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ABSTRACT

Dinuclear and mononuclear palladium complexes having N,N'-bis[2-(diphenylphosphino)phenyljamidinate (DPFAM) as a ligand catalyzed the
cross-addition of triisopropylsilylacetylene (TIPSA) to unactivated internal alkynes, giving enynes selectively. When palladium catalysts having
PPh;, TDMPP, dppe, or dppf were used, dimers of TIPSA were obtained as major products. The reactions of TIPSA with several terminal
alkynes also gave cross-adducts selectively, although the yields were moderate.

The addition of terminal alkyne CH-bonds to other alkynes  under mild conditions. Titaniun¥-uranium-} and palladium-
is a very simple and highly atom-economical method for catalyze& reactions proceed with higiemselectivity, and

formm_g enynes_(eq 11)_,wh|ch are !mportant precursors in (2) Recent examples: (a) Bassetti, M.; Marini, S.; Tortorella, F.;
organic synthesis. Various transition metals can be used ascadierno, V.: Diez, J.; Gamasa, M. P.; GimenaJ.JOrganomet. Chem.
catalysts for the addition reaction, and many papers have2000,593~594, 292—298. (b) Dash, A. K.; Eisen, M. Gig. Lett. 2000,

2, 737—-740. (c) Melis, K.; De Vos, D.; Jacobs, P.; Verpoort, JF.
explored the method over the last few decadelewever, Organomet. Chen200q 671, 131—136. (d) Nishibayashi, Y.: Yamanashi,

almost all of these studies have been limited to homodimer- M.; Wakiji, I.; Hidai, M. Angew. Chem., Int. EC2000,39, 2909—2911.

ization of terminal alkynes, which cannot be extensively (zego(ahlnguégggéorg)z%%ifg {Aaf“gg‘;‘;’dy;g “@yi%ag%ﬁogo‘gggfs

utilized for organic synthesis. The cross-addition of two 123, 11107-11108. (g) Yang, C.; Nolan, S.J.Org. Chem2002, 67,

i i i 91-593. (h) Nishiura, M.; Hou, Z.; Wakatsuki, Y.; Yamaki, T.; Miyamoto,
dlﬁ‘eren_t glkynis, which h"?‘s greater synt.hetlc.s.copg,.has beeri_ J. Am. Chem. So2003,125, 1184—1185. (i) Nishiura, M.; Hou, 2.
rather limited~’ because in these reactions it is difficult to ol Catal. 2004, 213, 101-106. () Ogoshi, S.; Ueta, M.; Oka, M.:
prevent the homodimerization of alkynes. Several groups Eurﬁ_savz(a,:-c\slvem- C\t()ncl)mur2004,t2532§6%753§4(I?sléeeifé-c(l.): \I;\i/n, Y.

. . . . . .; Liu, Y.-H.; Wang, Y.Organometallic ,24, - . eng,
reported selective cross-dimerization of two terminal alkynes W Guo, C.: ,@Ienliggil-getig, R. Foxman, B. M.. Ozerov, O. \Chem’f’
Commun2006, 197—199. (m) Ghosh, R.; Zhang, X.; Achord, P.; Emge,

(1) (a) Trost, B. M.Sciencel991,254, 1471—-1477. (b) Trost, B. M. T. J.; Krogh-Jespersen, K.; Goldman, A.J53Am. Chem. So2007,129,
Angew. Chem., Int. Ed. Endl995,34, 259—281. 853—856.
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ruthenium-catalyzed reactions giv&{isomers selectivel§. product along with homodimers. To prevent homodimeriza-
In these reports, however, the cross-addition of terminal tion, silylacetylenes having bulky silyl groups were inves-
alkynes tointernal alkyneswas not mentioned, except the tigated. The use of triphenylsilyl dert-butyldimethylsilyl
palladium-catalyzed addition to alkynes having oxygen groups did not significantly reduce dimerization of the
subsituents at propargylic positions. Insertion of internal terminal silylacetylenes. In contrast, in the reaction of
alkynes to alkynylmetal intermedates would be impossible triisopropylsilylacetylene (TIPSA) with 3-hexyne at 110
mechanisticallyor require more drastic conditions than that for 17 h, the cross-addition produga was obtained in 82%
of terminal alkynes, which induce homodimerization of vyield, with the TIPSA dimers yield only 3% (Table 1, entry
terminal alkynes. Trost reported that tris(2,6-dimethoxy-

phenyl)phosphine (TDMPP) was effective for the palladium- [ GGG

catalyzed cross-addition of terminal alkynes to internal Taple 1. Palladium-Catalyzed Cross-Addition of TIPSA to
acceptor alkynesactivated by electron-withdrawing groups  3-Hexyné

as well as for the homodimerization of alkyrfeRecently,
rhodium-catalyzed addition to internal arylalkynes was also

yield? (%)

reported. Regarding unactivated internal alkynes, there have _entry catalyst (mol %) T(°C) 3a homodimers’
been a few examples for the ruthenium-catalyzed reaction 1 1a (2) 110 82 3
reported by Yi and Li We report here the palladium- 2 1b (2) 120 61 2
catalyzed selective cross-addition of a silylacetylene to 3  2a(2) 120 78 6
unactivated internal alkynealong with the cross-addition ‘5‘ i‘(’igf))h) " Eg 9; 32

H 34
to terminal alkynes. 6  Pd(OAc»(4), TDMPP(4) 120 17 72
7 Pd(OAc); (4), dppe (4) 120 36 39
R 8  Pd(OAc): (4), dppf (4) 120 20 40
transition metal \\ .
catalysts H a A mixture of TIPSA (0.50 mmol), 3-hexyne (0.50 mmol), and catalyst
R——H + R—R" ={ (1) in toluene (2.0 mL) was heated for 17 'hGC vyields.c A mixture of
R R" homodimers of TIPSA.

We first investigated the cross-addition of various terminal 1) comparable results were also obtained by using the mono-
alkynes to 3-hexyne in the presence of the dinuclear complex,clear complexeg having the same multidentate ligand,
1a, which had been reported to serve as a catalyst for then N -pis[2-(diphenylphosphino)phenyllamidinate (DPFAM)
addition reaction of aryl and alkenyl C—H bonds to unac- (entries 3 and 4). Thus, it does not seem likely that a bi-
tivated alkyne$:**While the reactions dert-butylacetylene  metallic structure, or cooperation of the two palladium cen-

ters, is essentidl.Reactions using palladium catalysts having

monodentate phosphines, such as triphenylphosphine and
NN N/=N TDMPP, selectively gave TIPSA homodimers (entries 5 and
| 6). Although using bidentate phosphines somewhat increased
PhoP—py_ _pd~PPhe PhoP— pq : iy Lo
/9N i \Ilgh the yield of 3a, the selectivity was largely inferior to that
R R 2

obtained when using or 2 (entries 7 and 8). A tridentate
1%222@2)0[) 2 igzﬁg") ligand, N,N-bis[2-(diphenylphosphino)phenyl]lamif&gom-
pletely inhibited both the cross-addition and homodimeriza-

) ) tion reactions.
and phenylacetylene with 3-hexyne gave only homodimers

of terminal alkynes, the reaction of trimethylsilylacetylene TIPS
with 3-hexyne afforded a small amount of a cross-addition AN
Pd catalyst H
. TPS——H + Rm=—R2 ——— — 2
(3) Akita, M.; Yasuda, H.; Nakamura, ABull. Chem. Soc. Jpri984, R' R2
57, 480—487. (TIPSA) 3
(4) Wang, J.; Kapon, M.; Berthet, J. C.; Ephritikhine, M.; Eisen, M. S.
Inorg. Chim. Acta2002,334, 183—192. 3a:R'=R%=FEt 3h:R' = n-hexyl, R2=H
(5) Katayama, H.; Yari, H.; Tanaka, M.; Ozawa, Ehem. Commun. 3b:R'=R?=Pr 3i:R" = n-pentyl, RZ=H
2005, 4336—4338. 3c:R'=R2=Ph 3j: R' = n-heptyl, R =H
(6) (a) Trost, B. M.; Chan, C.; Rihter, G. Am. Chem. S0d.987,109, 3d: R' = R? = CH,OMe 3k:R'=t+Bu,R?=H
3486—3487. (b) Trost, B. M.; Li, C.-ISynthesisl994, 1267—-1271. (c) 3e:R'=Ph, R2=Me 31: R' = (CH,),OH, R2=H
Trost, B. M.; Harms, A. ETetrahedron Lett1996,37, 3971—-3974. (d) 3f: R' = Me, R? = CH,OH 3m: R' = (CH,);CO,Me, R2 = H
Trost, B. M.; Sorum, M. T.; Chan, C.; Harms, A. E.; Ruhter, G Am. 3f: R' = CH,OH, R = Me 3n:R" = (CHy)3CN, R =H
Chem. So0cl1997 119 698-708. (e) Trost, B. M.; Mcintosh, M. C. 3g: R' = Me, R2 = CO,Me
Tetrahedron Lett1997,38, 3207—3210. See also: (f) Chen, L.; Li, C.-J. 3g" R'= CO,Me, R2 = Me (E/Z mixture)

Tetrahedron Lett2004,45, 2771—2774. (g) Hirabayashi, T.; Sakaguchi,
S.; Ishii, Y. Adv. Synth. Catal2005,347, 872—876.
(7)25<§t6§gérié;-;} Tszurugli._H._;| Fu?]aﬁama, A; ISatc:jh, T.; Miura, @hem. § Table 2 summarizes the results of cross-addition of TIPSA
Lett. 7, 36, 1. A similar rhodium-catalyzed reaction was reporte: : f ; ;
by another group: Nishimura, T.: Onishi, K.: GUo, X.-X.. Hayashi, T. The to various internal and terminal alkynes. The reactions of
87th National Meeting of the Chemical Society of Japan, Osaka, March
2007, Abstract 3D6 02. (9) Tsukada, N.; Tamura, O.; Inoue, ¥rganometallic002,21, 2521 —
(8) i, C. S.; Liu, N.Organometallics1998,17, 3158—3160. 2528.
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s propiolate were not applicable to the cross-addition, with
Table 2. Palladium-Catalyzed Cross-Addition of TIPSA to alkyne homodimers forming as major products in reactions
Various Alkynes with TIPSA. As with the cross-addition to 3-hexyne, the use

of Pd(PPh)4 as a catalyst did not give satisfactory results in

alkyne cross-addition reactions with terminal alkynes. For example,
entry R! R? time (h) product yield® (%) the reaction of TIPSA with 1-octyne afforded a dimer of
1 FEt Et 20 3a 86¢ TIPSA (22%), a dimer of 1-octyne (16%), and isomers of
2  nPr n-Pr 67 3b 90 3h (14%) along with3h (31%).
3 Ph Ph 24 3c 82 While the use of TIPSA, which has a bulky triisopropyl-
4  CH:0Me CHz0Me 3d 63 silyl group, is essential for the selective cross-addition,
> Ph Me 4 e 92 TIPSA has another advantage over other terminal alkynes
6% Me CHzOH 21 st af B 1 in that the silyl group can be easily removed from eny8ies
7 Me CO;Me 17 3g+3gf 68 : ) )
8  n-hexyl H 18 3h 65 or converted to other groups. Using the Hiyama coupling
99 n-hexyl H 37  3h 60¢ reaction;*14 silyl enyne 3a was transformed into phenyl
10 n-pentyl H 17 8i 61 enyned (eq 3). Treatment o8c with TBAF in THF gave
11 n-heptyl H 30 3j 44 enyne5 having an acetylenic terminus, to which various
12¢  ¢-Bu H 19 3k 28 functional group can be further introduced (eq 4).
13 (CHg)sOH H 19 31 49
14  (CHp)sCO:Me H 20  3m 36 Ph
15  (CHy);CN H 16  3n 24
' Pd(PPhs), AN 3)
a A mixture of TIPSA (0.50 mmol), another alkyne (0.50 mmol), and 3a + Phl
la (0.01 mmol) in toluene (2.0 mL) was heated at 1°D. P Isolated AgCl, TBAF, DMF "
yields. < GC yields.d 2b was used as a cataly$§t3f:3f = 58:42.f 3g:3g’ t,2d 45% A
= 74:26.
H
i i in hi TBAF N\ @
dialkyl- and diphenylacetylenes gave enyi®es-cin high 3c _
yields (entries 1—3). While the cross-addition to 1-phenyl- THF, i, 1h 69% Ph  Ph
1-propyne afforde®d with high regioselectivity (entry 5), 5
a hydroxyl substituent at the propargylic posifiddid not _ _ _ )
control the regioselectivity (entry 6). While several regio-  In both reactions using and2, the corresponding triiso-

and stereoselective additions to activated alkynes have beerpropylsilylethynyl complex o2 would be a key intermediate,
reportect® the cross-addition of TIPSA to methyl tetrolate into which the other alkyne inserts. The bulkiness of the
gave a mixture of isomers (entry 7). No product was obtained triisopropylsilyl group prevents insertion of TIPSA giving
in the reaction with bis(trimethylsilyl)acetylene. The reactions homodimers. The choice of ligand was also crucial for
of TIPSA with terminal alkynes also gave branched cross- selectivity and reactivity of the cross-addition. Tridentate
adducts3g—m (entries 8—15). In all cases, no other regio- coordination of DPFAM and the lability of seven-memberd
isomers were observed, and the yield of TIPSA homodimers chelation in2 could play an important role in the cross-
was less than 5%, although dimers of the other terminal addition.

alkyne were formed to some degree (less than 20%). The Insummary, we have found that the palladium complexes
reactions of-alkylacetylenes gaveéh—j in good selectivites 1 and 2, having the multidentate ligand DPFAM were
(entries 8—11). These results are complementary to theeffective as catalysts for the selective cross-addition of
ruthenium-catalyzed reactidrin which linear silyl enynes  TIPSA to internal and terminal alkynes. Mechanistic study,
were selectively obtained and alkylacetylenes could not bein particular, the influence of ligand structure on selectivity
used. A bulkytert-butyl group decreased the yield 8k between cross-addition and homodimerization, is in progress.
(entry 12). Terminal alkynes having hydroxy, methoxycar- )

bonyl and cyano groups could be used in the cross-addition, Acknowledgment. This work was supported by a Grant-
giving 31—n as major products, although the yields were not in-Aid for Scientific Research (No. 17750081) from MEXT.
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