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Photo-oxidation of some benzylic alcohols sensitized by
colloidal TiO, in CH3CN. A kinetic mechanistic study
through quantum yield determinations
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ABSTRACT: The quantum yieldsf(p9 relating to the colloidal Ti@-sensitized photo-oxidation of ring methoxy-
substituted benzylic alcohols (D) were determined. The true quantum yigfjlsvére obtained from a Langmuir—
Hinshelwood isotherm treatment ¢§,sat different [D]. In the light of the suggested photo-oxidation mechanism, an
equation was deduced whepg is expressed as a function of the electron trand{g), back electron transfek ()

and benzylic deprotonatioky) rate constants. In particular, the lowgyvalue of 3-CHO-vs4-CH;O-benzyl alcohol

(1, with lower Ep) should principally depend on the differenceki while the decrease igip on going from alcohol

to the a-methyl derivative 4) should be due to the difference ky (stereoelectronic effect). The adsorption
equilibrium constants under irradiatiok{) were also obtained from the above equation and the values are similar for
the considered substrates, except4oin fact, this substrate shows a lowes value, probably because of the steric
hindrance of the methyl group to the OH adsorption (preferential site) on. TRally, both the inter- and
intramolecular deuterium isotope effekti(kp = 1.8 and 1.6, respectively) are consistent with a kinetically significant
C,—H bond breaking following the electron-transfer step. Copyrigt2000 John Wiley & Sons, Ltd.
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INTRODUCTION

on oxidation photosensitized by Tj(Qas powder) of
benzylic derivatives, generally in aerated and/or in

Heterogeneous photochemical processes, sensitized byleaerated CKCN, using oxygeff or silver iong as

semiconductors such as TiChave gained wide popu-
larity because of their application, principally in water or

acceptors of photogenerated electrons. In particular, in a
deaerated Ti@-Ag™ system, the photochemical reaction

atmospheric detoxification, conversion or storage of solaris a significantly efficient process and it has also been
light energy, photography and synthetic or mechanistic possible to study the chemical properties of radical cation

organic chemistry.In the latter, photo-oxidation reac-
tions of organic compounds sensitized by Ti®aerated

intermediates, also in connection with the heterogeneous
phase® Generally, mechanistic investigations have been

CHsCN have been studied, generally using the semi- performed by product analysis and/or competitive kinetic
conductor as a suspended powder; in this solvent, suitablemethods. In a few cases these studies have been carried
for solubilizing organic substrates and not competitively out in CH;CN by absolute kinetic measuremetasd, in
oxidizable, the operation of an electron-transfer mech- one casé® the quantum yields or, more precisely, the

anism between the photogenerated holé) (and the

quantum efficiences have been determined. For the latter,

substrate (giving a radical cation as intermediate) is it must be noted that, in the presence of the suspended

recognized:

powder (a heterogeneous medium), it was not easy to

In this research area, some studies have been reportetheasure quantum vyields (a typical mechanistic test for

*Correspondence toG. V. Sebastiani, Dipartimento di Ingegneria
Civile ed Ambientale (Sezione di Tecnologie Chimiche e dei Materiali
per I'Ingegneria), Facoltdi Ingegneria, Universitdi Perugia, Via G.
Duranti 93, 06125 Perugia, Italy.

E-mail: gseb@tech.ing.unipg.it

or C. Rol, Dipartimento di Chimica, Universita di Perugia, Via Elce di
Sotto 8, 06123 Perugia, Italy

E-mail: rol@unipg.it

Contract/grant sponsorMinistero dell’Universitae Ricerca Scienti-
fica e Tecnologica (MURST).

Contract/grant sponsorConsiglio Nazionale delle Ricerche

Copyright0 2000 John Wiley & Sons, Ltd.

homogeneous photochemical reactions). In fact, as
reported in the literatufefor heterogeneous photoca-
talysis in aqueous medium, it is only possible to refer
to quantum efficiencies, which are always lower than
true quantum yields, due to reflective and refractive loss
of light incident on the powder. A reliable way to
circumvent this problem in the presence of powder is the
determination of true quantum vyields by a modified
integrated sphere methad.

True quantum yield determinations can be also carried
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out by considering colloidal Tig) a light-transparent

T. DEL GIACCOET AL.

recently observed that £O0does not participate to the

medium. Many of these reported measurements wereoxidation mechanism; in particular, we have shown that,
made in water, where some additives (acids, polymers)at least with 4- and 3-methoxybenzyl alcohol in aerated

were added to avoid rapid Ti@oagulatiorf Only a few
studies on colloidal Ti@in CHsCN have been reportéd
and only two studi¢€"’ concerned the photo-oxidation of
an organic substrate (in other cas&§®9the reductive

CHsCN [from current yield measurements in photoelec-
trochemical experiments, using a Ti/Ti@hotoanode in

an electrolytic cell (results to be published)], the
corresponding aldehyde does not derive from the

process induced by the photogenerated electron wasexpected reactidhbetween benzylic radical and oxygen,
investigated). In this solvent colloidal solutions can be but this intermediate is oxidized to cation as in Scheme 1
prepared that are stable for nearly 10 days in the absencdby h").

of additives’®® which allows a mechanistic study To confirm and complete the reaction mechanism, we

without secondary undesired reactions promoted by thesehave undertaken a kinetic study based on quantum yield

species.

In this context, here we report quantum yield
determinations from the photo-oxidation of benzylic
alcohols 1-6 sensitized by colloidal Ti@ in aerated
CH3CN, prepared in the absence of stabilizing agents.
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Previously?' we studied the oxidation of a series of
ring-substituted (4-CkD, 4-CH;, 4-Cl, H, 3-Cl, 3-Ch,
4-CF;) benzyl alcohols (to form the corresponding
benzaldehydes) photosensitized by powdered ,TiO
suspended in deaerated N and in the presence of
Ag" (from Ag,SQ,) as an electron acceptor. It has been
shown that the step involving the electron transfer from
the substrate to the photogenerated hole") (ks
kinetically significant. The cation radical should undergo
C,—H fragmentation to give an-OH-substituted benzyl
radical that should easily lose an electf®hto yield the
protonated form of the aldehyde (Scheme 1).

In the present work all the experiments were carried
out using Q (the most generally used electron acceptor)
in place of Ag", this ion (a more efficient acceptor) being
insoluble in its reduced form (Ag). Otherwise it has been

TiO, —— TiOz(h* &)

Agt + e —» Ag

+

T+
ArCH,OH —= ArCH,0OH -H

+

. ArCHOH
_H* + )
ACHO -€—  ArCHOH e
Scheme 1

Copyright0 2000 John Wiley & Sons, Ltd.

determinations. In this way some quantitative informa-
tion was obtained about the influence of the substrate
structure on reactivity (the ring and side-chain substituent
effects, by comparing quantum yields bfand6 and 1
and4, respectively).

Moreover, taking into account a recent paper about the
competition between &—H and O—H deprotonation
paths of «-hydroxy-substituted alkylaromatic radical
cations in different medithe intermolecular deuterium
isotope effect was determined by comparing the quantum
yields of1 and3. In this context, intramolecular (product
distribution from2) and intermolecular (kinetic compe-
titive experiments betweeh and4 and1 and5) selec-
tivity studies were also performed.

RESULTS AND DISCUSSION

The TiO, colloidal solution in CHCN (0.08 g dm®) was
prepared from titanium(lV) 2-propoxid@ (see Experi-
mental); in Fig. 1, as an example, the UV-visible
absorption spectrum in the presencelas$ reported.

The products and the yields from the photo-oxidation
of compoundsl and4—-6, sensitized by Ti@ as colloid
(entries 1-4) and as powder (entries 5-8) in aerated
CHsCN, are reported in Table 1. In both media, the
corresponding aldehyde is the product frdmand 6;

3.0 T T T T

Absorbance

0.5 -1

0.0
250

.
300 350 400 450

Wavelength, nm
Figure 1. Absorption spectrum of a colloidal dispersion of
TiO, in CH3CN (0.08 g dm~3) containing 4-methoxybenzyl
alcohol (1) (1072 m)
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SENSITIZED PHOTO-OXIDATION OF BENZYLIC ALCOHOLS 747
Table 1. Colloidal TiO,® photosensitized oxidation of 1 and 4-6 in aerated CH3CN

Products(%)
Entry Substrate Time (h) Unreacted substrat&(%) ArCHO ArCOCH;
1 1 6 62 33
2 4 6 81 12
3 5 6 97 —
4 6 6 78 13
5¢ 1 1 33 59
6° 4 1 60 38
7° 5 1 96 —
8° 6 1 72 25
20.08 g dm?>.

With respect to the starting material.
© TiO, as powder, 6.3 g dnt.

acetophenone is obtained frofhand no products are Quantum yield determinations

obtained from 5. The results obtained have been

discussed in the light of the mechanism reported in In the TiO,-sensitized photo-oxidation processes the
Scheme 2. It can be noted that the relative reactivity ( substrate must be preadsorbed at the semiconductor
>6 and 1 > 4> 5) of the considered substrates in the surface before the reactidriThe quantum yield kinetic
presence of Ti@ as colloid is similar to that observed data could therefore be treated according to a Langmuir—
with TiO, as powder; this behaviour suggests that Hinshelwood-type equatioff.® In other words, the
changes in particle size do not significantly influence quantum yield should be dependent on the association
the relative photochemical reactivity towards the con- established between the semiconductor and the electron
sidered organic substrates. In addition, product conver-donor, D:

sion with the colloidal semiconductor is less than that

with the powder, probably because much less semicon- TiO,+D=TiO,---D (1)
ductor 100 times) is used in the first case (the

maximum amount compatible with a transparent solu- The association constant under irradiatisdp) [It has
tion). been reported that the value Kf, determined through

this treatment (under irradiation) is different from that
obtained directly from adsorption measurements (in the
dark)’] is expressed by

_ {TiOz---D}
~ {TiO,}{D}

where {TiO,---D} and {TiO} represent the number of

Kb (2)

Tio, —» TiOz(h" &)

0, + & —» 02-.

0.08 T T T T

AN
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(R =R =CHy)
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Figure 2. Dependence on [D] of the observed quantum yield
OCHg OCH3 (¢obs) relative to the photo-oxidation of D [4-methoxybenzyl
alcohol (1)] sensitized by colloidal TiO, in aerated CHsCN.
Scheme 2 The inset shows the 1/¢ps vs 1/[D] dependence
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0,..Ti02..0 transfer process with O (k_¢) or evolve into the
corresponding final product&.
LA K, The true quantum vyieldg,, defined as the ratio
(O Ti0p-D) 1t o ‘o between the reaction and the photon absorption rates, can
be expressed as
K et
B kp{og .- TiOg - - - D+-}
03..Ti05..D ™" Po = Ia (5)
Ko where {O, - TiO,--D "} is the number of sites under-

going the electron-transfer process.
Assuming a steady-state approximation for both
Scheme 3 {0, TiOp-D™} and {(O--TiOp--D)pr e} the
following two equations:

Products

sites that are occupied and free, respectively, on the Ian =k{(Oz---TiOz-- D) o }+
semiconductor. . ’

It is reasonable to assufifé that the oxidation of D Ket{ (O TiO2 - D)+ g } (6)
occurs only on the adsorbed substrate, ;Fid, with a . TiO>---D .
true quantum yieldo and that the extinction coefficients kel (O 102 _)hte’} o
of this complex and of Ti@ are the same at the same (K_et+ kp){O3 - TiOz---D™} (7)

excitation wavelength. Therefore, it is possible to relate
the observed quantum yieldp{,9) to the substrate are obtained, from which thg, expression, as a function

concentration: of the different rate constants, can be derived:
Kp[D] = Koket 8
Gobs = ¢ob) = %m 3) %o (K_et + ko) (Kr + ket) ®)

In Table 2, thepy andKp values of compounds, 3, 4
and 6 are reported [quantum yield determinations were
carried out at low substrate conversioi5%) as the
primary oxidation products (i) can absorb the incident
light and/or (i) can be further oxidized; at these
conversions the material recovery is always quantitative
(see Experimental) and, therefore, the quantum yield
1 1 11 based on the_unreacted substrate is equal to that referred

= = il (4) to the obtained product (aldehyde or ketone); to

dobs o $oKp [D] minimize the experimental error we preferred to

determine ¢ops from the product conversion]. For all

the inverse of Egn. (3), shows a linear correlation the substrates considered, thgvalues are much lower
between 1p,nsand 1/[D], where the corresponding plot than unity, which is common in colloidal Ti©®
(inset in Fig. 2) is a straight line. From the plot it is sensitized photo-oxidation reactioffs. This probably
therefore possible to evaluat¢y and Kp from the occurs because (i) a large fraction of the photogenerated
intercept and the intercept/slope ratio, respectively. h* and e in the TiO, colloid are lost in the very

The ¢, values for the different substrates can be exothermic recombination procesg)t? and (ii) the
discussed in the light of the suggested reaction mechan-back electron-transfer proces&_§) is usually very
ism (see Scheme 2) according to the kinetic pattern fast® (both processes are nearly diffusion controlled).
shown in Scheme 3. Therefore, assuming tha,; and k, are negligible in

The formalism TiQ---D in Egn. (1) has been comparison wittk, andk_g, respectively, Eqn. (8) could
substituted by @--TiO,---D because the experiments be simplified to give.
were carried out in atmospheric air and it can be assumed
that the amount of adsorbed oxygen on the semiconduc-  kpket
tor surface is high and nearly constant. The hole and the T K ek
electron, generated by the light absorptidn)( can
recombine k) or react with donor to give D and with In line with this equation, the lower true quantum yield
0O, to yield O, -, respectively Ke). The radical cation  value observed for the 3-methox§) (with respect to the
formed, D", should give D again through a back electron 4-methoxy derivative) (see Table 2) should be ascribed

where # is the fraction of occupied sites on the
semiconductor. In line with the typical behaviour of
absorption pre-equilibrium-dependent kinetics, the plot
of ¢ops VS [D] has a curved shape as shown in Fig. 2
(example relative to alcohd)).

The equation,

%o (9)

Copyright0 2000 John Wiley & Sons, Ltd. J. Phys. Org. Chen2000;13: 745-751



SENSITIZED PHOTO-OXIDATION OF BENZYLIC ALCOHOLS

Table 2. True quantum yields (¢o) and association constants
under irradiation (Kp) determined in colloidal TiO, photo-
sensitized oxidation of 1, 3, 4 and 6 in aerated CHsCN

Substrate bo Kb E, (vsSCE)
1 0.079 ¢0.003) 148 ¢10) 1.52

3 0.044 @0.002) 154 £18)

4 0.049 ¢0.002) 105 49) 1.55

6 0.034 ¢0.002) 142 £14) 1.66

to a difference in either thé, and/ork_; and/ork,
values of the two compounds, sinkeis independent of
the substrate. We suggest that thevalue is the major
factor responsible for the highep, value of 1 with
respect t; this rate constant is higher thwhich has a
lower reduction potential (se, in Table 2). The radical
cation deprotonation stefd) may also play a role since
the C—H bond-breaking rate measurements fignand

749

ably, when anm-hydrogen is substituted by a larger group
(CHs), a steric hindrance to adsorption should be
observed, due to the proximity of the substituent to the
OH group, whereas a change in the ring substituent
position (far away from this group) should have no effect
on KD-

To verify if the C—H is the deprotonation site of the
radical cation in our medium and to evaluate the
influence of the deprotonation process rate ¢y the
true quantum yield of the,z-dideutero derivative was
measured (Table 2) and the deuterium isotope effegt (
kp = 1.8) was determined. This value was obtained from
the ¢, ratio of 1 and3 and corresponds, in Eqn. (9), to the
deprotonation ratek() ratio of the two compounds since
the alcohols should have similkg; andk_¢; values. The
kn/kp value is in line with the previously observed
primary isotope effects reported in the literaftit@ for
reactions where a kinetically significant,-&H bond-
breaking (through a reagent-like transition state) follows

6" (generated in flash photolysis experiments by the the electron-transfer step. In contrast, it has been reported

photo-oxidation of the corresponding alcohols with 9,10-

that, when the radical catioris™ and 3" (generated in

dicyanoantracene—biphenyl in the presence of 2,6-aqueous NaOH) undergo a deprotonation process invol-

lutidine in CHCN) show thatky(1") (4.0x 10'm™*
s H' is ca twice ky(6") (1.8x 10'mM * s71) (unpub-
lished results). On the other harid,e; should not play a
significant role in thispg change because, if it didjg
should increase less farthan for6 [see Eqn. (9)]; in fact,

ving the OH group, theky/kp value is 1.0, which
indicates that the &—H proton loss occurs in a fast
subsequent stép.

The intramolecular (primary) deuterium isotope effect
was also measured from the molar ratiowedeutero-4-

it has been suggested that the highly exothermic backmethoxybenzaldehyderY and 4-methoxybenzaldehyde
electron-transfer reactions are in the Marcus ‘inverted (8) formed in the TiQ-sensitized photo-oxidation &.
region’ where the electron-transfer rates decrease withThe value obtained(/kp = 1.6) is similar to the value of

increasing exothermicity [that is,k (1) <k_c{6) when
Ep(1) <Ey(6)]. It must be noted that the reliability of our
Kinetic treatment is evidenced by the fact that ¢hgl)/
¢o(6) ratio (from Table 2) is identical with the relative
rate K. = 2.3) obtained from the competitive experiment
involving the two substrates.

The lower reactivity observed faF with respect tal

the intermolecular isotope effect (see above); this allows
one to hypothesize that the,-&H deprotonation step,
following the electron transfer, is the rate-determining
step. Moreover, this result attests that the deprotonation is
slower than the back electron transfeq, (<k_o), as
supposed above on going from Egn. (8) to Eqn. (9).

To confirm that the G—H bond breaking plays an

cannot be ascribed to different rates in the electron- essential role in the process, competitive kinetic experi-

transfer stepskg; and k_¢) since theE, values are

ments (comparing alcohoand5 with 1) were carried

comparable (see Table 2). Therefore, this behaviourout. The fact that the observed rate ratio between alcohol
should be exclusively due to differences in the deproto- 1 and alcohob (without benzylic hydrogens) is higlg,

nation rate Ky); it is known'* that the deprotonation rate
ratio, kp(17)/ky,(4") [obtained by pulse radiolysis
experiments where the™ and4™ decay ratesk,) were

>150) supports the contention that theOH radical
cations undergo &—H deprotonation. Otherwise, this
very high reactivity gap cannot be justified by a very

measured in sodium peroxodisulfate aqueous solutions],different electron-transfer rate since thkg value of 1
is nearly 2. This behaviour can be explained on the basis(1.52 V) is only slightly lower than that db (1.59 V).

that it is more difficult to satisfy the stereoelectronic
requirements for the deprotonation reaction in the
methyl-substituted radical cation4() than in the
unsubstituted intermediaté {().1?

The association constant&{ in Table 2), derived

from quantum yield measurements, show that, under

irradiation, the physical interaction between alcoHol
and the TiQ surface is weaker than that af[Kp(1)/
Kp(4)~1.4], while 1 and6 are similarly adsorbed[p(1)/

Moreover, this gap cannot be attributed to steric
hindrance of the twar-methyl groups to the semicon-
ductor surface adsorption & taking into account that
alcohol4, with onea-methyl, reacts only slightly slower
than the side-chain unsubstituted alcohdk,e = 3.0).

CONCLUSIONS

Kp(6)~1.0]. These results confirm that the OH group is The quantum yieldsg{,p9 relative to the photo-oxidation

elc, 2f

preferentially adsorbed on the TiGurface, prob-

Copyright0 2000 John Wiley & Sons, Ltd.

of benzyl alcohols sensitized by colloidal Ti CHsCN
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confirm the previously hypothesized mechanism of ;IiO
powder in the same solvent.

T. DEL GIACCOET AL.

OCHg); m/z140 (M*, 100%), 139, 138, 137, 135, 123,
110, 95, 78, 66, 64, 63, 51k,a-Dimethyl-4-methoxy-

It is possible to separate and evaluate the effects of thebenzyl alcohol §) was prepared by reaction of 4-

substrate structure on intrinsic reactivig,§ and on the

methoxyphenylmagnesium bromide with acetone in

extent of adsorption at the semiconductor surface underanhydrous tetrahydrofuran and purified by chromatogra-

irradiation Kp). In particular, it has been shown that the
different ¢, values observed when the ring substituent
position is changed (inducing a differer, value)

depend mainly on the electron-transfer rate constant,

whereas when am-alkyl group is introduced (thég,
value is nearly unchanged), tihg change depends on the
deprotonation rate constant. According to the preferential
absorption of the OH group on the semiconductor Kge

phy on a silica gel column [light petroleum—ethyl acetate
(1:2, wiw) as eluent] 4™ 7.41 (2H, d,J=9 Hz, ArH),
6.86 (2H, d,J=9 Hz, ArH), 3.79 (3H, s, OCH), 1.56
(6H, s, CHy); m/z166 (M"), 151 (100%), 135, 121, 1009,
91, 77, 65, 59, 51, 43].

Colloidal TiO5.. A 10% solution (1 ml) of titanium(IV) 2-
propoxide in 2-propanol was prepared and stored (for

in the side-chain, next to the absorption site.

Finally, both the inter-and intramolecular deuterium
isotope effects confirm that the deprotonation step
involves a kinetically significant &—H bond breaking
following the electron-transfer step.

EXPERIMENTAL

'H NMR spectra were measured on a Bruker AC 200
(200 MHz) spectrometer, from solutions in CRGVith
TMS as internal standard. GC-MS analyses were
performed on a Hewlett-Packard (HP) Model 6890A
gas chromatograph (HP-5-MS capillary column, 30 m)
coupled with an HP 5973 mass-selective detector
(70 eV). GC analyses were carried out on an HP 5890
gas chromatograph using an HP Innovax capillary
column (15 m). UV-visible spectra were measured on a
HP 8451A diode-array spectrophotometés, values
were obtained with an AMEL 552 potentiostat controlled
by a programmable AMEL 568 function generator
(cyclic voltammetry at 100 mV &, 1 mm diameter
platinum disc anode) in C#N—-LiCIO,4 (0.1 ™).

Materials. TiO, (anatase, Aldrich, 99.9%, dried at
110°C), titanium (IV) 2-propoxide, 2-propanol, GBN
(HPLC grade, distilled from Ca}i water content 0.02%
from Karl Fischer coulometry), 4-methoxybenzyl alcohol
(1), 4-methoxys-methylbenzyl alcohol4) and 3-meth-
oxybenzyl alcohol §) were commercial samples:-
Deutero-4-methoxybenzyl alcoho®)(was prepared by
reduction of 4-methoxybenzaldehyd® (vith LIAID 4 in

solution (50ul) was added to CECN (20 ml) again under
nitrogen (dry-box) with magnetic stirring.

a-Deutero-4-methoxybenzaldehyde (7). A solution of
o,a-dideutero-4-methoxybenzyl alcohd)((210 mg) in
CH3CN (100 ml), containing Ti@Q(600 mg) and AgSO,
(570 mg), was reacted and worked up as reported below.
The crude was chromatographed on a silica gel column
[light petroleum—diethyl ether (9:1, w/w) as eluent};f®

7.85 (2H, dJ=9Hz, ArH), 7.01 (2H, dJ=9 Hz, ArH),
3.89 (3H, s, OCH); m/z137 (M"), 135 (100%), 107, 92,
77, 66, 51, 50].

Photochemical oxidation sensitized by TiO,. The
reactions were carried out by external irradiation (Helios
Italquartz 500 W high-pressure mercury lamp, Pyrex
filter) of a TiO, colloidal solution or a TiQ powder
suspension in 20 ml of C4CN (0.08 or 6.3g dm®,
respectively) containing the substrate (0.23 mmol) in a
cylindrical flask provided with a water cooling jacket and
intensive condenser. After irradiation, the reaction
mixture was poured into NaCl-saturated water (after
double paper filtration in the case of Ti@owder) and
extracted with diethyl ether. The analysis of the reaction
products and of the unreacted substrate was performed by
'H NMR spectroscopy and/or by GC of the reaction
mixture in the presence of an internal standard (bibenzyl).
The analysis of the products-Heutero-4-methoxybenz-
aldehyde 7) and 4-methoxybenzaldehyd8)) obtained
from 2 was carried out by GC-MS utilizing bibenzyl as
an internal standard; the peaks considered ara/a®1

anhydrous diethyl ether and chromatographed on silica (rélative to bibenzyl), 136 (relative &) and 137 (relative

gel [light petroleum—diethyl ether (1:1, w/w) as eluent]
[6n 7.28 (2H, d,J=9Hz, ArH), 6.88 (2H, d,J=9Hz,
ArH), 4.56 (1H, t,J=1.5Hz, CHD), 3.82 (3H, s, OC#}
m/z139 (M", 100%), 138, 137, 135, 122, 110, 109, 107,
95, 78, 77, 66, 51].a,0-Dideutero-4-methoxybenzyl
alcohol @) was obtainetf* by reduction of 4-methoxy-
benzoic acid with LiAID, in anhydrous tetrahydrofuran
and chromatographed on silica gel [light petroleum—
diethyl ether (1:1, w/w) as eluentp** 7.28 (2H, d,
J=9Hz, ArH), 6.88 (2H, dJ=9Hz, ArH), 3.82 (3H, s,

Copyright0 2000 John Wiley & Sons, Ltd.

to 7 corrected for the M 1 contribution of8).

Reaction products. The crude reaction product was
chromatographed on silica gel, eluting with light
petroleum, light petroleum—diethyl ether (from 9:1 to
1:1, w/w) and diethyl ether. The structure of isolated
products was attributed by spectroscopic and GC com-
parison with authentic specimens [3-methoxybenzalde-
hyde, 4-methoxybenzaldehyde8)( and 4-methoxy-
acetophenone were commercial samplesieutero-4-

J. Phys. Org. Chen2000;13: 745-751
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methoxybenzaldehyde7) was prepared as described Hoffmann MR, Martin ST, Choi W, Bahnemann D\W@hem. Rev.

above] 1995;95: 69; (e) Linsebigler AL, Lu G, Yates JT JChem. Rev.
’ 1995; 95: 735-758; (f) Mills A, Le Hunte S.J. Photochem.

] ) ] Photobiol. A: Chem1997;108 1-35.

Quantum yield determinations. A spectrophotometric 2. (a) Baciocchi E, Rol C, Rosato GC, Sebastiani GMChem. Soc.,

cuvette (optical path=4.00cm) containing a suitable ~ Chem. Commuri992; 59-60; (b) Baciocchi E, Rol C, Rosato GC

_ 3 . . . and Sebastiani GVTetrahedron Lett1992; 33: 5437-5440; (c)
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