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Abstract: A new synthetic protocol for the one-pot, stereoselective
synthesis of 1,3,5-tris[(E)-4-halostyryl]benzene and 1,2,4,5-tet-
rakis[(E)-4-halostyryl]benzene derivatives as stilbenoid dendrimer
cores via palladium-catalyzed Hiyama cross-coupling of aryl tri- or
tetrahalides with 1,3-bis[(E)-4-halostyryl]disiloxanes is described.

Key words: cross-coupling, palladium catalyst, stilbenoid den-
drimer cores, silicon derivatives

Dendrimers are repeatedly branched, monodisperse mac-
romolecules built of a central core and repeated sequences
(dendrons).1 The number describing the dendrimer gener-
ation is defined by the number of branching points be-
tween the periphery and the core. The degree of branching
in a dendrimer increases with successive generations so
that high generation dendrimers are globular in shape and
possess high functional group densities at their periphery.

Various dendritic systems have been studied in view of
their prospective applications as low-dielectric materials,2

catalysts,3 unimolecular micelles,4 sensors,5 efficient
light-harvesting antennae6 and potential drug-delivery
systems.7

Dendrimers with polyconjugated branches represent an
important group within this class of materials and hence
they are interesting because of their electrical, optical,
nonlinear optical, electroluminescent and photophysical
properties. For example, such compounds have been suc-
cessfully used as charge-transporting8 and light-emitting
materials.9 Arylalkene-based dendrimers have been one
of the most widely studied families of dendrimers with
trans-stilbenyl moieties within the branching framework
playing a major role in the structures.10 Stilbene units can
make the core or can be elements of the dendrons or
both.1d,10 Stilbenoid dendrimers offer a number of advan-
tages over the linear poly(p-phenylenevinylene) (PPV).
Due to their highly branched structures, such dendrimers
are expected to be less aggregated and hence, should not
suffer from fluorescence quenching due to intermolecular
interactions.11 Dendrimers with photoreversible stilbene
core undergo mutual cis–trans isomerization in organic
solvents to give photostationary state mixture of cis and
trans isomers. The photocyclization reaction does not take
place in the second or higher generation dendrimers prob-
ably due to the steric effect of the bulky dendron groups.

Despite rapid advances in the potential application of den-
drimers, their syntheses are still confined to the
divergent12a or convergent12b synthetic strategies. There
are two main convergent strategies reported for obtaining
(E)-stilbenyl-based dendrimers. The first strategy is based
on the Wittig10 or Horner–Wadsworth–Emmons-type
chemistry,13a–13c whereas the second is based on the
Heck9a,b,13d,e or Suzuki13f,g palladium-catalyzed-type chem-
istry. Recently, an alternative approach to stilbenyl den-
drons has been reported, which is based on the Ramberg–
Backlund reaction.14 Depending on the substituents, the
Wittig–Horner reaction in stilbenoid series sometimes ex-
hibits a low percent of Z isomer (2–5%).10

The palladium-catalyzed and fluoride-promoted cross-
coupling of unsaturated organosilicon compounds with
aryl halides (Hiyama coupling) has been recently em-
ployed as a mild and efficient alternative to the well-es-
tablished Heck, Stille and Suzuki reactions, taking into
account the commercial availability, high stability and
low toxicity of the silicon derivatives.15

Therefore, we wish to report herein the first, unprecedent-
ed, one-pot palladium-catalyzed Hiyama-type strategy for
the stereoselective synthesis of 1,3,5-tris[(E)-4-halosty-
ryl]benzene and 1,2,4,5-tetrakis[(E)-4-halostyryl]benzene
derivatives as stilbenoid dendrimer cores using aryl tri(or
tetra)halides and appropriate 1,3-bis[(E)-4-halostyryl]di-
siloxanes. These compounds can be easily transformed
into the first or higher generation dendrimers via the well-
known reactions like those of Heck, Hiyama, Stille or
Suzuki.

Since 1,3-bis[(E)-4-halostyryl]disiloxanes 1–3 (Scheme 1)
as starting compounds can be easily prepared with high
yield from inexpensive 1,3-divinyltetramethyldisiloxane
and halostyrenes using the ruthenium-catalyzed silylative
cross-coupling reaction, this sequence of reactions, i.e. si-
lylative coupling (also called trans-silylation or silyl
group transfer)16–desilylative coupling (Hiyama) is ex-
pected to be an attractive alternative for the synthesis of
stilbenoid dendrimer cores.

The silylative coupling of 1,3-divinyltetramethyldisilox-
ane with para-halosubstituted styrenes was examined in
an open system under a gentle stream of argon. The reac-
tion was effectively catalyzed by the ruthenium catalyst
[RuHCl(CO)(PPh3)3] (1 mol% per silyl group) and CuCl
as a co-catalyst (2 mol%) in dioxane at 100 °C for 16
hours. The exclusive formation of the E-isomer of 1,3-
bis[(E)-4-halostyryl]disiloxanes 1–3 (Table 1) was con-
firmed by 1H NMR. The use of the catalyst or co-catalyst
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in lower amounts (0.5 mol% per silyl group) required
longer reaction time (24–48 h) and gave the desired prod-
uct in low yield (Table 1, entry 1). On the other hand, a
lower amount of catalyst led to significant amounts of
monosubstituted 1,3-divinyltetramethyldisiloxane (1-
styryl-3-vinyltetramethyldisiloxane). In the second step
of the one-pot silylative coupling–desilylative coupling
sequence, this monosubstituted compound yielded some
by-products.

It is worth noting that the best results were observed when
the co-catalyst was added to the reaction mixture a few
minutes after beginning of the reaction.

The synthesized 1,3-bis[(E)-4-bromostyryl]disiloxane (2)
thus obtained was next used for the palladium-catalyzed
desilylative coupling reaction with 1,3,5-tribromoben-
zene in the synthesis of 1,3,5-tris[(E)-4-bromostyryl]ben-
zene (5) (Scheme 2). The reaction was performed in an
open system under a gentle flow of argon in the presence
of [Pd2(dba)3] (1 mol% per silyl group) and TBAF as an
activator at 30 °C for 24 hours.

Unfortunately, under these reaction conditions (30–40
°C), the expected product was not observed, whereas at

55 °C a low conversion of 1,3,5-tribromobenzene was de-
tected (ca. 20%). By increasing the temperature to 80 °C
the reaction was complete in 16 hours. Due to the pres-
ence of bromine substituents in both substrates, a mixture
of linear and branched polymers was isolated (Scheme 2,
Table 2).

Under standard desilylative coupling conditions in the ab-
sence of 1,3,5-tribromobenzene, compound 2 underwent
at 80 °C desilylative homocoupling to poly(phenylene-
vinylene) derivatives with high yield (>99%) and stereo-
selectivity (>99% E).18 This unexpected result can be of
interest in the synthesis of (E)-poly(phenylenevinylene)
derivatives and needs further investigations.

The reaction performed with 1,3-bis[(E)-4-halostyryl]di-
siloxanes 1 and 3 and under the optimum conditions pro-
vided almost quantitative yields (90–96%) of the desired
1,3,5-tris[(E)-4-styryl]benzene (4) and 1,3,5-tris[(E)-4-
chlorostyryl]benzene (6; Table 2). Similarly to the reac-
tions with 1,3,5-tribromobenzene, the palladium-cata-
lyzed coupling of the 1,3-bis[(E)-4-halostyryl]disiloxanes
1–3 with 1,2,4,5-tetraiodobenzene in the presence of
TBAF and Pd2(dba)3 (1 mol% per silyl group) catalyst
proceeded stereoselectively to give satisfactory yields of
the desired 1,2,4,5-tetrakis[(E)-4-halostyryl]benzenes 7–
9 (Table 2).

The compounds 1–3 underwent the desilylative coupling
reaction (Hiyama coupling) with 1,2,4,5-tetraiodoben-
zene at 30 °C because of the higher reactivity of iodo-sub-
stituted substrates. This reaction required a small excess
of silyl compounds (at least 10% per iodo substituent) and
TBAF (20% per silyl group). The reaction needed at least
1 mol% catalyst loading ([Pd2(dba)3]) per silyl group for
exclusive formation of the expected products. The use of
a higher amount of palladium catalyst, or a higher temper-
ature of the reaction significantly reduced the reaction
time. Under the above specific reaction conditions, the de-
sired 1,2,4,5-tetrakis[(E)-4-halostyryl]benzenes 7–9 were
obtained with high yield and stereoselectivity (Table 2).
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Table 1 Synthesis of 1,3-Bis[(E)-4-halostyryl]tetramethyldisilox-
anes via Silylative Cross-Coupling of 1,3-Divinyltetramethyldisilox-
ane with 4-Halostyrenesa,17

Entry Time (h) Product Conversion (ArX) (%) Yield (%)b

1 24 1c 84 –

2 8 1 54 –

3 16 1 >99 87

4 16 2 >99 91

5 16 3 >99 93

a Reaction conditions: [Si]/[ArX]/[TBAF]/[RuHCl(CO)(PPh3)3]/
CuCl = 1:4:2.4:0.01:0.02, dioxane, 100 °C.
b Isolated yields of products.
c [Ru]:/[Si] = 1:200.
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The results of the catalytic study prompted us to perform
experiments aiming at a design of the one-pot reaction
system without isolation of 1,3-bis[(E)-4-halostyryl]di-
siloxanes 1–3 (Scheme 3). In the first step, the unsaturated
organosilicon precursors were synthesized using rutheni-
um hydride catalyzed silylative coupling of 1,3-di-
vinyltetramethyldisiloxane with styryl halides. Then, the
post-reaction mixture was treated with an appropriate
tri(or tetra)halobenzene under standard Hiyama cross-
coupling conditions (Scheme 3, Table 2). A twofold ex-
cess of 4-halostyrene relative to divinyltetramethyldi-
siloxane (per silyl group) was found enough to complete
with the silylative coupling reaction of both vinyl groups
and in these conditions homopolymerization of halosty-
rene was not observed. These optimal conditions applied
to the one-pot synthesis of 4, and 6–9 provided very high
yields (72–95%) and stereoselectivity (>99%). Notice-
ably, the yields were only slightly lower than those ob-
tained in the two-step process with isolation of 1,3-
bis[(E)-4-halostyryl]disiloxanes 1–3 (Table 2). 1,3,5-
Tris[(E)-4-halostyryl]benzene 4 and 6 and 1,2,4,5-tet-
rakis[(E)-4-halostyryl]benzene 7–9 were isolated via col-
umn chromatography with silica gel (THF–EtOAc).

The structure of the products 1–4 and 6–9 was confirmed
by FT-IR, 1H NMR, 13C NMR and EI-MS spectroscopy.
The presence of (E)-vinylene functionality was unambig-

uously confirmed by the appearance of FT-IR bands at-
tributable to the CH bending of trans-vinylene at 956–986
cm–1. Unfortunately, the corresponding 1H NMR signals
(J = 15.9–19.2 Hz) fell in the region of aromatic protons
and could not be assigned for some products (4, 6 and 7).
The MALDI-MS spectra of poly(phenylenevinylene)
(Scheme 2) in dithranol as a matrix revealed only short-
chain polymers (6–20-mer).

In conclusion, we have developed a new, efficient, and
highly stereoselective, one-pot synthetic methodology for
the construction of 1,3,5-tris[(E)-4-halostyryl]benzene
and 1,2,4,5-tetrakis[(E)-4-halostyryl]benzene derivatives
as stilbenoid dendrimer core based on the palladium-cata-
lyzed Hiyama cross-coupling of 1,3-bis[(E)-4-halosty-
ryl]disiloxanes or the sequential silylative coupling,
Hiyama cross-coupling of 1,3-divinyltetramethyldisilox-
ane with halosubstituted arenes. The availability of the
starting materials, simplicity of the experimental tech-
nique and the possibility of the use of aryl bromides are fa-
vorable features of this new catalytic approach to obtain
the stereodefined stilbenoid dendrimer core.
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Table 2 Synthesis of 1,3,5-Tris(or 1,2,4,5-Tetrakis)[(E)-4-halostyryl]benzene Derivativesa,19

Entry Aryl halide X Time (h) Product Yield (%)b

1 1,3,5-C6H3Br3 H 16 4 95 (93)c

2 1,3,5-C6H3Br3 Br 16 5 polymer

3 1,3,5-C6H3Br3 Cl 48 6 96 (90)

4 1,2,4,5-C6H2I4 H 24 7 77 (72)

5 1,2,4,5-C6H2I4 Br 24 8 93 (95)

6 1,2,4,5-C6H2I4 Cl 24 9 81 (78)

a Silylative coupling conditions: dioxane (0.25 M), 100 °C, 16 h, [Si]/[ArX]/[RuHCl(CO)(PPh3)3]/[CuCl] = 1:2:0.01:0.02;
Hiyama coupling conditions: dioxane (0.25 M), 80 °C, [Si]/[ArBr3]/[TBAF]/[Pd2(dba)3] = 1:0.25:1.2:0.01,
[Si]/[ArI4]/[TBAF]/[Pd2(dba)3] = 1:0.2:1.2:0.01, 30 °C.
b Isolated yields of products.
c The yield of the ‘one-pot’ reaction is given in parenthesis.

Pd2(dba)3

dioxane

R3 R3

R2

R1R1
R1 = H; R2 = R3 =

R2 = H; R1 = R3 =
or

X

1,3,5-Br3C6H3
or

1,2,4,5-I4C6H2

X = H, Cl

X = H, Br, Cl

Si

X

Me

Me
2

O

X = H, Br, Cl

Scheme 3

X +2

X = H, Br, Cl

dioxane

[Ru]
Pd2(dba)3

dioxane

R3 R3

R2

R1R1 R1 = H; R2 = R3 =

R2 = H; R1 = R3 =
or

X

1,3,5-Br3C6H3

or
1,2,4,5-I4C6H2

Si MeMe

O

Si MeMe

X = H, Cl

X = H; Br, Cl

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f V

ic
to

ria
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



LETTER Novel Approach to Stilbenoid Dendrimer Core Synthesis 3029

Synlett 2008, No. 19, 3026–3030 © Thieme Stuttgart · New York

(NN 204 238734 and 204 162 32/4248) from the Ministry of Sci-
ence and Higher Education (Poland).

References and Notes

(1) For reviews, see: (a) Momotake, A.; Arai, T. J. Photochem. 
Photobiol., C 2004, 5, 1. (b) Momotake, A.; Arai, T. 
Polymer 2004, 45, 5369. (c) Donnio, B.; Buathong, S.; 
Bury, I.; Guillon, D. Chem. Soc. Rev. 2007, 36, 1495. 
(d) Lo, S.-C.; Burn, P. L. Chem. Rev. 2007, 107, 1097.

(2) Lee, B.; Park, Y.; Hwang, Y. T.; Oh, W.; Yoon, J.; Ree, M. 
Nat. Mater. 2005, 4, 147.

(3) (a) Inouq, K. Prog. Polym. Sci. 2000, 25, 453. (b) Hoover, 
N. N.; Auten, B. J.; Chandler, B. D. J. Phys. Chem. B 2006, 
110, 8606.

(4) Hawker, C. J.; Wooley, K. L.; Frechet, J. M. J. J. Chem. Soc., 
Perkin Trans. 1 1993, 1287.

(5) (a) Jamnes, T. D.; Shinmori, H.; Takeuchi, M.; Shinkai, S. 
Chem. Commun. 1996, 705. (b) Mynar, J. L.; Lowery, T. J.; 
Wemmer, D. E.; Pines, A.; Frechet, J. M. J. J. Am. Chem. 
Soc. 2006, 128, 6334.

(6) (a) Gilat, S. L.; Andronov, A.; Frechet, J. M. J. Angew. 
Chem. Int. Ed. 1999, 38, 1422. (b) Andronov, A.; Gilat, 
S. L.; Frechet, J. M. J.; Ohta, K.; Neuwahl, F. V. R.; 
Fleming, G. R. J. Am. Chem. Soc. 2000, 122, 1175. 
(c) Akai, I.; Okada, A.; Kanemoto, K.; Karasawa, T.; 
Hashimoto, H.; Kimura, M. J. Lumin. 2006, 119, 283. 
(d) Ishida, A.; Makishima, Y.; Okada, A.; Akai, I.; 
Kanemoto, K.; Karasawa, T.; Kimura, M.; Takeda, J. 
J. Lumin. 2008, 128, 283.

(7) (a) Gillies, E. R.; Frechet, J. M. J. J. Am. Chem. Soc. 2002, 
124, 14137. (b) Li, S.; Szalai, M. L.; Kevwitch, R. M.; 
McGrath, D. V. J. Am. Chem. Soc. 2003, 125, 10516. 
(c) Amir, R. J.; Pessah, N.; Shamis, M.; Shabat, D. Angew. 
Chem. Int. Ed. 2003, 42, 4494.

(8) (a) Bettenhausen, J.; Strohriegl, P. Adv. Mater. 1996, 8, 507. 
(b) Lupton, J. M.; Samuel, I. D. W.; Beavington, R.; Bern, 
P. L.; Bassler, H. Adv. Mater. 2001, 13, 258.

(9) (a) Halim, M.; Pillow, J. N. G.; Samuel, I. D. W.; Burn, P. L. 
Adv. Mater. 1999, 11, 371. (b) Pillow, J. N. G.; Halim, M.; 
Lupton, J. M.; Burn, P. L.; Samuel, I. D. W. Macromolecules 
1999, 32, 5985. (c) Jiang, Y.; Wang, J.-Y.; Ma, Y.; Cui, 
Y.-X.; Zhou, Q.-F.; Pei, J. Org. Lett. 2006, 8, 4287. 
(d) Coya, C.; de Andres, A.; Gomez, R.; Seoane, C.; Segura, 
J. L. J. Lumin. 2008, 128, 761.

(10) (a) Rajakumar, P.; Dhanasekaran, M.; Selvam, S. Synthesis 
2006, 1257. (b) Schulz, A.; Meier, H. Tetrahedron 2007, 63, 
11429.

(11) (a) Nguyen, T.-C.; Martini, I. B.; Liu, J.; Schwartz, B. J. J. 
J. Phys. Chem. 2000, 104, 237. (b) Catalan, J.; Zimanyi, L.; 
Saltiel, J. J. Am. Chem. Soc. 2000, 122, 2377.

(12) (a) Buhleier, E.; Wehner, W.; Vögtle, F. Synthesis 1978, 
155. (b) Hawker, C. J.; Frechet, J. M. J. J. Am. Chem. Soc. 
1990, 112, 7638.

(13) (a) Beavington, R.; Frampton, M. J.; Lupton, J. M.; Burn, 
P. L.; Samuel, I. D. W. Adv. Funct. Mater. 2003, 13, 211. 
(b) Mongin, O.; Brunel, J.; Porres, L.; Blanchard-Desce, M. 
Tetrahedron Lett. 2003, 44, 2813. (c) Lehmann, M.; 
Fischbach, I.; Spiess, H. W.; Meier, H. J. Am. Chem. Soc. 
2004, 126, 772. (d) Deb, S. K.; Maddux, T. M.; Yu, L. 
J. Am. Chem. Soc. 1997, 119, 9079. (e) Sengupta, S.; 
Sadhukhan, S. K.; Singh, R. S.; Pal, N. Tetrahedron Lett. 
2002, 43, 1117. (f) Itami, K.; Tonogaki, K.; Ohashi, Y.; 
Yoshida, J. Org. Lett. 2004, 6, 4093. (g) Itami, K.; 
Tonogaki, K.; Nokami, T.; Ohashi, Y.; Yoshida, J. Angew. 
Chem. Int. Ed. 2006, 45, 2404.

(14) (a) Taylor, R. J. K.; Casy, G. Org. React. (N. Y.) 2003, 59, 
357. (b) Chow, H.-F.; Ng, M.-K.; Leung, C.-W.; Wang, 
G.-X. J. Am. Chem. Soc. 2004, 126, 12907.

(15) (a) Hiyama, T. In  Metal-Catalyzed Cross-Coupling 
Reactions; Diederich, F.; Stang, J. P., Eds.; Wiley-VCH: 
Weinheim, 1998. (b) Babudri, F.; Farinola, G. M.; Lopez, 
L. C.; Mattinelli, M. G.; Naso, F. J. Org. Chem. 2001, 66, 
3878. (c) Hiyama, T. In  Handbook of Organopalladium 
Chemistry for Organic Synthesis, Vol. 1; Negishi, E., Ed.; 
Wiley Interscience: New York, 2002, 285. (d) Prukała, W.; 
Majchrzak, M.; Pietraszuk, C.; Marciniec, B. J. Mol. Catal. 
A: Chem. 2006, 254, 58.

(16) (a) Marciniec, B.; Zaidlewicz, M.; Pietraszuk, C.; 
Kownacki, I.  Comprehensive Organic Functional Group 
Transformations II; Katritzky, A. R.; Taylor, R. J. K., Eds.; 
Elsevier: Amsterdam, 2005. (b) Marciniec, B. Coord. 
Chem. Rev. 2005, 249, 2374. (c) Marciniec, B. Acc. Chem. 
Res. 2007, 40, 943.

(17) Typical Procedure for the Synthesis of 1,3-Bis[(E)-4-
halostyryl]disiloxanes: The glass reactor (10-mL, two-
necked, round-bottomed flask equipped with a magnetic 
stirring bar, reflux condenser, argon bubbling tube and 
thermostated oil bath) was evacuated and flushed with 
argon. [RuH(Cl)(CO)(PPh3)3] (47.6 mg, 0.05 mmol), 1,3-
divinyltetramethyldisiloxane (0.5 g, 2.5 mmol), styrene or 
4-bromo(or chloro)styrene (10 mmol) and anhyd dioxane 
(5 mL) were added to the reactor. Then the reaction mixture 
was stirred and heated at 100 °C under argon flow. After 
5 min, copper(I) chloride (CuCl; 9.9 mg, 0.1 mmol) was 
added as a co-catalyst. The synthesis process was carried out 
for the next 16 h. After the reaction was completed (GC–MS 
analysis) the volatiles were evaporated under vacuum and 
the crude product was chromatographed on silica gel (eluent: 
hexane–EtOAc, 10:1) to afford the analytically pure 
products.
1,3-Bis[(E)-4-bromostyryl]tetramethyldisiloxane (2): mp 
56–60 °C. IR (KBr): 799.5, 844.8, 985.3, 1055.5, 1253.5, 
1485.7, 1604.6, 2956.9, 3020.3 cm–1. 1H NMR (CDCl3): d = 
0.24 (s, 12 H, SiMe), 6.41 (d, J = 19.1 Hz, 2 H, SiCH=), 6.86 
(d, J = 19.2 Hz, 2 H, PhCH=), 7.27 (d, J = 7.6 Hz, 4 H, 
BrC6H4), 7.43 (d, J = 8.3 Hz, 4 H, BrC6H4). 

13C NMR 
(CDCl3): d = 0.9, 121.9, 127.9, 129.4, 131.5, 136.9, 142.9. 
MS (EI): m/z (%rel. int.) = 496 (7) [M+], 415 (32), 297 (60), 
133 (100), 117 (37), 73 (50). HRMS: m/z [M+] calcd for 
C20H24

79Br81BrOSi2: 495.9712; found: 495.9685.
1,3-Bis[(E)-4-chlorostyryl)tetramethyldisiloxane (3): mp 
51–54 °C. IR (KBr): 800.6, 845.1, 985.6, 1056.4, 1254.2, 
1488.9, 1564.5, 1606.2, 2957.6, 3024.3 cm–1. 1H NMR 
(CDCl3): d = 0.25 (s, 12 H, SiMe), 6.40 (d, J = 19.2 Hz, 2 H, 
SiCH=), 6.88 (d, J = 19.2 Hz, 2 H, PhCH=), 7.28 (d, J = 
8.8 Hz, 4 H, ClC6H4), 7.34 (d, J = 8.8 Hz, 4 H, ClC6H4). 

13C 
NMR (CDCl3): d = 0.9, 127.6, 128.6, 129.2, 133.7, 136.5, 
142.8. MS (EI): m/z (%rel. int.) = 406 (21) [M+], 281 (90), 
253 (100), 227 (59), 133 (98), 117 (62), 73 (98). HRMS: 
m/z [M+] calcd for C20H24

35Cl2OSi2: 406.0743; found: 
406.0746.

(18) Synthesis of PPV from 1,3-Bis[(E)-4-bromostyryl]tetra-
methyldisiloxane: [Pd2 (dba)3] (9.16 mg, 0.01 mmol), 
dioxane (4 mL), 1,3-bis[(E)-4-bromostyryl]tetramethyl-
disiloxane (2; 248 mg, 0.5 mmol), and tetrabutylammonium 
fluoride (320 mg, 1.2 mmol) were placed in an evacuated 
and flushed with argon, 10-mL flask. The mixture was 
heated at 80 °C for 12 h under an argon atmosphere. The 
degree of conversion of the substrates was estimated by GC 
and TLC analyses. Then the reaction mixture was cooled and 
the precipitated solid was filtered and washed extensively 
with acetone.
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(19) Typical Procedure for the One-Pot Synthesis of 1,3,5-
Tris- or 1,2,4,5-Tetrakis[(E)-4-halostyryl)benzenes and 
Spectroscopic Data of Selected Products: The glass 
reactor (10-mL, two-necked, round-bottomed flask 
equipped with a magnetic stirring bar, reflux condenser, 
argon bubbling tube and thermostated oil bath) was 
evacuated and flushed with argon. [RuH(Cl)(CO)(PPh3)3] 
(9.52 mg, 0.01 mmol), 1,3-divinyltetramethyldisiloxane (0.1 
g, 0.5 mmol), styrene or 4-bromo(or chloro)styrene (2.0 
mmol) and anhyd dioxane (2 mL) were added to the reactor. 
Then the reaction mixture was stirred and heated at 100 °C 
under argon flow. After 5 min, CuCl (1.98 mg, 0.02 mmol) 
was added as a co-catalyst. The synthesis process was 
carried out for the next 24 h. After the reaction was 
completed (GC–MS or GC and TLC analyses), palladium 
catalyst [Pd2 (dba)3] (9.16 mg, 0.01 mmol), TBAF (320 mg, 
1.2 mmol), dioxane (3 mL) and respective haloarene [1,3,5-
tribromobenzene (78.7 mg, 0.25 mmol) or 1,2,4,5-tetra-
iodobenzene (116 mg, 0.2 mmol)] were added and the 
mixture was heated at 80 °C (30 °C for 1,2,4,5-tetra-
iodobenzene) for 16–48 h under an argon  atmosphere. The 
degree of conversion of the substrates was estimated by GC 
and TLC analyses. The final product was separated using 
chromatography column with silica (THF–EtOAc).
1,3,5-Tris[(E)-4-chlorostyryl]benzene (6): mp 216–220 
°C. IR (KBr): 806.3, 841.7, 960.2, 1090.4, 1490.7, 
1585.1, 1668.2, 2924.2, 2957.7, 3024.9 cm–1. 1H NMR 

(CDCl3): d = 7.09 (d, J = 15.9 Hz, 3 H, C6H3CH=), 7.20–
7.45 (m, 15 H, ClC6H4CH=), 7.65 (s, 3 H, C6H3). 

13C NMR 
(CDCl3): d = 124.8, 125.4, 127.6, 128.1, 128.8, 133.3, 135.5, 
137.7. MS (EI): m/z (%rel. int.) = 486 (8) [M+], 364 (56), 350 
(47), 220 (49), 205 (100), 73 (57). HRMS: m/z [M+] calcd for 
C30H21

35Cl3: 486.0709; found: 486.0694.
1,2,4,5-Tetrakis[(E)-4-bromostyryl]benzene (8): mp 265–
268 °C. IR (KBr): 798.9, 845.4, 956.6, 1008.5, 1072.1, 
1258.5, 1487.9, 1587.4, 1682.4, 1725.1, 2924.1, 2957.9, 
3049.3 cm–1. 1H NMR (THF-d8): d = 7.19 (d, J = 16.0 Hz, 
4 H, C6H2CH=), 7.50–7.58 (m, 16 H, BrC6H4), 7.67 (d, J = 
16.1 Hz, 4 H, BrC6H4CH=), 7.98 (s, 2 H, C6H2). 

13C NMR 
(THF-d8): d = 121.9, 125.0, 127.2, 129.1, 130.9, 132.4, 
136.3, 137.6. MS (EI): m/z (%rel. int.) = 802 (5) [M+], 633 
(14), 308 (20), 196 (32), 185 (64), 91 (95), 57 (100). Anal. 
Calcd for C38H26Br4: C, 56.89; H, 3.27. Found: C, 56.58; H, 
3.03.
1,2,4,5-Tetrakis[(E)-4-chlorostyryl]benzene (9): mp 242–
246 °C. IR (KBr): 808.2, 853.3, 960.3, 1012.2, 1091.7, 
1492.4, 1592.4, 1667.7, 1686.8, 2924.6, 2955.8, 3027.2 
cm–1. 1H NMR (C6D6): d = 6.96 (d, J = 16.2 Hz, 4 H, 
C6H2CH=), 7.06–7.17 (m, 16 H, ClC6H4), 7.44 (d, J = 16.2 
Hz, 4 H, ClC6H4CH=), 7.87 (s, 2 H, C6H2). 

13C NMR (C6D6): 
d = 126.4, 127.1, 129.3, 129.7, 130.2, 134.2, 136.1, 138.9. 
MS (EI, %rel. int.): m/z = 622 (6) [M+], 248 (32), 178 (51), 
139 (68), 125 (100). Anal. Calcd for C38H26Cl4: C, 73.09; H, 
4.20. Found: C, 72.81; H, 4.01.
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