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Allylic alkylation of benzoimidazole catalyzed by palladium complexes 
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Bis(dibenzylidenaeetone)palladium is an efficient and highly selective catalyst for the 
formation of N-(2,7-dimethylocta-2,7-dienyl)benzoimidazole in the allylation of benzoim- 
idazole with N-(2,7-dimethylocta-2,7-dienyl)-N-methylpiperidinium iodide in the presence 
of Nail. 
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N-Substituted benzoimidazoles have ~i broad spectrum 
of biological activity. For example, active juvenoids have 
been found among N-terpenyl derivatives) ,2 Nonsubsti- 
tuted imidazoles react with alkyl halides in alkaline media 
to give the target products in unsatisfactory yields. 3,4 To 
successfully allylate benzoimidazole in acetone at room 
temperature, a twofold excess of allylic halide is required:  
Allylation in the presence of such bases as NaOMe, 
NaOEt, or N a i l  at 100--110 ~ is also low-yielding. 6,7 If 
allylic halides are replaced hy allylic acetates, carbonates, 
sulfones, or similar compounds, allylation can occur only 
in the presence of transition metal complexes, in the 
literature, much attention has been given to palladium- 
catalyzed allylation of heterocycles containing the imida- 
zole ring, mostly, admfine and guanine. In particular, this 
is the basis for the synthesis of carbocyclic analogs of  
nucleosides such as carbovir and its adenine analog 8 with 
the use of cyclopentenyl acetates as allytic components 
because they prevent the formation of products of allylic 
rearrangement. Usually, LiH or N a i l  have been used as 
bases in the reactions catalyzed by Pd(Ph3P)4. s - t3  For 
allylation of adenine and guanine with allylic acetates or 
allyl phenyt ethers, the Pd(dba)~--dppe (dba is diben- 
zylidenacetone and dppe is bis(diphenylphosphino)ethane) 
and Pd2(dba)3--dppb (dppb is bis(diphenylphosphino)- 
butane) systems have also served as catalysts. 14,t5 Earlier, s 
it was shown that imidazole is satisfactorily allylated with 
cyclopentenyl acetates upon mixing together substrates, a 
base, and a catalyst, while in the case of adenine, one 
should first obtain its sodium salt and then add allyl acetate 
and a catalyst. The use of vinyloxiranes allows allylation in 
neutral media, but the reaction cma be accompanied by the 
formation of  considerable amounts of a product of  allylic 
rearrangement, t6 Literature data on the catalyzed alkyla- 
tion of N-heterocycles with acyclic allylic compounds are 
lacking. There are some data on the allylation of aliphatic 
amines with allyfic acetates and ally! phenyl ethers in the 
Pd(acac)2_Ph3P 17 and (Ph3P),PdCI~--PhONa Is cata- 
lytic systems, respectively. Earli'er, 19 it was shown that 

(neryl)- mad (gemnyl)trialkylammortium halides are con- 
venient reagents for the catalyzed allylic alkylation of C- 
nucleophiles, in particular, sodium ethyl  matonate. 

The set of  allylation reagents o f  the monoterpene 
series having the 2,7-dimethyloctalae skeleton is l imited, 
because chlorides and iodides a r e  rather  difficult to 
isolate in the pure state, 2e,21 and acetate can be ob- 
tained as a result of a mult is tage synthesis from a 
telomer of  isoprene with N-methylan i l ine .  zl Therefore,  
we studied N-(2,7-dimethylocta-2,7-dienyl)-N-methylpi- 
peridinium iodide (1) as a possible allylating agent. This 
compound can be easily obtained by quaternizat ion of 
N-(2 ,7-d imethyloc ta-2 ,7-d ienyl )p iper id ine  (2), synthe- 
sized according to the known p rocedure  z2 by teIome- 
rization of  isoprene with p iper id ine  in M e C N  in the 
presence of  the Pd(acac)2--Ph3P ca ta ly t ic  system. 

Amine 2 is quaternized faster than (geranyl)-  and 
(neryl)diethylamines to give N-methy lp ipe r id in ium io- 
dide I as a white powder (m.p. 128--129 ~ which is 
used in the allylation of benzo imidazo le  without addi- 
tional purification. 

The allylation of  sodium benzo imidazo l ide  with salt 
1 was carried out in the Pd(acac)2--2Ph3P (A), (Ph3P)4Pd 
(B), and Pd(dba) 2 (C) catalytic sys tems to give products 
3 and 4 (Scheme I). 

The mode in which the react ion is carried out affects 
substantially the yield and ratio of  t h e  react ion products. 
Thus the method including p re l iminary  preparat ion of 
sodium benzoimidazolide (method A) reqnires high tem-  
perature (no lower than 100 *C) and a highly polar  
solvent (such as DMF).  The a l ly la t ion  of  benzoimida-  
zole in a T H F - - D M F  system in t h e  presence of  N a i l  
was found to be more convenient  ( m e t h o d  B). 

In the case of phosphine-conta ining pal ladium cata- 
lysts A and B, Ph3P is oxidized into  Ph3PO, the yield of 
the latter being increased as the tempera ture  is increased 
and the reaction time is prolonged,  and the yields of 
products 3 and 4 are decreased. Elimination of  Ph3P 
from the catalytic cycle (i.e., the format ion  of  Ph3PO), 
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and the use of complex A with a lesser amount of Ph3P 
also reduce the yields of products 3 and 4. A larger 
amount of catalyst B (10 mol. % (Ph3P)4Pd) lhvors the 
yield of 3 and 4. However, the best results were obtained 
using method B in the presence of Pd(dba) 2 (complex C), 
isomer 3 being formed virtually withont admixture of 
isomer 4, which is a rare phenomenon for catalyzed 
allylation. The mechanism proposed earlier z3 for the 
allylatiou of nucleophiles catalyzed by the palladium(0) 
complex B can explain our experimental data. The first 
stage of reaction is the dissociation of ligands from 
(Ph3P)4Pd or Pd(dba) 2 with subsequent formation of an 
olefin--palladium n complex (5) (Scheme 2). 

The oxidative addition of the metal yields a n-allylic 
palladium complex (6). The regiochemical outcome of the 
nucleophilic attack z3 depends on the sterie accessibility for 
the nucleophile and stability of an intermediate 
n-olefin complex (7) that formed on alkylation. Usually, a 
nucleophile (especially, a sterically hindered one) attacks 
the least hia~dered termimts of the n-allylic complex. How- 
ever, in the case of bulky phosphine or dba ligands at the 
palladium atom, steric hindrances for the formation of 
complexes 7 increase the enemy of the transition state, so 
that the nucleophilic attack at the more substituted C 
atom, resulting in the least hindered olefin--palladium 
n-complex 7a, is preferential. Palladium complexes B or C 
did not affect significantly the regioselectivity of a reaction 
involving a little hindered nucleophile, such as diethyl 
malonate, which had been used earlier, 19 while this influ- 
ence was crucial in the case of benzoimidazole, a bulkier 
nucleophile. The absence of the isomer with the inverted 
double bond (as followed from comparison with authentic 
E- and Z-isomers of compound 3) suggests that the nu- 
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cleophilic attack at the n-allylic complex 6 occurs much 
more rapidly than its syn--anti  isomerization. 

Thus, the method of catalyzed allylation is quite 
convenient and effective for the allylation of benzoim- 
idazole. Here, the choice of a catalyst is decisive for the 
course of the reaction. 

Experimental 

All reactions were carried out in an atmosphere of argon 
(99% purity) with the use of Schlenk equipment. For the 
synthesis, 99%-punty monomers were used. Tetrahydrofuran 
was dried by distillation over LiAIH 4 and stored under argon. 
Dimethylformamide was distilled over CaO and, repeatedly, 
over Call 2 at 80 Tort. The content of water was 0.02% accord- 
ing to the Fischer analysis. Benzoimidazole was recrystallized 
from toluene and dried at 1 Torr. Pd(Ph~P)4 and Pd(dba) 9 were 
synthesized according to the known proc-edures.~, 25 GLC-anal- 
ysis was performed on a Chrom-5 chromatograph with a glass 
capillary column (l = 30 m) and an OV-101 phase. The 
temperature was programmed from 80 to 230 ~ at a rate of 20 
deg rain -I and then was maintained at 230 ~ for 20 rain. 
n-C24Hs0 was used as the standard. Compounds 3 and 4 were 
identified by comparing their GLC retention times with those 
tbr the specimens obtained by the known procedure. 26 

Preparation of salt 1. Me[ (8.37 g, 59 mmol) was added to 
a solution of amine 2 (6.55 g, 29.5 mmol) in 5 mL of benzene. 
The reaction mixture was kept in the dark at room temperature 
for 24 h. The precipitate that formed was filtered off and 
washed with hexane to give salt 1 (10.28 g, 96.%), m.p. 
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Table 1. Allylation of benzoimidazole 

Catalyst Solvent T/~ 

(tool. %) (~/h) 

Reaction product ratio 

Ph3PO : (3+4) 3 : 4 

Yield of 3+4 

(%) 

A (5) DMF 100 (15) 
B (5) DMF 100 (8) 

150 (0.75) 
B (10) DMF 100 (8) 

Method B 
A (5) T H F - - D M F  (6 : 1) 76 (49) 
B (5) T H F - - D M F  (3 : 2) 77 (54) 
C (2.5) T H F - - D M F  (8 : l) 69 (52) 
C (5) T H F - - D M F  (6 : 1) 72 (35) 
C (I0) T H F - - D M F  (6 : 1) 69 (35) 

Method A 
64 : 36 84 : 16 6.3 
40 : 60 47 : 53 33.0 

19 81 

46 54 
50 50 

49 : 51 85.3 

91 : 9 12.6 
69 : 31 22.0 

97.5 : 2.5 87.0 
96 : 4 80.0 
97 : 3 85.0 

128--129 ~ Found (%): C, 52.88; H, 8.37; N, 3.52. C16H301N. 
Calculated (%): C, 52_89; H, 8.32; N, 3.85. 

Allylation of benzoimidazole (general procedure). Method A. 
Solid Nail  (0.072 g, 3 mmoI) was added to a solution of 
benzoimidazole (0.342 g, 2.89 retool) in DMF (10 mL). The 
homogeneous soh,tion that formed after 30 min at 100 ~ was 
added to a solution of salt 1 (1.0 g, 2.75 retool) and a catalyst 
(Table 1) in DMF (15 mL). The formation ofaLlylated products 3 
and 4 was monitored by TLC (silica gel; ethanol--benzene, 
I : 3). Palladium black was filtered off, and the solvent was 
removed. The residue was diluted with benzene, and the precipi- 
tate that Ibrmed was filtered off. The benzene solution was 
conccntrated, and the residue was chromatographed on a column 
with SiO~, elution with heptane or hexane. The products were 
analyzed by GLC following distillation at 186--194 ~ (l Torr). 

Method B. To a mixture of salt 1 (2.75 retool), benzoimida- 
zole (0.32 g, 2.75 retool), and a catalyst, 30 mL of a mixture of 
THF and DMF was added (see Table 1). Dry Nai l  (0.07 g, 
3 mmol) was added to the homogeneous solutions that formed. 
The reaction mixture was stirred at room temperature until 
complete dissolution of Nai l  attd then refluxed; the solution 
gradually darkened. The white precipitate that formed was 
filtered off, and the solvent removed in vaeuo. The residue was 
diluted with water, and the products were extracted with ben- 
zene. The benzene extract was concentrated on a rotary evapo- 
rator to give an oil, which was claromatographed on a column 
with silica gel; the eluent was hexane. Following distillation at 
186--19l ~ (1 Torr), the products were analyzed by GLC. 

A. L. S a m u s e n k o  (N.  M. E m a n u e l  Ins t i tu t e  of  Bio-  
chemica l  Phys ics  of  the  Russ ian  A c a d e m y  of  Sc iences)  
is a cknowledged  for  p repa r ing  the  capi l lary  c o l u m n .  
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