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(E)-1,4-Diaryl Enynes Catalyzed by the Terminal Alkynes
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mauro.bassetti@uniromal.it profile of this atom economical reaction in organic synthesis.

Active catalytic systems for this reaction are found in main
group element$,rare-eartt?, or transition metal complexés.
Among these, palladium complexes afford predominantly 2,4-
disubstituted enyne®8while appropriate additives can shift the
selectivity toward 1,4-disubstitution.Rhodium complexes
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o o catalyze the dimerization of alkylalkyn@sut the reactions of
e Ko arylalkynes require the presence of excess phosfhofd/el b
o’ e’ or of bulky diarylamino based PNP ligan¥sRuthenium
5 mol % / R complexes are excellent catalysts, with preference for head to
R———H R R — 4 head coupling and-selectivitya2.10mportant breakthroughs
are theZ-selective dimerization in aqueous med#iagr the
AcOH, rt 27-58% yields
24-60h E:Z=5-99

(4) (a) Korolev, A. V.; Guzei, I. A; Jordan, R. B. Am. Chem. Soc.
R = CgHg, 4-NO,CgHy, 4-CICgH,, 4-MeOCgH,, 4-CF3CqHs, %9?273271&01160511606. (b) Dash, A. K.; Eisen, M. ®rg. Lett.200Q
3-FCqHy, 2-MeOCeHj, 2-CF3CeHy, CroHoFe ' (5) (a) Straub, T.; Haskel, A.; Eisen, M. Am. Chem. Sod.995 117,
. . . . 6364-6365. (b) Nishiura, M.; Hou, Z.; Wakatsuki, Y.; Yamaki. T.;
The commercially available di-chlorobis[f-cymene)chlo-  miyamoto, T.J. Am. Chem. So2003 125 1184-1185. (c) Nishiura, M.;
roruthenium(ll)] complex catalyzes the dimerization of HO(ué)Z(-i-TMol- CBatl\a/tll. éﬁooélél?&lﬁl—lgGA Chem. Sod987 108
H H H H a) Trost, B. M.; an, C.; Ruhter, G. Am. em. S0 A )
aromatic alkyne_zs in acetlc_ acid at room temperatu_re t_o form 3486-3487. (b) Jun, C.-H.; Lu, 2. Crabtree, R. Fetrahedron Lett1992
the correspondingd)-1,4-diarylbut-1-ene-3-yne derivatives, 33 7119-7120. (c) Balcidy, N.; Uraz, |; Bozkurt, C.; Sevin, F.

with high stereoselectivity. The procedure does not require Polyhedron1997 16, 327-334. (d) Yoshida, M.; Jordan, R. Rrgano-

. - . etallics1997, 16, 4508-4510. (e) Field, L. D.; Ward, A. J.; Turner, P.
the use of additives and can be carried out in the presencé/'f\‘ust_ J. Chem1999 52, 1085-1092. () Ogoshi, S.: Ueta, M.: Oka, M.

of water or aprotic cosolvents, under homogeneous condi- Kurosawa, HChem. Commur2004 2732-2733.
tions. (7) (a) Rubina, M.; Gevorgyan, \J. Am. Chem. So2001, 123 11107
11108. (b) Yang, C.; Nolan, S. B. Org. Chem2002 67, 591—593.

(8) (a) Ohshita, J.; Furumori, K.; Matsuguchi, A.; Ishikawa, MOrg.
L L . Chem199Q 55, 3277-3280. (b) Kovalev, I. P.; Yevdakov, K. V.; Strelenko,
The catalytic dimerization of terminal alkynes represents an y. A.: Vinogradov, M. G.; Nikishin, G. 1J. Organomet. Chen199Q 386,
attractive route for the preparation of 1,4-disubstituted enynes, 139-146. (c) Boese, W. T.; Goldman, A. Sirganometallics199], 10,

i ; e ; ; 782-786.
which are versatile byﬂglmg blocks in organic synthésihiese ' (9) () Wendt, J.: Klinger, U.: Singer, Hnorg. Chim. Actal991, 183
C-4 unsaturated moieties are key units in naturally occurring 133-143. (b) Lee, C.-C.; Lin, Y.-C.: Liu, Y.-H.; Wang, YOrganometallics

compoundg$,and in organic materiafsespecially when derived 2005 24, 136-143. (c) Weng, W.; Guo, C.; @enligil-Cetin, R.; Foxman,
from aromatic alkynes. Due to competition among head to head B- M.; Ozeroy, O. V.Chem. Commur200§ 197-199.

. . . . (10) (a) Dahlenburg, L.; Frosin, K.-M.; Kerstan, S.; Werner, D.
coupling to give 1,4-disubstitutelt and Z enynes & or b, Organomet. Chenl991, 407, 115-124. (b) Bianchini, C.; Peruzzini, M.;

Scheme 1) or butatrienes, head to tail coupling yielding 2,4- Zzanobini, F.; Frediani, P.; Albinati, Al. Am. Chem. S04991, 113 5453~
disubstituted enyneg), cyclotrimerization, or polymerization, = 5454. (c) Echavarren, A. M.; lgez, J.; Santos, A.; Montoya, J.

; ; ; ; ; L Organomet. Cheml991, 414, 393-400. (d) Yi, C. S.; Liu, N.Organo-
there is an increasing demand for improving the efficiency and & icc1006 15, 3968-3971. (e) Slugove, C.; Mereiter, K.. Zobetz, E..

Schmid, R.; Kirchner, KOrganometallics1996 15, 5275-5277. (f) Fryzuk,

(1) (a) Handbook of C-H TransformationdDyker, G., Ed.; Wiley- M. D.; Jonker, M. J.; Rettig, S. £hem. Commurl997, 377—-378. (g) Yi,
VCH: Weinheim, 2005; Vol. 1, Chapter II, p 62. (b) Wakatsuki, X. C. S,; Liu, N.; Rheingold, A. L.; Liable-Sands, L. Nbrganometallics1 997,
Organomet. ChenR004 689 4092-4109. (c) Trost, B. M.; Toste, F. D.; 16, 3910-3913. (h) QuJ.-P.; Masui, D.; Ishii, Y.; Hidai, MChem. Lett.
Pinkerton, A. B.Chem. Re. 2001, 101, 2067-2096. (d) Bruneau, C.; 1998 1003-1004. (i) Matsuzaka, H.; Ichikawa, K.; Ishii, T.; Kondo, M.;
Dixneuf, P. H.Acc. Chem. Red.999 32, 311-323. Kitagawa, S.Chem. Lett1998 1175-1176. (j) Bassetti, M.; Marini, S;

(2) Nicolau, K. C.; Dai, W. M.; Tsay, S. C.; Estevez, V. A.; Wrasidlo, Tortorella, F.; Cadierno, V.; g, J.; Gamasa, M. P.; Gimeno, J.
W. Sciencel992 256, 1172-1178. Organomet. Chen00Q 593—594, 292—-298. (k) Baratta, W.; Herrmann,

(3) (a) Siemsen, P.; Livingston, R. C.; Diederich, Anhgew. Chem. Int. W. A,; Rigo, P.; Schwarz, Jl. Organomet. Chen200Q 593-594, 489
Ed. 200Q 39, 2632-2657 and references therein. (b) Pahadi, N. K.; 493. (I) Pavlik, S.; Gemel, C.; Sluogovc, C.; Mereiter, K.; Schmid, R;

Camacho, D. H.; Nakamura, |.; Yamamoto, ¥.Org. Chem200§ 71, Kirchner, K. J. Organomet. Chem2001, 617-618 301-310. (m)
1152-1155. (c) Liu, Y.; Nishiura, M.; Wang, Y.; Hou,.Z). Am. Chem. Katayama, H.; Nakayama, M.; Nakano, T.; Wada, C.; Akamatsu, K.; Ozawa,
S0c.2006 128 5592-5593. F. Macromolecule2004 37, 13—17.
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SCHEME 2. Reaction of Phenylacetylene in the Presence of Complex [Ru¢ymene)Ch], (1) in Acetic Acid
Ph

I, 5mol % //’VVV Ph o AcO I
Ph——=——=—H Ph——= + Ph——< +
1

AcOH, rt 2a,b traces CHj Ph
24-48 h

extension of the reaction to the cross-dimerization process TABLE 1. Product Analyses and Stereoselectivity of the
between different alkyne”sficvscvleowever,E-selective dimer- Dimerization Reaction of Phenyl_acetylene (13,Catalyzed by
ization by ruthenium catalysis has been achieved only in few ComMPlex [Ru(p-cymene)Chlz (1), in ACOH or AcOH:Cosolvent
cases and using homemade complexes, which are the expression // Ph
of the synthetic organometallic expertise of various groups. In — I,5mol % Ph—=— Ph
fact, 1,4-disubstituted but-1-ene-3-yne derivatives have been \ / = E 2a />
isolated as reaction products, wikselectivity larger than 90%, 1 AcOH Ph—=——
only in the case of-BuC=CH 1% PhG=CH%2eiland HG= AcOH:co-solvent 7 2b
CCOMe 199 High E-selectivity was observed by GC-MS for ’
t-BUC=CH% and Ph@&=CH 10d entry [1J/M solvent temp/C time/h 1P vyield/%* E/%

It is known from the literature that the ruthenium catalyzed 1  0.09 AcOH rt 22 45 38 99.0
dimerization can be further assisted by a proton donor, either 2  0.18 AcOH rt 22 45 42 99.0
phenylacetylene itséff or a carboxylic acid# which promotes 3 018 AcOH rt 45 28 55 987
the formation of vinylidene species or the release of the enyne g 8'28 228: ﬁ ii ig fé g;'g
from a Ru-enynyl intermediate in the finalbond metathesis 6 009 ACOH:HO rt 23 10 40 991
step!®14150n these bases, we have carried out the reaction of 7¢  0.09 AcOH:HO 50 24 3 22 96.7
different alkynes in acidic media. We report here on our findings  8°  0.09  AcOH:HO 80 24— 24 939
that the commercially available [Racymene)C], (1) complex 12 g'ig QCOHETHF rt 24 50 40 974

A ) ) . cOH:CHCl, rt 24 32 55 98.3

catalyzes the dimerization of aromatic alkynes, with excellent jie 918 AcOH:CHCl, rt 45 19 57 985
stereoselectivity toward formation oE)-1,4-diarylbut-1-ene- 12 1.0 AcOH:CHCI, rt 22 13 46 97.1
3-yne compounds_ 13 0.18 AcOH:CHCI, 40 16 10 62 97.0

Treatment of phenylacetylen&)(in aqueous ethanol in the ~ 14 0.18  CRCOD n 24 68 9 915
presence of compleixand excesses of various acids §CB,H, a A total of 50-100uL in 5 mL of solvent.? GC, relative % ofl in the

MeCQO:H, p-toluenesulfonic; reflux, 24 h) gave only traces of reaction mixture®E + Z yields calculated using 1,2-diphenylethane as
the hydration product acetophenone. On the other hand, wheng‘stegr‘]"é;:tg”dardq ACOH:HO (4:1). AcOH:cosolvent (3:2)! Detected

a solution of Ph&CH (0.45 mmol) and [Ryf-cymene)C]]» -

(0.023 mmol) in 5 mL of acetic acid/water (4:1, viv) was ) ) . .
warmed up to 50C, the GC analysis of the reaction mixture diphenylbut-1-ene-3-yne in 36% of isolated yield (overnight,
after 4 h showed some unreacted alkypegymene from the 80 °C). Several runs were performed using phenylacetylene as
complex, clean formation of the dimeric produc&Z)-1,4- the model substrate gnd changing some reaction parameters, in
diphenylbut-1-ene-3-yne2&:2b = 23:1), and only traces of the presence of an _|nternaI standard in order to evaIua_te the
acetophenone. The reaction proceeded also at room temperaturgfféctive conversion into the produ@aand2b by GC analysis

in neat acetic acidl{ 0.91 mmol, 0.18 M|, 5 mol %), affording (Table 1). The data indicate that although thg consumption of
after 48 h 1,4-diphenylbut-1-ene-3-yn2a@b = 98:2 in the PhG=CH, at the same substrate to catalyst ratio (20:1), increases
reaction mixture), which was isolated with excelleBtZ at either increasing substrate concentration (entries 1, 2, 4 and
stereoselectivity (99.6%) after column chromatography in 45% 10, 12) or reaction time (entries 2, 3; 4, 5; and 10, 11), the
yield. Further chromatographic elution yielded a complex conversions of the alkyne into the dimeric products remain in
mixture of products derived from solvent addition to dimeric the range of 3857% yield. This may be due to the undesired
species and related hydrated derivatifesone of them in processes becoming increasingly relevant in both cases. The

preparative useful quantities, which were identified by GC-MS change from 1] = 0.09 to 0.40 M is accompanied by a small
analysis (Scheme 2). decrease ifE-stereoselectivity (entries 1, 4). The reaction carried

A larger scale preparation was performed using 2.0 g of out in the mixed aqueous medium shows a larger consumption

phenylacetylene in acetic acid:water (4:1), which afforded 1,4- Of substrate at comparable times but affords a similar conversion
into the enynes as that in neat acetic acid (entries 1, 6). The

formation of the enyne as well as the stereoselectivity are

(11) Chen, X.; Xue, P.; Sung, H. H. Y.; Williams, I. D.; Peruzzini, M.;

Bianchini, C.; Jia, GOrganometallics2005 24, 4330-4332. reduced significantly upon increasing the temperature (entries
) oé?ﬁ??éﬂ%?? H.; Yari, H.; Tanaka, M.; Ozawa,Ghem. Commun  §—8) which evidently assists the undesired reactions to a large
(13) Bianchini, C.; Frediani, P.; Masi, D.; Peruzzini, M.; Zanobini, F. €Xtént. Some experiments were performed using a different
Organometallics1994 13, 4616-4632. cosolvent instead of water, namely tetrahydrofuran or dichlo-
(14) (2) Melis, K.; De Vos, D.; Jacobs, P.; Verpoort,J=-Organomet. romethane, without observing significant increases of the

Ehfmozrggﬁfnigetl?geln%“dég)6'\4‘1“51'3@?;6\/05' D.; Jacobs, P.; Verpoort,  yaaction yield. A procedure for the recycling of the catalytic
(15) Bassetti, M.; Marini, S.; @z, J.; Gamasa, M. P.; Gimeno, J.; System from the reactions in AcOH:;& is described in the

Rodrguez-Avarez, Y.; Gar@-Granda, SOrganometallic002 21, 4815~ Supporting Information.
4822, ; i ; imerizati

(16) () Melis, K.. Opstal, T.; Verpoort, FEur. J. Org. Chem2002 Although water is cqmpatlble with the d|mer_|zat|on, the
3779-3784. (b) le Paih, J.; Monnier, F.;'Ben, S.; Dixneuf, P. H.; Clot, reaction performed in air does not afford the desired products.
E.; Eisenstein, OJ. Am. Chem. So@003 125, 11964-11975. A change of the solution color from dark orange to green
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TABLE 2. Syntheses of 1,4-Diarylbut-1-ene-3-yne Compounds SCHEME 3. Products from Competitive Dimerization and
Catalyzed by Complex [Rup-cymene)Ch]2 (1), in Acetic Acid at Hydration Reactions of Ethynylferrocene in the Presence of
Room Temperature? Complex |
X
— 1, 5 mol % =
K __ XL Fe N\
\ / AcOH, rt Q%H I, 5 mol % @ 27% Fe
Fe — (o8%E) S
entry X time/h  product yield/% E/%° @ AcOH, 24 h, rt

1 H@ 48 2 45  >99f <

2 4-NO, (3) 48 4 58 98, 9229 + Fe o .

3 4-Cl (5) 48 6 44 9g' > 38%

4  3FQ 24 8 50 94 “CH;,

5  4-MeO @) 48 10 43 97/, gTe

? i:“cﬂg%%)l) gg ii g;’ gg The dimerization ofL7in the presence of dinuclear ruthenium

8 2-CF(15) 40 16 ~20 o5 complexes afforded selectively theisomer of 1,4-diferro-

aReactions performed on 16@00 mg scale of alkyne; [ArSCH] = cenylbut-1-ene-3-yn&, while an E andZ mixture in roughly

: = ? . . .

0.17-0.20 M; 5 mol % ofl. b Isolated yields¢ OverE + Z. 9By GC or equivalent gmounts was obtained in the presence of Cp*Ru
GC-MS from the peak areas of tiieandZ isomerse By H NMR, from complexes! The. formal hydration .Of ethynylferrocei’%and .
integration of the lower frequency olefinic doublets of thandZ isomers. of other alkynes is known to occur in protic but not necessarily

fThe pr_ecipitatg in the regc_tion mixtur%[_Extrac_ted from the mother liquor. agueous media, in the presence or absence of a metal catalyst
P In a mixture with the regioisomers of tris(2-trifluoromethylphenyl)benzene. under acidic condition

The transformation of complex into catalytic species
indicates degradation of the catalytic system. The method presumably occurs by)(solvolytic cleavage of the dimer with
exhibits a remarkable medium selectivity. In fact, we observed formation of HCI and of [RuCl¢-cymene)¢?-OAc)] and [Ru-
only formation of acetophenone (54% yield) upon treatment of (p-cymene)¢!-OAc)(x2-OAc)] specieg! which allow (i) ad-
PhG=CH with 5 mol % ofl in trifluoroacetic acid (24 h, rt). dition of the alkyne to ruthenium when the carboxylate groups
The same hydration product and no enynes were observed inare monodentate. Coordinative unsaturation around the metal
formic acid. Therefore, phenylacetylene can dimerize, while center can also occur by release of thfebound arene, as
resisting the hydration process, through a catalytic speciessuggested by the presence of free€ymene in the reaction
provided by acetic acid. This was also the solvent of choice in mixture. (i) The effective carborcarbon bond-forming step
the original Straus reaction, performed upon heating copper(l) involves either alkynylj?-alkyne or cis-alkynyl/vinylidene
phenylacetylide in acetic acid under inert ga& The phos- species, the latter being most common in ruthenium catalysis.
phine-rich complex [RuG(PPh)s] does not promote either A catalytic cycle for the dimerization promoted by complex
dimerization or hydration of phenylacetylene under the condi- is postulated in a simplified version in Scheme 4. The lack of
tions of this work. 2,4-disubstituted enynes which cannot form by vinylidene

Trimethylsilylacetylene or 1-octyne in the presencé dbes ~ coupling, and the largé-selectivity suggest 1,2 migration of
not exhibit any reactivity, either at rt or at 8C, except for ~ @n alkynyl to a vinylidene group in the stereo-determining step
traces of 2-octanone, indicating that the procedure is limited to (d)-* This is affected by the transoid or cisoid configuration of
aromatic alkynes. We extended the reaction to a series of ringthe arylvinylidene moiety with respect to the alkynyl, where
substituted arylacetylenes and to ethynylferrocene. Table 2 liststhe former arrangement can be favored in this system by the
the substrates, the yields, and the stereoselectivity of the isolated@PSence of bulky ligands, often present in the complexes giving
1,4-diarylbut-1-ene-3-yne products. In the case of the 1-ethynyl- Nigh Z-stereoselectivity®¢.nm 1113 - _
4-nitro-, -4-chloro-, and -4-methoxy-benzene derivatives, the The fact that this catalytic dimerization does not proceed with
products precipitated out of the reaction mixture, thus allowing aliphatic alkynes further supports the occurrence of a vinylidene
an easy separation. The procedure is compatible with the SPecies in the catalytic cycle, this moiety being favored by
presence of various substituents on the aryl ring and, in conjugation with the aryl group on thé-carbon. The lower
particular, of either strong electron-withdrawing or electron- Yield of enyne in the reaction performed in deuterated acetic
donating groups. Th&-stereoselectivity appears satisfactory 2cid (Table 1, entry 14) suggests a kinetic isotopic effect due
(>97%) regardless of the electronic features of the group in 0 hydrogen Fransfer in slovx_/ steps of either the initiation stage
the para position, although it is reduced slightly for substitution OF the catalytic cycle, as anticipated from the literature informa-
in metaandortho (entries 4, 6, 8). In the case of tbetho-CFs tion. . . . o
derivative, the conversion into the dimers is poor and ac- 'he low chemical selectivity of this process which yields
companied by consistent formation of the three isomers of hydration and butadiene derivatives as byproducts (Scheme 2)
alkyne cyclotrimerization, tris(2-GEgHa)CeHa. . - — —

So far, the compatibility with ring substituents of largely Orét?oﬂittsalﬁizcaé%g;i‘l’T;fSag_"zle'.’s_'Sh"’ Y. Nishio, M., Hidai, M.
different electronic properties, from NGo OMe, was not (18) Herberhold, M.; Yan, H.; Milius, W.; Wrackmeyer, B.Organomet.
observed in ruthenium catalysis but only in the case of rho#lium Chem.2001, 623 149-152. o ,
or lanthanide half-metallocene cataly@t§Vhen the triple bond 61%%%“““" M.; Floris, B.; llluminati, GOrganometallics1985 4,
is electron rich, as in the case of ethynylferrocem@),((E)- (20) (a) Menashe, N.; Shvo, Y. Org. Chem1993 58, 7434-7439.
1,4-diferrocenylbut-1-ene-3-ynel&a) is obtained with high (b) Alonso, F.; Beletskaya, I. P.; Yus, NChem. Re. 2004 104, 3079
stereosele_ctivity (98%) but in Iowgr yields (27%) with respect 31?%) Tocher, D. A: Gould, R. O.: Stephenson, T. A.: Bennett, M. A.
to the arylic alkynes, due to consistent formation of acetylfer- gnnett, 3. P.; Matheson, T. W.; Sawyer, L.; Shah, V.JKChem. Soc.
rocene, isolated in 38% yield (Scheme 3). Dalton Trans.1983 1571-1581.
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SCHEME 4. Catalytic Cycle for the Dimerization Reaction Catalyzed by Complex |

catalytic cyclefor  aAcoH ACO[RU]
hydration products «----- ,
 H——Ar ()

AC(?H AC(:)H Ar
: alkyne :
R 5 Rl

|
(®)
|

| ([
Ar
/ Ar /xalkyne Ar ‘
Ar:J

(e
E-enyne AC(:)H nd AcOH
: H d ' Ar
Ri—7 L [Ru=c=c{
[Ru] = (p-cymene)RuOAc | | ‘ H
or solvated RuOAc | |
Ar

Ar

©

indicates the existence of different metalrganic species in liquid, using a microsyringe. After additional vacuum/argon cycles,
solution producing competitive catalytic processes. In particular, the solution was left stirring under argon atmosphere for the time
the formal hydration of the triple bond arises from equilibria indicated in Table 2 for each substrate. In the presence of a
involving -n%-alkyne species (a and &)n fact, the electron-  Precipitate, this was separated by transferring the mother liquor

rich triple bond of ethynylferrocene favors theggadducts ~ Via cannula, washed with mixtures of methanbexane, and then
yielding larger amounts of the corresponding ketone. The purified by column chromatography. The mother liquor including

f > f butadi derivati hould arise f a1 the washings, or the reaction solution in the absence of a precipitate,
ormation of butadiene derivatives should arise from was poured into water/chloroform, and the water phase was

stepwise addition of acetic acid to a bis-carbene ruthenium exiracted twice with chloroform. The collected organic phases were
species, in analogy to the case of the selective synthesis oOfwashed until neutrality and dried over sodium sulfate. The residue
functionalized butadienes catalyzed by [RuCI(CORMEs)]. 160 was then purified by column chromatography.

In the present work, these byproducts are formed in kinetic  (E)-1,4-Di-m-fluorophenylbut-1-ene-3-yne (8a)*H NMR (300
competition with the enynes, since the percent yiel®ab MHz, CDCL): 6 7.33-6.95 (m, 9H), 6.35 (dJ = 16.1 Hz, 1H).
remained constant upon checking the reaction mixture over “*C NMR (75 MHz, CDC}): 6 163.0 (d,Jcr = 245 Hz), 162.4 (d,
several days. Jor = 246 Hz), 140.5, 138.4 (dlcr = 7 Hz), 130.1 (dJcr = 24

Among the dimerization processes promoted by ruthenium Z'jz)j 139'2 |(_‘|jz";CF1T8224 (';3)’ 1_272;1 |(_|dz*;°F1T546'_é(zj)J’ 12_531 1H222)3
. - . : f y YCF — ’ . CF — ’ . CF — ’
catalysis, this is the first report in which the procedure employs ;72" (dJer = 21 Hz), 112.7 (dJer = 23 Hz), 109.1, 91.2 (dlcr

a commercially available compléZand under phosphine-free  _3y) "39 3 FT-IR (dichloromethane): 2198, 1939, 1861, 1702
conditions, which are not commaff' Although the yields of 1582 1486, 1447. GC-MS™(2): 240 (6.3%.2), 240, 220, 144,
the dimeric products are only moderate, the simplicity of the 119 (93.7%,E). Anal. Calcd. for GeHioF2: C, 79.99; H, 4.20.
catalytic system/reaction conditions, the compatibility with Found: C, 79.78; H, 4.25.

aqueous media, and the excellerstereoselectivity may expand (E)-1,4-Diferrocenylbut-1-ene-3-yne (18a)tH NMR (300 MHz,

the synthetic applicability of the dimerization of terminal CDCh): ¢ 6.72 (d,J = 15.9 Hz, 1H), 5.84 (dJ = 15.9 Hz, 1H),
alkynes. HighE-stereoselectivity, not previously observed in 4.42 (vt,J = 1.8 Hz, 2H) 4.37 (vtJ = 1.8 Hz, 2H) 4.27 (vt) =

agueous systems, is a relevant feature for organic conductingll3-g 'Z"fﬂé'('%"‘vﬁfz(sc Sg§5-4521()3(9\/% =13589H§920H)é ;-4147 gS,l5;8-o
i c,10m i i i i 7 . U, ., .U, 4, .4, .U,
materials’**Mand studies along this perspective will be reported "2 o756y "FT IR (dichloromethane): 3100, 3031, 2195, 1612,

in due course. 1411, 1106, 1043, 1027, 1003, 937 cy(mineral oil): 948, 817,
) ) 722 cnTl Anal. Calcd. for GsHsoFe: C, 68.62; H, 4.80. Found:
Experimental Section C, 68.19; H, 5.16.

General Synthetic Procedure The complex [Rug-cymene)-
Cl)2 (I, 55-60 mg) and the alkyne (1.7 1.8 mmol), when solid
as for compounds, 5, and17, were weighed and introduced into
a 100 mL Schlenk tube. After three vacuum/argon cycles, glacial
acetic acid (10 mL) was added to the tube and the alkyne, when

Supporting Information Available: General experimental
section, procedure for recycling of the catalytic system, full
experimental procedures, and characterization data of the dimer-
ization products, including GC-MS, FT-IR, and charts'df and
13C NMR spectra. This material is available free of charge via the
Internet at http://pubs.acs.org.

(22) The dimerization of phenylacetylene has been reported to occur after
thermolysis (110C) of either first- or second-generation Grubbs catalists.  JO0702692
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