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Abstract: Zirconacyclesl and 2 can be simply generated from O /\(\/COOH
Cp,ZrCl,, EtMgBr, and an atmospheric pressure of,Clhe treat- R

ment of CpZrCl, with EtMgBr followed by exposure to G@en- A~
erates zirconacyclg which can react with various electrophiles to COOH @ R Br
give a variety of carboxylic acid derivatives. Unsaturated zircona

cycles2 can also generated from £pCl,, EtMgBr, alkynes, and

CO,. Complexe react with electrophiles to givep-unsaturated

acids stereoselectively. Cp22rCl co, cp Zr/l
+ - - FZARN (e}
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Carbon dioxide (Cg) is an attractive Cbuilding block in
organic synthesis, because it is highly functional, abur
dant, inexpensive, nontoxic, and nonflammable. The fixe| r g - R R

tion of CQO, promoted by transition metal complexes has >:L e /_>—<

experienced particularly significant progréshe hydro- | cpzis <o j— o

genation of CQto formic acid or related reactions cata- )

lyzed by ruthenium complexes has been the subject or

extensive study Perhaps the most promising reactions inScheme 1

volve the reaction of COand epoxides in preparing five-

membered cyclic carbonatér the copolymerization of

CO, and epoxides leading to polycarbonat@he direct potential as 8-metalocarboxylic acid or a homoenolate is
carboxylation of an aromatic ring (Kolbe-Schmitt reacself evident® We succeeded in generating the comglex
tion) is also of interest in this regafd. in situ, directly from CpZrCl, by an improved method.

Recently, the nickel-mediated or catalytic incorporatiohhus, the treatment of GprCl, with EtMgBr in THF at

of CQ, into unsaturated hydrocarbons, such as alkynes;,/8 °C followed by exposure to G@t 0 °C gave com-
allenes® 1,3-butadiene%,and diyne¥ have been exten- plex 1, which was used in further reactions without isola-
sively studied. However, due to the relatively inert natuéon (Equation 1). It is noteworthy that complex 1 can be
of CO,, the number of efficient processes for chemic&onverted into various unsaturated carboxylic acid deriv-
fixation remain limited, compared with gaseous €0.atives by coupling with a variety of electrophiles. Some
Thus, a new type of transformation of CEntinues to representative examples are summarized in Scheme 1,
pose a significant synthetic challenge. We wish to repgifid the results on the reaction with allylic electrophiles
here on a simple method for the generation of a zifre shown in Table 1. Treatmentbfvith allyl bromide
conocene—C@-ethylene complex1 and new zir- fesulted in no reaction. However, the use of Cul (1.2
conocene-C@-alkyne complexeg, and their use in the €quiv) as the promoter gave 5-hexenoic ag)dir{ 29%
synthesis of unsaturated carboxylic acids (Scherig 1)yield**" The addition of DMPU (2 equiv) improved the
Zirconacycles, including zirconacyclopentadienes, zipield to 76%. A reaction with cinnamyl bromide ge&e
conacyclopentenes, and zirconacyclopentanes, are redéglicating that the reaction proceeds by a@’ $necha-
nized as useful intermediates in organic syntHésidt  Nism. The reaction at 20 °C slightly improved the yield of
reported that the zirconacycle can be prepared from

Cp,Zr(C,H,)(PMe;) and CQ.'* However, to the best of EtMgBr co, M\

our knowledge, synthetic applications in which this conP?** 2 — o | Cpazr S0

plex is used have not been reported, although its hi -78<C,1h 1
Equation 1
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6. A reaction with propargyl bromide resulted in allenylisomers was low. Our attention was next focused on the

ation to give8 in 65% yield. The reaction of cyclohex-generation of an unsaturated zirconium-Cfmplex,

enone withl resulted in selectively 1,4-conjugate additiorsuch a<. It is well known that ethylene, on a zirconium

to give9 in good yield. complex can be replaced by other molecules, such as

A nickel complex also promotes the coupling reacti§ns 2/kynes, aldehydes, nitriles, and isocyanates, to generate

The reaction ofl with cinnamy! bromide in the presence@ther zirconacycle¥.Thus, comple was obtained sim-

of Ni(cod), (0.5 equiv) resulted im-allylation to give PIY Py the treatment of GArCl, with EtMgBr, the addi-

product 10, in contrast to Cul, where-allylation took tion of an alkyne;, and exposure of the reaction mixture to

place. Palladium complexes also led to the selective fdrC @ shown in Scheme?2The use of 3-hexyne gave
2-ethyl-2-pentenoic acid.ga) in 70% isolated yield upon

mation ofu-allylation productlO, but the efficiency was < %" -
lower than when the nickel catalyst was used (17%). ?.CIdIC treatment. A termlnal alkyne gave the c_orrespond-
ing unsaturated carboxylic acitd regioselectively in

The use of PrMgBr in place of EtMgBr, followed bygood yield.
treatment with allyl bromide gave the expected carboxylic
acids in low yield and the ratio of the normal and branched

Tablel The Reaction of with Various Electrophilés

Electrophile Promotér Product Yield (%3¢
B Cul, DMPU _~~-COOH 76
3
Br Cul, DMPUCUul Br 44
B /\/\/COOH 70
4
g, Cul MCOOH 67 (57:43)
e Me
5
PN cul COOH 43 (92:8)
Ph Br /\ﬁ 51 (93:7§
6
/\((lj Cul O~~~ COOH 24
7
= Cul 65
Br \'\/\/COOH
8
Cul o 57
I Q.
ij COOH
9
Ni(cod), 66
gy
-~ ~_-COOH
3
ph X Ng, Ni(cod), Ph__~_~~_-COOH 45 (2:>98)
10
Phl Ni(cod), ph - COOH 37
11

Downloaded by: University of lllinois at Chicago. Copyrighted material.

@ Reaction conditions: GBrCl, (1 mmol), 3.0 M EtMgBr in ED (2.2 mmol), electrophile (1.2 mmol), 60 °C, 12 h.
b Cul (1.2 mmol), DMPU (2 mmol), Ni(cogl{0.5 mmol).

¢ Isolated yield.

4 The number in parenthesis is the ratiq-@fllylation anda-allylation product.

€ A 86:14 mixture of crotyl bromide and 3-bromo-but-1-ene was used.

f The reaction was carried out at 20 °C.
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Soc. 2002, 124, 11379.
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rt, 1h Br COOH Chem. Soc. 1988, 110, 8570. (b) Louie, J.; Gibby, J. E.;
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(CDCly): 6 =191 (ttJ=7.3, 7.3 Hz, 2 H, C}}, 2.39 (t,
J=7.3Hz, 2H, CHCO), 2.49 (tJ=7.3 Hz, 2 H, CHC=),
5.44 (dJ=1.9Hz, 1H, CH=),5.60-5.61 (m, 1 H, CH¥C
NMR (CDCl,): 6 = 22.6 (CH), 32.3 (CHCO), 40.3

(CH,C=), 117.6 (CH=), 133.1 (C=), 179.6 (CO). IR (neat):
2944 (s), 2913 (s), 2753 (m), 2670 (m), 1720 (s), 1704 (s),
1629 (s), 1452 (s), 1430 (s), 1411 (s), 1245 (s), 1201 (s),
1180 (s), 1118 (s), 1060 (w), 1035 (w), 1002 (w), 925 (s),
890 (s), 779 (m), 644 (w), 605 (w), 555 (w), 532 (m). MS:
m/z calcd for GH,,81BrO,: 194.9844; found: 194.9859.
Negishi, E.; Takahashi, T.; Baba, S.; Van Horn, D. E.;
Okukado, NJ. Am. Chem. Soc. 1987, 109, 2393.

(a) Takahashi, T.; Kageyama, M.; Denisov, V.; Hara, R.;
Negishi, E.Tetrahedron Lett. 1993, 34, 687. (b) Li, Y.;
Matsumura, H.; Yamanaka, M.; TakahashiT&trahedron
2004, 60, 1393.

For related complexes, see: Takahashi, T.; Xi, C.; Ura, Y.;
Nakajima, K.J. Am. Chem. Soc. 2000, 122, 3228.

The reaction was carried out in a 20 mL two-necked flask
equipped with a condenser and a three-way cock. To a

solution of CpZrCl, (1 mmol, 292.3 mg) in THF (10 mL) (22)

under an atmosphere of dry nitrogen was added EtMgBr (3.0

M solution in E;O, 2.2 mmol, 74QL) at —78 °C. After the (23)

mixture was stirred for 1 h at the same temperature reaction
mixture was allowed to warmto O °C, and alkyne (1.0 mmol)
was added. After the mixture was stirred, the flask was
changed with C®and warmed to 50 °C. After the mixture
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was stirred for 1 h, the reaction mixture was quenched with
1 N HCI and extracted with E2. The organic layer was
extracted with 4 N NaOH aq and aqueous layer was
neutralized with 6 N HCI, washed with,Btand brine, dried
over MgSQ. The solvent was evaporated in vacuo and
afforded products.

2,3-Diethylhexa-2,5-dienoic Acid.g): colorless oillH

NMR (CDCL): 6 = 1.05 (tJ=7.6 Hz, 3 H, CH), 1.06 (t,
J=7.6Hz,3H, CH),2.16 (qJ=7.6 Hz, 2 H, CH), 2.35
(9,J=7.6Hz,2H,CH),3.17 (dJ=6.6 Hz, 1 H,
=CCH,C=), 5.01 (ddJ = 8.5, 1.9 Hz, 1 H, Ck¥), 5.06 (dd,
J=15.4,1.9 Hz, 1 H, C}#), 5.75-5.90 (m, 1 H, CH=)3C
NMR (CDCL): 5 =12.8 (CH), 14.1 (CH), 22.8 (CH), 26.3
(CH,), 38.4 (=CH,C=), 115.8 (CH=), 129.2 (C@=),

136.1 (CH=), 151.6 (C=), 174.5 (CO). IR (neat): 3077 (s),
2971 (s), 2935 (s), 2877 (s), 1681 (s), 1637 (s), 1617 (s),
1455 (m), 1403 (s), 1376 (m), 1301 (s), 1251 (s), 1191 (s),
1122 (w), 1049 (w), 997 (m), 948 (m), 912 (s), 788 (m), 746
(w) enT. MS: m/z calcd for GoH,¢O,: 168.1150; found:
168.1157.
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Six reported on the Ti-mediated reaction of alkynes with
CO, and several electrophiles, such ag Br NBS, and
aldehydes. See: (a) Six, ¥.Chem. Soc, Perkin Trans. 1

2002, 1159. (b) Six, YEur. J. Org. Chem. 2003, 1157.
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