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Metalacyclopentadienes, which have been considered as inter- Site A R
mediates for the formation of benzene derivatives from alkynes, (Known) ™= R ]
have shown various €C bond formation reactions? Reactions LM ‘_(ﬁ’rﬁiﬁn)
of metalacyclopentadienes mostly proceed at the netarbon \R
bond (siteA, Figure 1)12and some reactions are known to proceed Site C
at theg,'-carbor-carbon bond (sit®).2dh34However, to the best (Unknown)
of our knowledge, there is no report for the reaction of thg- Figure 1. Reation sites of metalacyclopentadienes.

carbon-carbon double bond (sit€) of metalacyclopentadienes. -

Herein we would like to report the first example of a reaction of Et
the a.,3-C=C bond (siteC) in zirconacyclopentadienes and further  ¢p,zr : cpZZr Cpazr{__ szz<:<j
transformation affording 1,2,3,5-tetrasubstituted benzene formation Et

via the formal C-C bond cleavage of the zirconacyclopentadienes. Bt

Initially, we studied the cyclopropanation reaction of zircona- (1a) (1b) (1C) (1d)
cyclopentadienes with dichlorocarbené The dichlorocarbene was
N . Et
generated by the standard procedure in situ by the sequential Et
addition of bromotrichloromethane and butyllithium in the solution oS
of zirconacyclopentadiendsat —78 °C in E4O. After 3 h at the Et /z /f /;Q
same temperature, the reaction mixture was hydrolyzed with 3 M Et cl cl
HCI at —78 °C for several hours. Workup afforded the dichloro- (2a) 72% (2b) 60% 67% (2d) 46%
cyclopropanated products Figure 2. Formation of cyclopropanes from zirconacyclopentadienes (GC

Typical examples are given in Figure 2. Reactions of tetraalkyl- yields).
zirconacyclopentadiends and1b,® zirconaindend.c,” and bicyclic

zirconacyclopentadierted® with dichlorocarbene afforded products ~ S¢¢me 1
2a, 2b, 2¢, and2d in reasonable yields, respectively. Deuteriolysis R R reagenti) R R R
of the reaction mixture prepared frofra with DCI/D,O afforded ooz, o | oz S o =
2a-d, with >98% of deuterium incorporation. This result proved reagent i) R R
that thea,5-carbon-carbon double bond of zirconacyclopentadiene R R 2 X R % X
1 reacted with the carbene without interference with the@ibonds 1 3(X=Cl) 2(X=Cl)
to give 1-zirconabicyclo[3.1.0]hexeras an intermediaté. 5(X=H) .0 4(X=H)
We assumed that the similar reaction could be achieved with a reagent i) for 3 reagent i) for 5 R=Et
Simmons-Smith type cyclopropanation reag&ffthus a zircona- oBrcl g :gﬂm ag;’g:ré‘zquiv_) i o
cyclopentadiené solution in dichloroethane was added to a solution  Et,0,-78°C,3h  CHal, (4 equiv.) DTS
of Simmons-Smith type reagent at23 °C, stirred for 1h at the at g;‘fg'fg:"gg';nin D Et
same temperature, warmed td© and stirred for additional 1 h. <Simmons-Smith> Et ¥ X
The formation of intermediat& was confirmed by3C NMR Type Reagent 2a-d,X = Cl), D >98%
analysis of the reaction mixtu#& The shifts for the carbon atoms reaction conditions 4a-dy (X=H), D>98%

. . 23°C,1ht0 0°C, 1h
connected to zirconium atom were observed at 188.20 ppt (sp

C) and 66.02 ppm (§(C), which is agreement for with the observed  Therefore, it was expected that the intermedigtshould have
data for similar compounds. After quenching of the reaction  similar reactivity to that of zirconacyclopentenes toward CO.
mixture and workup, the corresponding cyclopropane derivatives Surprisingly, after isolation we obtained 1,2,3,5-tetrasubstituted
4 were obtained. Also, dideuterated proddetd, was obtained benzeness in good yields (Scheme 2) instead of the expected
after deuteriolysis with-98% of deuterium incorporation (Scheme  cyclopentenone products.
1). Some typical examples are given in Table 1. Some typical examples are given in Table 1. The reaction of
It has been known that zirconacyclopentadienes do not directly CO with alkyl substituted zirconacyclopentadienggb gave
react with CQ? but that zirconacyclopentenes #d*In the next 1,2,3,5-tetrasubstituted benzergasb. The reaction ofLd yielded
step, we carried out carbonylation of the intermeditehich can the corresponding tetrahydronaphthaléide
be regarded as a zirconacyclopentene;28 °C under a slightly After quenching of the reaction mixture with HCI aqueous or
positive pressure of CO to obtain cyclopentenone derivative. iodine, only product6 was obtained in both cases. Moreover,
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Table 1. Formation of Cyclopropanes and Benzenes from
Zirconacylopentadienes

Zirconacyclo- o yosronane? Yield(%)°  Benzene®  Yield(%)°

pentadiene
Et Et Et
| Et Bt Et
CpoZr__ £t 74 (55) 74 (63)
Et Et Et
Ef Et
t(121) (4a) (6a)
Pr Pr Pr
- Pr N Pr
CpoZr, py 60(50) 68 (56)
Pr ' Pr Pr
Pr Pr
(1b) (4b) (6b)
Et Et Et
e x
CpaZr, 63 (38) 70 (52)
Et
Et
Ela) (4d) (6d)

a1, CHlyp, EtZn; 2. H. P 1. CHly, EbZn; 2. CO.¢ GC yields, isolated
yields are given in parentheses.

Scheme 2
R R
R . R
= i)CO -23°C,3h
CPZZI'
R iiy H* R R
R
5 6
Scheme 3
R
R R R R R
= co \_R CpoZr
Cpo2Zr. —  |CpyZr ) —_— C‘)‘) = R
R R H
R <O) R g
5 7 8
R R R R
—_— szgr R R
HO
Cpzr=0 R
9 6

deuteriolysis with DCI/RO also did not give deuterated benzenes.
Recently, zirconocene-mediated cleavage of vinylcyclopropanes
through the formation of a zirconium intermediate with a cyclo-
propyl moiety has been reportét-However, the presented reaction
mechanism does not explain our results. Although we must await
further investigation to make clear the mechanism, one possible

mechanism is shown in Scheme 3.
CO insertion occurs first at zirconiunsp® carbon bond o6 to

afford zirconacyclohexenonéthat undergoes intramolecular nu-
cleophilic addition of the Z+sp? carbon bond to carbonyl group

to furnish8. Cleavage of metalaoxirane and the-C bond of the

two substituted carbons in the cyclopropane gives rise to the

formation phenyl(hydroxy)zirconium speci@sCp,Zr=0 and the
corresponding benzene derivati@eare liberated fron®.

It is interesting to note that this method gives 1,2,3,5-tetraalkyl-
substituted benzenes. This is in sharp contrast to the conventional
benzene formation from 2,3,4,5-tetraalkylmetalacylopentadienes,
which affords 1,2,3,4-tetraalkyl-substituted benzenes (Figuté 3).

R R
R
R ~h
Known | nMm This work /@:H
— . —
R il R R R

Figure 3. Formation of benzenes from metalacyclopentadienes.

It should be emphasized that the carb@arbon double bond
of the zirconacyclopenadiene was cleaved and that two alkyl groups,
which originally came from the same alkyne, were separated by
one carbon in the benzene derivatives.

Supporting Information Available: Experimental details and
spectra data for all new compounds. (PDF). This material is available
free of charge via the Internet at http://pubs.acs.org.

References

(1) For reviews, see: (a) Grotjahn, D. Bomprehensie Organometallic
Chemistry I| Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.; Elsevier
Science Ltd: Oxford, 1995; Vol 12; pp 74770. (b) Schore, N. E.
Comprehensgie Organic SynthesisTrost, B. M., Fleming, I., Eds;
Pergamon Press Ltd: Oxford, 1991; Vol. 5; pp 1+2962. (c) Schore,
N. E. Chem. Re. 1988 88, 1081-1119.

(2) For the C-C bond formation of metalacyclopentadienes, see: (a)

Vollhardt, K. P. C Angew. Chem., Int. Ed. Endl984 23, 539-556 and
references therein. (b) Balaichi, G. J.; Rothwell, I.2.Am. Chem. Soc.
1993 115 1581-1583. (c) Hill. J. E.; Balaich, G. J.; Fanwick, P. E.;
Rothwell, 1. P.Organometallics1993 12, 2911-2924. (d) Johnson, E.
S.; Balaich, G. J.; Rothwell, I. PJ. Am. Chem. S0d.997 119, 7685-
7693. (e) Takahashi, T.; Xi, Z.; Hara, Rtends Organomet. Cherh997,
2, 129-145. (f) Kotora, M.; Xi, Z.; Takahashi, TJ. Synth. Org. Chem.
1997 55, 146-157. (g) Takahashi, T.; Xi, Z.; Kotora, MRecent Res.
Dev. Pure Appl. Chem1998 2, 260-270. (h) Takahashi, T.; Kotora,
M.; Hara, R.; Xi, Z.Bull. Chem. Soc. Jpr1999 72, 2591-2602. (i) Sato,
F.; Urabe, S.; Okamoto, £hem. Re. 200Q 100 2835-2886.

(3) (a)Hara, R.; Xi, Z.; Kotora, M.; Xi, C.; Takahashi, Them. Lett1996
1003-1004. (b) Takahashi, T.; Xi, C.; Xi, Z., Kageyama, M.; Fischer,
R.; Nakajima, K.; Negishi, EJ. Org. Chem1998 63, 6802-6806.

(4) Smith, D. P.; Stricker, J. R.; Gray, S. D.; Bruck, M. A.; Holmes, R. S.;
Wigley, D. E.Organometallics1992 11, 1275-1288.

(5) Nayr, V. InComprehensie Organic Synthesidrost, B. M., Fleming, 1.,
Paquette, L. A., Eds.; Pergamon Press: Oxford, 1991; Vol 4, pp-999
1029 and references therein.

(6) Negishi, E.; Cederbaum, F. E.; TakahashiT@trahedron Lett1986 27,
2829-2832.

(7) (a) Erker, GJ. Organomet. Cheni977, 134, 189. (b) Kropp, K.; Erker,
G. Organometallics1982 1, 1246. (c)Buchwald, S. L.; Watson, B. J.
Am. Chem. Socd 986 108 7411-7413.

(8) O’Connor, J. M.; Pu, L.; Uhrhammer, R.; Johnson, J. A.; Rheingold, A.
L. J. Am. Chem. S0d.989 111, 1889-1891.

(9) Furukawa, J.; Kawabata, N.; Nishimura,T&trahedron1968 24, 53—
58.

(10) 5a 13C NMR (CsDg, Me,Si) 6 14.11, 14.95, 16.34, 16.39, 23.44, 23.91,
29.23, 29.94, 35.72, 44.01, 66.03, 110.32, 110.50, 140.03, 188.20.

(11) Similar compounds can be prepared by the reaction of zirconecene
cyclopropene complex with alkynes: (a) Buchwald, S. L.; Nielsen, R. B.
Chem. Re. 1988 88, 1047-1058. (b) Yin, J.; Jones, W. MDrganome-
tallics 1993 12, 2013-2014. (c) Binger, P.; Muller, P.; Langhauser, F.;
Sandmeyer, F.; Phillips, P.; Gabor, B.; Mynott, Ghem. Ber1993 126,
1541-1550.

(12) Direct carbonylation of zirconacyclopentadienes can be performed in the
presence of a Ni(ll) complex: Takahashi, T.; Tsai, F.-Y.; Li, Y.; Nakajima,
K. Organometallics2001, 20, 4125-4127.

(13) For a review, see: Negishi, E.Gomprehensie Organic Synthesigrost,
B. M., Fleming, I., Paquette, L. A., Eds.; Pergamon Press: Oxford, 1991,
Vol 5, pp 1163-1184 and references therein.

(14) For example, see, Takahashi, T.; Xi, Z.; Nishihara, Y.; Huo, S.; Kasali,
K.; Aoyagi, K.; Denisov, V.; Negishi, ETetrahedron1997, 53, 160—
171

(15) Harada, S.; Kiyono, H.; Nishio, R.; Taguchi, T.; Hanzawa,JYOrg.
Chem.1997, 62, 3994-4001.

(16) (a) Takahashi, T.; Kotora, M.; Xi, Z1. Chem. Soc., Chem. Commun.
1995 361-362. (b) Takahashi, T.; Xi, Z.; Yamazaki, A.; Liu, Y.;
Nakajima, K.; Kotora, MJ. Am. Chem. S0d.998 120, 1672-1680. (c)
Kotora, M.; Noguchi, Y.; Takahashi, Tollect. Czech. Chem. Commun.
1999 64, 1119-1124. (d) Takahashi, T.; Tsai, F.-Y.; Li, Y.; Nakajima,
K.; Kotora, M.J. Am. Chem. S0d.999 121, 11093-11100.

JA017163N

J. AM. CHEM. SOC. = VOL. 124, NO. 3, 2002 389



