JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

HVINO3I 10N

Journal of Molecular Catalysis A: Chemical 168 (2001) 75-80

www.elsevier.com/locate/molcata

(2-Furyl)phenyl(2-pyridyl)phosphine as a new ligand in the
alkoxycarbonylation of terminal alkynes

Alberto Scrivanti, Valentina Beghetto,
Eleonora Campagna, Ugo Matteoli
Dipartimento di Chimica, Universita di Venezia, Calle Larga S. Marta 2137, 30123 Venezia, Italy
Received 20 July 2000; accepted 23 October 2000

Abstract

(2-Furyl)phenyl(2-pyridyl)phosphine has been synthesised by reaction of 2-furyllithium with chlorophenyl(2-pyridyl)phos-
phine. The new ligand in combination with Pd(OAend methanesulphonic acid provides a catalytic system highly active in
the alkoxycarbonylation of terminal alkynes. The catalytic activity of the system depends on both the metal to ligand and metal
to acid ratios. The new ligand seems to be more efficient than the widely used (2-pyridyl)diphenylphosphine. © 2001 Elsevier
Science B.V. All rights reserved.
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1. Introduction as methacrylates [5] but also in the preparation of fine
chemicals [6,7].

The carbonylation of 1-alkynes (Scheme 1) isavery  Nevertheless, improvements in the original formu-
useful reaction which allows to obtain in one step lation of the catalyst are advisable; as a matter of fact,
a,B-unsaturated carboxylic acids and their derivatives the use of relatively large amounts of acid cocatalyst
[1-3] starting from readily available substrates. can cause side reactions with certain substrates.

At the present time, the most efficient catalytic sys-  Owing to our interest in the use of the carbonylation
tem is the one generated by mixing together palladium of terminal alkynes for the synthesis of fine chemicals,
acetate, a tertiary phosphine bearing a 2-pyridyl sub- we have recently studied the catalytic activity of sys-
stituent, typically (2-pyridyl)diphenylphosphine, and tems obtained replacing (2-pyridyl)diphenylphosphine
a strong organic acid whose conjugate base is weakly with phosphines bearing 2-furyl substituents such as
co-ordinating (e.g. sulphonic acids) [4]. (2-furyl)diphenylphosphine and tri(2-furyl)phosphine

The high activity and selectivity of this system (Fig. 1) [8]. Although we found that none of these lig-
warrants its use not only in the commercial synthesis ands can compete in activity with (2-pyridyl)diphenyl-
of important large-scale chemical intermediates such phosphine, we observed that the catalytic efficiency

increases in the order triphenylphosphiag2-furyl)-
diphenylphosphine tri(2-furyl)phosphine. In partic-

* Corresponding author. Tek+39-041-2578572; ular, tri(2-furyl)phosphine furnishes a system at least
fax: +39-041-2578517. ' an order of magnitude more active than the one based
E-mail addressmatteol@unive.it (U. Matteoli). on triphenylphosphine. This finding prompted us to
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investigate if a ligand bearing at the same time both a
2-pyridyl and a 2-furyl substitueni(in Fig. 1) could
be particularly active. Table 1 _
Carbonylation of phenylacetylend:Pd = 40): influence of the
H*:Pd ratid
CH3SGOsH:Pd Conversion (%) 3 (%) 4 (%) RO (%)
2. Results and discussion (mol/mol)
20 25.6 13.0 Traces 100
2.1. Synthesis of the ligand 40 45.8 38.8 03 99.2
60 91.5 816 06 99.2
. . . 80 95.7 829 07 90.1
The newhg_and (_2-fury|)pheny|(2—pyr|dyl)phosph|ne 100 98.0 832 06 99.2
(1) was obtained in moderately good yield by reac- - _ — : — —

. . . . . CH3OH: 15ml; phenylacetylene: 26.0mmoli: 0.26 mmol;
2-furyllithium [10] in diethylether as outlined in PA(OACY: 0.0065 mmol; substrate:Pd 4000 (mol/mol).

Scheme 2. bR =[3/(3 + 4)] x 100.
The complete characterisation df a slightly air

sensitive oil, is reported in Section 4. . .
P The data reported in Table 1 reveal that the catalytic

activity is strongly dependent on the relative amount

2.2. Catalytic studies of acid cocatalyst employed. In particular, very good
reaction rates can be achieved working with very high
To investigate the catalytic efficiency df, we H*:Pd ratios. Moreover, the regioselectivity towards

choose as model reaction the methoxycarbonylation the branched 2-phenyl substituted acrylic ester is al-
of phenylacetylene (Scheme 3). The reactions were ways higher than 99% and seems to be independent
carried out in a magnetically stirred stainless steel on the H™:Pd ratio.
autoclave (see Section 4 for more details). The chemoselectivity of the reaction is not com-
Some preliminary experiments were carried out plete, since analyses of the reaction crudes using an
using al:Pd ratio of 40 and variable amounts of internal standard demonstrate that variable amounts
methanesulphonic acid. The relevant data together of GC non-detected by-products are formed together
with the reaction conditions are reported in Table 1. with the sought esters. The nature of these species,

o Q
v U OO0

(2-furyldiphenyl- tri(2-furyl)- (2-furyl)phenyl-
phosrghme Y phospl?llne (-pyndyl)phosphme

Fig. 1. Schematic structure of the ligands used.
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Table 2 Table 4
Carbonylation of phenylacetylené:pPd = 80} Carbonylation of phenylacetylend:Pd = 10): influence of the

‘. )
CHsSOsH:Pd  Conversion (%) 3 (%) 4 (%) R (%) H™:Pd ratid
(mol/mol) CH3SGOzH:Pd Conversion (%) 3 (%) 4 (%) R (%)
80 5.9 4.2 - 100 (mol/mol)

0 0 - - -

aReaction conditions —P(CO): 40atm; T: 50°C; t: 1h; 5 81.3 76.6 0.6 99.2

CH3OH: 15ml; phenylacetylene: 26.0mmoli: 0.52 mmol; 10 99.3 96.9 0.7 99.3
Pd(OAc): 0.0065 mmol; substrate:Pd 4000 (mol/mol). 20 100 99.2 0.8 99.2

bR =[3/(3 + 4)] x 100.

a8Reaction conditions —P(CO): 40atm; T: 50°C; t: 1h;
CH3OH: 15ml; phenylacetylene: 26.0 mmoll: 0.065 mmol;
Pd(OAc): 0.0065 mmol; substrate:Pd 4000 (mol/mol).

probably oligomers deriving either from the substrate bR = [3/(3 + 4)] x 100.

or the acrylic ester, has not been deeper investigated.

These excellent results prompted us to systemati- Table 5
cally investigate the effects of the reaction parameters -, ,,nyiation of phenylacetylend:pd = 5):
and catalyst’'s composition in order to optimise the H+:pd rati¢

catalytic activity. _ _ CHsSOsH:Pd  Conversion (%) 3 (%) 4 (%) R (%)
In an experiment carried out using a very lafged (mol/mol)

influence of the

ratio (Table 2), we observed a strong decrease inthe re- g 44.8 352 03 99.1
action rate, therefore, we decided to use lower amounts 10 49.6 43.3 0.3 99.3
of ligand in further investigations. 15 62.2 503 0.4 99.2
Accordingly, the data in Tables 3-5 were obtained 2° 67.0 635 05 99.2
using a phosphine to palladium ratio of 20, 10 and 5, 700 653 0.5 99.2
respectively. aReaction conditions —P(CO): 40atm; T: 50°C; t: 1h;

The experiments allowed to recognise an intricate CHsOH: 15ml, phenylacetylene: 26.0mmoll. 0.032mmol;
dependence of the catalytic activity upon both the Pd(t()) F/j(zz'[33'(20_?54?;nl°|i§gbsnate'Pﬂ 4000 (molmob)
phosphine to palladium and acid to palladium ratios. '

A graphical representation of the data (Fig. 2) helps
to visualise such intricate behaviour. 1009 -

S—
S
s+ ¢
Table 3 701 a—*
: : - a —v— 1/Pd = 80
Carbonylation of phenylacetylend:Pd = 20): influence of the L %7 / —a— 1/Pd = 40
+- i =~ 504 -
H*:Pd ratié 3 S0 A —e— 1/Pd =20
CHgSOsH:Pd  Conversion (%) 3 (%) 4 (%) R (%) 8 4= 1/Pd =10
(mol/mol) 30 —A— 1/Pd=5
20 86.2 75.9 0.6 99.2 207
40 96.5 877 07 99.2 17 v
0 T T T T T T T T T 1
60 99.6 90.3 0.7 99.2 0 10 20 30 40 50 60 70 80 920 100
aReaction conditions —P(CO): 40atm; T: 50°C; t: 1h; CH,SO,H/Pd
CH3OH: 15ml; phenylacetylene: 26.0mmoli: 0.13 mmol;
Pd(OAc): 0.0065 mmol; substrate:Pd 4000 (mol/mol). Fig. 2. Influence of thel:Pd and H:Pd ratios on the catalytic

bR =[3/(3 + 4)] x 100. activity.
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Table 6

Carbonylation of phenylacetylene: comparison of ligand's efficiéncy

Run Ligand H:Pd (mol/mol) Conversion (%) 3 (%) 4 (%) R (%)
1 P(GsHs)2(2-CsHaN) 20:1 100 98.8 1.2 98.8
2 P(GsHs)(2-CsH4N)(2-C4H30) 20:1 100 99.2 0.8 99.2
3 P(GsHs)2(2-CsHaN) 5:1 53.5 52.8 0.7 98.7
4 P(GsHs)(2-CsH4N)(2-C4H30) 5:1 75.3 74.7 0.6 99.2

aReaction conditions —P(CO): 40 atm;T: 50°C; t: 1 h; CH3OH: 15 ml; phenylacetylene: 26.0 mmol; ligand: 0.065 mmol; Pd(QAc)
0.0065 mmol; substrate:Pd 4000 (mol/mol).
PR =[3/(3 + 4)] x 100.

In particular, it appears that if thePd ratio is too Table 7
high (i.e.1:Pd = 80) or too low (i.e.1:Pd = 5), what- Carbonylation of phenylacetylene: influence of fEOY
ever the amount of acid used, no acceptable reactionp(co) (atm)  Conversion (%) 3 (%) 4 (%) R (%)
rates can be achieved. On the other hand, ifltirel

N . ) 10 91.6 90.3 0.7 99.2
ratio is in the 10-40 range, an increase of1ifed ratio 20 99.2 979 07 09.3
must be accompanied with an increase of the Rl 30 98.3 96.3 0.6 99.4
ratio in order to obtain high catalytic activities. A pos- 40 81.3 76.6 0.6 99.2

sible explanation of this behaviour is that the presence = areaction conditions —F: 50°C; t: 1 h; CHsOH: 15 ml; pheny-
of large amounts of non-protonated ligand makes the lacetylene: 26.0 mmol1: 0.065mmol; Pd(OAc) 0.0065mmol;
co-ordination of the substrate to the metal centre more CHsSOz;H: 0.032 mmol; substrate:Pg 4000 (mol/mol).

difficult. It is worth noting that the regioselectivity of PR=[3/(3 + 4)] x 100.

the reaction is always very high (ca. 99.2%) and does

not depend on th&:H™:Pd ratio. enhancement of regioselectivity should be attributed
Summing up, it appears that the best results are to electronic rather than steric effects. To study the

obtained with al:Pd ratio of 10 and a H:Pd ratio influence of theP(CO), we have carried out a set

in the range 10-20; under these conditions also the of experiments using &:H*:Pd ratio= 10:5:1. The

polymer formation is minimised. relevant data are presented in Table 7.

In order to compare the catalytic activity of The results indicate that the reaction rate increases
the new ligand with that of the usually employed on increasing the CO pressure until a maximum rate is
(2-pyridyl)diphenylphosphine, we have carried out attained at 20 atm; a further increase of the CO pres-
two sets of experiments at different™Pd ratios sure leads to a decrease of the catalytic activity. A sim-
keeping constant thé:Pd ratio. The relevant results ilar trend is observed usinglaH™:Pd ratio of 10:20:1.
are reported in Table 6. In fact, also in this case, best conversions are obtained

The experiments carried out using the higher acid operating at 20 atm of CO. This behaviour has previ-
to palladium ratio (runs 1 and 2) do not enable to ously been observed [8,11] and may be accounted for
perceive differences in reactivity, since both ligands by admitting that at low CO pressure, the CO inser-
allow total conversion of the substrate in ca. 1 h. tion is probably the slowest step in the reaction, while

On lowering the amount of the acid, the catalytic at CO pressures over 20atm, there is competition
activity of both systems decreases disclosing an higher with the substrate for the co-ordination to the metal
efficiency of 1. In our opinion, this finding is very  centre.
interesting in particular as far as the carbonylation of  Catalytic data obtained at different reaction temper-
substrates bearing acid sensitive moieties is concernedatures are reported in Table 8. As the temperature is in-

Another feature which deserves some comments creased from 30 to 8C, a strong enhancement in the
is the regioselectivity of the reaction which in the reaction rate is observed, however, the chemoselectiv-
presence ot is higher than using (2-pyridyl)diphenyl- ity and, to a minor extent, the regioselectivity decrease.
phosphine. Since the new ligand is less sterically Finally, we have evaluated the influence of the
demanding than (2-pyridyl)diphenylphosphine, the nature of the reaction medium (Table 9) using some
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Table 8 Erba) were purified following methods described
Carbonylation of phenylacetylene: influence of the temperature i [13]. Chlorophenyl(2-pyridyl)phosphine was syn-
T (°C) Conversion (%) 3 (%) 4 (%) R0 (%) thesised according to literature method [9]. Furan
20 48 219 02 991 (Aldr!ch) was d.|st_|lled frqm sod|ur.’n. Phenylacetyleng
50 81.3 76.6 0.6 99.2 (Aldrich) was distilled prior to use; methanesulphonic
80 100 90.1 1.2 98.7 acid (Aldrich) and Pd(OAg) (Engelhard) were used
@Reaction conditions —P(CO): 40atm; t: 1h; CH;OH: as received. ngh purity C?O was purChased_ by SIAI_D'
15ml; phenylacetylene: 26.0mmol;: 0.065mmol; Pd(OAg) The carbgnylatlop experiments were carried out in
0.0065mmol; CHSOz;H: 0.032mmol; substrate:Pd= 4000 a magnetically stirred stainless steel autoclave (total
(mobllmol). volume ca. 150 ml). Conversion and yield of the car-
R =[3/(3 +4)] = 100. bonylation reactions were determined by GLC on a

_ _ Hewlett-Packard 5830 Il series gas chromatograph,
solvents commonly employed in these reactions. ysing cumene as internal standard. GLC-MS anal-
The best reaction rates are obtained using dichloro- yses were carried out on an HP 5830 Il series gas

methane, a non-co-ordinating solvent of medium po- chromatograph interfaced to a Hewlett-Packard 5971
larity. Much less effective is a solvent of low polarity 355 detector.

such as toluene. On the other hand, also polar sol- 1p. 13c. and3lP-NMR spectra were recorded in

vents such as THF arid-methylpyrrolidinone afford  cpcl; on a Bruker AC 200 NMR spectrometer oper-

low reaction rates; in particular, in the latter solvent, ating at 200, 50 and 81 MHz, respectively.

the catalysis is almost completely depressed. This

result is probably to be attributed to its behaviour as 3.2. Synthesis of (2-furyl)phenyl(2-pyridyl)phosphine

a Lewis base [12] which outweighs the action of the

acid cocatalyst. _ A 2.0M solution of n-butyllithium in pentane

Anyway, it is to point out that the nature of the (67.5ml, 0.135 mol) is added dropwise to a solution of

solvent does not seem to influence the regioselectivity f,ran (9.18 g, 0.135 mol) in diethylether (100 ml). The

of the reaction which is always over 99%. resulting yellow solution is stirred at RT for further 2 h.
Then a solution of chlorophenyl(2-pyridyl)phosphine
(10g, 0.045mol) in diethylether (100 ml) is added

3. Experimental dropwise. The mixture is heated to reflux for 4h.
The resulting cream suspension is cooled at RT and
3.1. Materials and instruments treated with 100ml of 10% aqueous DEI. The

organic layer is separated, dried over MgSénd
All the operations were carried out under argon concentrated at reduced pressure. Distillation of the
in Schlenk-type glassware. Commercial solvents (C. oily residue at 135C (0.01 Torr) affords 3.9g (33%
yield) of (2-furyl)phenyl(2-pyridyl)phosphine as a

Table 9 pale yellow oil.
Carbonylation of phenylacetylene: influence of the soRent Analytical data; calculated C: 71.14%, H: 4.78%;
Solvent  Conversion 3 (%) 4 (%) Polymeric R (%) found: C: 71.40%, H: 4.96%.

(%) species (%) 1H-NMR (CDCls, 8, ppm): 6.44 (m, 1H, -furyl);
CH3OH 81.3 766 0.6 41 99.2 6.83 (m, 1H, H-furyl); 7.10-7.22 (m, 2H); 7.28-7.40
CHyCl, 87.3 847 08 1.8 99.1 (m, 3H); 7.45-7.62 (m, 3H); 7.68 (m, 1H,sHuryl);
Toluene 18.5 125 0.1 5.9 99.2 8.67 (m, 1H, Py).
NMP 5.3 34 - 1.9 100 D

31P.NMR (CDCk, ppm): —26.8 (S).

_ _ 13C.NMR (CDCk, ppm): 111.4 (1C, dJc—p =
S PO AT S0, 6H) 1207 (1C, 8} 1235 (1, c-p = 27Ho)
1: 0,065 mmol: Pd(OAGy 0.0065 mmol: CHSOsH: 0.032mmol:  +27-9 (1C, dJop = 15H2); 129.1 (2C, dJop =
substrate:Pd= 4000 (mol/mol). 7Hz); 129.8 (1C, s); 134.6 (2C, dc—p = 20H2);

bR =1[3/(3 + 4)] x 100. 135.4 (1C, dJc—p = 5Hz); 136.2 (1C, s); 148.3 (1C,

THF 33.9 28.7 0.2 5.0 99.3
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s); 150.7 (1C, dJo—p = 13 Hz); 151.6 (1C, djc—p =
19 Hz); 163.5 (1C, dJc—p = 11 Hz).

Finally, we deem particularly interesting that the
new phosphine exhibits its maximum efficiency at low
1:Pd and H:Pd ratios since it could allow to employ
acid-sensitive substrates.

3.3. Carbonylation experiments

To illustrate the carbonylation procedure, the ex- Acknowledgements
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4. Conclusions
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