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SUMMARY

Alkynes induce reductive elimination of alkane from Cp,2r(H)(R);

zirconacyclopentadienes are formed as well.

In the course of our investigation of the chemistry of alkyl?ircqnium(lv)
hydride complexesl Cp,Zr(R)(H) (1), we found that their reaction with alkynes
took an unéxpected course: rather than reaction by hydride insertion2 “to give
(atkyl)(alkenyl)zirconium complexes, elimination of RH occurred and zircona-
cyclopentad:lenes were formed.

‘Preparatioﬁ of metallacycles (g) can be accomplished rapidly as follows:
methylzirconium(IV) complex 1a was preparéd'as described.3 A suspension of
295 mg (1.?5 mrole) 1a im 10 mi benzene was stirred with 8.8 mmole 3-hexyne

* Author to whom correspondence should be addressed..
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** All solvents were distilled under argon from sodium benzophenone ketyl.
All reactions were performed under-an atmosphere or dry argon.



(1 =Et) was thus:f; _
jspectral analysis. ; Hydrolysis of Za gave 3a and deuterolysis gave 3a-clz 1n
naa.rly quantitative yield as’ the only volal:ile products obtained .* Sttuctures

$

for these dienes were determined by NHR and ma.ss spectral a.naIVSis-
[SCHEME 1]

/J‘}
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Reaction of la with 4-methyl-2-pentyne gave a mixture of deep red
metavll;-;cycbles 2b and' 2¢ (4:1) in 76% total yield.v Hydrolysis of the metalla-
cycle mixture gave dienes 35 and 3c which were separated by preparative gas
chrmnatogtaphy.# Scrt.ccutes for these dienes were detemiped by R and
mass spectral analysis. As expected,rthese diehes were formed :Ln a'4':1' rai:io;

t:hus confirming NHR assigmnents made for 2b a.pd 2c.

*x MR for 2a (so MEz in- csns) 5§ 6.07 (s, 1on), 2. 4o(q. 4, 3= 7nz).
- 2.27 (q, 4y J=7HZ); 1.05(t, 6; I=7Hz), O. 96 (t, 6, 3=7Hz).

Molecular ion cofre}spo“n&s to that calculated for C,;H;gZT-
The zirconium-containing hydrolysis product was not ‘identified.
© MMR for 3a vinylic"p'ro':on- " &§°5.45 '-(Zﬁ, T ¢ ’-—-":'Hé) ; missing ‘for. 3a;dz.

FMR for 2b: & 6.05 (IOH, s), 2:86 (2a, septet, J= 711..), 1.82(6H, s),
- 1.07 (6n, d, 3= 7Hz)

g 0 H# ~+

. for 2c: & 6.00 (10H, s), 3.2:2.6 (m, 23), 1.89 (3n, s), 1. 78 (311, s),
1.31 (GB,d = 73:),0.95(63 4, I= 7Hz).

+ Sep&rated on 8% X 1/4" 10% Carbowax 20 H.

o . NHR for Jb vmylig protons 65 22 (2H, 4, J=8Hz) = ,,7 . ERDIE

for 3c, vi.nyl:lc protons 65 08 (lﬁjrq,‘J-BHz), :4 93 (IH, d J’=8Hz)
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' [SCHEME 2]
12+ 2)=— ———5 cu, +  Cpgzr «  CpyZf
28 2¢
H20 lﬂzo
}-2/_\&( * 7\
3 3¢

Reaction of 3-hexyne with labeled compound 1lc (in benzene solution,
room temp, overnight) gave the expected product of reductive elimination,
1,2~-dideuteriomethylcyclohexane (80%).a In the absence of the alkyne, some
alkane was formed undcr these conditions {ca. 10%). iHowever, this alkane was
a complex mixturea of methylcyclohexane-dg, -~d,, and -d,, indicating that,
here,,.it: was not formed by =z simple reductive elimiration process. Iﬁese
observations suggest that metallacycle formation in the presence of alkyne
occurs as shown in Scheme 3.

We believe that the alkyne induces reductive elimination of alkane from
Cp,Zr(H)(R). This can be explained through consideration of the coordinatiomn
requirements of che metal: direct eliminration of RH from "A16-elcctron"
complex _l_ would :anolQe formacicn of ; "14-c1ectron" intermediate; alkane
elimination from 118-electron® s-pecies 4 would give a less highly unsaturated
complex intermediate ( 5). 'mis 1nterpretation suggests that any potentially
ligating species for Zr(IV) should foster reductive elimination from
.Cp,Zr(H)(R‘ Accordingly, studies involving such ligands (other than

alkynes) are currently in progress. '

3 Determined by gc-mass spectral analysis.



e R S -
T CpaZfzH % RH +  CpyZr—il-

'9 o o ) R
4 5

—~

D,
/CHzO -
R= —CHz-O. i Cr szzr\ ; R = aikyl
o o

a: R:—CHs ; b
ACKNOWLEDGMENTS _

The authors acknowledge generous support for this fesearch provided by

the National Science Foundation, grant # CHE 76-02130. -QOne of us (K.I.G.)

also acknowledges support from a University Travelling Scholéiship from the

Anétralian National University.

1.

REFERENCES

Prepared from the corresponding Cp,Zr(R)(Cl) and LiAlH(OBUE):, [or

LiAlD(OBuE):,]; K. I. Gell and J. Schwartz, unpublished results.

" D. W. Hart, T. F. Blackburn, and J. Schwartz, J. Am. Chem. Soc., 97

(1975) 679.

P. C. Wailes and H. Weigold, J. Organometal. Chem.,24 (1970) 405.

A zirconacyclopentadiene complex has been prepared from Cp,ZrCl, sad

1,4-dilithio-éeﬁraphenylbutadieﬁe: E. H. Bréye, W. Hubel, and
I. Capelier, J. Am. Chem. Soc., 83 (1961) 4406, and by irradiation of
Cp,2r(CH,), in the presence of diphenylacetylene: H. Alt and M. D.

Reusch, J. Am. Chem. Soc., 95 (1974) 5936.



