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ization reactions, implied as oligomerization of 
ienes with the wide array of small molecules, most 
ophilic nature, are well studied and have the major 

ential and flexibility in a variety of applications.1 
ization process is already used in industry, e.g., 
nol is obtained in the Kuraray telomerization of 
th water followed by double bond reduction2, while 
produced in the Dow Chemical Company by 
1-methoxyocta-2,7-diene synthesized, in turn, by 
n of butadiene with methanol.3 Isoprene is a 
e produced in a very large scale all over the world 

actically in all spheres of industry and national 
ince isoprene is less reactive than butadiene, its 
n represents a good challenge. Regarding the fact 
 molecule is non-symmetric, its telomerization can 
fford four different products from two diene units 
ail-to head 1a, head-to-head 1b, tail-to-tail 1c and 
not shown). Non-symmetric nucleophile unit can 
 two different positions, which would ultimately 
ight different telomers. Nucleophile nature highly 

affects the process selectivity,5 which can be controlled by 
varying solvent, catalyst ligand and reaction conditions.6 Dimers 
of type 2a and 2b depriving nucleophile unit can be also formed.

Palladium(ii) N-heterocyclic carbene complexes7 have been by 
far the most widely employed in the isoprene telomerization.5(c),8 
We have recently reported that NHC (N-heterocyclic carbene) 
complexes of gold(i), copper(i) and palladium(ii) showed better 
activity as pre-catalysts compared to common used NHC 
complexes in different important catalyzed reactions.9

In the course of our ongoing interest on the development of 
new NHC-based metal complexes for the application in catalytic 
reactions, herein we report on our comparative study of influence 
of er-NHC Pd complexes 3–8 on the outcome of the isoprene 
telomerization with methanol. The telomerization was performed 
under environmentally benign conditions in accordance with the 
green-chemistry principles.10 

Initially we have tested NHC Pd complexes 6–8 with saturated 
five-, six- and seven-membered ring carbene backbone bearing 
mesityl (Mes) and 2,6-diisopropylphenyl (Dipp) substituents at 
the nitrogen atoms. The reaction was carried out under 
atmospheric pressure at room temperature and in the absence of 
solvent (Table 1).6(c) It was found out that the expansion of the 
ring (entries 1, 2 vs. 3, 4 and 5, 6) together with the growth of the 
sterical effect of the N-substitutes (entries 1, 3,  5 vs. 2, 4, 6) 
caused decrease in the catalytic activity and, consequently, drop 
in the isoprene conversion. Less bulky complex 6b (entry 1) 
exhibited higher activity and selectivity.

Further on, we have varied structure of the five-membered 
Pd–NHC complexes with Mes substituent on the nitrogen atom. 
It was demonstrated that upon transition from saturated SIMes-
complex 6b (Table 2, entry 1) to unsaturated IMes analogue 3b 
(entry 2) little improvement in selectivity took place. Use of 
complex 4c bearing auxiliary ligand SPhos (entry 3) led to the 
decrease in the catalytic activity, while the application of 
3-chloropyridine ligand in catalyst 4b on the contrary improved 
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to-head isoprene telomerization with methanol 
nificant impact of ligand structure as well as 
structure on the catalyst activity. Some N,N'-
tuted imidazol-2-ylidene, imidazolidin-2-ylidene 
ded-ring tetrahydropyrimidin-2-ylidene and 
iazepin-2-ylidene based ligands were tested to 
 fundamental correlations between structure 
e size along with the substituent sterical and 
operties) and catalytic activity.
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it (entry 4). Replacement of the cinnamyl leaving group by allyl 
in catalyst 3'b (entries 1, 2 vs. 5) had a small positive effect on 
the product yields.

Since testing the less active catalysts can usually help to 
specify the effects of the pre-catalyst structure on the reaction 
outcome, the additional experimental series involving less active 

IPr and SIPr Pd complexes with Dipp substituents were 
performed (Table 3). Once again the experiments revealed the 
advantages of unsaturated IPr over saturated SIPr complexes in 
activity (see Table 3, entries 1 vs. 2 and 3 vs. 4), and the advantage 
of allyl leaving group over the cinnamyl one (entries 1 vs. 3 and 
2 vs. 4). As it was indicated, allyl group could be changed for 
3-chloropyridine auxiliary ligand with the minor selectivity fall 
(entries 1 vs. 7). It was additionally demonstrated that the 
increase in the steric bulkiness of ligand core leads to the 
dramatical drop in the catalyst activity (entries 3 vs. 5 and 6). The 
presence of electron-withdrawing chlorine atoms in the imidazole 
ring also disproves the catalytic activity (entries 3 vs. 8).

In conclusion, we have performed the comparative study of 
the NHC Pd complexes in the isoprene telomerization with 
methanol and revealed the fundamental relationship between 
structure and catalytic activity. The ring expansion, the sterical 
effect of the bulky substitutes, the SPhos and 3-chloropyridine 
auxiliary ligands and the presence of acceptor groupings in the 
imidazole ring lead to decrease in the catalytic activity. The best 
results were achieved with the use of complex 3'b, which allowed 
us to assume that the right carbene structure, along with the 
small leaving group would demonstrate acceptable activity and 
selectivity. The current results can be used as the basis for further 
development of environmentally friendly procedure of isoprene 
telomerization.
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Table  1  Comparison of er-NHC Pd complexes in isoprene telomerization 
with methanol.a 

Entry Catalyst Conversion (%)
GC yield (%)

1a 1b 1c 2a 2b

1 6b 100 19.1 51.2 1.2 0   3.7
2 6a   91   3.6 15.6 0.4 4 10
3 7b   41   0.2 16 0.1 1   1.1
4 7a   42   0.4   9.4 0.1 4.7   3.8
5 8b   35   0   2.8 0 0.3   0.4
6 8a   15   0.4   4.5 0.1 4.2   1.2

a Reaction conditions: MeOH (1 equiv.), MeONa (2 mol%), catalyst 
(0.1 mol%), isoprene (2 equiv.), room temperature, 72 h.

Table  2  Five-membered Mes-substituted Pd–NHC complexes in the 
isoprene telomerization.a 

Entry Catalyst Conversion (%)
GC yield (%)

1a 1b 1c 2a 2b

1 6b 100 19.1 51.2 1.2 0 3.7
2 3b 100 22.3 51.7 1.62 0 3
3 4c   30   1.6 12 0 1 0.7
4 4b 100 24.4 58.7 1.7 0 3.3
5 3'b 100 21.6 58.9 1.4 0 3

a Reaction conditions: MeOH (1 equiv.), MeONa (2 mol%), catalyst 
(0.1 mol%), isoprene (2 equiv.), room temperature, 72 h.

Table  3  Detailed comparison of five-membered SIPr and IPr NHC Pd 
complexes in the isoprene telomerization.a

Entry Catalyst Conversion (%)
GC yield (%)

1a 1b 1c 2a 2b

1 3'a 100 6.3 26.7 0.6 0   9.3
2 6'a 100 4.3 18.3 0.54 0 11.7
3 3a 100 5.8 24.1 0.6 0   9
4 6a   91 3.6 15.6 0.4 4 10
5 3c   35 0.3   0.2 0 1.1   0.9
6 3d   17 0.2   0.2 0 0.8   0.7
7 4a 100 8.2 24 0.9 0   9.4
8 5   46 3.15   6.25 0.17 3.2   4.6

a Reaction conditions: MeOH (1 equiv.), MeONa (2 mol%), catalyst 
(0.1 mol%), isoprene (2 equiv.), room temperature, 72 h.
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