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Photoreduction of dialkyl sulfoxides by an acid-stable
NADH analogue, 9,10-dihydro-10-methylacridine (AcrHjp),
proceeds in the presence of perchloric acid in acetonitrile
via photoinduced electron transfer from the singlet excited
state of AcrHg to protonated sulfoxides to yield the

corresponding dialkyl sulfides.

We have recently reported that a number of substrates can be reduced
readily by an acid-stable NADH analogue, 9,10-dihydro-10-methylacridine
(AcrHg) in the presence of HC104 in acetonitrile (MeCN).l) The use of the
excited states of NADH analogues is effective for the reduction of various
substrates by NADH analogues.z) On the other hand, dimethyl sulfoxide
(DMSO) being widely used as a solvent is inert towards NADH analogues being
mild reductants, and thereby no non-enzymatic reduction of DMSO by NADH
analogues has so far been reported.3) In this study we report that the use
of the excited state of AcrHg not alone, but combined with the acid
catalysis makes it possible for the first time to reduce dialkyl sulfoxides
by AcrHo to the corresponding dialkyl sulfides.

The AcrHg shows no reactivity towards DMSO in the presence of HCl04 in
MeCN in the dark. No photoreduction of DMSO by AcrHs has occurred in the
absence of HCl04 in MeCN, either. When the presence of HC104 and photo-
irradiation are combined together, however, DMSO can be reduced by AcrHg to
yield 10-methylacridinium ion (AcrH*) and dimethyl sulfide (Eq. 1).4)

HH
hy
+ MesSO0 + HY ———— + + MegS + Ho0 (1)
N X
Me (AcrHo) ) Me (AcrH*t)

Other dialkyl sulfoxides [BupSO, (PhCHg)9SO] are also reduced by AcrHs in

the presence of HC1l04 in MeCN under photo-irradiation as shown in Table 1.
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Table 1. Photoreduction of dialkyl sulfoxides (0.10 mol dm~3) by AcrHg (5.7
x 1072 mol dm~3) in the presence of HC104 and Hg0 (0.50 mol dm~3) in MeCN
at 298 K under irradiation with a Xenon lamp

Substrate [HC104] / mol dm~3 Product (yield/%)2)

Me oSO 0 No reaction

Me oSO 0.20 AcrH* (90) MepS (87)
BusSO 0 No reaction

BusSO 0.20 AcrH* (92) BugS (92)
(PhCH9) 980 0 No reaction

(PhCH2) 250 0.20 AcrH* (92) (PhCHg)S (92)

a) Irradiation time: 20 h.

In the presence of HC104 (70%, 0.20 mol dm~3) both AcrHg and RSO are
readily protonated in MeCN judging from the change in their electronic
absorption and 1y NMR spectra in the presence of HClO4.5’6) When H90
(0.50 M) is added to the MeCN solution, however, only R9SO is protonated
while no protonation of AcrHg takes place. From the change in the
absorbance due to R9SO (A = 220 nm) in the presence of HC1l04 in MeCN
containing Hg0 (0.50 M) the protonation equilibrium constants K (RSO + H*
T— R9SOH*) are determined as 8.0 x 102 and 5.0 x 103 dm3 mol~l for MesSO
and BugSO, respectively. The protonation of RSO may enhance the oxidizing
ability significantly as reported for the case of flavin analogues.7) In
fact, the fluorescence of AcrHg is readily quenched by R2SO in the presence
of HC104, although no quenching has been observed in the absence of HCI1O0g4.
The fluorescence quenching in the presence of HCl104 may occur by electron
transfer from 1AcrH2* to the protonated species, stOH+ (Eq. 2), since no

ket
1AcrHy* + R9SOH* ——> AcrHy*- + R9SOH (2)

deuterium isotope effect has beenobserved when AcrHg is replaced by the
9,9'-dideuterated compounds (AcrDso).
The fluorescence of lAcer* is also quenched by HC104 probably due to

the protonation of the singlet excited state, which is non-fluorescent (Eq.

3). This is a dynamic quenching process, since the quenching constant
ky
lacrHs* + HY —— AcrHg** (3)

agrees with that determined from the lifetime measurements of 1Acer* in
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the presence of HC1O0y4. The rate
constant ky is determined as 6.1 x 109
dm3 mol1-1 s~1. when lAcrHs* is quenched

by both R9SOH* and HC104, a modified
Stern-Volmer relation is derived for the
ratio of the fluorescence intensities in
the absence and presence of R9S0O at
various initial concentrations [HC104]q,

Ip/1I and [R2SOH*] as given by Eq. 4,

(1 + kgt o[HC1041¢9) (Ig/1 - 1)
= (Ket - kg) v o[R2SOH*] (4)

To is the lifetime of lAcrHg*
(7.0 ns) in MeCN containing Hp0 (0.50
mol dm~3). The validity of Eq.

confirmed by linear plots between

where

4 is
(1 +
kgt g[HC10419) (Ig/1 - 1) and [RzSOH+] as
1, where the [R9SOH"']

values are obtained by using the K

shown in Fig.
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Fig. 1. Plots of (Ig/I - 1)(1 +
kyr 0[HC1()4]) vs. [RzSOH+] for
photoinduced electron transfer
from lAcrHgo* to RSO, R = Me

(O) and Bu (@) in the presence
of HC104 in MeCN containing Hp0
(0.50 mol dm~3) at 298 K.
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Fig. 2. Dependence of log ® on
log[HC104] the photoreduc-
tion of MegSO (3.4 x 10-3 mol
dm~3) (2.0 x 10°3 mol
dm~3) in the presence of HC10y4
in MeCN containing H90 (0.50 mol
dm~3) at 298 K under irradiation
of light of 2 = 320 nm.
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by HC104 (Eq. 2). No primary kinetic isotope effect on the ® value has

been observed when AcrHg is replaced by AcrDs. Thus, the reaction
mechanism may be summarized as shown below. The acid-catalyzed photo-
R2S0

lacrHg* + R9SOHY —— (AcrHg™* - R2§OH)—————->-AcrH+ + RaS + H90
kg H*
AcrHo lacrHg** AcrHg + RoSOH*

induced electron transfer from lAcrHo* to R9SOH*, which is the rate-
determining step, may be followed by the facile hydrogen transfer from
AcrHp*- to R2§OH, vielding AcrH* and RoS after removal of H90, in
competition with the back electron transfer from RzéOH to AcrHp*-. 1In the
absence of HC1l04 no reaction is started, since the electron acceptor

ability of R9SO is not strong enough to accept an electron from lAcer*.
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