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Abstract: Through the use of [PdCl(C3H5)]2/cis,cis,cis-1,2,3,4-tet-
rakis(diphenylphosphinomethyl) cyclopentane as a catalyst, a range
of aryl bromides undergo Heck reaction with ethyleneglycol vi-
nylether to give regioselectively protected arylacetaldehydes in
good yields. The b-arylation products were obtained in the range
93–98% selectivity with electron-poor aryl bromides. Furthermore,
this catalyst can be used at low loading, even for reactions of steri-
cally hindered aryl bromides. The arylvinyl ethers intermediates un-
dergo subsequent ketalization to give the corresponding 2-benzyl-
1,3-dioxolane derivatives.
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Palladium-catalyzed functionalization of aromatic halides
has become an important method in preparative organic
chemistry.1 Nevertheless, arylation of electron-rich ole-
fins such as enol ethers is often limited by poor a:b regio-
selectivity.2–6 High a-regioselective arylations in the
presence of n-butylvinylether have been reported by Cabri
et al. and Hallberg et al. in the presence of Pd(OAc)2/
dppp.7–10 In some procedures, TlOAc was added in order
to improve the regioselectivity of the reaction. The re-
action performed in ionic liquids as solvent also led
selectively to the a-arylation.11 On the other hand,
poly(ethylene glycol) used as solvent with Pd(OAc)2 as
catalyst led selectively to the b-arylated products.12 It has
been demonstrated that the regioselectivity of the addition
of organopalladium intermediates can be influenced by
coordinating groups adjacent to the substrate double
bond.13–16 For example, Hallberg et al. have described that
the nitrogen containing vinyl ethers [2-(dimethylami-
no)ethoxy]-ethene in the presence of palladium acetate
led to regioselective b-arylation of several aryl ha-
lides.13,15 On the other hand, in the presence of ethylene
glycol vinylether with Pd(OAc)2/dppp as catalyst they ob-
tained selectively the a-arylations to give aryl vinyl
ethers, which undergo subsequent ketalization to form se-
lectively the isomer e in Scheme 1.17 Surprisingly, to our
knowledge, the selective b-arylation in the presence of
ethylene glycol vinylether has never been described.

In order to obtain stable and efficient palladium catalysts,
we have prepared the new tetraphosphine ligand,

cis,cis,cis-1,2,3,4-tetrakis(diphenylphosphinomethyl)cy-
clopentane or Tedicyp18 (Scheme 1) in which four diphe-
nylphosphino groups are stereospecifically bound to the
same face of a cyclopentane ring. We have already report-
ed the results obtained in allylic substitution,18 for Suzuki
cross-coupling,19 and for Sonogashira alkynylation20 us-
ing Tedicyp as the ligand. We have also reported several
results obtained for Heck vinylation reaction.21 We had
observed that with n-butylvinyl ether in the presence of
the tetraphosphine Tedicyp associated to [Pd(C3H5)Cl]2,
high reaction rates but moderate to good regioselectivities
in favour of b-arylation could be obtained,21c but in many
cases these selectivities were not high enough to provide
a useful process for the preparation of protected arylacet-
aldehydes. In order to improve the selectivity of the reac-
tion in favor of the b-addition with our catalyst, we have
decided to investigate arylation reactions with enol ethers
containing a coordinating substituent in order to achieve
higher regiochemical control. Here, we report our studies
involving an alcohol-containing substrate derived from
ethyl vinyl ether: ethylene glycol vinylether.

For this study, based on previous results,21c DMF was
chosen as the solvent and potassium carbonate as the base.
The reactions were performed at 130 °C under argon in
the presence of a ratio 1:2 of [Pd(C3H5)Cl]2–Tedicyp as
catalyst.

First, we investigated the Heck reaction of electron-poor
and electron-rich aryl bromides with ethyleneglycol vi-
nylether in the presence of the system Pd–Tedicyp cata-
lyst (Scheme 1, Table 1). The results presented in Table 1
disclose a strong influence of the substituents on the aryl
bromides on the regioselectivity of the addition and on the
reaction rate. We obtained high efficiency and good regio-
selectivities in favor of b-arylation with electron-poor aryl
bromides such as 4-bromoacetophenone, 4-bromo-
benzonitrile, 4-nitrobromobenzene, or 4-trifluoromethyl-
bromobenzene. The b-selectivities observed were in the
range 93–98% (entries 1–8). Even electron-poor ortho-
substituted aryl bromides gave satisfactory results (entries
6–8). Moreover, most of these reactions were performed
with high ratios substrates:catalyst (up to 10 000). On
the other hand, the reaction performed with the electron-
rich aryl bromides: 4-t-butylbromobenzene or 2-methyl-
bromobenzene led to lower selectivities. With these sub-
strates, larger amounts of a-arylated products were
obtained (entries 13 and 14). Bromobenzene or iodo-
benzene also led to mixtures of a- and b-arylated products
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Table 1 Tedicyp–Palladium-Catalyzed Selective Synthesis of Protected Arylacetaldehydes from Ethyleneglycol Vinylether and Aryl 
Halidesa,23,24

Entry Aryl halide Ratio
substrate:catalyst

Selectivity
a:b:c:d:e (%)

Ratio
b+c+d:a+e

Isomer d 
product number

Yield of isomer 
d (%)

1 4-Bromoacetophenone 10 000 0:0:0:93:7 93:7 1d 87

2 4-Bromobenzaldehyde 10 000 0:0:0:97:3 97:3 2d 91

3 4-Bromobenzonitrile 10 000 0:0:0:98:2 98:2 3d 92

4 4-Nitrobromobenzene 1 000 0:0:0:98:2 98:2 4d 87

5 4-Trifluoromethylbromobenzene 10 000 0:0:0:94:6 94:6 5d 90

6 2-Bromobenzaldehyde  250 0:0:0:96:4 96:4 6d 77

7 2-Bromobenzonitrile 1 000 3:0:0:97:0 97:3 7d 91

8 2-Trifluoromethylbromobenzene 10 000 0:0:0:94:6 94:6 8d 88

9 3,4-Difluorobromobenzene  250 0:0:0:85:15 85:15 9d 79

10 4-Fluorobromobenzene  250 0:0:0:57:43 57:43 10d 52

11 Bromobenzene  100 0:13:41:13:33 67:33 11d 89b

12 Iodobenzene  100 0:10:11:57:22 78:22 11d 52

13 4-t-Butylbromobenzene  250 0:10:29:27:34 66:34 12d 87b

14 2-Methylbromobenzene  100 17:6:15:62:0 83:17 13d 57

15 1-Bromonaphthalene 1 000 0:0:0:78:22 78:22 14d 74

16 9-Bromoanthracene 1 000 0:0:0:90:10 90:10 15d 79

17 3-Bromopyridine 1 000 12:0:0:88:0 88:12 16d 83

18 4-Bromopyridine 1 000 3:0:0:97:0 97:3 17d 88

19 3-Bromoquinoline 10 000 10:0:0:90:0 90:10 18d 85

20 4-Bromoisoquinoline 1 000 12:0:0:88:0 88:12 19d 81

21 5-Bromopyrimidine 1 000 0:0:0:100:0 100:0 20d 76

a Conditions: catalyst: [Pd(C3H5)Cl]2–Tedicyp 1:2, aryl halide (1 mmol), ethyleneglycol vinylether (2 mmol), K2CO3 (2 mmol), DMF, 130 °C, 
20 h, under argon, isolated yields of isomer d, ratio of isomers determined by GC and 1H NMR of the crude mixtures.
b Yield of the mixture containing all the isomers b–e.
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(entries 11 and 12) indicating that the lower regioselectiv-
ities observed with electron-rich aryl bromides does not
comes from a slower oxidative addition of the aryl halide.
The sterically hindered substrates 1-bromonaphthalene
and 9-bromoanthracene gave b-arylated products in 78
and 90% selectivities, respectively, indicating that the re-
gioselectivity of the addition is partially controlled by
steric factors (entries 15 and 16).

Next, we studied the reaction in the presence of heteroaryl
bromides (entries 17–21). Pyridines or quinolines are p-
electron deficient, so we could expect similar results with
bromopyridines or bromoquinolines than with electron-
poor aryl bromides. With 3-bromopyridine, 3-bromoquin-
oline and 4-bromoisoquinoline selectivities of 88%, 90%
and 88% in favor of b-arylation were obtained, respective-
ly. The highest selectivities with heteroaromatic sub-
strates were observed with 4-bromopyridine and 5-
bromopyrimidine (98% and 100%, respectively).

The intramolecular cyclization of the arylalkenes a, b and
c (Scheme 1) was generally observed to give the corre-
sponding 2-benzyl-1,3-dioxolane d and 2-methyl-2-phe-
nyl-1,3-dioxolane e derivatives. This ketal formation is
not palladium-catalyzed, but arise through internal nu-
cleophilic attack of the hydroxyl group.22 Faster cycliza-
tion reactions were observed with electron-deficient
substrates. For example, when 4-t-butylbromobenzene
was used, mixtures of cyclized and uncyclized products
were obtained. On the other hand, in the presence of 4-
bromoacetophenone or 3,5-bis(trifluoromethyl)bromo-
benzene only ketal products were detected.

In order to determine if an ether function instead of an al-
cohol on the vinylether would have an effect on the con-
trol of the regioselectivity of the addition, we performed
the reaction in the presence of ethyleneglycol n-butylvinyl
diether and n-butylvinylether (ratio substrat–catalyst:
1000, see Scheme 2). We observed that very similar mix-
tures of isomers were obtained and in both case large
amounts of a-arylated products were formed (24% and
25%, respectively). In the presence of ethyleneglycol vi-

nylether the formation of only 6% of a-arylated product
had been observed (Table 1, entry 5).

Finally, we compared our catalytic system with the sys-
tem PPh3 (4 equiv) and [Pd(C3H5)Cl]2 (1 equiv) for this re-
action with 9-bromoanthracene. In the presence of 0.4%
catalyst, the ratio of products b+c+d:a+e was 72:28.
Moreover, compound 15d was isolated in a low yield
(21%). With this catalyst, a very important debromation
of 9-bromoanthracene was observed and the major prod-
uct of the reaction was anthracene.

In summary, we have established that the Tedicyp–palla-
dium system provides a convenient catalyst for the syn-
thesis of protected arylacetaldehyde derivatives by
coupling of aryl bromides with ethyleneglycol vinylether
followed by intramolecular ketalization. The electronic
control of the regioselectivity of the addition encountered
with n-butylvinylether appears to be partially suppressed
by an adjacent alcohol function. Anchoring the enol to the
metal by an alcohol function probably imposes a confor-
mational change in the structure of the (aryl)Pd(enol) in-
termediate and stabilizes a neutral Pd-complex favoring
the formation of the b-arylated products.1c The best selec-
tivities in favor of b-arylations were observed with elec-
tron-poor aryl bromides. With bromobenzene or electron-
rich aryl bromides mixtures or regioisomers were ob-
served. In all cases, only traces (<1%) of homocoupling
products were observed with this catalyst. Ethyleneglycol
vinylether is commercially available, moreover, the reac-
tion can be performed with as little as 0.01% catalyst with
several substrates, so this catalyst appears to be among the
most active and stable ones reported so far for this reac-
tion. Due to the high price of palladium, the practical ad-
vantage of such low catalyst loading reactions can become
increasingly important for industrial processes.

Acknowledgment

I. K. is grateful to the Ministère de l’Education Nationale, de la
Recherche et de la Technologie for a grant. We are grateful to Dr
R. Snowden and Firmenich, SA (Genève, Switzerland) for their
support.

Scheme 2

Br

+

O
R K2CO3, DMF, 130 °C, 20 h

O

O R
R

Z: b     E: ca

½ [Pd(C3H5)Cl]2
+

R = nBu:                 a: 25%, b:  25%, c: 50%

R = CH2CH2OnBu: a: 24%, b:  24%, c: 52%

F3C

F3C F3C

Tedicyp

D
ow

nl
oa

de
d 

by
: E

as
t C

ar
ol

in
a 

U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



1564 I. Kondolff et al. LETTER

Synlett 2004, No. 9, 1561–1564 © Thieme Stuttgart · New York

References

(1) For reviews on the palladium-catalyzed Heck reaction see: 
(a) Heck, R. F. Palladium Reagents in Organic Syntheses; 
Katritzky, A. R.; Meth-Cohn, O.; Rees, C. W., Eds.; 
Academic Press: London, 1985, 2. (b) Heck, R. F. Vinyl 
Substitution with Organopalladium Intermediates, In 
Comprehensive Organic Synthesis; Trost, B. M.; Fleming, 
I., Eds.; Pergamon: Oxford, 1991, Vol. 4. (c) de Meijere, 
A.; Meyer, F. E. Angew. Chem., Int. Ed. Engl. 1994, 33, 
2379. (d) Malleron, J.-L.; Fiaud, J.-C.; Legros, J.-Y. 
Handbook of Palladium-Catalyzed Organic Reactions; 
Academic Press: London, 1997. (e) Reetz, M. T. Transition 
Metal Catalyzed Reactions; Davies S. G., Murahashi S.-I., 
Blackwell Science: Oxford, 1999. (f) Beletskaya, I.; 
Cheprakov, A. Chem. Rev. 2000, 100, 3009. 
(g) Whitcombe, N.; Hii, K. K.; Gibson, S. Tetrahedron 2001, 
57, 7449.

(2) Hallberg, A.; Westfelt, L.; Holm, B. J. Org. Chem. 1981, 46, 
5414.

(3) Andersson, C.-M.; Hallberg, A.; Daves, D. J. Org. Chem. 
1987, 52, 3529.

(4) Herrmann, W. A.; Brossmer, C.; Reisinger, C.; Riermeier, 
T.; Öfele, K.; Beller, M. Chem.–Eur. J. 1997, 3, 1357.

(5) Littke, A. F.; Fu, G. C. J. Am. Chem. Soc. 2001, 123, 6989.
(6) Dahan, A.; Portnoy, M. Org. Lett. 2003, 5, 1197.
(7) Cabri, W.; Candiani, I.; Bedeschi, A.; Santi, R. Tetrahedron 

Lett. 1991, 32, 1753.
(8) Cabri, W.; Candiani, I.; Bedeschi, A.; Penco, S. J. Org. 

Chem. 1992, 57, 1481.
(9) Cabri, W.; Candiani, I.; Bedeschi, A.; Santi, R. J. Org. 

Chem. 1993, 58, 7421.
(10) Vallin, K.; Larhed, M.; Hallberg, A. J. Org. Chem. 2001, 66, 

4340.
(11) Xu, L.; Chen, W.; Ross, J.; Xiao, J. Org. Lett. 2001, 3, 295.
(12) Chandrasekhar, S.; Narsihmulu, C.; Shameem Sultana, S.; 

Ramakrishna Reddy, N. Org. Lett. 2002, 4, 4399.
(13) Anderson, C.-M.; Larsson, J.; Hallberg, A. J. Org. Chem. 

1990, 55, 5757.
(14) Badone, D.; Guzzi, U. Tetrahedron Lett. 1993, 34, 3603.
(15) Larhed, M.; Anderson, C.-M.; Hallberg, A. Tetrahedron 

1994, 50, 285.
(16) Cabri, W.; Candiani, I. Acc. Chem. Res. 1995, 28, 2.
(17) Larhed, M.; Hallberg, A. J. Org. Chem. 1997, 62, 7858.

(18) Laurenti, D.; Feuerstein, M.; Pèpe, G.; Doucet, H.; Santelli, 
M. J. Org. Chem. 2001, 66, 1633.

(19) Feuerstein, M.; Laurenti, D.; Bougeant, C.; Doucet, H.; 
Santelli, M. Chem. Commun. 2001, 325.

(20) Feuerstein, M.; Berthiol, F.; Doucet, H.; Santelli, M. Org. 
Biomol. Chem. 2003, 1, 2235.

(21) (a) Feuerstein, M.; Doucet, H.; Santelli, M. J. Org. Chem. 
2001, 66, 5923. (b) Feuerstein, M.; Doucet, H.; Santelli, M. 
Synlett 2001, 1980. (c) Feuerstein, M.; Doucet, H.; Santelli, 
M. Tetrahedron Lett. 2002, 43, 2191. (d) Berthiol, F.; 
Feuerstein, M.; Doucet, H.; Santelli, M. Tetrahedron Lett. 
2002, 43, 5625. (e) Berthiol, F.; Doucet, H.; Santelli, M. 
Tetrahedron Lett. 2003, 44, 1221. (f) Berthiol, F.; Doucet, 
H.; Santelli, M. Synlett 2003, 841. (g) Kondolff, I.; Doucet, 
H.; Santelli, M. Tetrahedron Lett. 2003, 44, 8487.

(22) For cyclization of hydroxyalkyl vinyl ethers see: 
(a) McClelland, R. A.; Watada, B.; Lew, C. S. Q. J. Chem. 
Soc., Perkin Trans. 2 1993, 1723. (b) Deslongchamps, P.; 
Dory, Y. L.; Li, S. Helv. Chim. Acta 1996, 79, 41.

(23) As a Typical Experiment: Synthesis of 2-(4-Acetyl-
benzyl)-1,3-dioxolane(1d).
The reaction of 4-bromoacetophenone (0.199 g, 1 mmol), 
K2CO3 (0.276 g, 2 mmol) and ethylene glycol vinylether 
(0.176 g, 2 mmol) at 130 °C during 20 h in anhyd DMF (5 
mL) in the presence of the Tedicyp-palladium complex (0.1 
mmol) under argon affords the corresponding coupling 
product after extraction with Et2O, separation, drying 
(MgSO4), evaporation and filtration on silica gel (Et2O–/
pentane 1:4) in 87% (0.179 g) isolated yield. White solid, mp 
55 °C. 1H NMR (300 MHz, CDCl3): d = 7.90 (d, J = 8.1 Hz, 
2 H, Ar), 7.36 (d, J = 8.1 Hz, 2 H, Ar), 5.08 (t, J = 5.1 Hz, 1 
H, CH2CH), 3.95–3.80 (m, 4 H, CH2CH2), 3.02 (d, J = 5.1 
Hz, 2 H, CH2CH), 2.56 (s, 3 H, Me). 13C NMR (75 MHz, 
CDCl3): d = 197.8, 141.7, 135.6, 129.9, 128.3, 103.9, 65.0, 
40.6, 26.5. MS: m/z calcd for C12H14O3: 206; found: 206 
(19%). Anal. Calcd for C12H14O3: C, 69.88; H, 6.84. Found: 
C, 69.62; H, 6.63. Before purification, traces of 2-methyl-2-
(4-acetylphenyl)-1,3-dioxolane(1e) were also observed: 1H 
NMR (300 MHz, CDCl3): d = 7.91 (d, J = 8.3 Hz, 2 H, Ar), 
7.55 (d, J = 8.3 Hz, 2 H, Ar), 4.03 (m, 2 H, CH2CH2), 3.75 
(m, 2 H, CH2CH2), 2.57 (s, 3 H, Me), 1.62 (s, 3 H, Me).

(24) All new compounds gave satisfactory 1H NMR, 13C NMR 
and elemental analysis data.

D
ow

nl
oa

de
d 

by
: E

as
t C

ar
ol

in
a 

U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.


