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Introduction

Sesamol (5-benzodioxolol) (1) is a potent antioxidative
constituent of sesame products. It is well known that sesame,
the seeds of Sesamum indicum, and its oil products have been

used in foods since ancient times. Many beneficial properties
of sesamol, including antioxidation,[1,2] cancer chemopreven-
tion,[3] antimutagenicity,[4] and antihepatoxic activity[5] have

also been reported. Thus, sesamol should be a promising
constituent of functional foods.

The antioxidant capacity of sesamol is derived from its

phenolic group and a benzodioxole group in its molecular
structure. Previous research has shown that 5-hydroxy-
1,3-benzodioxole compounds exhibit greater antioxidant
activity than a-tocopherol, 3,5-di-tert-butyl-4-hydroxytoluene
(BHT), and ascorbic acid[6,7] and comparable with the anti-
oxidant potential of rosmarinic acid and carnosic acid against the
1,1-diphenyl-2-picrylhydrazyl radical (DPPH�).[8] These results
clearly show the importance of studying the chemistry and
properties of molecules containing this heterocyclic compound.

Radical nucleophilic substitution can be considered an

alternative route for the formation of carbon–carbon bonds.[9]

This type of reaction has found increasing applications in the
synthesis of complex organic molecules,[10,11] particularly

because such reactions are generally carried out under mild
conditions and the substrates are compatible with many func-
tional groups. It is well known that in an SRN1 reaction,

a nucleophile is combined with an aryl radical to provide the
corresponding coupling product (Scheme 1).[9] Traditionally,
aryl halide substrates give the aryl radical in a photoinduced
electron-transfer reaction from the nucleophile (Eqns 1, 2). The

radicals thus formed are able to react with the nucleophile to
give the radical anion of the substitution product (Scheme 1).

In previous work, we synthesized a family of biaryl deriva-

tives of 4-hydroxycoumarin[12] using this synthetic pathway,
and the effect of substituent groups with different electronic and
steric natures on the antioxidant properties of this heterocycle

was described.[13] 4-Hydroxycoumarin substitution in the
vicinal position (C3) to the OH group with aryl rings with
electron-donor groups (4-methoxyphenyl and 2-methoxyphenyl
groups) significantly improved the antioxidant activity.

Sesamol has higher antiradical activity than 4-
hydroxycoumarin.[7,13] This behaviour can be ascribed to the
presence of a phenolic OH group in the former compared with

the vinyl OH group carried by 4-hydroxycoumarin. In addition,
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to the best of our knowledge, there are only a few reports about

the synthesis of sesamol biaryl derivatives.[14]

In order to evaluate the effect of different aryl substituents in
the sesamol aromatic ring (ortho to OH) on the reactivity

towards free radicals, as the main aim of this study, a series of
6-aryl derivatives of sesamol was synthesized, and the anti-
oxidant activity of these synthetic compounds was compared
with that of sesamol using the DPPH� assay.

Results and Discussion

Chemistry

The results of the photoinitiated reactions of the anion of

sesamol (12) with different aryl halides (2) (Scheme 2) in
DMSO are shown in Table 1. This anion 12 was obtained by
deprotonation of the phenolic group in C5 of 1 using potassium

tert-butoxide (KOtBu).
The photostimulated reaction of anion of 1 with 2a in a 5 : 1

ratio, in excess base,[15] afforded a 16% yield of the product

corresponding to C6 substitution of the sesamol ring,
6-(4-anisyl)-5-benzodioxolol (3a) (Table 1, experiment 1).
The low reactivity of the anisyl radical in the coupling reaction
with the nucleophile (Eqn 3, Scheme 1) favours secondary

reactions of this intermediate.[9] Hydrogen-atom abstraction
from the solvent by the radical intermediate or a reduction of
this species followed by subsequent protonation are plausible

routes to ArH (4) as the by-product observed in these reactions
(see Scheme S1 in Supplementary Material).

When potassium tert-butoxide and the nucleophile were used

in an equimolar ratio under light irradiation, a 90% yield of
iodide ions was obtained. This result shows the capacity of the
anion of 1 as an excellent electron donor to initiate the reaction.[9]

The reactions carried out in absence of light stimulation did

not take place (Table 1, experiment 2). This fact supports
the assertion that these are photoinduced processes (Eqn 1,
Scheme 1).

Different experimental conditions were assessed to improve
the product yield. The photoinduced reaction of 12 and 2a in a
10 : 1 ratio was carried out (Table 1, experiment 3), affording an

18%yield of 3a and 74%of anisole (4a). Unfortunately, the rise
in the nucleophile/substrate ratio did not increase the amount of
substitution product formed. The reaction of the base/1/2a in a

2 : 2 : 1 ratio, with a concentration of substrate four times higher
than that used in previous experiments (Table 1, experiment 4)
gave a low percentage of iodide ions (30%), indicative of an
inefficient initiation step, producing only 3% (traces) of 3a,

and 25% of 4a.
In order to determine the effect of the solvent on the yield of

products, the photoinduced reaction of 12 with 2a was carried

out using ammonia as solvent (Table 1, experiment 5),[9]

although no significant increase was observed in the substitution
product yields under these conditions.

Continuing with the study, the reaction of the anion of 1 was

evaluated with other aryl halides (2b–d). When the reaction was
performed with 4-bromoanisole (2b), under conditions similar
to experiment 3 but using a two-fold higher substrate concen-

tration (Table 1, experiment 6), a 14% yield of 3awas obtained.
Under both sets of experimental conditions (Table 1, experi-
ments 3 and 6), similar substitution product yields were
observed with bromine or iodine as leaving groups.

Moreover, the photoinduced reaction of 1 and 4-bromo-
benzonitrile (2c) using base and nucleophile in an equimolar
ratio (Table 1, experiment 7), afforded a 17% yield of C6

substitution on the heterocycle, 6-(4-cyanophenyl)-5-benzo-
dioxolol (3c). A similar yield was obtained when the reaction
time was reduced to 90min (Table 1, experiment 8).

In order to increase the yield of 3c, the photoinduced reaction
of base/1/2c in a 10 : 10 : 1 ratio (Table 1, experiment 9) was
performed, affording a 43% yield. A dependence of substitution
product yield on the increase of the nucleophile : substrate ratio

was observed for this radical.
The photoinduced reaction of KOtBu/1/2c in a 5 : 5 : 1 ratio

was carried out using a concentration two-fold higher than that

� ArX � KOtBu
hν

1

DMSO

2

2a: Ar � 4-MeOC6H4, X � I
2b: Ar � 4-MeOC6H4, X � Br
2c: Ar � 4-CNC6H4, X � Br
2d: Ar � Ph, X � I

3

3a: Ar � 4-MeOC6H4

3c: Ar � 4-CNC6H4

3d: Ar � Ph

� KX  �  HOtBu
O

OHO

O

OHO

Ar

Scheme 2.

Table 1. Photoinduced reactions of aryl halides with 1 in DMSO

Photoinitiated reactions (unless indicated) were carried out under nitrogen.

Reaction time¼ 180min. X� (%). 90% determined potentiometrically on

the basis of ArX concentration

Experiment 1

[mM]

Substrate

[mM]

Base

[mM]

Reaction

time

[min]

Substitution

products,

yield [%]A

1 248 2a, 55 425 180 3a, 16

2B 520 2a, 52 520 180 3a, –

3 500 2a, 52 504 180 3a, 18

4C 490 2a, 228 491 90 3a, 3

5D 26 2a, 3 25 90 3a, 21

6 998 2b, 102 1002 180 3a, 14E

7 258 2c, 58 252 180 3c, 17

8F 255 2c, 50 250 90 3c, 15

9 502 2c, 55 496 90 3c, 43

10 517 2c, 102 500 120 3c, 33

11 503 2c, 100 508 180 3c, 30

12 998 2c, 200 997 180 3c, 28

13F 1040 2c, 104 1010 180 3c, 47

14F 1000 2d, 100 1008 180 3d, 38

ADetermined by GLC using the internal standard method with respect to

moles of ArX.
BReaction carried out in the dark. X� (%), 5%.
CX� (%)¼ 30%.
DSolvent¼NH3(l).
EIsolated yield.
FX� (%)¼ 85%.

Synthesis of Novel Sesamol Biaryls. Antioxidant Activity 1335



previously used for 120min (Table 1, experiment 10) and this

yielded 33% of 3c. A similar substitution product yield was
obtained (30%) when this reaction was irradiated for 180min
(Table 1, experiment 11). Under these experimental conditions,

product yields higher than those of experiments 7 and 8 were
obtained by increasing the concentration of substrate. However,
in the reactionwith a 2c concentration four-fold higher than that in
experiment 7, under similar conditions (Table 1, experiment 12),

the yield of 3c (28%) was practically the same as in
experiments 10 and 11.

The photoinduced reaction of base/1/2c in a 10 : 10 : 1 ratio,

using a substrate concentration two-fold higher than that used
in experiment 10 (Table 1, experiment 13) gave a 47% yield of
substitution product. This yield was similar to that found in

experiment 9 but less solvent was necessary.
Clearly, the radical derived from 2c coupledwith the anion of

1 more efficiently than the radical formed from 2a.
Under similar conditions, 12 reacted with iodobenzene (2d)

to give 6-phenyl-5-benzodioxolol (3d) in 38% yield (Table 1,
experiment 14). The radical resulting from this substrate has
behaviour intermediate between that of anisyl and benzonitryl

radicals.
It is important to mention that theO-arylated product of 1[16]

was neither formed in any of these reactions nor in the reaction

with KOtBu.[9] The experimental proofs indicate an SRN1
mechanism.[9] In the initiation step, a photoinduced electron
transfer from 12 to 2 takes place (Eqn 1, Scheme 1). After the

fragmentation of the radical anion (Eqn 2), the radical formed
can couple with the nucleophile to form the radical anion of the
substitution product (Eqn 3).

By contrast, in the photoinduced reaction of 12 with

1-chloro-4-nitrobenzene (2e), an O-substitution product[17]

(3e, Fig. 1) was obtained in an excellent isolated yield
(96%, Table 2, experiment 1). This photoinduced reaction

was not suppressed by the addition of a good electron-acceptor
such as p-dinitrobenzene ( p-DNB) (Table 2, experiment 2).
Furthermore, a high yield of this ether was obtained from

reaction in the dark, of 98% (Table 2, experiment 3). These
results are indicative that themechanism of formation of product
3e is a classical aromatic substitution, not light-dependent. This

condition is an interesting alternative to obtaining the ether

compound compared with other, harder methods.[16]

Based on the promising results obtained with the aryl halides
tested, the photoinduced methodology was extended to the

reaction of the anion of 1 with dihalobenzenes. The 1-chloro-
4-iodobenzene 2f gives the substitution product with the reten-
tion of chlorine (3f) in 20% yield (Eqn 5); this product can then
be modified by different chemical reactions, and 20% yield of

the substitution product with loss of the second halide, 3d
(Table 3, experiment 1).

Cl

I

DMSO
(5)

Cl

HO O HO O

OO
KOtBu

hν
� �1

2f 3f 3d

The reaction of 1 with 1-chloro-2-iodobenzene (2g) was

studied as a procedure for the synthesis of the tetracyclic ring
systems 5 (Fig. 2) by biaryl coupling followed by intramolecular
heterocyclization (Eqn 6).[10]

1

2g 3g 5

Cl
HO

Cl

 O

 O  O  O

 O
(6)

I hν

DMSO
KOtBu

� �

The experimental conditions for this reaction were similar to

those used with the p-dihalobenzene, with a 12 : 10 : 1 ratio of
base/1/substrate under irradiation for 240min (Table 3, experi-
ment 2), affording 42% yield of cyclized product and only 7%

yield of 3g. However, compound 3d not was observed.
In summary, this is the report of the synthesis of novel

6-aryl-5-benzodioxolol derivatives from commercially avail-
able, easily handled and inexpensive reactants via photoinduced

radical nucleophilic substitution under mild conditions with
moderate yields. This procedure shows important advantages
over the conventional cross-coupling procedures used to obtain

biaryl systems.
Moreover, the reaction provides access to the tetracyclic

system 5 in good yields (formation of two bonds, one C–C bond

and one C–O bond). Further, the synthesis of an ether derivative
of sesamol in an excellent yield by a classical mechanism is
also reported.

O

OO

O2N

Fig. 1. 5-(4-nitrophenoxy)-benzodioxolol (3e).

Table 2. Reactions of 2e with 1 in DMSO

Photoinitiated reactions were carried out under nitrogen. Reaction time¼
240min. Cl� (%). 90% determined potentiometrically on the basis of

ArX concentration

Experiment 1 [mM] 2e [mM] Base [mM] Yield of 3e [%]A

1 1008 101 1002 96B

2C 992 98 1012 97

3D 504 58 496 98

ADetermined by GLC using the internal standard method with respect to

moles of ArX.
BIsolated yield.
Cp-Dinitrobenzene (62mmol-% with respect to moles of ArX).
DReaction carried out in the dark.

Table 3. Photoinduced reactions of anion of 1 with 2f and 2g in DMSO

Photoinitiated reactions were carried out under nitrogen. Reaction

time¼ 240min. X� (%) determined potentiometrically on the basis of ArX

concentration

Experiment 1

[mM]

Substrate

[mM]

Base

[mM]

Products and yield [%]A

3d 3f 3g 5

1B 996 2f, 102 1200 20 20 – –

2C 1010 2g, 98 1244 – – 7 42

ADetermined by GLC using the internal standard method with respect to

moles of ArX.
BI�¼ 78%; Cl�¼ 58%.
CI�¼ 75%; Cl�¼ 66%.
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Antioxidant Activity. DPPH� Scavenging Capacity Assay

Six synthetic sesamol derivatives were selected to analyze

their antioxidant activity taking as reference the unsubstituted
sesamol. Fig. 2 shows the chemical structures of the studied
compounds.

Antiradical capacity against DPPH� was measured by moni-
toring radical consumption by action of the sesamol derivatives.
This method is simple and highly sensitive. Further, DPPH�

is one of the few stable and commercially available organic

nitrogen radicals.[18] The kinetic profiles for DPPH� dis-
appearance by addition of sesamol (1) are shown in Fig. 3.

The inset shows a linear variation of the antiradical activity

(ARA) with the concentration of 1 in the system. Similar
behaviour was observed for every compound of the family,
indicating that the compounds studied behaved as dose-

dependent antioxidants.
Table 4 shows the effective concentration of the studied

compounds able to reduce 50% of the radical concentration

(EC50). The increasing activity order observed in this system
(inverse of the EC50 values) was 3eE 5, 3d, 3f, 3a,
3c, 1. Sesamol had the highest activity whereas the lowest
corresponded to the non-phenolic compounds 3e and 5. These

results show the importance of the free OH group of these
molecules in presenting good antiradical activity. The EC50

value obtained for sesamol is in good agreement with previ-

ously reported data when the DPPH� assay was used under

conditions similar to our experimental parameters.[7,19] Some

reports show different results but it is necessary to take into
consideration the differences in the methodologies employed
in those articles compared with the methodology used in the

present article.[3,8,20]

The substitution in C6 of 1 with a series of substituted aryl
groups did not increase radical scavenger activity. These groups
do not modify the electronic nature of the heterocyclic centre.

This is evidencedwhen comparing the geometry optimization of
sesamol and derivative 3c (Fig. 4).

In the series of biaryl derivatives of sesamol, 3c shows the

highest antiradical activity. The CN group behaves as an
electron-withdrawing substituent of the aryl group located on
C6. The molecule with the lowest activity has a non-substituted

phenyl group on C6 of the base structure (3d). However, 3a and
3f showed intermediate behaviour between those compounds.

It has been proposed that the DPPH� radical reacts with
phenols essentially via two different mechanisms: (i) a direct

abstraction of the phenolic H atom by DPPH� (hydrogen atom
transfer (HAT) reaction); and (ii) an electron-transfer process
from the phenoxide anion to DPPH� (sequential proton loss

electron transfer (SPLET) reaction), as shown in Scheme 3.[21]

The SPLET mechanism would be dramatically influenced
by the pH of the reaction medium. At basic pH, the SPLET

mechanism would be promoted because the phenol ionizes and
exists predominantly as an anionic species, unlike the situation
at acidic pH, where the neutral species would be predominant

and, therefore, the main mechanism would be HAT (Scheme 3).
In order to evaluate the influence of the SPLET mecha-

nism[22] in the global reactivity against DPPH� of the series of

O

O

HO

Cl

O

O

HO

O

O

HO O

O

HO

MeO NC

O

O

O

O2N

O

O

O

O

O

HO

1

3d

3c3a

3f

5

3e

Fig. 2. Chemical structures of 1 and their derivatives.
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Fig. 3. Kinetic profiles at 515 nm corresponding to DPPH� (1,1-diphenyl-
2-picrylhydrazyl radical) consumption by addition of 1. Inset: antiradical

activity of 1.

Table 4. Antioxidant activity

Compound DPPH� EC50 [mM]

1 20.23� 0.01

3a 33.50� 0.02

3c 30.90� 0.01

3d 45.00� 0.03

3e .1.3mM

3f 37.71� 0.02

5 .1.3mM

ArOH
�H�

�H�

ArO�

DPPH

ArO � DPPHH ArO � DPPH�

HAT SPLET
DPPH

Scheme 3.

3c1

Fig. 4. Electrostatic potential maps (from red (negative) to blue (positive))

of molecules 1 and 3c.
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sesamol derivatives, the EC50 values for 1were determined with

the addition of acetic acid to final concentrations of 10 and
100mM.[23] The EC50 value of compound 1 slightly increased
in both cases, by 3 and 4% respectively with respect to the

standard experiment. The experiment makes it possible to
determine the contribution of the SPLET mechanism to the
global reaction, and to propose the HAT pathway as the primary
mechanism of the sesamol reaction with DPPH� under the

present experimental conditions.
The HAT mechanism corresponds to the homolytic dissoci-

ation of an O–H bond. This mechanism depends on two-bond

dissociation enthalpies (BDE), the O–H BDE of the ArOH
and the H–N BDE of the DPPH–H. The O–H BDE can be
calculated from the following equation:[24,25]

BDEArO�H ¼ DHf ðArO�Þ þ DHf ðH�Þ � DHf ðArOHÞ ð7Þ

A lower BDE value is usually attributed to a greater ability to

donate a hydrogen atom from the hydroxyl group and results in
a more efficient free-radical scavenging reaction.

In order to obtain the DHf values for different species, the
most stable conformer of the neutral and radical form of each

compound was calculated using a density functional theory
method.[26,27] For example, the structures of 3d and its corre-
sponding radical are shown in Fig. 5.

Table 5 shows the BDE of the studied compounds obtained
using different approaches. The BDEE0

were calculated from
total electronic energies, E0, without corrections. BDE were

obtained on the basis of Eqn 7 with gas-phase values at
298.15K. The solvent effect was taken into consideration with
Tomasi’s polarized continuum model (IEF-PCM).[28] In the

presence of methanol, the solvent used in the experimental
reactions, the BDEs was determined in the same way as in the
gas phase. For the enthalpy of the hydrogen atom, DHfs(H

�), we
used reported enthalpy values.[29]

The gas phase BDE were lower than BDEE0
values by

6–7 kcalmol�1 (25–29 kJmol�1). The difference in BDE of
substituted compounds 3a–f respect to 1 (DBDE) were of the

same order in the three cases (BDEE0
, BDE, and BDEs).

In general, all 6-aryl substituted compounds had lower

dissociation energies than sesamol although they are poorer
antioxidants. This behaviour can be explained by the fact that
sesamol is a small molecule in comparison with its derivatives

and, therefore, has less steric hindrance in reacting with radical
DPPH�.[30]

Fig. 6 shows the reactivity dependence of antiradical
efficiency with BDE. The results obtained show that activity

towards DPPH� correlated well with the BDE of the derivatives
of sesamol. Unsubstituted sesamol is the only one that does
not fit in the correlation because it is not a biaryl compound.

The calculation of thermodynamic parameters of a series of
sesamols including compound 3d has recently been reported
but no experimental assays are available to compare these

data, more expensive calculation procedures were used and
the studied compounds were not synthesized.[31]

Conclusions

The photoinduced reaction of the sesamol anionwith substituted

aryl radicals gives C6 substitution selectively. We have devel-
oped a simple versatile system for the first reported synthesis of
6-arylsesamols from commercially available, easily handled

and inexpensive reactants. Moreover, the reaction provides
access to the tetracyclic system 5 in moderate yields.

The antioxidant activity of the new 6-aryl-substituted sesa-
mols was evaluated. The radical scavenging ability of the

compounds was tested against the DPPH� radical. A very good
correlation between computed BDE and experimental

Fig. 5. The structures of ArOH and ArO� of 3d.

Table 5. The bond dissociation enthalpies (BDE) of sesamol derivatives

Compound BDEE0
[kcalmol�1] DBDEE0

[kcalmol�1] BDE [kcalmol�1] DBDE [kcalmol�1] BDEs [kcalmol�1] DBDEs [kcalmol�1]

1 79.50 0 73.55 0 79.22 0

3a 77.87 �1.63 71.35 �2.20 77.04 �2.18

3c 77.15 �2.35 71.22 �2.33 76.95 �2.27

3d 78.89 �0.61 72.94 �0.61 77.86 �1.36

3f 78.34 �1.16 72.41 �1.14 77.54 �1.68

BDE¼DHf(ArO
�) þ (�0.49791 hartree) – DHf(ArOH)

BDEE0
¼E0(ArO

�) þ (�0.50027 hartree) – E0(ArOH)

BDEs¼E0s(ArO
�) þ (�0.49837 hartree) – E0s(ArOH)

71.0 71.5 72.0 72.5 73.0 73.5

20

25

30

35

40

45

E
C

50
 [µ

M
]

BDE [kcal mol�1]

1

3c

3a
3d

3f

r 2 � 0.89

Fig. 6. EC50(DPPH
�) versus BDE of derivatives of sesamol. The oval

highlights the outliers.
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EC50(DPPH
�) values of 6-arylsesamols was determined. This

information could be valuable to predict the EC50 values of
differently substituted sesamols in order to select themost active
compounds before chemical synthesis.

Experimental

Synthesis of Sesamol Derivatives

Materials and Methods

All starting materials were purchased from Sigma–Aldrich.

They were used without further purification. DMSO was stored
under molecular sieves (4 Å).1H and 13C NMR spectra were
recorded on a 400-MHz nuclear magnetic resonance spectro-

meter with CDCl3 as solvent. Gas chromatographic analyses
were performed on a chromatograph (Hewlett Packard 6890
series) with a flame-ionization detector and using an HP-5

capillary column (30m� 0.32mm� 0.25mm film thickness).
TheGS-MSanalyseswere carried out on a ShimadzuGC-MSQP
5050 spectrometer, using a Vf-5ms 30m� 0.25mm� 0.25mm
column. High-resolution mass spectra were recorded on a

Bruker MicroTOF Q II, operated with an ESI or APPI source
operated in positive or negative mode, using nitrogen as nebu-
lizing and drying gas and 10mM sodium formate as internal

standard for calibration purposes. Irradiation was conducted in a
reactor equipped with two 400-W lamps emitting at a maximum
of 350 nm ((Philips Model HPT, air- and water-refrigerated).

Potentiometric titration of halide ions was performed with a pH
meter using an Ag/Agþ electrode. Melting points are not
corrected. Column chromatography was performed on silica

gel (70–270mesh).

General Synthesis Procedure of Sesamol Derivatives

The reactions were carried out in a 50-mL three-neck round-
bottomed flask equipped with a nitrogen inlet and a magnetic

stirrer. To 20mL of dry and degassed DMSO under nitrogen
were added potassium tert-butoxide (1.120 g, 10mmol) and
then sesamol (1.380 g, 10mmol). After 5min, 4-iodoanisole
(234mg, 1.0mmol) was added and the reaction mixture was

irradiated for 180min. The reaction was quenched with an
excess of ammonium nitrate and water (30mL). The mixture
was extracted three times with methylene chloride (20mL); the

organic extract was washed twice with water, dried with mag-
nesium sulfate (MgSO4), and quantified by GC. The iodide ions
in the aqueous solution were determined potentiometrically.

The reduction products (ArH) were compared by GLC with
authentic commercial samples.

All products are unknown and were isolated by column or
radial chromatography (hexane/acetone 9 : 1 or 4 : 1) and char-

acterized by 1H NMR and 13C NMR, and mass spectrometry.

6-(4-Anisyl)-5-benzodioxolol 3a

Brown solid, 20% yield (24.5mg), mp 109–1108C. dH
(400MHz, CDCl3) 3.84 (s, 3H), 5.92 (s, 2H), 6.54 (s, 1H),

6.67 (s, 1H), 6.98–7.00 (d, 2H), 7.30–7.32 (d, 2H). dC 55.37,
97.93, 101.13, 109.12, 114.81, 119.50, 129.20 (quarternary, q),
130.39, 141.51(q), 147.46(q), 147.56(q), 159.19(q). GCMS m/z

245 ([Mþ1], 16%), 244 (100), 229 (26), 213 (6), 199 (17),
171 (7), 143 (7), 122 (9), 115 (25), 89 (7), 77 (5), 63 (7). HR-MS
found 243.0673; C14H12O4 [M�H] requires 243.0652.

6-(4-Cyanophenyl)-5-benzodioxolol 3c

Brown solid, 45% yield (27.0mg), mp 150.5–151.58C. dH
(400MHz, CDCl3) 5.97 (s, 2H), 6.52 (s, 1H), 6.72 (s, 1H),
7.58–7.00 (d, 2H), 7.71–7.73 (d, 2H). dC 98.72, 101.56, 108.91,

118.80(q), 129.88, 130.74(q), 132.61, 142.32(q), 142.58(q),

147,56(q), 148.70(q). GCMS m/z 240 ([Mþ1], 16%), 239
(100), 238 (56), 180 (7), 153 (21), 152 (9), 127 (16), 126 (16),
103 (9), 77 (9), 69 (11), 63 (10), 53 (19). HR-MS found

262.0477; C14H9NO3 [M þ Na]þ requires 262.0475.

6-Phenyl-5-benzodioxolol 3d

Oil, 39%yield (20.9mg). dH (400MHz, CDCl3) 5.96 (s, 2H),
6.58 (s, 1H), 6.73 (s, 1H), 7.37–7.54 (m, 5H). dC 98.08, 101.18,

109.05, 127.67, 129.18, 129.18, 130.56(q), 137.17(q), 141.65
(q), 147.45(q), 147.86(q). GCMS m/z 215 ([Mþ1], 12%), 214
(100), 213 (35), 183 (9), 155 (7), 129 (11), 128 (32), 127 (18),

126 (11), 115 (10), 102 (19), 78 (21), 77 (18), 69 (8), 63 (9), 53
(16), 51 (14). HR-MS found 237.0508; C13H10O3 [M þ Na]þ

requires 237.0522.

5-(4-Nitrophenoxy)benzodioxolol 3e[16]

Yellow solid, 98% yield (65mg), mp 84.5–85.78C. dH
(400MHz, CDCl3) 6.02 (s, 2H), 6.54–6.57 (m, 1H), 6.60–6.61
(d, 1H), 6.81–6.84 (d, 1H), 6.97–6.99 (m, 2H), 8.17–8.19
(m, 2H). dC 101.91, 102.97, 113.3, 116.51, 125.92, 142.49(q),
145.25(q), 148.81(q), 148.89(q), 163.91(q). GCMS m/z 260

([Mþ1], 21%), 259 (100), 213 (25), 185 (13), 155 (29), 137
(12), 128 (10), 127 (28), 79 (23), 65 (14), 63 (23), 53 (13), 51
(18), 50 (14). HR-MS found 282.0368; C13H9NO5 [M þ Na]þ

requires 282.0373.

6-(4-Chlorophenyl)-5-benzodioxolol 3f

Oil, 19% yield (24mg). dH (400MHz, CDCl3) 5.96 (s, 2H),
6.58 (s, 1H), 6.73 (s, 1H), 7.36–7.56 (m, 4H). dC 98.32, 101.31,
108.95, 129.19, 129.42, 130.56, 131.08, 131.24, 133.62(q),

135.69(q), 138.34, 147.37(q), 148.09(q). GCMS m/z 250
([M]þ, 34%), 249 (18), 248 (100), 247 (16), 213 (9), 183
(72), 155 (15), 127 (35), 126 (15), 105 (31), 101 (10), 77 (15),

75 (13), 69 (10), 63 (16), 53 (20). HR-MS found 247.0149;
C13H9ClO3 [M þ Na]þ requires 247.0156.

Benzo[b][1,3]dioxolo[4,5-f]benzofuran 5

White solid, 40% yield (32mg), mp 115.7–116.78C. dH
(400MHz, CDCl3) 6.05 (s, 2H), 7.06 (s, 1H), 7.29–7.31

(m, 2H), 7.34–7.38 (m, 1H), 7.50–7.52 (d, 1H), 7.79–7.82
(m, 1H). dC 94.03, 99.40, 101.64, 111.46, 119.59, 122.59,
124.76(q), 125.49, 127.24(q), 144.33(q), 147.88(q), 151.61(q),
156.55(q). GCMS m/z 213 ([Mþ1], 13%), 212 (100), 211 (42),

156 (13), 128 (17), 127 (14), 126 (54), 106 (25), 76 (11), 75 (11),
74 (12), 63 (10).

Antioxidant Activity. DPPH� Assay

Radical scavenging capacity due to sesamol action was deter-
mined according to Brand-Williams et al.[32] A typical proce-
dure consisted in adding an aliquot of the sample to a cuvette

containing 3mL of,85 mMDPPH� solution. Reaction progress
was followed by UV–vis spectrophotometry and measuring the
absorbance at 515 nm in cycles for 15min. Radical consumption
was expressed as percentage of antiradical activity (ARA)

(Fig. 3, inset) as proposed by Burda and Oleszek[33] and cal-
culated according to the following equation (Eqn 8):

%ARA ¼ 100� ½1� Ass=A0� ð8Þ

where A0 is the absorbance of the DPPH
� solution before adding

the antioxidant and ASS is the absorbance at the steady state
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estimated by mathematical fitting of the kinetic curves (Fig. 3).

Percentages of radical consumption for different antioxidant
concentrations were measured. The EC50 value corresponds to
the concentration that scavenges 50% of the radical, expressed

as the antioxidant/DPPH� mole ratio.

Theoretical Calculations

The details of our methodology and those needed to obtain the
BDE values are given here. All calculations reported in the

present study were carried out applying the density functional
theory as implemented in the Gaussian 09 package.[34] The
B3LYP[35] level of density functional theory was used. Geo-

metry optimization of radicals and neutral specieswas performed
with UB3LYP and the restricted B3LYP respectively using the
6–31G(d)basis set. In the computations, no constraints were
imposed on the geometry. All possible conformers for ArOH

and ArO� were investigated. The conformer with the lowest
electronic energy was used in this work. All structures were true
minima on the calculated potential surface, verified by fre-

quency calculations. Vibrational frequencies were computed at
the same level of theory for all the optimized structures.

The enthalpy was obtained by thermal correction to the

electronic energy by adding zero-point energy (ZPE), transla-
tional, rotational, and vibrational contributions.

Supplementary Material

The Supplementary Material contains 1H NMR and 13C NMR
spectra and MS of compounds 3a, 3c, 3d, 3f, and 5; the possible

reaction mechanisms; and analysis of the differences between
the calculations of BDE obtained in the present work and those
reported in reference 31. These material are available on the
Journal’s website.
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