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Summary: Reduction of alkylmercury(I1) acetates with N-benzyl-1,4_dihydronicotin 

amide (BNAH) proceeds through electron-transfer chain-substitution mechanism. 

The rate constant of hydrogen transfer from BNAH to alkyl radical was estimated 

as in the order of lo5 l/mol.sec. 

There is much current interest both in exploring the range of substrates 

and elucidating the mechanism in the reduction of inorganic and organic compounds 

with 1,4_dihydropyridine derivatives. Recent studieslt2 demonstrated that 

these reductants can be used more suitably than metal hydrides in hydrogenating 

certain organic substrates such as nitro and sulfonium compounds. Key to the 

success of such reactions appears to be occurrence of the chain mechanism involv- 

ing formation of pyridinyl radical and subsequent electron-transfer from this to 

the substrate. We wish to describe occurrence of a similar chain mechanism in 

1,4_dihydropyridine mediated hydrodemercuration of alkylmercury(I1) salts, and 

the first estimation of the rate of one of the fundamental steps in the chain, 

namely formation of the pyridinyl radical. Moreover, the present reaction was 

shown to complement the well-known, synthetically important metal-hydride method 

of reducing oxymercuration adducts of olefins. 3 

Alkylmercury(I1) acetates L reacted with N-benzyl-1,4-dihydronicotinamide 

(BNAH) in methanol under nitrogen either in the presence of azobis(isobutyro- 

nitrile) (AIBN) at 65OC, or under irradiation (2350 nm) of a Xenon lamp at 20°C 

to give moderate to good yields of RH 2_ and [BNAIOAC and metallic mercury (eq. 1) 

Typical results are shown in the Table. 

RHgOAc + BNAH -RH + [BNAIOAC + Hg (1) 
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Table. Reaction of RHgOAc ,J__ (0.5 mmol) with BNAH (1 mmol) 

in methanol (10 cc).? 

Compound Yield (%)k 

No. R= RH(L) Others 

E 

Id 
Irv 

le 

l,f 

lg 

CSH5CH(OCH3)CH2 a7 

60: 

p-CH3COC6H4CH(OCH3]CH2 60 

86 

CH3 
CH 2 

CHCH 
3 

CH2=CH(CH2)4 

72 

70 

70 

102 

5e 

49d 

(Methylcyclopentane) 

48e 

(Methylcyclopentane) 

At 20°C under irradiation of a 500 W Xenon lamp with a color 

glass filter (1350 nm) for 3 hr except as noted. 

Isolated yield. A comparable amount of [BNA]OAC was obtained 

in each case. 

At 65OC with [AIBN]= 0.1 mmol. 

Glc yield. [BNAH]= 3 mmol. 

Glc yield. At 65°C with [AIBNl= 0.2 mmol, [BNAHl= 2 mmol. 

The product La from the photoreaction of 12 with 4,4-dideuterio analog of 

BNAH (d-content, 92 %) in a 1:2 mole ratio contained ca. 67 % of C6H5CH(OCH3)CH2D, 

as confirmed by mass and 1 
H nmr spectra. Of particular note in the Table is 

high yield formation of benzofuran and benzopyran derivatives 2~-2_f, for NaBH4 

reduction of lc-lf resulted in rather low yield formation of these products rYC 
owing to facile regeneration of the parent olefins. 4 The present reaction works 

well also for the carbonyl-containing substrate 12. 
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These reactivity patterns as well as the following observations strongly 

suggest the electron-transfer chain-substitution mechanism (propagation steps 

being shown in eq. 3-5), rather than a direct hydride transfer mechanism, 
5 

for 

the reaction of eq. 1. 

RHgOAc 
hv/BNAH 

=9 R* (2) 

AIBN > R'. (2') 

R'. + BNAH - R'H + BNA. (2") 

R. + BNAH ____, RH + BNA. (3) 

BNA. + RHgOAc - BNA+ + RHg + OAc- (4) 

RHg > R* + Hg (5) 

1) There occurred almost no reaction between k and BNAH in the absence of AIBN 

or without exposure to light. 2) Unless treated with BNAH, J__ decomposed too 

slowly to afford a meaningful amount of ,2_ even in the presence of AIBN or under 

irradiation of light (2350 nm). 3) The reaction of eq. 1 was inhibited 

completely by adding 10 mole % amount of galvinoxyl and m-dinitrobenzene, the - 

latter being known as an efficient electron-transfer inhibitor. 
7 

4) The yield 

of La was suppressed to ca. 10 % in the reaction carried out under dioxygen. 

5) A much higher amount of methylcyclopentane (MCP) than hex-l-ene (HEX) was 

obtained from the reaction of 1~. Hex-5-enyl radical is known to rearrange 

irreversibly to cyclopentylmethyl radical 
8 

(see Scheme). 

The observation 5) above is of particular use in estimating the rate of the 

hydrogen transfer from BNAH to alkyl radicals (eq. 3). Thus, plotting the 

product ratio, [HEX]/[MCP] against the concentrations of BNAH (0.10-0.56 mol/l) 

gave a straight line passing through the origin with a slope of 0.520.1 (65') 

or 0.6kO.l l/mol (20"). By way of assuming ktr [BNAH]/~~= [HBx]/[MCPI (see 

Scheme) and referring to the reported values8 of kr, we obtain ktr= 2 x105 (65O) 

or 6 x104 l/mol-set (200). 

Reductive electron-transfer activation of the metal-carbon bonds like eq. 4 
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and 5 is of current interest, 
9 

and deserves comments. The pyridinyl radicals 

have been shown to be efficient electron-donors, the reduction potentials for 

the analogs of BNA+ being in the range of -1 v (see). 10 Furthermore, a 

polarographic study 
11 

indicated that some oxymercuration adducts of olefins are 

reduced to alkylmercury(I) radicals at the potentials less negative than -0.6 v 

(see). Thus, there is a thermodynamic basis to assume that the alkyl radical 

formation from BNA. and RHgOAc proceeds through electron-transfer, rather than 

any homolytic substitution pathway. 

Finally, we propose that the initiation step of the photoreaction (eq. 2) is 

also induced by the electron-transfer activation of the Hg-C bond involving the 

excited state of BNAH 
12 

as the donor. This is because: 1) In addition to the 

extremely slow rate of the spontaneous photodecomposition of l_ (2350 nm), almost 

every incoming photon is absorbed by BNAH under the photoreaction conditions in 

view of the relative absorbance ~~~~~~~~~~ at 350 nm is more than 6 x10'). 2) 

There was no spectral indication of compl"lex formation between BNAH and L. 3) l,a 

was found to quench BNAH-fluorescence 
12 

efficiently in CH3CN [kq= (2.5?0.5) x 10' 

l/mol-set]. A similar electron-transfer activation of the Tl-C bond involving 

the ground state of BNAH was suggested previously. 
9b 
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