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Summary: Nicketcatalyzed cross-coupling reactions of Nb(Hl)
alkyne complexes with aryl iodides are reported, in which
addition of lithium alkoxide is indispensable and diarylated
coupling products are afforded as products.

Alkyne complexes of low-valent early transition metals are
useful synthetic reagents, and reactions with various electro-
philes have been investigatédh In particular, Ti(ll)-alkyne
complexe$ have been intensively studied. However, these
complexes must be generated in situ from Ti(IV) with a reducing
reagent. Moreover, the resulting Ti(Halkyne complexes are
thermally unstable and cannot be utilized in further synthetic
reactions which are carried out abov&0 °C. Recently, wé
and Eischindependently found that thermally stable (up to 50
°C) Ti(ll) —alkyne complexes can be generated from Ti{O-
Pr), alkynes, anch-BuLi in THF, and we reported the first
Ni(0)-catalyzed cross-coupling reaction of the TittBlkyne
complexes with aryl iodidesUnfortunately, the reaction gave
a mixture of mono- and diarylated coupling produtts.

In contrast, the low-valent Nb(lll) complex Nb{IDME)® is
stable and is now commercially available. While only a limited
number of synthetic applications of the Nb(lll) reagents have
been exploredwe recently reported the ND{LIDME)-mediated
synthesis of 1,1,2-trisubstitutedHlindenes from aliphatic
ketones and aryl-substituted alkyrfe®n the other hand, the
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Scheme 1. Ni(0)-Catalyzed Cross-Coupling Reactions of
Nb(ll1) —Alkyne Complexes with Aryl lodides

Rl
NbCl3(DME) + R'———R2 CLCHGHT j];Nbcb(DME)
1 60°C R? 2
1) 3 equiv ROLi

2) cat. Ni(COD),, Ar-I(3)
THF, 50°C, 16 h

Ar(R")C=C(R?)Ar
4

transition-metal-catalyzed cross-coupling reactions of organic
halides with various organometallic reagents such as Mg, B,
Sn, and Si compounds represent one of the most powerful
methods for G-C bond formatior?.In the meantime, thermally
stable NbG§—alkyne complexes are easily prepared from
NbCl3(DME) and alkynes? but so far they have not been fully
utilized in organic synthesiS.In this study, we have found that
NbCl—alkyne complexes are not reactive but could be suc-
cessfully activated with a lithium alkoxide in Ni(0)-catalyzed
cross-coupling reactions with aryl iodides to afford diarylated
olefins as products (Scheme 1). Thus, the present reaction
provides the unprecedented synthetic usage of organoniobium
reagents in catalytic cross-coupling reactions of alkynes via
facile Nb(lll) complexation. Furthermore, the present transfor-
mation also allows access to tetrasubstituted alkenes having
different substituents onRand R (in compound4, Scheme

1). These compounds could not be obtained from conventional
McMurry type reductive coupling of ketonés.

The cross-coupling reaction was performed as shown in
Scheme 1. First, the NbgDME)—alkyne complex21® was
prepared from the alkyneand NbC§(DME). Then 3 equiv of
lithium alkoxide was added t@ in THF, and the resulting
Nb(Ill) complex was subjected to a cross-coupling reaction with
aryl iodides 8) in the presence of 20 mol % of Ni(COpat 50
°C. The effect of various reaction conditions was examined with
1-phenyl-1-propynel@) and iodobenzene as substrates. When
3 equiv ofi-PrOLi was added to the reaction mixture, the cross-
coupling reaction proceeded smoothly to afford the diarylated
product 1,1,2-triphenyl-1-propendd) in 83% vyield (entry 1
in Table 1). In contrast, no cross-coupling reaction took place
in the absence of the lithium alkoxide (entry 2). In the reaction,

(9) Metal-Catalyzed Cross-Coupling Reactipde Meijere, A., Dieder-
ich, F., Eds.; Wiley-VCH: Weinheim, Germany, 2004; Vols. 1 and 2.
(10) Hartung, J. B.; Pedersen, S.®rganometallics199Q 9, 1414.
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(12) (a) McMurry, J. EChem. Re. 1989 89, 1513. (b) McMurry, J. E.
Acc. Chem. Red.983 16, 405.

© 2006 American Chemical Society

Publication on Web 03/15/2006



2098 Organometallics, Vol. 25, No. 8, 2006

Table 1. Ni(COD),-Catalyzed Cross-Coupling Reactions of
Nb(lll) —1a with lodobenzene: Effect of Added ROL#

Notes

Table 2. Ni(COD), Catalyzed Cross-Coupling Reactions of
Nb(l11) —Alkyne Complexes with Aryl lodides?

entry ROLi amt of ROLI, equiv yield ofta, %P°
1 i-PrOLi 3 83 (65)
2 none 0
3 i-PrOLi 1 13
4 i-ProLi 2 34
5 i-PrOLi 4 6F
6 i-PrOLi 5 5r
7 s-BuOLi 3 80
8 c-CgH110Li 3 76
9 (PhCH),CHOLI 3 86
10 EtOLi 3 32
11 i-BuOLi 3 33
12 PhOLi 3 0

aReaction conditions: 1-phenyl-1-propyndaj (1.2 mmol) and
NbClz(DME) (1.4 mmol) in Cb.CHCHCL, at 60°C for 16 h, and then ROLi
(1.2—6.0 mmol), iodobenzene (4.8 mmol), and Ni(CQL).24 mmol) in
THF (6 mL) at 50°C for 16 h.P GLC yields. The number in parentheses
gives the isolated yield Monoarylated products (1,1-diphenyl-1-propene
and 1,2-diphenyl-1-propene) were obtained in 18% (for entry 5) and 25%
yields (for entry 6) as a mixture of stereoisomers.

addition of 3 equiv of the lithium alkoxide to the Nb(ltalkyne
complex is crucial and showed the highest catalytic activity.
Addition of smaller amounts (1 and 2 equiv) of the lithium

alkoxide lowered the yields (entries 3 and 4), and larger amounts
(4 and 5 equiv) caused formation of the monoarylated products
1,1-diphenyl-1-propene and 1,2-diphenyl-1-propene as byprod-

ucts (entries 5 and 6). With regard to the lithium alkoxides (3
equiv), alkoxides derived from secondary alcohols gave high
yields (entries 79), whereas alkoxides derived from primary

alcohols lowered the yields considerably (entries 10 and 11).

Lithium phenoxide did not givéa at all (entry 12).
As the catalyst precursor, Ni(COPypave the best results.
Addition of various phosphines such as BPh2-bis(diphe-

nylphosphino)ethane, and tricyclohexylphosphine to entry 1 (P/

Ni = 2) decreased the catalytic activity considerably (yield
<50%). Palladium catalysts such as Pd(DBAPBA =
dibenzylideneacetone) and Pd(RRMdid not afford4a at all.

Bromobenzene in place of iodobenzene in entry 1 lowered the
yield (18%), and no cross-coupling product was obtained at all

with chlorobenzene or phenyl trifluoromethanesulfonate.
Under the optimized reaction conditions (entry 1, Table 1),
the cross-coupling reactions of the Nb(tHlkyne complex with
aryl iodides B) were carried out in the presence iePrOLi
(Table 2). Fromla, various aryl iodides gave the corresponding
diarylated coupling productsa—g in good yields (entries-17).

alkyne

yne @) Ar—I1(3) yield of
entry R R2 Ar 4, %P E:z¢
1 CsHs CHs CeHs 4a 83 (65)
2 CeHs CH3 3-CH3-C6H4 4b 75 (63) 59:41
3 CsHs CHs  4-CHz-CeHs 4c  71(62) 59:41
4 CsHs CHs 4-F-GHa 4d 75(58) d
5 CsHs CHs 4-CHO-CgHa 4e 67 (46) 55:45
6 CeHs CHs 4-Cl-CeHa 4 50(35) 53:47
7 CsHs CH; 4-CHOCO-GHs 4g (53) 55:45
8 CsHs CeHs CeHs 4h 66
9 3-CF3-C6H4 CH3 CaHs 4i (72) 51:49
10  4-CH-CeHs CHs CgHs 4 (61) 54:46
11 GH7 CHs GCgHs 4k (55) 64:36
12 C3H7 C3H7 C5H5 4] (51) 6535

aReaction conditions: alkynel) (1.2 mmol) and NbG(DME) (1.4
mmol) in CLCHCHCL, at 60°C for 16 h, and then-PrOLi (3.6 mmol),
aryl iodide @) (4.8 mmol), and Ni(CODy)(0.24 mmol) in THF at 50C.
b GLC yields. The numbers in parentheses show isolated yigEZ or
Z:E ratio unless otherwise note¢iNot determined® E:Z ratio. f Z:E ratio.

the methyl and methin®C resonance dfPrOLi (30.6 and 64.4
ppm) disappeared and two distinct methyl and methine carbon
peaks appeared at 26.0 ppfwf, = 2.8 Hz) and 74.6 ppm (as

a broad peak witlAvy, = 19 Hz), respectively. The latter broad
methine carbon peak became sharp at@Q(74.7 ppm with
Avyp = 7.4 Hz) and at—40 °C (73.8 ppm withAvy, = 8.9

Hz) but broader at-10 °C (74.0 ppm withAvy, = 67 Hz).

The methyl carbon peak was broader at low temperatures (26.0
ppm with Avy, = 13 Hz at—10 °C and 26.2 ppm with\vy/,

= 8.0 Hz at—40°C). With regard to alkyne carbon resonances
of the reaction mixture, two sharp peaks appeared at 203.6 and
205.8 ppm at 20C and these peaks remained unchanged from
—40to+40°C: alkyne carbon resonances of the parent NbCl
lacomplex appear at 237.5 and 256.2 ppm. Although the role
of the alkoxy group in Nb(Ill}-alkyne complexes is unclear,
these results might suggest tha®rO~ substitutes the chloro
moieties of the NbGHalkyne complex and activates the
complex toward the cross-coupling reaction.

In summary, the easily accessible Nb(HBlkyne complexes
can be utilized in nickel-catalyzed cross-coupling reactions with
aryl iodides. Addition of lithium alkoxide is indispensable in
the reaction, and the diarylated products are obtained in good
yields.

Experimental Section

Furthermore, various alkynes can be utilized as substrates in 4, manipulations were performed under an argon atmosphere

the present reaction and afforded the diarylated addifctd
in good vyields (entries 812). In the reaction, theiarylated

using standard Schlenk-type glassware on a dual-manifold Schlenk
line. The reagents and the solvents were dried and purified before

products were obtained almost exclusively and the correspondingyse by usual procedurésNbCl(DME) was prepared according

monoarylategroducts were afforded in only low yields 5%),

to the published meth8dr was purchased from AldrichH NMR

if any. The reactions were not stereoselective, and the productsand 13C{*H} NMR spectra were measured with JEOL ECX-400

were provided a€/Z mixtures: ratios of the isomers ranged
from 50:50 to 64:363 The present reaction successfully provides
cross-coupling products from internal alkynes. A terminal alkyne
such as 1-hexyne did not form the NB@ME)—alkyne
complex; instead, oligomerization of the alkyne took pléte.
All trials to isolate reaction products of Nb(lHalkyne
complexes with lithium alkoxides (3 equiv) were unsuccessful.
In the 13C{1H} NMR spectrum of the reaction mixture of
NbClz—1awith i-PrOLi (3 equiv) in THFés (0.5 M) at 20°C,

(13) For4j, the structure of E)-4j was unambiguously determined by
X-ray crystal structure analysdisand theE:Z ratio has been determined to
be 54:46. Forlk, (2)-4k was confirmed by a NOESY spectrum, and the
E:Z ratio of 41 was determined byH NMR according to the literatur.

and JEOL ECX-600 instruments. The mass spectra were measured
on Shimadzu QP-5050A (El) and JEOL JMS-700TZ instruments
(HRMS, EI). The GC analysis was carried out on a Shimadzu GC-

(14) Crystal data for E)-4A: CaoH2o. My = 284.40, monoclinica
8.674(9) A,b = 9.156(9) A, c = 20.18(3) A, 8 = 90.30(4}, U
1602.6(35),T = 113 K, space group2i/c (No. 14),Z=4,D.= 1.179 g
cm 3, u(Mo Ka) = 0.66 cn1?, 12 268 reflections measured, 3676 unique
reflections Rnt = 0.039), which were used in all calculations. The fiRal
and R,(F?) values were 0.048 and 0.127 (all data). See the Supporting
Information for details. CCDC 291118.

(15) (a) Leimner, J.; Weyerstahl, Ehem. Ber.1982 115 3697. (b)
Besanon, J.; Szymoniak, J.; Mee, C.J. Organomet. Chenl992 426,
325.

(16) Armarego, W. L. F.; Perrin, D. DPurification of Laboratory
Chemicals4th ed.; Butterworth-Heinemann: Oxford, U.K., 1997.
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17A instrument equipped with an integrator (C-R6A) with a
capillary column (CBP1, Shimadzu, length 25xm0.25 mm i.d.)
The GC yields of the product were determined relative to the

Organometallics, Vol. 25, No. 8, 2002099

2CH), 132.4 (d3Jc_r = 9 Hz, 2CH), 135.0 (d%Jc_¢ = 4 Hz, C),
138.7 (C), 138.8 (C), 139.0 (dJc_r = 4 Hz, C), 139.3 (d4Jc_¢
= 4 Hz, C), 139.8 (d4Jc_¢ = 4 Hz, C), 142.8 (2C), 143.2 (2C),

internal standard (tridecane). Column chromatography was carried161.2 (d,%Jc_f = 247 Hz, C), 161.4 (dlJc-f = 247 Hz, 2C),

out with silica gel (Wako, Wakogel C-200). The stereoisomer ratios

161.7 (d,Jc—F = 247 Hz, C). HRMS ({V2): calcd for GiH1¢F2,

of 4 were determined by measuring area ratios of the corresponding306.1220; found, 306.1226.

GC peaks. The structure and stereochemistdegf 4h,'8 and4/1>
were identified by comparing their spectral data with reported
values. Single-crystal X-ray diffraction data &){4j were collected
on a Rigaku Saturn70 CCD diffractometer using graphite-mono-
chromated Mo I& radiation ¢ = 0.710 70 A) at—160 °C. All
calculations were preformed using the CrystalStructure crystal-
lographic package (version 3'7)see the Supporting Information
for details).

Typical Experimental Procedure (Table 1, Entry 1). A mixture
of 1-phenyl-1-propynel(g; 139 mg, 1.2 mmol), NbG(DME) (405
mg, 1.4 mmol), and 1,2-dichloroethane (3.0 mL) was stirred for
16 h at 60°C. The resulting solution was evaporated under vacuum
(0.1 mmHg) to afford a dark brown oil. The residual oil was
dissolved in THF (6.0 mL), andPrOLi (3.6 mL, 3.6 mmol, 1.0
M solution in hexane) was added dropwise over 5 min. This mixture
was stirred for 30 min at room temperature to afford a dark orange
solution. To this solution was added iodobenze3e 979 mg, 4.8
mmol), and the mixture was heated to 50. Then a THF (6.0
mL) solution of Ni(COD) (66 mg, 0.24 mmol) was added dropwise
over 10 min and the reaction mixture was stirred for 16 h &tG0
After this time, KOH(aq) (10 wt %, 3.0 mL) was added to the
reaction mixture and the whole solution was extracted with ether
to afford a yellow solution. GLC and GC-MS analysis of the
reaction mixture showed that the cross-coupling prodaét was
formed in 83% vyield, and it was isolated in 65% yield by column
chromatography (silica gel with hexane).

4b. E/Z mixture (the two isomers in a 59:41 ratidd NMR
(CDCly): ¢ 2.12-2.17 (m, 9H), 2.24 (s, 3H), 2.25 (s, 3H), 2.37 (s,
3H), 6.70-7.42 (m, 26H)13C NMR (CDChk): 6 21.4 (CHy), 21.5
(2CHs), 21.6 (CH), 23.4 (CH), 23.5 (CH), 124.4 (CH), 125.8
(CH), 126.5 (2CH), 126.6 (2CH), 126.7 (CH), 127.0 (2CH), 127.2
(CH), 127.3 (CH), 127.4 (CH), 127.5 (CH), 127.7 (CH), 127.8 (CH),
128.0 (CH), 128.1 (CH), 128.2 (2CH), 129.9 (CH), 130.0 (CH),
130.1 (2CH), 130.7 (CH), 130.8 (CH), 131.5 (CH), 135.6 (C), 135.7
(C), 136.8 (C), 137.3 (C), 137.4 (C), 137.7 (C), 139.3 (2C), 143.1
(C), 143.3 (C), 143.7 (C), 143.8 (C), 144.1 (2C). HRM¥/Z):
calcd for GsHap, 298.1722; found, 298.1712, 298.1723.

4c. E/Z mixture (the two isomers in a 59:41 ratidd NMR
(CDCl): 6 2.09 (s, 3H), 2.12 (s, 3H), 2.20 (s, 3H), 2.26 (s, 3H),
2.28 (s, 3H), 2.36 (s, 3H), 6.74.36 (m, 26H).13C NMR
(CDCly): ¢ 21.2 (2CH), 21.3 (CH), 21.4 (CH), 23.4 (CH), 23.5
(CHs), 125.7 (CH), 126.5 (CH), 127.5 (2CH), 128.1 (2CH), 128.3
(2CH), 128.6 (2CH), 128.7 (2CH), 128.9 (2CH), 129.2 (2CH), 129.3
(2CH), 130.0 (2CH), 130.1 (2CH), 130.8 (2CH), 131.0 (2CH), 135.0
(2C), 135.3 (2C), 135.7 (2C), 136.2 (C), 138.8 (C), 140.4 (C), 140.9
(C), 141.1(C), 141.2 (C), 143.6 (C), 144.1 (C). HRMBZ): calcd
for CagHao, 298.1722; found, 298.1711, 298.1720.

4d. E/Z mixture (the two isomers appeared as a single peak in
the capillary GC measurementid NMR (CDCl): 6 2.13 (s, 6H),
6.71-7.39 (m, 26H).13C NMR (CDCk): ¢ 23.4 (2CH), 114.6
(d, 2Je_¢ = 21 Hz, 2CH), 114.9 (d2Jc_¢ = 21 Hz, 2CH), 115.0
(d, 2Jc—¢ = 21 Hz, 2CH), 115.2 (d?Jc—¢ = 21 Hz, 2CH), 126.2
(CH), 126.9 (CH), 127.7 (2CH), 128.3 (2CH), 130.0 (2CH), 130.8
(2CH), 130.9 (d3Jc—r = 9 Hz, 4CH), 131.6 (d3Jc—r = 9 Hz,

(17) Katritzky, A. R.; Cheng, D.; Henderson, S. A.; Li,JJ.Org. Chem.
1998 63, 6704.

(18) (a) Proulx, T. W.; Smith, W. BJ. Magn. Resorl976 23, 477. (b)
Smith, W. B.Org. Magn. Reson1981, 15, 317.

(19) (a) Crystal Structure Analysis Package; Rigaku and Rigaku/MSC,
9009 New Trails Dr., The Woodlands TX 77381, 26€@D04. (b) Watkin,
D. J,; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W. Chemical
Crystallography Laboratory, Oxford, U.K., 1996.

4e. E/Z mixture (the two isomers in a 55:45 ratidHd NMR
(CDCly): 6 2.08 (s, 3H), 2.12 (s, 3H), 3.70 (s, 3H), 3.74 (s, 3H),
3.76 (s, 3H), 3.82 (s, 3H), 6.55.35 (m, 26H).13C NMR
(CDCly): 0 23.4 (CHy), 23.5 (CHy), 55.1 (CH), 55.2 (2CH), 55.3
(CHg), 112.9 (2CH), 113.3 (2CH), 113.4 (2CH), 113.5 (2CH), 125.7
(CH), 126.5 (CH), 127.5 (2CH), 128.1 (2CH), 130.1 (2CH), 130.5
(4CH), 131.0 (2CH), 131.3 (2CH), 132.1 (2CH), 134.2 (C), 134.7
(C), 135.9 (C), 136.3 (C), 136.5 (2C), 138.2 (C), 138.4 (C), 143.8
(C), 144.2 (C), 157.5 (C), 157.9 (2C), 158.2 (C). HRM¥/):
calcd for G3H2,0,, 330.1620; found, 330.1616, 330.1624.

4f. E/Z mixture (the two isomers in a 53:47 ratidd NMR
(CDClg): 6 2.10 (s, 3H), 2.11 (s, 3H), 6.797.64 (m, 26H).13C
NMR (CDCly): 6 23.2 (CHy), 23.3 (CH), 126.4 (CH), 127.1 (CH),
127.8 (2CH), 127.9 (2CH), 128.2 (2CH), 128.4 (4CH), 128.5 (2CH),
130.0 (2CH), 130.7 (4CH), 130.8 (2CH), 131.4 (2CH), 132.0 (C),
132.18 (C), 132.26 (2CH), 132.3 (C), 132.7 (C), 135.1 (C), 135.3
(C), 138.9 (C), 139.0 (C), 141.3 (C), 141.7 (C), 142.1 (C), 142.2
(C), 142.4 (C), 142.8 (C). HRMSn{2): calcd for GiH1cCly,
338.0629; found, 338.0621, 338.0613.

4g. E/Z mixture (the two isomers in a 55:45 ratidd NMR
(CDCly): 6 2.13 (s, 3H), 2.16 (s, 3H), 3.81 (s, 3H), 3.85 (s, 6H),
3.91 (s, 3H), 6.838.05 (m, 26H).23C NMR (CDCk): o 23.1
(CHy), 23.2 (CH), 52.0 (CH), 52.1 (2CH), 52.2 (CH), 126.6
(CH), 127.3 (CH), 127.86 (4CH), 127.90 (C), 128.2 (C), 128.3 (C),
128.4 (2CH), 128.7 (C), 129.0 (2CH), 129.4 (4CH), 129.5 (2CH),
129.7 (2CH), 130.0 (2CH), 130.1 (2CH), 130.8 (2CH), 130.9 (2CH),
135.9 (C), 136.6 (C), 139.9 (2C), 141.9 (C), 142.3 (C), 147.6 (C),
147.9 (C), 148.6 (C), 148.7 (C), 166.9 (2C), 167.0 (2C). HRMS
(m/2): calcd for GsH2,04, 386.1518; found, 386.1526, 386.1528.

4i. E/Z mixture (the two isomers in a 51:49 ratidd NMR
(CDClg): 6 2.18 (s, 3H), 2.22 (s, 3H), 6.927.62 (m, 28H).13C
NMR (CDCL): 0 23.4 (CHy), 23.6 (CH), 122.6 (q.2Jc—F = 4 Hz,
2CH), 123.6 (q3Jc—F = 4 Hz, 2CH), 124.2 (q}Jc— = 270 Hz,
CRs), 124.4 (9,"Jc—¢ = 270 Hz, CR), 126.3 (CH), 126.6 (CH),
126.8 (CH), 127.1 (CH), 127.8 (2CH), 127.9 (CH), 128.1 (2CH),
128.2 (2CH), 128.5 (2CH), 128.8 (CH), 128.831.2 (2C), 129.2
(2CH), 129.3 (2CH), 130.1 (2CH), 130.9 (2CH), 133.6 (CH), 134.2
(CH), 137.2 (C), 137.8 (C), 138.1 (C), 138.2 (C), 142.4 (C), 142.7
(C), 143.5(C), 143.6 (C), 143.9 (C), 144.4 (C). HRMSZ): calcd
for CyH;7F3, 338.1282; found, 338.1283, 338.1273.

4j. E/Z mixture (the two isomers in a 54:46 ratid-d NMR
(CDCly): 6 2.11 (s, 3H), 2.14 (s, 3H), 2.19 (s, 3H), 2.36 (s, 3H),
6.7—7.4 (m, 28H).13C NMR (CDCk): ¢ 21.2 (CHy), 21.3 (CH),
23.4 (CHy), 23.5 (CH), 125.8 (CH), 126.2 (2CH), 126.6 (CH),
127.4 (2CH), 127.8 (2CH), 127.9 (2CH), 128.1 (2CH), 128.2 (2CH),
128.9 (2CH), 129.3 (2CH), 129.4 (2CH), 130.0 (2CH), 130.1 (2CH),
130.8 (2CH), 130.9 (2CH), 135.2 (C), 135.4 (C), 135.5 (C), 136.3
(C), 139.2 (C), 139.3 (C), 140.2 (C), 140.7 (C), 143.4 (C), 143.9
(C), 144.2 (C), 144.3 (C). HRMS(2): calcd for GoHao, 284.1565;
found, 284.1573 (forZ isomer), 284.1554 (foE isomer). The
stereostructurel)-4j was determined by an X-ray crystal structure
analysis (see the Supporting Information).

4k. E/Z mixture (the two isomers in a 64:36 ratid}.isomer:
IH NMR (CDCl3) 6 0.76 (t,J = 7.3 Hz, 3H), 1.25 (sex) = 7.3
Hz, 2H), 1.88 (s, 3H), 2.25 (t, 2H), 6.977.43 (m, 10H);}3C NMR
(CDCl) 6 14.0 (CHy), 21.8 (CH), 22.9 (CHy), 37.2 (CH), 126.3
(2CH), 128.2 (2CH), 128.3 (4CH), 129.0 (2CH), 133.5 (C), 138.2
(C), 143.0 (C), 144.7 (C); HRMSf/z) calcd for GgHzo 236.1565,
found 236.1573Z isomer: 'H NMR (CDCl) 6 0.98 (t,J = 7.3
Hz, 3H), 1.44 (sexJ = 7.3 Hz, 2H), 2.22 (s, 3H), 2.60 @,= 7.3
Hz, 2H), 6.97-7.43 (m, 10H);'3C NMR (CDCk) 6 14.1 (CHy),



2100 Organometallics, Vol. 25, No. 8, 2006 Notes

21.1 (CH), 21.4 (CH), 37.1 (CH), 125.59 (CH), 125.63 (CH), calcd for GoHo4 264.1878, found 264.188Z isomer: 'H NMR
127.5 (4CH) 129.3 (2CH), 129.8 (2CH), 133.2 (C), 138.4 (C), 143.7 (CDCl3) 6 0.93 (t,J = 7 Hz, 6H), 1.37 (sex) = 7 Hz, 4H), 2.56
(C), 144.9 (C); HRMS 1fV2) calcd for GgHzo 236.1565, found (t, J =7 Hz, 4H), 6.93-7.40 (m, 10H)}3C NMR (CDCk) 0 14.1
236.1573. The stereostructure @f-4k was confirmed by a NOESY (2CHy), 21.7 (2CH), 36.4 (2CH), 125.5 (CH), 127.4 (2CH), 129.9
spectrum. An NOE correlation between methyl protons (2.22 ppm) (2CH), 138.43 (C), 143.6 (C); HRMSm(2) calcd for GgHa4
and methylene protons of the propyl group (2.60 ppm) was 264.1878, found 264.1868.

observed.

41.15 E/Z mixture (the two isomers in a 65:35 ratid.isomer:
IH NMR (CDClg) 6 0.72 (t,J = 7 Hz, 6H), 1.20 (sexJ = 7 Hz,
4H), 2.14 (t,J = 7 Hz, 4H), 6.93-7.40 (m, 10H);13C NMR
(CDCly) 6 13.9 (2CH), 21.6 (2CH), 37.5 (2CH), 126.2 (CH),
128.0 (2CH), 128.9 (2CH), 138.38 (C), 143.0 (C); HRM%&3) OMO060065W

Supporting Information Available: Crystallographic data for
(E)-4j (CIF and PDF). This material is available free of charge via
the Internet at http://pubs.acs.org.



