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REDUCTION OF DIARYL DISULFIDES WITH 1-BENZYL-1,4-DIHYDRONICOTINAMIDE
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Department of Chemistry, The University of Tsukuba, Sakura, Niihari, Ibaraki, 305, Japan

Summary : Reduction of diarnyl disulfides with 1-benzyl-1,4-dihydronicotinamide (BNAH) proceeded
through a nadical chain neaction, while dialkyl disulgides werne found fo be inent to BNAH.

Thiols, such as glutathione, and redox enzymes whose active site possesses two cysteine
residues in proximity, reduce phisiologically important substances in Tiving organisms.]) In this
process the thiol group in these coenzymes and enzymes is converted to the corresponding oxidized
disulfide which is then reduced back to the original thiol with NADPH by the aid of the corre-
sponding disulfide reductases, such as glutathione reductase, thioredoxin reductase, etc.z)

Earlier, Wang et al. reported, based on only the spectral change of the reaction mixture
after one month at room temperature under nitrogen in the dark, that both diphenyl disulfide and
lipoamide were successfully reduced to the corresponding thiols with BNAH, a model of MADPH,

though they did not isolate the reduction products.3)

When we followed their experiment under the
same conditions as Wang et af. applied, no reaction between diphenyl disulfide and BNAH was found
to take place. However, the reduction of diaryl disulfides with BNAH was found to proceed nicely
in a radical chain process, when the reaction was initiated by a certain radical initiator or
irradiation with visible 1ight. This Tetter deals with this reaction of diaryl disulfides with
BNAH.

When a solution of p,p'-dichlorodiphenyl disulfide (la’ 0.
heated at 80°C in 2 m1 of solvent in a degassed sealed tube, p-chlorobenzenethiol was found to be

20 rmole) and BNAH (1.00 mmole) was

formed upon HPLC analysis at the initial stage of the reaction. After all the disulfide was
consumed, 1-benzyl-6-(p-chlorophenylthio)-1,4,5,6-tetrahydronicotinamide (gﬁ)4) benzyl p-chloro-
phenyl sulfide and nicotinamide were isolated as the major products, however the thiol was not
detected in the final product mixture. The initial step of the reaction between lﬁ and BNAH would

involve an electron transfer and may be expressed by eg.l, forming the intermediate (BNA+), which
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Table Reduction of disulfides with BNAH at 80°C in the dark

Disulfide Solvent Time(hr) - Productg%mo]e/mo]e%) -
(1) (2) Sulfide Nicotinamide
c1<<:j}ss<i:j>c1 EtOH 12 130 61 56
(1,)

a,) CHCN 12 85 72 85
(1,) CeMs 12 37 d) d)
(1,) CHyC1,, 12 28 d) d)

c)
(1,) CH3CN 0.5 90 d) d)

e)
(1,) EtOH 12 97 0 0
PRSSPh  (1,) EtOH 20 140 55 58
p-TolSSTol-p (1)  EtOH 24 83 75 73
PRCH,SSCH,PH (1,)  ELOH 24 trace’) - -

a) HPLC yield b) isolated yield c) AIBN (10 mole% of la) was added. d) not determined
e) photochemical reaction at 18°C under irradiation with 150W W-Tamp f) Starting material was

recovered quantitatively.



3191

then would be converted to the final products by the subsequent reactions as shown in eqs.2 and 3.
Actually in separate control experiments, the reaction between the thiol and BNAH was found to
proceed smoothly at room temperature in CHC13 affording the adduct, ga, quantitatively (eq.2),
while the reaction of BNAT and p-chlorobenzenethiolate anion gave benzyl p-chlorophenyl sulfide
and nicotinamide (eq.3) along with several unidentified minor products.

The reaction was found to be accelerated remarkably either by the addition of AIBN, a radical
initiator, or by irradiation with visible light. The photochemical reduction of la with BNAH
proceeded even at room temperature under irradiation with 150W W-lamp affording the adduct ga and
unidentified white crystals, and was found to be inhibited completely by addition of 10 mole% of
galvinoxyl, a radical scavenger, in the reaction mixture of the disulfide. As soon as the color
of galvinoxyl completely faded after 1 hr of irradiation, the reduction of la took place in the
normal rate. The experimental results indicate that the reduction of 1 with BNAH proceeds through

5) and alkyl-

a radical chain process, as suggested for the reduction of alkyl nitro compounds,
mercury{II) acetatess) with BNAH.

Meanwhile, both thermal and photochemical reduction of la with BNAH was found to increase
with the increase of the polarity of the solvent: CH2012 < C6H6 < CH3CN < EtOH, suggesting that

the rate- limiting step of the reduction involves a polar transition state. Electron withdrawing

substituents on diphenyl disulfide accelerated the reduction, while dialkyl disulfide such as ld

were found to be quite inert in this reduction. The lack of reactivity of aliphatic disulfide
toward BNAH is undoubtedly due to its large bond dissociation energy. For example, the bond
dissociation energy of CH3S-SCH3 is 74 kcal/mole, while that of PhS-SPh is known to be 55

7)

kcal/mole. These experimental results are nicely explained by the following scheme which
involves a seris of free radical chain reactions. Photochemical reduction of 1 may be initiated
by two processes, {.e., 1) photochemical excitation of BNAH by visible 1light and subsequent
electron transfer from the photoexcited BNAH to 1, followed by cleavage of the S-S bond of the
disulfide anion radica]s) and 2) photochemical cleavage of the S-S linkage of 1,9) Thermal
reduction of the disulfide may involve an electron transfer from the ground state BNAH to the
disulfide as Ohno et al. suggested in the reduction of ketones by NAD(P)H model compounds.]o)
The radical initiator may start the reaction by either reaction 7 or 8. Since BNA- must be an
excellent electron donor, the propagation step would involve the reactions shown by eqs.9, 10 and

5. The effect of the substituent will be reflected on the reaction shown by eq.10.
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Scheme BNAH + ArSSAr ———— BNAHT + [ ArSSAr ]° (4)
[ ArSSAr ]1° ————3 ArS-  + ArS” (5)

Initiation ArSSAr —————lzi————+ 2 ArS- (6)
In- + ArSSAr ——— > ArS. + InSAr (7)

In- + BNAH ———» BNA- + InH (8)

ArS- + BNAH ——> ArSH + BNA. (9)

Propagation BNA- + ArSSAr ——— BNAT + [ ArSSAr ]° (10)
[ ArSSAr 17 ——>  ArS- + ArS~ (5)

2 ArS- ————» ArSSAr ()

Termination BNA- + ArS- s BNAY 4+ ArST (12)
BNAHY + Ars. ———»  BNAT + ArsH (13)

In: radical initiator
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