.

The latter mechanism consists of a migration of the silyl group
forming zirconocene-vinylidene speci#6.1® Vinylidene for-
mation from disubstituted alkynes is rare, and formation of
zirconocene-vinylidene species is not yet reported, although
many examples are well-known for the formation of zir-
conocene-alkyne complexes. Therefore, the former insertion
path is more likely over the vinylidene path which, however,
can not be ruled out for this reaction.

(14) Negishi, E.; Cederbaum, F. E.; Takahashiftrahedron Lett1986
27, 2829-2832.

(15) Hunter, W. E.; Atwood, J. L.; Fachinetti, G.; Floriani, Q.
Organomet. Cheml981, 204, 67—74.

(16) Sekutowski, D. G.; Stucky, G. Dl. Am. Chem. Sod976 98,
1376-1382.

(17) For intramolecular coupling of diynes, see: (a) Nugent, W. A,;
Thorn, D. L.; Harlow, R. LJ. Am. Chem. S0d.987, 109, 2788-2796. (b)
Negishi, E.; Holms, S. J.; Tour, J.; Miller, J. A.; Cederbaum, F. E.; Swanson,
D. R.; Takahashi, TJ. Am. Chem. S0d.989 111, 3336-3346.

(18) For a review on transition metal vinylidene compounds, see: Bruce,
M. I. Chem. Re. 1991 91, 197-257.
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Scheme 2
\ 7/
Si
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ph—L>pn
N\ ./ Zr
Si Cp,
Ph% AN
7r Ph \
z, Ph_ _si”
8 Zr — Ph
si
Vinylidene Mechanism T( '~ 6
Cp22r= Ph
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g
N Si
(RCGHZr (Et——-)—ZSIth Et == Et reflux |
- > =
= R r.t., THF (RC5Ha)oZr THF (RCsH,),Zr \ Et
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H

&
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Et/ Et
H™ ™=
H—=
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21a: 85% 20D: 82%

Formation of Butadiene Derivatives. When the reaction
mixture of 2a—d with 1 was treated with a mixture of 1 equiv

Zirconacyclopentadieneks %.1920prepared from zirconacy-
clopentened 7 and an alkyne, were treated at reflux ®h to

of CuCl and an excess of water, diphenyl- or ditolyldiene was afford 1-zirconacyclohexa-2,4-diene fused with a silacyclobutene

formed in good yields. A plausible mechanism is shown in
Scheme 1 which involves the selective cleavage efSbond
of 4 and the formation of alkenylcopper specids Hydrolysis
of alkenylcopper speciekl affords12. Desilylation from12

ring 19 in high yields (82-98%). Their'H NMR spectra

showed one Cp signal at 5.92 ppm fi#aand at 5.96 ppm for
19b. 13C NMR spectra revealed two %parbons attached to
Zr at 199.82 and 231.30 ppm f@®a 196.47 and 230.81 ppm

with concentrated hydrochloric acid gives butadiene derivatives for 19b, and 200.61 and 234.43 ppm f@Bc Hydrolysis of

3. Infact, compound 2 (R = Ph, R = Me) has been isolated
(75% yield). In order to obtain evidence for the formation of
11, two reactions were carried out. One is deuterolysid bf

instead of hydrolysis. This reaction selectively gave monodeu-

terated compound3 in 74% isolated yield with>98% of
deuterium incorporation. Desilylation with hydrochloric acid
(35%) produced monodeuterated die@ein 99% yield based
on 13 The other is a carbencarbon bond formation reaction

using Phl and a catalytic amount of palladium. As expected,
selective phenylation occurred at the C3 carbon of the diene tomoiety.

give 16 in 43% isolated yield as shown in Scheme 1. All of

19 produced silacyclobutene derivativegin high yields (89%
for 20a 82% for 20b). Deuterolysis ofl9b afforded dideu-
terated compoundOD in 82% yield with >99% of deuterium
incorporation (Scheme 3).

The zirconacyclohexadienEc with a t-Bu group in each
Cp ring was structurally characterized by X-ray study. The
structure ofl9cis shown in Figure 2. This clearly shows the
compoundl9c has the 6,4 fused ring system. The zirconium
containing a 6-membered ring is a zirconacyclohexadiene
It is interesting since only several examples of
metallacyclohexadienes are kno#nThis structure shows that

these observations indicate that the cleavage reaction of thethe bond lengths of two ZC(sf) are 2.304(6) A and 2.250-

Si—C bond of the silacyclobutene moiety by CuCl proceeded

with high selectivity.

Intramolecular Insertion of a Carbon —Carbon Triple
Bond into Zirconacyclopentadienes: Formation of Zircona-
cyclohexadiene Derivatives.As an extension of the same type
of reaction of the silylalkynyl group with zirconacycles, we
investigated the reaction of zirconacyclopentadienes.

(19) Xi, Z.; Hara, R.; Takahashi, T. Org. Chem.1995 60, 4444
4448.

(20) (a) Negishi, E.; Takahashi, Bynthesi4988 1—19. (b) Buchwald,
S. L.; Nielsen, R. BChem. Re. 1988,88, 1047-1058. (c) Cardin, D. J.;
Lappert, M. F.; Raston, C. [IChemistry of Organo-Zirconium and Hafnium
CompoundsJohn Wiley: New York, 1987; p 623. (d) Buchwald, S. L.;
Nielsen, R. BJ. Am. Chem. Sod.989 111, 2870-2874. (e) Wagenen, B.
C. V.; Livinghouse, T.Tetrahedron Lett1989 30, 3495-3498.
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cu;%g

C20)

Figure 2. Perspective view ol9c Solvent (0.56H14) was omitted
for clarity.

(5) A for Zr—C1 and Zr-C5, respectively, which are compa-
rable to those for zirconacyclopentadiefesBond lengths of
C1-C2, C2-C3, C3-C4, and C4-C5 are 1.362(7), 1.492(7),
1.367(9), and 1.513(8) A, respectively. The bond length of C5
C6 in a silacyclobutene ring is 1.367 (8) A which is slightly
longer than that of.

A proposed mechanism for the formation of compl&$rom
zirconacyclopentadient8 is shown in Scheme 4. This mech-
anism involves an intramolecular insertion reaction of-aCC
triple bond into zirconacyclopentadied8 providing zircona-
cycloheptatrien@2 with a silacyclopropane side ring and then
1,2-migration of the silyl group to forr9in a similar way to
the insertion mechanism described for a zirconacyclopropene
and a zirconacyclopenterieFor this reaction, the alternative
vinylidene mechanism can be ruled out, since zirconacyclopen-
tadiene18b does not show th¢,5-bond cleavage reaction,
although some zirconacyclopentadienes with a trimethylsilyl
group at thea-position underggs,S-bond cleavagé? It is
consistent with the observation of platinum-mediated silacy-
clobutene formation via silacyclopropane riHg§. Since the
same mechanism is expected for the formation of silacy-

clobutene rings for zirconacyclopropenes, zirconacyclopentenes,
and zirconacyclopentadienes, the insertion mechanism is plau-

sible. The vinylidene mechanism is not likely.

Conclusion

Treatment of bis(phenylalkynyl)silanes with £ZpEt, fol-
lowed by the reaction with a mixture of @ and CuCl gave
1,4-diphenyldiene. Bis(phenylalkynyl)silane shows unusual
intramolecular coupling of two alkynyl groups when it reacted
with CpZrEt,. In this paper, we clearly indicated that these
reactions proceeded via zirconacyclobutene-silacyclobutene
fused ring intermediates. The same type of transformation was

also observed for zirconacyclopentenes and zirconacyclopen-

(21) (a) Yamazaki, H.; Aoki, KJ. Organomet. Chenl976 122, C54—
C58. (b) Grabowski, N. A.; Hughes, R. P.; Jaynes, B. S.; Rheingold, A. L.
J. Chem. Soc., Chem. CommA86,1694-1695. (c) Bleeke, J. R.; Peng,
W. J. Organometallicsl987, 6, 1576-1578. (d) Egan, J. W.; Jr.; Hughes,
R. P.; Rheingold, A. LOrganometallics1987, 6, 1578-1581. (e) Mike,

C. A,; Nelson, T.; Graham, J.; Cordes, A. W.; Allison, N.drganometallics
1988 7, 2573-2575. (f) Alcock, N. W.; Bryars, K. H.; Pringle, P. G.
Chem. Soc., Dalton Tran499Q 1433-1439.

(22) Hara, R.; Xi, Z.; Kotora, M.; Xi, C.; Takahashi, Chem. Lett1996

1003-1004.
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tadienes which have a silylalkynyl group at theposition of
those zirconacycles. Two possible mechanisms can be consid-
ered which are an insertion mechanism and a vinylidene
mechanism. However, since the vinylidene mechanism cannot
be considered for the transformation of zirconacyclopentadiene
18b and the zirconocenrevinylidene complex has not been
reported yet, the insertion mechanism is plausible for all cases.

Experimental Section

General. Unless otherwise noted, all starting materials were
commercially available and were used without further purification. All
reactions involving organometallic compounds were carried out under
a positive pressure of dryNising standard Schlenk techniques. THF
was refluxed and distilled from sodium benzophenone ketyl under a
nitrogen atmosphere. Zirconocene dichloride was purchased from
Aldrich Chemical Company, Incn-BuLi (1.6 M, hexane solution),
EtMgBr (1.0 M, THF solution), andt{BuCsHa),ZrCl, were obtained
from Kanto Chemicals Co. Ltd. Copper(l) chloride was purchased from
Wako Pure Chemical Industries Ltd. All of the Si-bridged diynes were
prepared by the reaction of lithium acetylide (2 equiv) with dichlo-
rodialkylsilane (or dichlorodiarylsilane) (1 equiv).

GC analysis was performed on a gas chromatograph (SHIMADZU
GC-14A) equipped with a flame ionization detector using a fused silica
capillary column (CBP1-M25025) and SHIMADZU CR6A-Chro-
matopac integrator. GC yields were determined using suitable hydro-
carbons as internal standard$i NMR (270 MHz) and**C NMR (67.5
MHz) spectra were recorded on a JOEL EX-270 FT NMR spectrometer,
GC-MS were on SHIMADZU GCMS-QP 1000EX, and high-resolution
MS were on SHIMADZU Krotos CONCEPT IS.

Formation of 1,3-Butadiene 3 by the Reaction of 2ad with
Cp2ZrEt,, Hy0, CuCl, and Aqueous HCI in This Order: A
Representative Procedure for Formation of 3a from 2a.To a THF
(10 mL) solution of CpZrCl, (1.25 mmol, 0.365 g) at-78 °C (dry-
ice/methanol bath) in a 20 mL Schlenk tube was added dropwise
EtMgBr (2.5 mmol, 0.90 M THF solution, 2.78 mL) with a syringe.
After the addition was complete, the reaction mixture was stirred at
—78°C for 1 h. To the reaction mixture was then added 1 mmol of
bis(phenylethynyl)dimethylsilane2§), and the mixture was allowed
to warm up gradually to room temperature. After the reaction mixture
was stirred at room temperature for 1 h, water (0.10 mL) and CuCl
(1.2 mmol) were added, and the reaction mixture was then heated at
50 °C for 12 h. Hydrolysis of the reaction mixture with concentrated
HCI (35%) afforded (E,3E)-1,4-diphenyl-1,3-butadiene#) in 88%
isolated yield.

Similarly, (1E,3E)-1,4-diphenyl-1,3-butadien@§) was obtained in
64% vyield from2b and 56% vyield fron2c, respectively.

When 2d was applied, (E,3E)-1,4-ditolyl-1,3-butadiene3d) was
isolated in 79% yield:*H NMR (CDCls, MesSi) 6 2.34 (s, 6H), 6.59
6.63 (m, 2H), 6.876.91 (m, 2H), 7.13 (dJ = 7.9 Hz, 4H), 7.32 (d,

J = 8.0 Hz, 4H);3C NMR (CDCk, MesSi) 6 21.22, 126.25, 128.52,
129.35, 132.26, 134.74, 137.33.

Formation of Silacyclobutene Derivatives 4a-h: A Representa-
tive Procedure for 4a from 2a. The procedure used here was exactly
the same as that described above for the formatio8. oHowever,
instead of treatment with,lwater, and CuCl, the reaction was quenched
with 3 N HCI, and the resulting mixture was extracted with diethyl
ether (3x 70 mL) and washed with water and brine. The extract was
dried over MgSQ@. The solvent was then evaporaiedzacuoto give
light-brown solids. Recrystalization from ethanol at room temperature
yielded colorless crystals @fa: GC yield 87%, isolated yield 65%;
1H NMR (CDCls, MesSi) 6 0.51 (s, 6H), 6.70 (s, 1H), 7.257.35 (m,
10H), 7.70 (s, 1H)¥3C NMR (CDCk, Me;Si) 6 —0.68, 125.92, 126.74,
126.87,127.88, 128.75, 128.86, 137.13, 139.41, 146.15, 149.02, 158.51;
HRMS calcd for GgH1Si 262.1178, found 262.1181.

For 4b: GC yield 80%,; recrystalization from ethanol at room
temperature yielded colorless crystals in 67% isolated yiéi;
NMR(CDCls, Me,Si) 6 1.20-1.32 (m, 10H), 7.03 (s, 1H), 7.3%.60
(m, 10H), 8.04 (s, 1H)}3C NMR (CDCk, MesSi) 6 6.18, 7.51, 126.00,
126.60, 126.90, 127.64, 128.55, 129.22, 137.47, 139.55, 143.79, 150.12,
156.10; HRMS calcd for &H»,Si 290.1491, found 290.1498.
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Cp ligands were omitted for clarity.

For 4c. GC yield 85%; recrystalization from a mixture of hexane
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75%); 'H NMR (CsDs, Me;Si) 6 5.58 (s, 10H), 7.088.10 (m, 20H);

and ether (70:30) afforded colorless crystals in 70% isolated yield; mp 3C NMR (CsDs, MesSi) 6 96.69, 106.70, 127.54, 127.81, 128.49,

158-159°C; 'H NMR (CDCls, Me,Si) 6 7.09 (s, 1H), 7.187.57 (m,
16H), 7.83-7.88 (m, 4H), 8.22 (s, 1H:C NMR (CDCk, Me;Si) 6

128.60, 128.70, 128.83, 129.12, 130.58, 134.29, 135.63, 140.91, 142.33,
160.50, 203.72. Anal. Calcd forsgHscSiZr: C, 75.32; H, 4.99; Si,

126.66, 126.95, 127.17, 128.03, 128.35, 128.44, 128.66, 129.63, 130.564.63. Found: C, 74.98; H, 5.12; Si, 4.47.

132.54, 135.60, 136.53, 138.81, 143.54, 152.65, 157.21; HRMS calcd

for CygH22Si 386.1491, found 386.1505. Anal. Calcd fosgd,.Si:
C, 87.24; H, 5.94. Found C, 87.01; H, 5.74.

For 4e GC yield 87%; recrystalization from ethanol afforded
colorless crystals in 60% isolated yieltd NMR (CDCl;, MesSi) 6
0.51 (s, 6H), 3.72 (s, 6H), 6.60 (s, 1H), 676.81 (m, 4H), 7.13
7.25 (m, 4H), 7.56 (s, 1H}3C NMR (CDCk, Me,Si) 6 —0.58, 55.32,

Isolation of 7. To a suspension of 0.80 g (2.0 mmol) 6BuGsH,),-
ZrCl, in 20 mL of hexane was added 2.4 mL (1.6 M, 4.0 mmol) of
n-BuLi in hexane at-78 °C. The reaction mixture was stirred for 1
h at—78 °C and then slowly warmed to . The precipitated LiCl
was separated using a frit. After 20 mL of THF was added 2@ °C,
bis(phenylethynyl)diphenylsilan@c (2.0 mmol) was added. The
reaction mixture was allowed to warm to room temperature for'sih.

114.15, 126.98, 127.07, 128.12, 130.24, 132.63, 143.84, 147.07, 15658NMR measurement showed was formed in 83% y|e|d From the

158.56, 159.36HHRMS calcd for GoH2,0,Si 322.1389, found 322.1386.
For 4f: GC yield 76%,; distillation afforded the compound in 60%

isolated yield;'H NMR (CDCl;, MesSi) 6 0.90 (s, 9H), 1.00 (s, 9H),

5.96 (s, 1H), 7.297.38 (m, 7H), 7.757.79 (m, 4H):*C NMR (CDCE,

clear filtrate,7 was crystallized at-40 °C as orange crystals (isolated
yield 63%): *H NMR (CsDs, MesSi) 6 1.08 (s, 18H), 5.485.51 (m,
2H), 5.52-5.54 (m, 2H), 5.83:5.86 (m, 2H), 5.96:5.92 (m, 2H), 7.08
8.02 (m, 20H):3C NMR (CsDs, Me,Si) 0 31.91 (6 CH), 34.39 (2C),

Me,Si) 6 29.87, 30.17, 34.41, 34.52, 127.89, 129.85, 134.05, 135.54, 102.01, 104.41, 104.59, 105.00, 106.22, 127.30, 127.52, 128.00, 128.18,

136.89, 139.78, 151.57, 170.3RMS calcd for GsH30Si 346.2115,
found 346.2110.

128.59, 128.83, 129.80, 130.49, 134.62, 135.78, 140.03, 140.87, 143.80,
161.79, 202.90. The structure of the title complex was confirmed by

For 4g: this compound was obtained when the reaction was carried X-ray crystallography.

out at 50°C; GC yield 61%; distillation afforded the compound in
52% isolated yield!H NMR (CDCls, MesSi) 6 1.45-1.65 (m, 8H),
1.90-2.26 (m, 8H), 5.655.70 (m, 2H), 6.55 (s, 1H), 7-37.78 (m,
11H); 1%C NMR (CDCk, MesSi) 6 22.19, 22.37, 24.82, 25.61, 26.09,

26.17,128.01, 129.02, 130.06, 131.57, 132.33, 133.75, 135.26, 135.67

137.90, 140.14, 149.74, 158.59RMS calcd for GgH30Si 394.2115,
found 394.2121.

For 4h: recrystalization from a mixture of hexane and ether (70:30)
yielded colorless crystals in 66% isolated yiel;NMR (CDCls, Mes-
Si) 6 2.22 (s, 3H), 2.28 (s, 3H), 6.94 (s, 1H), 6.96 Jd+ 7.8 Hz, 2H),
7.07 (d,J = 7.9 Hz, 2H), 7.23 (dJ = 7.9 Hz, 2H), 7.3+7.41 (m,
8H), 7. 73-7.76 (m, 4H), 8.06 (s, 1H®C NMR (CDCk, MesSi) 6

1,4-Diphenyl-1-(dimethylhydroxysilyl)-1,3-butadiene (12). A mix-
ture of4a (260 mg, 1.0 mmol), CuCl (119 mg, 1.2 mmol), andH
(50 uL) in 10 mL of THF was stirred at 50C for 3 h. The reaction
mixture was then hydrolyzed wit3 N HCI and extracted with ether.
‘The organic layer was washed successively with water and brine and
then dried over MgS® After evaporation of the solvent, column
chromatography (silica gel, hexane/etke®5:5) afforded 1,4-diphenyl-
1-(dimethylhydroxylsilyl)-1,3-butadienel®) as a colorless oil in 75%
isolated yield: *H NMR (CDClz, Me;Si) 6 0.42 (s, 6H), 2.45 (br, 1H),
6.67 (d,J = 15.3 Hz, 1H), 6.91 (dJ = 11.4 Hz, 1H), 7.227.54 (m,
11H); 13C NMR (CDCk, Me,sSi) 6 2.20, 126.11, 126.63, 127.31, 127.85,
127.87,128.17, 128.67, 135.90, 137.19, 144.76, 145.44, 145.63; HRMS

21.11, 21.33, 126.54, 128.30, 129.02, 129.16, 129.36, 130.44, 132.83 410 for GaHxOSi 280.1283, found 280.1254.

133.89, 135.60, 136.17, 136.66, 137.93, 142.46, 151.86, 156.37. Anal.

Calcd for GoH»6Si: C, 86.91; H, 6.32. Found: C, 87.09; H, 6.49.
Reaction of 2a with CpZrEt,: Formation of the Zirconium-
Containing Intermediate 6a. The reaction mixture ofa with Cpy,-
ZrEt, was investigated before hydrolysis. Zirconium-containing in-
termediate6a was formed and detected by NMR (90% vyield By
NMR based on a Cp signal). sl NMR (THF—CsDs, Me;Si) showed
one Cp signal at 5.74 ppm. F6a: *CNMR (THF—CsDs, MesSi) 6

Hydrolysis of the above reaction mixture with concentrated HCI
(35%) instead B3 N HCI afforded3a (GC yield 96%, isolated yield
83%). Desilylation of12 by using concentrated HCI (35%) also
generatedBain 77% isolated yield.

13. Instead of HO, D,O was used in the procedure fdr.
Deteurated compountB3 was thus isolated in 74% isolated yield with
D incorporation> 98%. Forl3: H NMR (CDCls;, Me,sSi) 6 0.38 (s,

—0.01, 106.72, 127.29, 128.80, 129.01, 130.21, 132.01, 141.26, 143.00,6H), 2.10 (br, 1H), 6.62 (s, 1H), 6.87 (s, 1H), 7:1B.44 (m, 10H);

162.41, 203.46.

Deuterolysis o6a followed by usual workup afforded dideuterated
compoundba in 86% yield with>99% deuterium incorporation. For
5a H NMR (CDCl;, Me,Si) 0 0.63 (s, 6H), 7.257.40 (m, 10H);
13C NMR (CDChk, Me,Si) 6 —0.70, 126.22, 126.79, 126.93, 127.87,
128.21 (t,J = 23.0 Hz), 128.86, 137.16, 139.45, 145.96, 148.70 (t,
= 22.3 Hz), 158.56; HRMS calcd for :¢H:¢D,Si 264.1301, found
264.1312.

Isolation of 6¢. To a suspension of 0.58 g (2.0 mmol) of ZpCl,
in 20 mL hexane was added 2.4 mL (1.6 M, 4.0 mmolnheBulLi in
hexane at-78°C. The reaction mixture was stirredrfb h at—78°C
and then slowly warmed to @C. The precipitated LiCl was separated
using a frit. After 20 mL of THF was added at20 °C, bis-
(phenylethynyl)diphenylsilan2c (2.0 mmol) was added. The reaction
mixture was allowed to warm to room temperature for 3'H. NMR
measurement showest was formed in 85% vyield. From the clear
filtrate, 6c was crystallized at-40 °C as orange crystals (isolated yield

"3C NMR (CDCk, MesSi) 6 2.24, 126.11, 126.63, 127.31, 127.804(t,

= 22.5 Hz), 127.86, 128.17, 128.65, 135.79, 137.18, 144.69, 145.44,
145.60.

For 14: treatment ofL3 with concentrated HCI (35%) affordel
in 99% yield;'H NMR (CDCl;, MesSi) d 6.60-6.63 (m, 2H), 6.88
6.92 (m, 1H), 7.16-7.39 (m, 10H)23C NMR (CDCk, MesSi) 6 126.26,
127.55, 128.72, 129.06 = 23.0 Hz), 129.21, 133.11, 133.18, 137.40.

16. A mixture of4a (260 mg, 1.0 mmol), CuCl (119 mg, 1.2 mmol),
Pd(PPh). (55 mg, 0.05 mmol), and iodobenzene (135 1.2 mmol)
in 10 mL of THF was stirred at 50C for 6 h. The resulting solution
was then hydrolyzed wit3 N HCI and extracted with ether. The extract
was washed successively with water and brine and then dried over
MgSQ,. After the solvent was evaporated, column chromatography
(silica gel, hexane/ether 95:5) afforded16 in 43% isolated yield.
For 16: *H NMR (CDCls, MesSi) 6 0.34 (s, 6H), 1.88 (br, 1H), 6.85
(s, 1H), 7.06-7.32 (m, 16H)2%C NMR (CDChk, Me,Si) 6 2.42, 126.17,
127.25,127.78, 128.20, 128.25, 128.57, 129.05, 129.41, 136.40, 138.75,
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141.50, 145.35, 145.79, 148.13; HRMS calcd fesHz,0Si 356.1596,
found 356.1588.

Formation of 21a. To a THF solution of zirconacyclopentea&a
(1 equiv) was added bis(1-butynyl)diphenylsilane (1 equiv) 4€C0
The reaction was complete after 12 h at room temperature forming
zirconacyclopentadien®8ain 85% NMR yield. NMR data forl8a
IH NMR (CeDs, MeySi) 6 0.63 (t,J = 7.3 Hz, 3H), 0.91 (tJ = 7.6
Hz, 3H), 1.94 (qJ = 7.6 Hz, 2H), 2.40 (gqJ) = 7.3 Hz, 2H), 6.21 (s,
10H), 6.71-8.01 (m, 20H);**C NMR (GsDs, MesSi) 0 13.71, 14.00,

Xi et al.

139.66, 142.01, 152.86, 160.32; HRMS calcd fegH3,Si 372.2273,
found 372.2259.

20D. The reaction mixture containing9b was hydrolyzed with
DCI/D20O instead 63 N HCI. Normal workup provide@®0D, which
was then purified by means of flash chromatography (hexanefether
95:5). For20D: NMR yield 82%; isolated yield (220 mg) 59%k1
NMR (CDCl;, MesSi) 6 0.81 (t,J = 7.4 Hz, 3H), 0.94 (tJ = 7.6 Hz,
3H), 1.02 (t,J = 7.4Hz, 6H), 2.11 (9] = 7.4 Hz, 2H), 2.13 (9] =
7.4 Hz, 2H), 2.16 (g) = 7.6 Hz, 2H), 2.40 (q) = 7.4 Hz, 2H), 7.34

14.04, 34.62, 84.76, 111.51, 112.58, 123.13, 126.29, 127.31, 127.84,7.69 (m, 10H);*C NMR (CDCk, Me;Si) 6 13.40, 13.53, 13.67, 14.94,
128.58, 129.28, 129.30, 130.5, 136.03, 138.67, 142.20, 142.81, 149.2121.10, 21.98, 25.36, 29.90, 127.93, 129.81, 129.53 , 23.8 Hz),

161.72, 185.41, 200.33. Hydrolysis of the reaction mixture followed
by normal workup provided®2la which was obtained as a pure
compound (sticky oil) by means of column chromatography (hexane/
ether= 95:5). For2la NMR yield 85%; isolated yield 7798H NMR
(CDClz, MesSi) 6 0.96 (t,J = 7.4 Hz, 3H), 1.21 (t) = 7.4 Hz, 3H),
2.52 (q,J=7.4 Hz, 2H), 2.35 (qJ = 7.4 Hz, 2H), 5.75 (s, 1H), 6.81

(s, 1H), 6.88-7.68 (m, 20H);:*C NMR (CDCk, Me,sSi) 6 13.50, 13.68,

134.80, 135.22, 137.14, 139.61, 142.10, 152.8D+t,23.5 Hz), 160.35;
HRMS calcd for GgD,H30Si 374.2397, found 374.2422.

X-ray Crystallographic Analysis of 7. An orange prismatic crystal
of approximate dimensions 0.2 0.3 x 0.4 mn? was sealed in a
capillary tube and mounted on an Enraf-Nonius CAD4 X-ray diffrac-
tometer. Intensity data were collected at room temperature with
monochromated Mo & radiation ¢ = 0.710 73 A). The cell constants

13.89, 27.31, 79.55, 112.77, 122.62, 126.72, 127.17, 127.74, 127.83,and orientation matrices for data collection were obtained from a least-
128.09, 128.50, 129.38, 129.68, 129.95, 134.84, 137.23, 138.80, 139.59squares refinement using the setting angles of carefully centered 25

145.05, 165.55; HRMS calcd forsgHs,Si 468.2273, found 468.2299.
Formation of 19 and 20. A General Procedure. After the

formation of zirconacyclopentadier8 was complete, the reaction

mixture was heated up to reflux in THF for 3 h. Zirconacyclohexadiene

19 was thus formed and obtained as solids or crystals after recrystal-

ization from hexane at low temperature {G). Hydrolysis of the
reaction mixture wit 3 N HCI and followed by usual workup afforded
20.

For19a NMR yield 89%; isolated yield 83%H NMR (CsDs, Mes-
Si) 6 0.89 (t,J = 7.3 Hz, 3H), 1.15 (tJ = 7.6 Hz, 3H), 2.22 (g9J =
7.6 Hz, 2H), 2.41 (qJ) = 7.3 Hz, 2H), 5.92 (s, 10H), 6.497.93 (m,
20H); 13C NMR (CsDs, Me4Si) 6 15.44, 15.80, 28.86, 33.55, 110.85,

reflections. Crystallographic data are given in Table 2. The data were
collected inw — 20 mode. The intensities of three standard reflections
were checked evgr2 h toascertain crystal integrity, and the intensities
were corrected for the decay (16%). A total of 12189 reflections were
measured (@nax= 60°), of which 4616 unique reflections witlfr,| >
30(|Fo|) were used for the solution and refinement of the structure.The
structure was solved by direct methods (SHELXSZ8@&nd the
following conventional Fourier techniques. Refinement was carried
out by full-matrix least-squares using Xtal3.2 softwéreAll non-
hydrogen atoms were refined anisotropically, and hydrogen atoms were
fixed to the calculated positions with isotropic thermal parameters equal
to those of parent carbon atoms. Refinement of positional and thermal

12271, 125.17, 127.04, 127.67, 127.90, 128.39, 129.90, 130.78, 135.70Parameters led to a convergence wRh= 0.051,R, = 0.046, and
137.09, 141.13, 144.85, 147.90, 151.37, 152.56, 176.13, 199.82, 231.30COF = 1.33. The maximum and minimum peaks on the final

For 19b: NMR vyield 82%; isolated yield 57%H NMR (CgDs,
Me,Si) 6 0.93 (t,J = 7.3 Hz, 6H), 1.08 (tJ = 7.4 Hz, 3H), 1.10 (t,
J=7.6 Hz, 3H), 1.31 (9) = 7.3 Hz, 2H), 2.12 (9] = 7.6 Hz, 2H),
2.22 (9,d = 7.4 Hz, 2H), 2.24 (9] = 7.3 Hz, 2H), 5.96 (s, 10H),
7.16-7.94 (m, 10H);**C NMR (CsDs, Me,sSi) 6 15.22, 15.39, 15.80,

difference Fourier map correspond to 0.57 ar@l43 e/, respectively.

X-ray Crystallographic Analysis of 19c. A crystal of approximate
dimensions 0.2« 0.3 x 0.3 mn? was sealed in a capillary tube and
mounted on an Enraf-Nonius CAD4 X-ray diffractometer. Unit cell
parameters were determined by least-squares refinement of the angular

16.71. 17.68. 24.40. 28.81 32.79. 110.11. 128.31. 129.70. 135.72 positions of 25 well-centered reflections. Crystallographic data are

137.70, 141.79, 145.50, 152.08, 172.92, 196.47, 230.81.

19c. Recrystalization from cold hexane °@) afforded crystals
suitable for X-ray analysis. X-ray analysis showed this complex
contained 0.5¢H14 in the crystal. Fodl9c NMR yield 98%; isolated
yield 79%;*H NMR (CsDs, Me4Si) 6 0.85 (t,J = 7.3 Hz, 3H), 1.18 (t,
J=7.6 Hz, 3H), 1.27 (s, 18H), 2.37 (4,= 7.3 Hz, 2H), 2.38 (qJ) =
7.6 Hz, 2H), 6.04 (m, 2H), 6.08 (m, 4H), 6.13 (m, 2H), 6-:6R94 (m,
20H); *C NMR (GsDg, MesSi) 6 15.08, 15.67, 30.31, 31.72, 33.32,

34.41, 107.02, 107.82, 108.80, 112.51, 122.86, 125.05, 126.93, 127.24
127.85, 128.37, 129.80, 130.76, 135.81, 136.80, 141.04, 142.68, 145.62

149.34, 151.17, 152.88, 176.55, 200.61, 234.43.

20a. Hydrolysis of the reaction mixture containiria with 3 N
HCI, followed by normal workup, provide@0a which was then
purified by means of flash chromatography (hexane/eth86:5). For
20a NMR yield 89%; isolated yield 54%H NMR (CDClz, MesSi)

0 0.85 (t,J = 7.4 Hz, 3H), 0.99 (tJ = 7.4 Hz, 3H), 2.08 (q) = 7.4
Hz, 2H), 2.40 (qdJ = 7.4 Hz, 1.3 Hz, 2H), 6.63 (s, 1H), 7.87.72
(m, 21H); *3C NMR (CDCk, MesSi) 6 13.50, 13.64, 25.35, 30.10,

listed in Table 2. Diffraction data were collected at room temperature
by using graphite-monochromated Maxkradiation and anv scan
technique. The intensities of three standard reflections were checked
every 2 h, and no significant loss of intensity was observed. A total
of 11 934 reflections were measured, of which 4320 reflections were
unique with |Fo] > 30(|Fo|). The position of zirconium atom was
determined from a Patterson map and used as the initial phasing model
for difference Fourier synthesis. All non-hydrogen atoms were refined
anisotropically, and a subsequent difference Fourier synthesis revealed

the positions of hydrogen atoms. Data reduction and structure refinment

were performed using Xtal3.2 softwafe.Refinement of positional
and thermal parameters led to a convergence Rith 0.056,R, =
0.051, and GOR= 1.43.

Acknowledgment. The authors thank the Japanese Ministry
of Education, Science and Culture for support of this work. The
authors also thank Kanto Chemicals Co. Ltd. for the gift of
zirconocene compounds. W.S. is supported by JSPS postdoctoral

126.32, 127.02, 127.85, 128.07, 128.41, 128.66, 129.52, 129.67, 130.01fellowship.
134.34, 135.24, 137.57, 140.23, 140.75, 141.11, 141.85, 152.72, 162.75;

HRMS calcd for G4H3,Si 468.2273, found 468.2281.

20b. Hydrolysis of the reaction mixture containii®b with 3 N
HCI, followed by normal workup, provided9b, which was then
purified by means of flash chromatography (hexane/eth86:5). For
20b: NMR yield 82%; isolated yield 61%H NMR (CDCls;, MesSi)

6 0.83 (t,J = 7.4 Hz, 3H), 0.95 (tJ = 7.6 Hz, 3H), 1.02 (tJ =
7.4Hz, 6H), 2.11 (gJ) = 7.4 Hz, 2H), 2.12 (qJ = 7.4 Hz, 2H), 2.16
(9,J = 7.4 Hz, 2H), 2.40 (qdJ = 7.6 Hz, 1.3 Hz, 2H), 5.28 (] =
7.3 Hz, 1H), 7.3+7.39 (m, 6H), 7.54 (tJ = 1.3 Hz, 1H), 7.65-7.70
(m, 4H); 13C NMR (CDCl, MeySi) 6 13.41, 13.50, 13.66, 14.90, 21.10,

Supporting Information Available: Crystallographic data,
positional and thermal parameters and lists of bond lengths and
angles for7 and 19c (17 pages). See any current masthead
page for ordering and Internet access instructions.

JA972381V

(23) Sheldrick, G. M.SHELXS-86, Program for Crystal Structure
Determination University of Gottingen, Germany, 1986.

(24) Hall, S. R.; Flack, H. D.; Stewart, J. Mtal 3.2, Program for X-Ray
Crystal Structure AnalysjdJniversities of Western Australia, Geneva, and

21.98, 25.30, 29.90, 127.98, 129.81, 129.94, 134.82, 135.24, 137.03,Maryland, 1992.



