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Abstract

A series of chelating phosphines as ligands of palladium complexes was used for the catalytic reaction of bromoben-
zene with ethyl cyanoacetate anion and it was found that dppe-Pd catalytic system has the highest activity to obtain
ethyl phenylcyanoacetate among all ligands. The effects of molar ratio of dppe to catalyst, solvent, temperature and bases
on the reaction were discussed. The substituted bromobenzene reacted with ethyl cyanoacetate anion under the appro-
priate reaction conditions to give the cross-coupling products in considerable yield. © 2002 Elsevier Science B.V. All rights
reserved.
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1. Introduction cyanoacetate anion cataylzed by palladium complexes
with chelated phosphine ligands.

Arylated ethyl cyanoacetates are valuable inter-
mediates in the synthes_:is of some improtant organic o Experimental
compounds, such as bioactive materials and hetero-
cyclic compoundg1-7]. But it is well known that
the synthesis of ethyl aryl cyanoacetates can not be
achieved directly through nucleophilic substitution of
ethyl cyanoacetate with aryl halides under basic con-
ditions. Uno et al. reported that palladium complex

2.1. General

All arylations were carried out under an atmosphere
of dry argon. Solvents were purified by conventional
_ o : method and distilled under argon. Aryl bromides were
catalyzed reaction of aryl iodide with ethyl cyanoac- istilled under reduced pressure or recrystalled be-
etate in the presence of potassiteri-butoxide gave  f5r0 e Dichlorobis(triphenylphosphino)palladium
the arylat.ed products, put ethyl phenylcyanoacetate [PACh(PPR)]2 [9], bis(diphenylphosphino)methane
was obFamed in poor vyield (8%) from phenyl bro-. (dppm) [10], bis(diphenylphosphino)ethane(dppe)
m|de_W|th ethyl cyanoacef[ate in the same catalytic [10], bis(diphenylphosphino)propane(dpppy] were
reaction condition$8]. In this paper, we report Some  onareq by literature procedure, respectively. Al
recent results on the reaction of bromides with ethyl products were purified by TLC using silica GF254

(10-40p. mesh), identified witHH NMR spectral data
obtained from a variant GRMINI 300Hz NMR
* Corresponding author. Fax:86-21-6470-2573. spectrometer using tetra-methylsilane as an internal
E-mail address: gianling@online.sh.cn (Y. Qian). standard.
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2.2. Typical procedure. The reaction of
bromobenzene with ethyl cyanoacetate

To a suspension of potassiuent-butoxide (0.56 g,
5.0mol) in 1,2-dimethoxyethane (DME) (12 ml),
ethyl cyanoacetate (0.34g, 3.0 mol) was added with
stirring. After 10 min, dppe (0.035g, 0.088 mmol),
PdCh(PPh), (0.056g, 0.08 mmol) and bromoben-
zene (0.32 g, 2.0 mmol) were added, then the mixture
was heated at reflux for 16 h under argon .After cool-
ing the mixture, 3N hydrochloric acid was added and
the product was extracted with etherx330 ml).The
extract was washed with brine (20 ml) and dried over
sodium sulfate. After concentration, the residue was
isolated by TLC (20« 20 cm glass plate with 25-30 g
silica GF254, 10-40 mesh) using petroleum ether/
ethyl acetate (15/1) as developing solution for three
times. Fractions containing product were concen-
trated to give a clear oil (0.31g, 82% yieldd NMR
(CDClg, 300Hz)3 1.27 (t,J = 7.1 Hz, 3H); 4.24 (q,

J =7.1Hz, 2H); 4.72 (s, 1H); 7.40-7.48 (m, 5H).

2.3. 'H-NMR date of 3c-3f

3b oil (68%)*H NMR (CDClz, 300 Hz)3 3.79 (s,

3H), 4.75 (s, 1H), 7.39-7.47 (m, 5H). 3c oil (72%)
1H NMR (CDCl3, 300Hz)3 1.28 (t,J = 7.1 Hz, 3H),
2.36 (s, 3H), 4.25 (q/ = 7.1Hz, 2H), 4.67 (s, 1H),
7.22 (d,J = 8.0Hz, 2H), 7.34 (dJ = 8.0Hz, 2H).
3d oil (62%)'H NMR (CDCl3, 300 Hz)3 1.30 (t,J =
7.1Hz, 3H), 3.87 (s, 3H), 4.27 (g} = 7.1Hz, 2H),
5.03 (s, 1H), 6.90-7.08 (m, 2H), 7.38-7.45 (m, 2H).
3e 0il (68%)'H NMR (CDCls, 300 Hz)3 1.29 (t,J =
7.1Hz, 3H), 3.82 (s, 2H), 4.23 (g} = 7.1Hz, 2H),
4.66 (s, 1H), 6.93 (dJ = 8.8Hz, 2H), 7.37 (dJ =
8.8 Hz, 2H). 3f oil (54%)*H NMR (CDCls, 300 Hz)
8 1.35 (t,J = 7.1Hz, 3H), 1.40 (tJ = 7.1Hz, 3H),
4.26 (q,J = 7.1Hz, 2H), 4.40 (qJ = 7.1Hz, 2H),
4.81 (s, 1H), 7.56 (dJ = 8.5Hz, 2H), 8.10 (dJ =
8.5Hz, 2H). 3g oil (52%) 1.30 (t/ = 7.2Hz, 6H),
4.20-4.35 (m, 4H), 4.76 (s, 2H), 7.55 (s, 4H).

3. Results and discussion

An alternation of the ligand from conventional PPh
to dppe improves the catalytic efficiency of palla-
dium complexes to great extent, thereby providing a
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convenient method for the preparation of ethyl aryl
cyanoacetates from aryl bromides:

CeHBr + CNCH,CO,Ef—oc2PPhs)2 L
R—CH Br + 20 Base , Solvent

1 2
R—CgHy— CHCORR
CN
3

3a:R=H,R’ =Et

b:R=H,R’>=Me

c:R=p-CH;,R’=Et

d: R=p-OCH,,R’=Et
e:R=0-OCH,,R’ =Et
f: R=p-CO,Et, R’ =Et

g: R=p-CH(CN)CO,R’ , R’ =Et

3.1. The effects of solvent and ligand

At the beginning, the reaction of bromoben-
zene with ethyl cyanoacetate was studied using
PdCh(PPh), as a catalyst precursor to investigate
the effect of ligands and solvents on the progress of
Pd-catalyzed reactiorm@ble J). In the case of chelat-
ing phosphines as ligands of palladium catalysts, the
yield was much higher than BB as ligand (run 1-4,
8). The ligand dppe promoted the reaction to afford
ethyl phenylcyanoacetate in satisfactory yield among
four chelating phosphines. In this reaction, the effect
of the molar ratio of dppe/palladium is obvious. The
yields of ethyl phenylcyanoacetate were decreased
with the raising or reducing molar ratio to 1.1:1, the
yield of the catalytic reaction ascended conspicuously
(run 8); the time of reaction did not seem to affect
the yield (run 8, 12). The reflux temperature in DME
was better (run 8, 13). Fromable 1 it is observed
that the yield did not increase at reflux temperature in
toluene or dioxane, respectively (run 14, 15).

3.2. The effect of base

Table 2 summarized the results for the dppe/Pd
catalytic reaction of bromobenzene with ethyl
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Table 1 Table 3
Effects of solvents or ligands on the Pd-catalyzed reaction of The reaction of aryl bromides with ethyl cyanoacetate
bromobenzene with ethyl cayanoacelate

Run R-GH4Br Time (h) Product Yield (%)

Run Solvent  Ligand(molar ratio T (°C)/t (h) Yield (%)

of ligand/Pd) ! H 6 3a 82

2 p-CH3 15 3c 72

1 DME PPh,(Z_) 70/5 8[8] 3 p-OCHs 15 39 68

2 DME P(-anisol} (2) 70/5 22 4 0-OCHs 15 3e 62

3 DME dppm (1.1) 70/5 21 5 p-COEE 15 3f 54

4 DME dppp (1.1) 70/5 44 6 0-Br 15 3g 53

5 DME dppe (0.5) 70/5 45

6 DME dppe (0.8) 70/5 54 aReaction conditions: ArBr (2mmol); ethyl cyanoacetate

7 DME dppe (1.0) 70/6 74 (3 mmol); tert-BuOK (5 mmol); PdCG4(PPh)> (0.08 mmol); dppe

8 DME dppe (1.1) 70/6 78 (0.088 mmol); DME (10-12 ml); at reflux under argon.

9 DME dppe (1.4) 70/5 61 blsolated yields based on ArBr.

10 DME dppe (1.6) 70/5 26 ¢NaH was used as base insteadtest-BuOK.

11 DME dppe (2) 70/6 Trace d Di-substituted product was obtained when using at the molar

12 DME dppe (1.1) 70/21 78 ratio of p-BrCsH4Br:ethyl cyanoacetatdert-BuOK = 1:3:5.

13 DME dppe (1.1) reflux/6 82

14 Toluene  dppe (1.1) reflux/10 73 . . .

15  Dioxane dppe (1.1) reflux/10 77 3.3. The reaction of aryl bromides with ethyl
cyanoacetate

2Reaction conditions: PhBr (2mmol); ethyl cyanoacetate
(3mmol); tert-BuOK (5 mmol); Pd(PP$)>Cl, (0.08 mmol); sol- )
vent (10-12 ml) under argon. On the basis of these results, the standard reac-

tion conditions were fixed for the next investigation.
cyanoacetate using different kinds of base. From the Namely, a mixture of an aryl bromide (2mmol)
result, sodium methoxide, from which the ester ex- with ethyl cyanoacetate (3 mmol) in the presence of
change product was obtained, and sodium hydride PdCb(PPH)2 (0.08 mmol), dppe (0.088 mmol) and
were both used as base (run 3, 5), but these yields oftert-BuOK (5 mmol) in DME (10-12 ml) was refluxed
cyanophenylacetatic ester were less them-BuOK for an appropriate time.
as base for the present reaction. It seemed that the As shown inTable 3 the different available substi-
base must be in a ratio of two and a half times to tuted bromobenzene reacted with ethyl cyanoacetate
bromobenzene. And when the nucleophilic reagent to under these conditions to give the cross-coupling
bromobenzene is 1.5:1, the highest yield was obtained. products in considerable yield. In the run 5, the base

tert-BuOK might be too strong for the reaction, re-
Table 2 sulting in the formation of more byproducts. When
Effect of different kinds of bases on dppe/Pd catalyzed reaction NaH was used as base insteadenf-BuOK, the yield
of bromahenzene with ethyl acyanoacetate was better. When an excess of nucleophilic reagent

Run  Base PhBr:NuH:base  Time  Yield (%) was used and di-substituted benzene was obtained.

1 KoCOs 11525 18 0 The yield was higher than that of diiodobenzene

2 NaOAc 11525 18 0 [11].

3 NaH 1:1.5:2.5 10 64

4 NaOEt 1:1.5:2.5 10 32

5 NaOMe 1:1.5:2.5 10 68 References

6 tert-BuOK 1:1.5:2.5 6 82

7 tert-BuOK ~ 1:1.5:2.0 6 46 [1] K. Matsui, M. Motoi, Bull. Chem. Soc. Jpn. 46 (1973) 1755.

8 tert-BuOK 1:1:2.5 6 58 [2] T. Hirayama, M. Kamanda, H. Tsurumi, M. Mimura, Chem.
aReaction conditions: PhBr (2mmol); PdQPPh), Pharm. Bull. 24 (1976) 26.
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The ester exchange product, methyl phenylcyanoacetate (3b) [5] T. Ramos, C. Avendano, J. Elguero, J. Heterocyclic Chem.
was obtained. 24 (1987) 247.



56 X. Tao et al./Journal of Molecular Catalysis A: Chemical 186 (2002) 53-56

[6] M. Feorynshi, K. Wojciechowshi, Z. Matacz, M. Makosza, J.

[9] A. Schoenberg, |. Bartoletti, R.F. Heck, J. Org. Chem. 39
Org. Chem. 43 (1978) 4682. (1974) 3318.
[7] S.A. Lang, J.F. Lovell, F. Cohen, J. Heterocyclic Chem. 14 [10] W. Hewertaon, H.R. Wataon, J. Chem. Soc. 82 (1962)
(1977) 65. 1727.
[8] M. Uno, K. Seto, W. Ueda, M. Masuda, S. Takahashi, [11] M. Uno, K. Seto, W. Ueda, M. Masuda, S. Takahashi,
Synthesis, 1985, p. 506.

Tetrahedron Lett. 26 (1985) 1553.



	The reaction of aryl bromides with ethyl cyanoacetate anion catalyzed by palladium complexes with chelated phosphine ligands
	Introduction
	Experimental
	General
	Typical procedure. The reaction of bromobenzene with ethyl cyanoacetate
	1H-NMR date of 3c-3f

	Results and discussion
	The effects of solvent and ligand
	The effect of base
	The reaction of aryl bromides with ethyl cyanoacetate

	References


