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The catalytic G-C bond forming reaction via €H bond Table 1. Pd-Catalyzed Hydrophenylation of Alkynes?
activation by transition metal complexes is one of the most attractive catalyst yielde
subjects in synthetic organic chemistrgspecially the addition of entry  akyne  (mol %) borane® product (%)
C—H to unsaturated bond8which is an ideal atom economical 1 2a la(2)  B(n-Bu) 3a 100 (86Y
process. Although many addition reactions of ortho and petti@ 2 2a 1b(2)  B(n-Bu)s 3a 100
bonds of arenes with directing substituents to alkenes and alkynes 3 2a la(2)  B(seecBu)s 3a 100
via chelation-assisted-€H activation have recently been reported 3: i:gg EEFB gg 3;
by §eyeral groqp%f‘ the addltlpn of simple arenes via d!rec{—E . 6 b 1a(5) B(n-Bu)s 3b 724
activation remains rare. Rhodium-catalyzed photochemical reactions 7e 2¢ 1a(5) B(n-Bu)s 3c 91d
of benzene with alkenes afford alkylbenzenes along with alkenyl- 8¢ 2d la(5) B(n-Bu)z 3d 644
benzene&.Recently, iridium complexes were reported to catalyze % 2e la(5)  B(n-Bu)k 4+5(68:32) 73

antl-Markovnlkov hydroarylatlon of _ unactlva_ted alkenes with 2 A mixture of 2 (0.5 mmol), 1 (0.01-0.025 mmol), and borane (0.15
unac_t'vated_a_renes with 9009' SeIeCt"at?a"ad'um acetate also  mmol) in benzene (2 mL) was heated at T@for 4 h.> THF solutions.
provides efficient hydroarylation of activated alkenes in trifluoro- ¢ GC yields based on alkyne$isolated yields based on alkynéCarried
acetic acid. This system can be applied to the hydroarylation of outat 120°C for 17 h.
alkynes in which addition of €H bonds proceeds in an exclusive

trans manneris-Hydroarylation of unactivated alkynes is promoted . 22% é?a':”b Ph__H 1
by rhodium catalysts such as RBO);® and RhCI(CO)(PMg,.21° R—="R + PhH R>_<R @
However, these reactions require extreme conditions (Z2®5 gz ggfﬂ:r) 3a(R=EY
kg/cn? pressure of carbon monoxide) or irradiation. During the 2¢ (R = n-Bu) 3b (R =n-Pr)
course of our study on the reactivity of novel bimetallic com- 2d (R=Ph) gg ((Ezg'r?)”)
plexest! we found that dinuclear palladium complexes,Rdu-
OH)(u-dpfam) [dpfam= N,N'-bis[2-(diphenylphosphino)phenyl]-
formamidinate, R= p-Tol (1a), Me (1b)] catalyzedcis-hydroarylation cat. 1a
of alkynes with unactivated arenes at lower temperatures in the . cat. B(n-Bu)y Ph H H Ph
presence of trialkylborane. Bt—=—Ph + Ph-H Et>:<Ph+ Et>:<Ph )
2 4 5
NN Pd,R;(u-X)(u-dpfam) diphenyl-1-butene under the same reaction conditions did not afford
thP\Pé\xlsdzPth }ab(&zgur Ezﬁg") 4, indicating thatcis-addition is kinetically favored. No product
H/ \R 1c (X =1, R = p-Tol) was obtained using terminal alkynes such as 1-octyne and ethy-

nylbenzene.
Treatment of 3-hexyne2@) with benzene in the presence d

(2 mol %) and trig-butyl)borane (30 mol %) at 100C for 4 h

afforded €E)-3-phenyl-3-hexene3g) in 86% isolated yield (100%

Table 2. Pd-Catalyzed Hydroarylation of 3-Hexyne (2a) with
Monosubstituted Benzenes?

shb 0 C
GC yield) (Table 1, entry 1). Th&-isomer of3awas not detected entry arene product ab yield" (%)
by *H NMR or GC. Although the dinuclear methylpalladium % to"_JeTe gaigg ;g% gg
: : anisole a :
cqmplexlb was also eﬁectwe (entry 2), no product was obtained 3 methyl benzoate ~ 8a-+ 8b 61-39 7
using the corresponding mononuclear methylpalladium complex 4 chlorobenzene 9a+ 9b 79:21 32 (75

PdMe(dpfam)! or the dinuclear complex [PdPh(Pfu-OH)],,*2
without the binucleating ligand dpfam. Other typical palladium 5 ""Aomli>5<ture 0|f2a(0h5 n:n:jOI){féSr}e (ipbgat(o-ol ":jrfg)o')égg? B;‘-I
.CatalySFS’ such as Pd(OAc.)and P.d(dba);'CHCb’ also W.ere Glg3)(/iéldsnt])n;ge)dwgsmaeda 'I?heareacti(?r: Wés pgr?grrnrrllr:j f0¥ 42.h?nathe
ineffective for the hydroarylation. Using triethylborane and triphen- ;resence of 5 mol % ofa.

ylborane as additives decreased the yiel8afemarkably (entries

4 and 5), and no reaction occurred in the absence of boranes. The Table 2 summarizes results of hydroarylatior?afwith several
hydrophenylation of several symmetrical internal alkyrigis—d) monosubstituted benzenes (eq 3). Both electron-rich and electron-
proceeded under similar conditions, giving phenyl-substituted poor arenes were reactive and affordejt8-aryl-3-hexene$—9,
alkenes 8b—d) in satisfactory yields (entries—8). Although the although the reaction of chlorobenzene required a higher catalyst

reaction of 1-phenyl-1-butyn@§) yielded both regioisomerskj- loading and longer reaction time. The meta and para isomers were
1,2-diphenyl-1-butenedf and 1,1-diphenyl-1-buten&), no other obtained in a ratio of~2:1; no ortho isomer was detected from
isomers were detected (entry 9 and eq 2). TreatmenE)pl @- any of the reactions. This selectivity is similar to that observed in
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