Palladium-Catalyzed Intermolecular
Three-Component Coupling of Aryl

ORGANIC
LETTERS

2005
Vol. 7, No. 9
1781—-1783

lodides, Alkynes, and Alkenes To
Produce 1,3-Butadiene Derivatives

Kana Shibata, Tetsuya Satoh,* and Masahiro Miura*

Department of Applied Chemistry, Faculty of Engineering, Osaka&fgity,

Suita, Osaka 565-0871, Japan

satoh@chem.eng.osaka-u.ac.jp; miura@chem.eng.osaka-u.ac.jp

Received February 22, 2005

ABSTRACT

The sequential three-component coupling of aryl iodides, diarylacetylenes, and monosubstituted alkenes effectively proceeds in the presence

of Pd(OAc) ,, LiCl, and NaHCO 3 as catalyst, promoter, and base, respectively, in DMF

—H,0 to produce the corresponding 1,3-butadiene derivatives.

Transition-metal-catalyzed domino coupling is now recog-
nized to be a powerful tool for constructing rather complex
molecules from simple starting materials by a single treat-
ment! Among such potential reactions is the palladium-
catalyzed sequential three-component coupling of aryl ha-
lides, internal alkynes, and various terminators including
organometallic reagents, alkenes, and terminal alkyiés
reaction proceeds via a key vinylpalladium intermedBte
which is generated by carbopalladation on an alkyne with
an arylpalladium specie5, as illustrated in Scheme 1. The
intermediateB is living and, thus, undergoes further coupling
with the terminatorg?
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Scheme 1

While the reactions via intramolecular cyclization with
alkynylhaloarenes followed by intermolecular termination or
the reverse with substrates such as alkenylhaloarenes and
alkynes have been studied extensiveiythe fully inter-
molecular versions to afford-conjugated acyclic compounds
have been less exploréf. As one of the rare but efficient

(3) For recent example, see: (a) Huang, Q.; Larock, RO€g. Lett.
2002,4, 2505. (b) Huang, Q.; Larock, R. @. Org. Chem2003,68, 7342.
(c) Kressierer, C. J.; Mller, T. J. Angew. Chem., Int. EQ004 43, 5997.
(d) D’'Souza, D. M.; Rominger, F.; Mdller, T. J. Angew. Chem., Int. Ed.
2005,44, 153. (e) Bour, C.; Suffert, Drg. Lett.2005,7, 653.



examples, Larock and co-workers recently reported that 1, entry 1). In this case, a trace amount of 1:2 coupling

involving the Suzuki-Miyaura coupling with organoboron
reagents in the termination st&/Ve also demonstrated that

product, methyl(tetraphenyl)naphthalene, was also detected
by GC—MS’? The reaction was found to be enhanced

two molecules of alkynes can be inserted between aryl significantly by using DMF/HO as solvent (entry 2). Various
halides and arylboronic acids to produce the correspondingbases could be used in place of 8¢ (entries 3—7), and
1:2:1 coupling products, 1,4-diaryl-1,3-butadienes, when among those examined, relatively weak and less expensive

using a suitable base such as silver carbohate.
During the course of our further study of the catalytic
arylation of alkynes;” we observed that the 1:1:1 coupling

NaHCQ; gave the best result (entry 7). As expected, the use
of exces®a (4 equiv) improved the selectivity for the desired
three-component coupling produta (entry 4 vs 3). When

of aryl halides, diarylacetylenes, and monosubstituted alkeneshe reaction was conducted with the addition of LiCl (0.7
can take place selectively under palladium catalysis by equiv) as promoter at 130C, 4a was obtained in a further
employing appropriate conditions. This is a novel example improved yield of 72% with a suppressed amount5af

for the aboveintermolecular three-component coupling
involving the Mizoroki—Heck reaction with alkenes in the
termination®

In an initial attempt, 4-iodotoluene (1a) was treated with
diphenylacetylene2@) (1 equiv) and butyl acrylate34) (1
equiv) under conditions similar to those employed for the
reaction oflawith 2aand arylboronic acid%In the presence
of Pd(OAc) (5 mol %) and AgCO; (1 equiv) in 1-propanol/
H,0 (9:1) at 12C°C for 20 h, butyl 5-(4-methylphenyl)-4,5-
diphenyl-2,4-pentadienoatdd) was formed in 16% yield
along with a normal MizorokiHeck-type product, butyl
3-(4-methylphenyl)-2-propenoate (5a), in 25% vyield (Table

Table 1. Reaction of 4-lodotoluenel&) with
Diphenylacetylene (2a) and Butyl Acrylat8&p

| Ph P(OAC);
O
PH base
1a 2a 3a DMF/H,0
Ph
a =

= CO,Bu \@\/\
+
Z>Co,Bu
5a

da
% yield®
entry base (mmol) LiCl (mmol) 7' (°C) time (h) 4a 5a
1¢4  AgoCOs(1) 120 20 16 25
2¢ AgeCOs(1) 120 2 20 36
3¢ Cs2C03(2) 120 05 29 58
4 Cs2CO03(2) 120 0.5 53 40
5 NaxCOs3(2) 120 2 53 28
6 NaOAc (2) 120 0.5 51 35
7 NaHCOs(2) 120 2.5 60 31
8 NaHCOs(2) 0.7 120 15 64 28
9 NaHCOs(2) 0.7 130 1 72 (50 12
10 NaHCOs(2) 0.5 130 1 53 15
11 NaHCOs(2) 1.0 130 2 63 12
12 NaHCOs(2) 0.7 130 0.5 70 14
13/¢ NaHCOs(2) 0.7 130 4 58 24

aReaction conditionsla (1 mmol),2a (4 mmol),3a(1 mmol), Pd(OAc)
(0.05 mmol), and NaHC@in DMF/H,0 (9:1, 5 mL) under M ? GC yield
based on the amount @& used. Value in parentheses indicates yield after
purification. ¢ 2a (1 mmol) was used In 1-propanol/HO (9:1, 5 mL).
€ (2E,4B)/(2E, 42) = 1.2:1." With P(p-tolyl)3 (0.2 mmol).9 4-Bromotoluene
(1 mmol) was used in place dfa.
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(entry 9). The NMR spectra dfaisolated in entry 9 indicated

that it consists of two geometrical isomersE(2E)/(2E,4Z)

= 1.2:1)? Either decreasing and increasing the amount of

LiCl resulted in a reduction in the yield afa (entries 10

and 11). 4-Bromotoluene could be used in placdafvith

the addition of Bg-tolyl); (0.2 mmol) as ligand (entry 13).
As expected, the reaction using the substrate combination

of an aryl iodide and a diarylacetylene, in which same aryl

groups are contained, witda gave the corresponding butyl

Scheme 2
Pd(OAG),
Ar (0.05 mmol)
LiCI (0.7 mmol
Al + / + 2 cosmu ( )
Ar NaHCO3
1ad 2a-d 3a (2 mmol)
(1 mmol)  4a- (1 mmol)
(4 mmol) BDMF/HO (9:1)
e}
Ar 130°C
A =
r\/K/\cozsu + AN Nco,mu
Ar
sa-d Sa-d
Ar substrates time (h) products, %yield?
Ph 1b, 2a 15 6a, 65 (47); 5b, 26
4-MeCgHy 1a, 2b 0.5 6b, 55 (42); 5a, 25
4-ClCgHs 1c, 2¢ 1 6c, 60 (35); 5c, 21
2-thienyl 1d, 2d 1.5 6d, 30 (18); 5d, 6

aDetermined by GC (the value in parentheses indicates yield
after purification).

4,5,5-triaryl-2,4-pentadienoate as the predominant product.
Thus, dienea—d were obtained fronla—d and 2a—d
(Scheme 2).

The reaction oflb and2awith alkenes other thaBawas
next examined (Scheme 3). The alkenes with an electron-
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Emrich, D. E.; Larock, R. QOrg. Lett.2003,5, 1579. (b) Zhang, X.; Larock,

R. C.Org. Lett.2003,5, 2993. See also: (c) Thadani, A. N.; Rawal, V. H.
Org. Lett.2002,4, 4317.

(5) Intermolecular reaction with terminal alkynes: (a) Pal, M.; Para-
suraman, K.; Subramanian, V.; Dakarapu, R.; Yeleswarapu, K.eRa-
hedron Lett.2004,45, 2305. (b) Pottier, L. R.; Peyrat, J.-F.; Alami, M.;
Brion, J.-D.Synlett2004, 1503.

(6) Satoh, T.; Ogino, S.; Miura, M.; Nomura, Mingew. Chem., Int.
Ed. 2004,43, 5063.
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Scheme 3 Scheme 4
Pd(OAC), Pd(OACc),
(0.05 mmol)
(0.05 mmol)
. LiClI (0.7 mmol)
LiCl (0.7 mmol)
A E / . PPh3 (0.1 mmol)
NaHCO; z NaHCO
3b-d (2 mmol) A
(1 mmol) 1b (2 mmol)
DMF/H0 (9:1) (1 mmol) 4 mmol 3e-g DMF/HZO (9:1)
130°C ( mmol) 130 °C

SOOI /

=
l 8a<c O
ac

10a-c¢
E alkene time (h)  products, %yield?
PPh i %yield?
COLEt 3p 15 7a, 62 (46) 8a, 20 R alkene 3 time(h) products, %yield
CONMe; 3c 3.5 7b, 55 (50); 8b, 21 H 3e - 2.5 9a, 44; 10a, 14
CN 3d 1 7c, 60 (53); 8¢, 10 H 3e + 2 9a, 63 (45); 10a, 8
) . o ) Me 3f + 5 9b, 55 (50); 10b, 3
aDetermined by GC (the value in parentheses indicates yield cl 3g + 4 9c, 69 (52); 10¢, 6

after purification).

aDetermined by GC (the value in parentheses indicates yield
after purification).
withdrawing group such as ethyl acrylatdb], N,N-di-
methylacrylamide (3c), and acrylonitrile (3d) smoothly
reacted to produce the corresponding dier@sc. under palladium catalysis to selectively give the correspond-

Styrene (3e) also reacted with and2ato afford 1,1,2,4- ing 1:1:1 coupling produ_cts. The re_action p_rovides a straight-
tetraphenyl-1,3-butadiene (9a) (Scheme 4). In this case, theforward route to butadienes having multiple aryl groups,
addition of PPh (0.1 mmol) was found to improve the yield Which are of interest for their photo- and electrochemical
of 9a. The use of 4-methyl- and 4-chlorostyreBésind3g and biological propertie¥.
afforded the corresponding dien@s and9c. . ] . )

In summary, we have demonstrated that the three- Supporting Information Available: Reaction procedures
component coupling reaction of aryl iodides with diaryl- and product characterization data. This material is available

acetylenes and monosubstituted alkenes can be performedf€€ Of charge via the Internet at hitp://pubs.acs.org.
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