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PHOTOREDUCTION OF ALKYL HALIDES BY AN NADH MODEL. EVIDENCE

FOR ONE-ELECTRON TRANSFER MECHANISM

*
Shunichi FUKUZUMI, Katsuhiko HIRONAKA, and Toshio TANAKA
Department of Applied Chemistry, Faculty of Engineering,

Osaka University, Suita, Osaka 565

A model of NADH, l-benzyl-1,4-dihydronicotinamide (BzlNH), reduces
benzyl bromide and methyl iodide in the presence of pyridine in MeCN
under irradiation of the visible light (A > 360 nm), yielding toluene
and methane as main products, respectively. Evidence is presented for
occurrence of one-electron transfer from the excited state of BzlNH to
benzyl bromide or methyl iodide in the primary process of the photo-
reduction.

There have been extensive studies on nonenzymatic reductions of various
substrates with 1,4-dihydronicotinamides as models for dihydronicotinamide co-
enzymes.l'z) It still, however, remains uncertain whether the reduction proceeds
by a one-step hydride transfer (two-electron equivalent) from 1,4-dihydronicotin-
amides or by multistep mechanisms involving the initial one-electron transfer or

2)

the formation of the charge-transfer complexes. The same mechanistic dichotomy

remains unresolved in the photochemical reductions of substrates by 1,4-dihydro-
nicotinamides. Photochemical activation of 1,4-dihydronicotinamides makes it
possible to increase the number of substrates which is quite limited in the thermal

reactions. Only a few works have, however, been reported on photochemical reactions

3,4)

of NADH models. We report here the photoreduction of alkyl halides by l-benzyl-

1,4-dihydronicotinamide (Bz1lNH) in the presence of pyridine in MeCN to give an
evidence for initial one-electron transfer from the excited state of Bz1NH to alkyl
halides in the primary process of the photoreduction.

The electronic absorption spectrum of BzlNH in MeCN shows the lowest energy

4 5)

band at 349 nm (¢ = 6.00 x 10 mol_ldmz). Only this band was excited by the use

of a Ushio Model Ul-501C Xenon lamp with a filter transmitting the light X > 360 nm

(a Toshiba glass filter L-39). Irradiation of a degassed MeCN solution (1 cm3)

2 1

containing BzINH (4.67 x 10 “ mmol) and benzyl bromide (8.41 x 10 -~ mmol) together

1

with pyridine (1.24 x 10 ~ mmol) for 2.6 h resulted in the consumption of 79 %

BzlNH to give toluene (73 % based on the initial amount of Bz1NH) as a main product
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(Eq. 1) and a small amount of 1,2-diphenylethane (2.7 %) as determined by GLC.

CONH,, hv (>360 nm) CONH,,
+ PhCH,Br > + + PhCH, (1)
N

éHzph pyridine éHzph

Methyl iodide also was reduced by BzlNH to yield methane as a main product under
irradiation of the light X > 360 nm. Yields of the products under various experi-
mental conditions are listed in Table 1.

Two opposing mechanisms (Schemes 1 and 2) are considered for the photoreduction

of alkyl halides by BzlNH; one is the photoreduction initiated by one-electron

Scheme 1.
* electron transfer + _
Bz1NH + RX Bz1lNH- + RX- (2)
_ fast _
RX* =— R+ + X (3) R+ —> Products (4)

transfer from leNH* (the excited state of BzlNH) to alkyl halides (RX).G) One-
electron transfer to RX (Eq. 2) is known to result in the fission of the R-X bond,
yielding alkyl radical (Eq. 3).7) Abstraction of a hydrogen from BzlNH (or a
solvent) by benzyl radical or methyl radical then yields toluene or methane as the
final product. Diametrically opposed to Scheme 1 is the suggestion that the photo-

reduction proceeds via a direct hydride transfer (a transfer of two-electron

Table 1. Yields of the products in the photoreduction of benzyl bromide and methyl

iodide by Bz1lNH under irradiation of the light A > 360 nm.

Bz1NH Reactant Pyridine Condition Time Conv. of Yields of products/$%
mmol h BzINH/$ PhCH, PhC,H,Ph
4.67 x 1072 BzBr®) 1.24 x 107! degassed 2.6 79 73 2.7
1.64 x 1072 BzBr®) 7.42 x 1072 degassed 2.6 87 80 3.9
4.67 x 1072 BzBr?) 4.70 x 1072 degassed 2.5 80 52 3.4
5.60 x 100+ BzBrP) 0 degassed 6.0 91 1.7 2.1
CH, C,H,
4.67 x 1073 Mer®  2.47 x 1072 N3 5.0 51 51 trace
4.67 x 1073 Mer®  1.24 x 1072 YD 2.8 57 43 trace

a)0.841 mmol Benzyl bromide in 1 cm3 MeCN. b)5.04 mmol Benzyl bromide in 6 cm3 MeCN.

3 d)

c)0.805 mmol Methyl iodide in 1 cm™ MeCN. Under a nitrogen atmospheric pressure.
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*
equivalent) from BzINH to RX as shown in Scheme 2. 1In this case, expulsion of

Scheme 2. hydride transfer

* -
BzINH + RX > BzIN' + RXH (4)

RXH ———> RH + X (5)

the halide ion from RXH gives the product RH only (Eq. 5). The formation of the
coupling product of benzyl radicals (1,2-diphenylethane in Table 1) thus favors
Scheme 1.

In the absence of pyridine, the yield of toluene in the photoreduction of
benzyl bromide by BzlNH is significantly lower than that in the presence of pyridine
with approximately the same conversion of ﬁleH (Table 1) . Such a decrease of the
yield of toluene in the absence of pyridine is consistent with the formation of
leNHt (Eg. 2 in Scheme 1) since BzINH? is known to undergo disproportionation

(Eg. 6), which is a common reaction of free radical species, and the resulting

2BzINHY ———» BzIin' + H(Bzlng)?t (6)

8) A

protonated species H(leNH)+ causes the catalytic decomposition of BzlNH.
similar decrease of yields of the product in the absence of pyridine has been
reported for the photoreduction of diethylfumarate by Bz1NH, where the role of
pyridine is suggested to increase the reaction rate by solvation to leNH*.3)
However, the rate constants of electron transfer reactions between leNH* and
electron acceptors, determined from the quenching of the leNH* fluorescence (Amax =
443 nm), are approximately the same irrespective of the presence of pyridine, as
shown in Table 2. Thus, the role of pyridine in the photoreduction of benzyl bromide
by BzINH is suggested to prevent the acid catalyzed decomposition of BzlNH, result-

ing in the increase of the selectivity to the formation of toluene (Table 1).

*
Table 2. Quenching rate constants (kq) of the BzlNH fluorescence with electron

acceptors in the absence and the presence of pyridine

Electron acceptor Solvent kq/mol—]'dm‘?’s-l Solvent kq/mol_ldm:;:s.-l
93) 9
Diethylfumarate MeCN 1.6 x 10 CSHSN 1.3 x 10
a)
Dimethylterephthalate MeCN 1.7 x 109 C5H5N 1.6 x lO9
Methyl iodide MeCN 1.4 x 10°  MeCN + CSHSNb) 1.3 x 10°
Ethyl iodide MeCN 1.5 x 10°  mecw + cH MY 1.5 x 10°
a) b) s -2 -3 g
Taken from ref. 5). Containing 1.23 x 10 mol dm pyridine.
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Unambiguous evidence for the formation of benzyl radicals (Eg. 3 in Scheme 1)
has been obtained by the analysis of products in the photochemical reaction under

oxygen atmosphere. The GLC analysis of products after the photochemical reaction

of benzyl bromide (8.41 x 107! mmol) with BzINH (4.67 x 10 2 mmol) in 1 cm> MeCN

containing pyridine (1.24 x 10_1 mmol) under irradiation (X > 360 nm) for 3.6 h
showed the formation of equimolar amounts of benzyl alcohol and benzaldehyde

(22 % based on the initial amount of BzlNH). This result confirms the formation
of benzyl radicals which are trapped with oxygen to form benzylperoxyl radicals

(Eq. 7), followed by the known termination reaction of the peroxyl radicals to

)

yield equimolar amounts of benzyl alcohol and benzaldehyde (Eqg. 8).9 Irradiation

PhCHZ- + 0, —> PhCH202- (7) 2PhCH202- —_— PhCHon + PhCHO + 0, (8)

3

of an oxygen saturated MeCN solution (1 cm3) of BzINH (4.67 x 10 ° mmol) and methyl

iodide (8.05 x 10_1 mmol) containing pyridine (2.47 x 10-2 mmol) by the light
A > 360 nm for 6.5 h gave methanol in a 58 % yield, which also suggests the forma-
tion of methyl radicals in the one-electron process (Scheme 1).

In conclusion, firm evidence for one-electron primary process (Scheme 1) has
been obtained for the photoreduction of alkyl halides by an NADH model. A further
detailed study on the mechanisms of photochemical reactions of NADH models is now

under progress.

References

1) U. Eisner and J. Kuthan, Chem. Rev., 72, 1 (1972), and references cited therein.

2) D. M. Stout and A. I. Meyers, Chem. Rev., 82, 223 (1982), and references cited
therein.

3) Y. Ohnishi, M. Kagami, and A. Ohno, Chem. Lett., 1975, 125.

4) N. Ono, R. Tamura, and A. Kaji, J. Am. Chem. Soec., 102, 2851 (1980); C. Pac,
M. Ihama, M. Yasuda, Y. Miyauchi, and H. Sakurai, ibid., 103, 6495 (1981); S.
Singh, A. K. Trehan, and V. K. Sharma, Tetrahedron Lett., 50, 5029 (1978).

5) F. M. Martens, J. W. Verhoeven, R. A. Gase, U. K. Pandit, and Th. J. de Boer,
Tetrahedron, 34, 443 (1978).

6) Whether the electron transfer process (Eqg. 2) proceeds via an exciplex formed
between leNH* and RX remains to be elaborated in further studies.

7) J. F. Garst, Acc. Chem. Res., 4, 400 (1971); P. B. Asycough and C. Thomson,
Trans. Faraday Soc., 58, 1477 (1962); P. B. Asycough, "Electron Spin Resonance

in Chemistry," Methuen, London, (1967); S. Fukuzumi, N. Nishizawa, and T. Tanaka,

Chem. Lett., 1982, 719.
8) W. J. Blaedel and R. G. Haas, Anal. Chem., 42, 918 (1970).
9) J. A. Howard, Adv. Free Radical Chem., 4, 49 (1972), and references cited

therein.

(Received August 2, 1982)



