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Abstract 

The catalytic system Pd(OAc)Jdppb/PPhJp-TsOH catalyzes the hydroesterification of alkynes and alkynols with formate 
esters to give unsaturated esters in good yields and selectivities. 
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1. Introduction 

It is well known that palladium( II) complexes 
can catalyze the hydroesterification of olefins in 
acidic alcohol under mild conditions [ 11. The 
selective mono- and dicarbonylation of terminal 
olefins can occur using Pd-C and Cu ( II) or Cu ( I) 
chloride in alcohol [2]. Arylalkynes undergo 
regioselective carbonylation catalyzed by palla- 
dium complexes in the presence of iodide pro- 
moters in methanol to form methyl-2 
arylpropenoates [ 31. The hydroaminocarbonyla- 
tion of terminal alkynes proceeds regioselectively 
in the presence of palladium complexes and iodide 
promoters in diethylamine [ 41. In contrast, hydro- 
carboxylation of alkynes and alkenes occurs selec- 
tively in the presence of formic acid under mild 
conditions [ 51. The metal-catalyzed reaction of 
unsaturated substrates and formate esters has been 
the subject of a number of publications and pat- 
ents. Catalysts based on ruthenium [ 61, iridium 
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[ 71 or palladium [ 8-101 have usually been used 
in the case of olefins and alkynes. We have found 
now that palladium acetate, in the presence of 
suitable phosphine ligands [ 1 ,Cbis (diphenyl- 
phosphino) butane (dppb) and triphenylphos- 
phine (PPh,) ] and p-toluene sulfonic acid (p- 
TsOH) , catalyzes the regiospecific conversion of 
alkynes and formate esters into the corresponding 
2-substituted-2-propenoate esters. The carbony- 
lation of terminal and internal alkynes has been 
examined using the catalytic system. 

2. Results and discussion 

Phenylacetylene (1, R’ = Ph, R* = H) ( 1.0 
mmol) reacts with n-butyl formate (2, R3 = n- 
&H,) (10.0 mmol) and a catalytic amount of 
palladium acetate (0.02 mmol) dppb (0.04 
mmol) , triphenylphosphine (PPh,) (0.08 
mmol) , and p-toluenesulfonic acid (p-TsOH) 
(0.08 mmol) in tetrahydrofuran (THP) (2.5 ml) 
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for 48 h at 100°C and 20.0 atm of carbon monoxide 
affording butyl-2-phenyl-2-propenoate (3) and 
butyl (E) -cinnamate (4) in a ratio of 94 : 6 (80% 
yield) as depicted in Scheme 1. 

Only traces of products were obtained in the 
absence of p-TsOH, and no reaction occurred in 
the absence of carbon monoxide or both phos- 
phine ligands (Table 1, entries 1, 3). The role of 
phosphine ligands in a related catalytic system 
was studied previously [ 5b], and it was found that 
the nature of the phosphine ligand is an important 
factor, with PPh3 and dppb the most appropriate 
choices. The present findings confirm the previous 
results that a mixture of a monodentate and biden- 
tate phosphine ligand (PPh3 and dppb) (entries 
4-6) is more effective in promoting the catalytic 
hydroestrification of alkynes than using either of 
the two phosphine ligands alone. Specifically, 
phenylacetylene undergoes hydroesterification 
with n-butyl formate using a 1:4 ratio of 
Pd( OAc) 2 : PPh3 (Table 1, entry 4) to give 3 and 
4 in a total yield of 33%. Use of dppb (2 : 1 ratio 
of dppb: Pd ( OAc) *) instead of PPh3 afforded the 
products in 55% yield (entry 5) while the pres- 
ence of both phosphines increased the yield to 
80% (entry 6). Note that the regioselectivity of 
the reaction is essentially unaffected by the nature 
or number of phosphine ligands. 

The ratio of formate ester to alkyne significantly 
affects the product yields. When the ratio of butyl 
formate to phenylacetylene was reduced from 
10: 1 to 1: 1, the yield of cu,P-unsaturated esters 
decreased from 80% to 15%. At a 4: 1 ratio of 
butyl formate to alkyne, the yield was 25%, which 
is less than that realized (45%) using a 4: 1 ratio 
of butanol to phenylacetylene (conditions similar 
to Miura [3]). 

The results for the reaction of a variety of for- 
mate esters are summarized in Table 1. The best 

Table 1 
Reaction of phenylacetylene with formate esters catalyzed by 
Pd(OAc),/dppb/PPh,lp-TsOH* 

Entry HCOOR3, R3 = 2 dppb PPhr CO Yields” Product 
% distributionC 
(3+4) % 

3 4 

1 CH,CH,CH,CH, yes yes no 0 - - 
2 CHrCHrCHzCH,” yes yes yes traces - - 
3 CH,CH,CH,CH, no no yes 0 - - 
4 CH&HrCH,CHs no yes yes 33 94 6 
5 CH,CH,CH,CH, yes no yes 55 92 8 
6 CH,CHrCHrCH, yes yes yes 80 94 6 
7 CH,CH&Hs yes yes yes 68 93 7 
8 CH, yes yes yes 74 94 6 
9 CH,-CH(CH,), yes yes yes 54 93 7 

10 CH(CH,)-CH,CH, yes yes yes 45 92 8 
11 C(CH,), yes yes yes 32 92 8 

“Conditions: Ph-C=CH (1.0 mmol); HCOOR3 (10.0 mmol); THP 
(2.5 ml); Pd(OAc), (0.02 mmol); dppb (0.04 mmol); PPhs (0.08 
mmol);p-TsOH (0.08 mmol); 20 atm, 100°C; 48 h. 
bIsolated yield. 
‘Products were identified by comparison of spectral data (W-MS), 
‘H and 13C NMR) with those for authentic materials. 
dNo p-TsOH was used. 

results were obtained with n-butyl formate (entry 
6) (80% yield) ; while methyl or n-propyl formate 
(entries 8,7) gave esters in slightly lower yields 
(74% and 68%). The effective bulk of the alkyl 
groups in the formate ester can affect the yield of 
the reaction (entries 9-l 1). However, the regio- 
selectivity of the products (3 and 4) was unaf- 
fected by using different formate esters. 

The catalytic system Pd(OAc)Jdppb/PPhJ 
CO/H+ in presence of butyl formate was applied 
to a series of aromatic and aliphatic, terminal and 
internal alkynes (Table 2). 

p-Methoxyphenylacetylene (entry 12) reacts 
with HCOOC4H9 to form unsaturated esters in 
good yield (76%) and selectivity for 3 (92%). 
The control of regioselectivity of the reaction 

R’-C&-R2 + HCOOR3 + 0 
Pd(OAch; dppb; PPh, 

1 2 EO~-;;;z 48 h. 
; 

Scheme 1. 



B. El Ali, H. Alper / Journal of Molecular Catalysis A: Chemical 96 (1995) 197-201 

Table 2 
Alkyne-n-butyl formate reactions catalyzed by Pd(OAc),/dppb/PPh,/p-TsOH’ 

R’ R* R’ R* 
R’-CS-R* + HCOOBu - ‘C = C’ + ‘C = C’ 

1 2 BuOOC’ 
\ 

3 H H’ 4 ‘CooBu 

!ntry Alkyne, 1 
YiCld,b g, ProdUCt Distr?, % 

(3+4) 3 4 

12 CH,O+-CXH 76 92 8 

13 Ph-CH,CH,-C=CH 70 84 16 

14 CH3(CH2)+=CH 65 80 20 

15 NC-CH2CH2CH2-C=CH 50 84 16 

16 Cl-CH2CH2CH2-C=CH 51 85 15 

17 CH,-CH2-CH-C&H 65 70 30 

A H3 

18 (cH3)3c-c=cH 57 40 60 

19 (CH,)$i-C&H 55 0 100 

20 CH3-(CH2)3-CK-CH3 68 45 55 

21 CH3-CH-C=C-CH3 59 34 66 

(5-I, 

22 Ph-CkC-CH, 50 44 56 

23 (CH3)&-(CH2)2-C=C-(CH2)2-C(CH& 60 100 -- 

24 Ph-C=C-Ph 51 100 -- 

199 

‘?See Table 1 for experimental conditions. 

depends in part on the substituent R’ in the case 
of terminal alkynes ( RZ = H) ; for example, 4- 
phenyl- 1 -butyne (entry 13)) I-decyne (entry 14)) 
5-cyano-1-pentyne (entry 15), and 5-chloro-l- 
pentyne (entry 16) gave the corresponding unsat- 
urated esters in good yields (X&70%) but the 
selectivity for 3 decreased a little (W-85%) in 
the latter cases. It appears that the steric effect is 
significant in determining the regioselectivity of 
terminal alkynes. For example, 3-methyl-l-pen- 
tyne (entry 17) gave an acceptable yield of 3 and 
4, but with decreased selectivity for 3 (70%). The 
1,2 disubstituted isomer 4 is the preferred product 
for R’ = t-butyl group (entry 18) and the exclu- 
sive product for R’ = SiMe, (entry 19). 

Internal alkynes also undergo catalytic 
hydroesterification under the same conditions as 
terminal alkynes (Table 2, entries 20-24). The 
yield and regioselectivity depend on the nature of 
the substituents; with internal unsymmetric 
alkynes (entries 20-22) being less regioselective 
than terminal alkynes. The reaction of symmetri- 
cal internal alkynes, of course, leads to one prod- 
uct in reasonable yields (51-60%) (entries 23, 
24). 

The metal-catalyzed carbonylation of unsatu- 
rated alcohols has been the subject of many inves- 
tigations [ 111. Recently we described a new 
method for the cyclocarbonylation of alkynols to 
2 ( 5H) -furanones in good yields [ 121. 
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CH3 Pd(OAc)*; dppb; PPh3 
H 

CH, - ;: - C f CH+ HCOOC4H9 + CO 
cooc,H, 

. 

&H 

THF. p_~sO~ 48 h. ‘c z c’ 

looGc; 20 a& (=2 = C’ ‘H 
I 

5 (=3 

6 (55%) 

- 
- 

oc 

Pd(OAch; dppb; PPh3 
OH + HCOOC4H9 + CO To$-;;;z 48 h. 

I 

7 

scheme 2. 

Alkynols are also reactive under the conditions 
of hydroesterification of alkynes described above. 
For example, 2-methyl-3-butyn-2-01 (5) and l- 
ethynyl- 1 -cyclohexanol ( 7) reacts in a regio- and 
stereospecific manner with n-butylformate to give 
the trczns-unsaturated ester 6 and 8 (Scheme 2)) 
respectively, in good yields (50-55%) [ 131. 

An experiment effected using H13COOCH3 
with PhC=CH and CO afforded the a,p-unsatu- 
rated ester containing only traces of the label. Tak- 
ing this result into consideration, one can propose 
the mechanism, illustrated in Scheme 3, for the 
carbonylation of alkynes in the presence of dppb, 

Pd(OAc), + CO + dppb + PPh3 

PPh3, p-TsOH, HCOOR3 and CO. The reaction of 
palladium acetate with dppb, PPh, and CO in the 
presence of p-TsOH may give 9. Reaction of the 
latter with the formate ester can generate a metal 
alkoxyhydride complex 10. Addition of the 
hydride to the alkyne ( 1) may form 11. Ligand 
migration to the carbonyl carbon, with dppb occu- 
pying the vacant coordination site would afford 
12. Reductive elimination in the presence of PPh3 
and CO (possibly via 13) would give the product 
3, and regenerate 9. 

In conclusion, Pd(OAc),/dppb/PPh,/p- 
TsOH catalyses the hydroesterflcation of alkynes 

* ph3P\pd/dppb 
PbP’ ’ 3 9 co 

Rti, ,i+ 
10 

,‘d\ cm214 

R;;&,F . 

12 
@HC=C’ ‘co 

\ 
R’ 11 

scheme 3. 
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and alkynols with formate esters to give the cor- 
responding unsaturated esters in good yields and 
in most cases high regioselectivity. 

3. Experimental section 

3. I. General 

The solvents and formate esters were distilled 
from an appropriate drying agent under Nz. The 
alkynes and alkynols (Farchan) were dried and 
distilled before use. 

‘H-13C-NMR spectra were recorded on Varian 
Gemini 200 MHz and XL 300 MHz spectrometers 
at ambient temperature. 

3.1.1. General procedure for the catalytic reac- 
tions 

A mixture of the alkyne (or alkynol) ( 1.0 
mmol), for-mate ester ( 10.0 mmol), THF (2.5 
ml), Pd( OAc), (0.02 mmol), dppb (0.04 
mmol) , PPh, (0.08 mmol) and p-toluenesulfonic 
acid (0.08 mmol) were placed in a 45 ml auto- 
clave. The mixture was stirred under 20 atm of 
carbon monoxide at 100°C for 48 h. The reactor 
was cooled to room temperature and the pressure 
was released. The solution was filtered through 
Celite and GC-MS analyses confirmed the for- 
mation of products. The unsaturated esters were 
isolated by column chromatography on silica gel 
and identified by comparison of GC-MS, ‘H and 

13C NMR results with literature data or authentic 
samples of 3,4,6,8 prepared previously [ 5b, 121. 
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