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Abstract 

Palladium(II)-promoted vicinal diamination of N-alkenylbenzimidazoles has been investigated. Dichlorobis(1- 
(alkenyl)benzimidazole)palladium(ll) complexes were identified as initial reaction products which proved to be 
rather inert to the subsequent oxidative diamination required in the process. Instead, they were readily reduced by 
KBH4 to give the corresponding 1-alkylbenzazoles as the main reaction products. The crystal structure of the 
isolated complex trans-dichlorobis(l-(3-butenyl)benzimidazole)palladium(ll) was determined by X-ray diffraction 
analysis. © 1999 Elsevier Science Ltd. All rights reserved. 
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The chelating properties of ethylenediaminotetraacetic acid (EDTA) are well documented.l The presence of 

iminodiacetic acid units allows it to form stable complexes with almost all cations, giving chelate rings. These 

properties have been used in chemical analysis, biological applications, in the complexation of heavy metals in 

nuclear medicine 2 and as contrast agents in magnetic resonance imaging. 3 In spite of the high capability of 

heterocyclic rings as nitrogen-donor ligands, 4 very few complexones 1 have incorporated such rings in their 

structure. Only some pyridine and 2,2'-bipyridine derivatives have been described. 5 Our previous experience 

with azole-containing ligands 6 prompted us to prepare EDTA-Iike structures which contain an azole ring as an 

additional donor site to improve its metal complexation capabilities. 

Although the synthesis of such molecules could be achieved by different approaches, we selected the direct 

vic-diamination of N-alkenylbenzimidazoles, compounds easily prepared by alkylation of benzimidazole with 

haloalkenes. There are several methods reported in the literature for metal catalyzed vic-diamination of olefins 

including TI(III), 7 Hg(II), 8 and Os(IV). 9 We chose the palladium(lI)-promoted vicinal diamination 10 of olefins 

described by Backvall in 1978.11 This potentially useful stereospecific cis diamination has rarely been used and 

only simple alkenes are diaminated with dimethylamine by this procedure. This "one-pot" reaction implies the 

formation of intermediate aminopalladation product, followed by the in situ oxidation of Pd(lI) which then 

undergoes a nucleophilic displacement by the amine. Final reduction with KBH4 yields Pd(0) species which are 

easily removed from the reaction medium. 

In our case, the reactions were performed with HN(CH2CO2Me)2 as the amine partner and N- 

alkenylbenzimidazoles as the starting alkenes. The results were compared with that obtained with dimethylamine 

2a or di-n-butylamine 2c as alternative amines. As indicated in Table 1, the aminopalladation of N- 

alkenylbenzimidazoles la ,b  gave exclusively alkanes 3a,b without traces of diamines 4a-d. 
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Table 1: Results obtained in the Aminopalladation of N-Alkenylbenzimidazoles la ,b 

B~tckvall's conditions 11 R 
R ~  + (R')2NH - R ~  + "~ "NR '  2 

NR'2 

la,b 2a-c 3a,b 4a-d 

R R' la,b(%) 3a,b (%) 4a-d(%) 

~ \ >  Me la (15) 3a (85) 4a (0) 

la Cl-i2- 2a 

[ ~ " >  CH2COzMe la(0) 3a ( 1 0 0 ) 4 b ( 0 )  

i 
CH 2- 2b 

[ ~ \ >  CH2COzMe Ib(11) 3b (89) 4¢(0) 
I 

lb (CH2)2- 

{ ~ }  n-Bu 1b(10) 3b ( 9 0 ) 4 d ( O )  
I 

( O H 2 )  2- 2C  

B/tckvall's conditions: i: [PdCI2Ph(CN)2]/THF; ii: (R')2NH; iii: MCPBA; iv: NaBH4/KOH 
Yields are given by GC considering the amount of overall conversion 

These results contrast notably with those previously reported 11 in the vic-diamination of simple alkenes, in 

which high yields of diamines were obtained. Present results can be explained considering the influence of the 

benzimidazole ring in the reaction pathway. A benzonitrile ligand exchange t2 in bis(benzonitrile)palladium(II) 

chloride [PdCI2(PhCN)2] by the benzimidazole ring takes place to give new complexes [PdCI2(AzolN-)2], which 

prevent the oxidative diamination. Instead, these complexes are able to activate reduction of the double bond by 

KBH4, in the last step of the one pot reaction. In fact, treatment of l-(3-butenyl)benzimidazole l b  with 

[PdCI2(PhCN)2] at 0 °C gave complex 5 as crystalline yellow needles which contained Ib as a ligand. 

X-ray diffraction analysis of 5 revealed that the Pd atom is coordinated in a square-planar fashion to the CI 

and N atoms. This coordination has previously been described for trans-dichlorobis(1-methylimidazole)- 

palladium(lI). 13 

Reaction of complex 5 with KBH,~NaOH in THF, the conditions used in the last step of the B~kvall 

procedure, produces reduction and migration of the double bond to give 1-butylbenzimidazole 3b and 1- 

crotylbenzimidazole 6 respectively. This reduction did not take place with the uncomplexed alkenes l a  or I b 

(Scheme 1). 

Reduction of isolated alkenes has been previously reported with NaBH4 using Co(ll) or Ni(II) salts as co- 

reagents. 14 To our knowledge, this is the first communication showing Pd(lI) mediated reduction of unactivated 

double bounds with borohydride. 

Furthermore, the present study shows that palladium mediated oxidative vic-diamination is prevented if a 

nitrogen containing heterocycle is pre~nt in the olefin. 
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KBH 4 

NaOH 

> <  

Scheme 1 

CI 

+ 1/2 PhCN-- I~d--NCPh 

1 b CI 
THF 
0 °C, 30 min 

KBH4/NaOH 

80% 20% 

A c ~  C9 

X-ray structure of Complex 5 

t rans .Dichlorobis(1-(3 .butenyl)benzimidazole)pal ladium(II)  (5). To a solution of 1-(3- 
butenyl)benzimidazole l b  (100 rag, 0.58 retool) in dry THF (3 mL) at 0 °C bis(benzonitrile)palladium(II) 
chloride (111 mg, 0.29 mmol) was added. The reaction mixture was stirred at 0 °C during 30 rain. The precipitate 
was filtered off and the yellow solid was dried in vacuo, mp 203-205 oC (decomp) (from dry THF). 1H NMR 

(CDC13) ~2.65 (q, 2H, 3j = 7.1 Hz), 4.25 (t, 2H, 3j = 7.1 Hz), 5.13 (dd, IH, 3Jtran s = 17.1 Hz, 4j = 1.3 Hz), 

5.17 (d, 1H, 3Jcis = 10.3 Hz), 5.79 (ddt, IH, 3Jtrans= 17.1 Hz, 3.1ci s = 10.3 Hz, 3J = 7.1 Hz), 7.37-7.38 (m, 

2H, H7, H6), 7.43 (m, 1H, H5), 8.32 (s, 1H, H2), 8.55 (d, 1H, 3.1 = 8.1 Hz, H4); 13C NMR (CDC13) ¢5 33.6 
(d, J = 129.1 Hz) 45.6 (t, J = 141.2 Hz), 110.1 (d, C7, J = 163.6 Hz), 119.2 (t, J = 156.9 Hz), 121.1 (d, C4, J 
= 167.7 Hz), 123.8 (d, C5, J = 165.2 Hz), 124.4 (d, C6, J = 162.3 Hz), 132.4 (s, C7a), 132.6 (d, J = 154.6 
Hz), 140.3 (s, C3a), 143.8 (d, C2, J = 211.4 Hz); IR (nujol) n 3110, 1640, 1610, 1515, 1460, 1375. 1300, 
1250, 1200 cm -1. Anal. Calcd. for C22H24N4CI2Pd: C, 50.64; H, 4.64; N, 10.74. Found: C, 50.79; H, 4.54; 
N, 10.72. 

Reduction of complex 5 with KBH4.  Complex 5 (7.4 mg, 0.014 mmol), KBH4 (0.8 mg, 0.014) 
and 50 ml of a 2M NaOH solution, were stirred in dry THF (1 mL) at room temperature for 15 rain. The 
palladium black was filtered off and washed with ether. The 1H NMR spectra of the crude, showed two products 

3b (80%) 1H NMR (CDCI3) 6 0.87 (t, 3H, 3j = 7.4 Hz), 1.28 (m, 2H), 1.79 (m, 2H), 4.11 (t, 2H, 3j = 7.1 

Hz), 7.19-7.24 (m, 2H, H5, H6), 7.35 (dd, 1H, H7, 3j = 6.8 Hz,4J = 1.7 Hz), 7.66 (dd, 1H, H4, 3j = 6.8 Hz, 

4j = 1.8 Hz), 7.84 (s, 1H, H2); 13C NMR (CDCI3) ~ 13.4 (q, J = 125 Hz), 19.9 (t, J = 125 Hz), 31.7 (t, J = 
128 Hz), 44.9 (t, J = 138 Hz), 109.6 (d, C7, J = 160 Hz), 120.4 (d, C4, J = 160 Hz), 122.0 (d, C5, J = 160 
Hz), 122.8 (d, C6, J = 161 Hz), 124,8 (s, C7a), 142.9 (d, C2, J = 204 Hz), 143,8 (s, C3a); MS m/z 174 (39, 

M+), 131 (100), and 1-crotylbenzimidazole 6 (20%) 1H NMR (CDCI3) (5 1.72 (d, 3H, 3.I = 7.6 Hz), 4.70 (dd, 

2H, 3j = 7.2 Hz, 4j = 1.26 Hz), 5.62-5.68 (m, IH), 5.72-5.82 (m, IH), 7.20-7.31 (m, 2H), 7.32-7.38 (m, 

IH), 7.76-7.82 (m, 1H), 7.89 (s, 1H); MS rn/z 172 (39, M+), 131 (100). 
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Crystal s tructure determination. Crystals of complex 5 were obtained from THF. The compound is 
monoclinic, space group P21/n. The Pd atoms lie on a crystallographic center of symmetry. Intensities were 
corrected for Lorentz and polarization effects; the structure was solved by direct methods. Non-hydrogen atoms 
were refined anisotropically and hydrogen atoms were located on a difference Fourier map and refined 
isotropically except for the H atoms attached to C-11 which were maintained fixed. 
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