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Ahstract: Copper-mediated reaction of zirconacvelopentadienes with icdopropenoates afforded o
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and hexasubstituted cyclopentadienes. © 1998 Elsevier Science Ltd. All rights 1eserved

Direct transformation of metailacycles to carbocyclic compounds is of general synthetic interest,! and
special attention has been devoted to the preparation of cyciopentadiene derivatives that find extensive use not
Gﬁly in Of gamc S_'y'muc:ms but also in pmyun:l uwuustry uamg metallocenes. uespite the existence of a number
of synthetic methods affording cyclopentadienes, the most attractive one seems to be the direct transformation of
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five-membered metallacvcles that are readilv nrepared bv the rea ow-valent transition metals with
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alkynes and/or alkenes. In this regard especially attractive are zirconacycles, which can be easily prepared
bearing different substituents, that can participate in a number of cyclization reactions, including also the
formation of cyclopentadlenes.2 3
In this paper we would like to report a new procedure for the direct preparation of cyclopentadienes from
zirconacyclopentadienes based on a cross coupling-conjugate addition reaction sequence. Our synthetic strategy
was based on the following concepts: firstly, transmetallation of a zirconacyclopentadiene to a more reactive
dimetallo-intermediate, and secondly, reaction of the transmetallated compound with a suitable substrate bearing

two electrophilic sites that are able to participate in the tandem reaction sequence. As the reagent for the

transmetallation of zirconacyclopentadienes was chosen CuCl, which has often been successfully used in many
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best serve the purpose. Examples of separate cross-coupling reactions of zirconacycles with v or aryl

iodides?8.N are known as well as the conjugate additions to unsaturated enones. 5 Suitable qubst,rdtes beari
two electrophilic sites that are able to participate in the proposed tandem reaction are 3-iodopropenoates wh1ch
in turn, are easily prepared from alkynoic acid derivatives.®

On the basis of this idea it was found that the addition of 2a (2 mmol) and CuCl (2 mmol) in this order
to a solution of tetraethylzirconacyclopentadiene’ 1a (1 mmol) in THF (5 mL) at 20 °C resulted in a slightly
exothermic reaction and the formation of the product 3a8 in 98% yield (GC) within 5 min (Scheme 1). Methyl
(Z)-3-bromopropenoate gave similar results (98% GC), but extended reaction time was needed for the

completion of the reaction (15min to 1h).
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Further study involving the use of symmetrically and unsymmetrically substituted monocyclic as well as
bicyclic zirconacyclopentadienes 1a-f bearing alkyl and aryl groups resulted in all cases in the formation of
cyclopentadiene products in high yields. Indenylzirconacyclopentadiene 1g gave 3g in 63% yield. Results are
summarized in Table 1. l'rimethyisiiyi substituted zirconacyclopentadienes afforded the desired products only in
low yields (10-20% isolated yields). Although 1 equiv. of iodopropenoate should be sufficient to give high
3 esired ywd.:.cts, 1.5-2 equiv. of iodopropenoate to zirconacyclopentadiene were found to be
required to achieve satisfactory yields. The same concerns the amount of CuCl; 2 equiv. are necessary to get
high yields of the products.

Table 1. CuCl-Mediated Reaction of Zirconacyclopentadienes with
(2}~" ep openoate 2a.
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In the next step were used 3-substituted-3-iodopropenoates. As expected, they also readily participated

in this reaction, though longer reaction time was needed depending on the character of the substituent, and as
products were obtained hexasubstituted cyclopentadienes. As representative examples were chosen methyl,
phenyl,5 and carboxymethyl9 3-substituted-3-iodopropenoates 2b-d. In all cases the corresponding products

:



were obtained in high yields. Resuits are summarized in Table II. The structure of the product 4¢10 was
confirmed b oy X-ra'y an lySiS.
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Table 2. CuCl-Mediated Reaction of Zirconacyclopentadienes with lodopropenoates 2b-2d.

Reaction conditions
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Thus, the idea of a combination of the tandem cross coupling-conjugate addition reaction proved to be
useful, and we may cenclude that the reaction mechanism is as follows (Scheme 1). Firstly, the
zirconac yrlopc-.tamepe l undergoes tr_mmt:tallatlon Wit__ CuCl to form the dlorganocopncr mtg_mlcdlatc S.

However, the question remains whether this step procccds indeed via a single-step cross-coupling reaction or
via a multi-step Michael addition-elimination reaction. Nevertheless, the longer reaction time needed in the
reaction with bromopropenoates in comparison with iodopropenoates indicates that this step should proceed via
a cross-coupling reaction.! | Finally, the intermediate 6 undergoes intramolecular Michael addition forming the
enolate 7 which, after hydrolysis, gives the cyclopentadiene product 3.
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P R! R' COOEt R! Rt
2 R2 2
RW&( o 2cucl BNZcy 2a PN = e RN=
- r r p2 - - falr] o \ . S \
R, R R YT 37 {, JOFt Re” Y, COOEt
R* R4 R4 R* OCu R°
i 5 6 7 3



We conclude that this reaction offers a new pathway to a variety of penta- and hexasubstituted

cyclopentadienes. Moreover, the presence of an ester group in the side chain may potentially serve as the
reaction center for further transformations and/or modifications.
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3a: 'H R (CDCli3, Me4Si) 0 1.00 (1, J = 7.6 Hz, 6H), 1.03 (t, = 7.5 Hz, 6H), 1.22 (t, /= 7.1 Hz,
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3H), 2.0/-2.16 (m, ZH), £.21 (Q, J = /.0 HZ, 411), £.386 (4, J = 0.4 1Z, Z0), £.530-2.43 (I, 211), 3.420
e - s A W + T 4  d ~ 41 TT AT TV qu‘ A SV As N ZalaVall n & oy S 14 1M 12 1.1 FZa Y N 12 VL
(t, J = 6.4 Hz, 1H), 4.09 (q, J = 7.1 Hz, 2H); '°C NMR (CDCl3, Me4S1) 0 14.12, 15.11 (2C), 15.36
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(20), 18.54 (2C), 19.35 (2C), 34.24, 47.37, 60.13, 140.88 (2C), 142.34 (2C), 172.74; IR (neat)
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A0 1H NMR (CD(C1, 2,818 320¢c 2 H)Y. 356(s. 3 H)Y 628-723¢( 25H): 13C NMR (CDCl3
4c: 'H NMRK (CDCl3, Megd1) 0 2.22 (8, 24 1), 3.00(8,5 1), 0.26-/.25 (M, 20oH); C NME (LD ,
Ma Qi 100 MLIY & 268K S1 172 422 126 11 126 49 (2CY 126 85 (2CY 126 R1 (2C) 127 .43
VI€401, 1UU MiZ) O 50.00, Jl.14, U5.50, 140011, 14057 (L), 140020 (L), 1£0.01 (o), 14752
fACY 107 8T (ACY 128 72 CY 120 0 (ACY 120 Q7 (ACY 13582 (2CY 13870 (2C). 138 54
WFC ), 147.35 (AU ), 120.i3 (&), 127.0U \5\), 147.57 \"%v ), 132.04 (&), 132.7U (&), 220,05,
144 43 (2CY 149 63 (2C). 170.44- IR (neat) 1738 cm-l. Anal. Caled for CagHapnOn C. 88.00; H.
144.43 (20), 142.63 (20), 1/0.44;] IX (neat ) 1/38 cm Anal. Lalcg 10 3g3puU2 U, y I,
5.83%. Found C, 87.93; H, 5.98%.
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