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Abstract

Magnolol, 5',5-di-2-propenyl-[1,1’-biphenyl]-2,2’-diol, has been characterized by steady-state and time-resolved spectroscopy as well as 'H MR
and '*C NMR. And the proton transfer reactions both in ground and excited states have been investigated. The binary acid enhances its acidity
upon excitation at the first deprotonation reaction and exhibits strong photoacidity. The relationship between the spectroscopic property and the
geometric conformation of magnolol with unique biphenyl group has been discussed.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Magnolol is the major phenolic element of the plant medicine
“Houpo” (Magnolia officinalis), which is used in the treatment
of chest tightness and asthma. It has various pharmacologi-
cal functions such as effecting on smooth muscle cells [1,2],
inhibiting muscle contraction [3], possessing antioxidant effects
approximately thousandfold stronger than alpha-tocopherol [4],
increasing cytoplasmic free Ca** through a phospholipase C-
mediated pathway, involving in a new activation mechanism
closely associated with intracellular Ca®* mobilization [5], and
producing neurotrophic effects in primary cultured rat cortical
neurons [6], relieving age-related neuronal loss in the hippocam-
pus [7]. However, less investigation in the spectroscopic property
has been reported although the fluorescence and absorption spec-
tra of magnolol has been used in assay of M. officinalis and its
pharmaceutical preparations.

Proton transfer, both in ground and excited states, plays a key
role in many biological processes. The acid-base properties of
drug compounds are important to certain biochemical processes
such as biological uptake, activity, transport and distribution.
As is well known, hydroxyarenes are photoacids of which the
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acidity greatly increases upon spectroscopic excitation from the
ground state. For instance, naphthol, phenol and their substituted
derivatives have been extensively investigated both experimen-
tally and theoretically [8—11]. The absorption of a photon by a
photoacid triggers a succession of reactions contributing to the
overall phenomenon of excited-state proton transfer (ESPT). It
has been noticed that the overall action of light on such systems
is completely different, though ESPT is an important step in all
of them [12—17]. The proton-transfer reactions in ground and
excited states of compounds are closely related to their elec-
tronic structures. The acidity of hydroxyarene shows a unique
dependence on the structure of the photoacid.

We are interested in the photoacidity of magnolol because of
its unique structure of biphenyl group (as shown in Fig. 1) and,
in particular, because of the relative lack of study on photoacids
in the biological literature. Magnolol possesses a symmetrical
structure, in which hydroxyl groups are in the ortho-position of
phenyl group and in the para-position of allyl group. The degree
of the dihedral between the two benzene rings is affected by the
intramolecular H-bonding between the two hydroxyl groups of
which deprotonation determines the photoacidity of magnolol.
We have noticed the following important features of magnolol
related to the investigation of magnolol photochemistry at our
experimental conditions:

1. The acidity of neutral magnolol molecule increases dramat-
ically upon electronic excitation. Although magnolol is a
binary acid with two hydroxyl groups, only the first proton
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Fig. 1. Structure of magnolol.

dissociation of excited-state has been observed. In aqueous
solutions the pKj,; value decreases by about 7 units upon exci-
tation.

2. Neutral magnolol can transfer its proton to water but not to
methanol in the excited state, demonstrating single-peak fluo-
rescence (around 400 nm) in aqueous solution. The emission
band of excited monoanic magnolol HA~" appears in a wide
pH range from 0 to 14 with the intensity dependent on pH.
The emission band of excited neutral form HyA™ at around
355 nm appears in acidic and neutral methanol and almost
disappears in water even at sufficiently low pH because of the
strong photoacidity and the occurrence of proton-quenching.
An apparent pK?; of excited-state is 0.57 from determination
by fluorescence titration.

3. The first proton dissociation of ground-state results in red-
shifted absorption. The pK,; 7.54 and pKjy» 14.38 of ground-
state have been obtained by fluorescence titration. Steady-
state and time-resolved spectroscopy and 'H NMR and '3C
NMR indicate no other reaction but the second deprotonation
occurs in strongly basic aqueous solution. Along with the
second deprontonation, an unusual blue-shifted absorption
has been observed and attributed to the change in geomet-
ric conformation of biphenyl group which takes place in the
transition from monoanion HA ™ to dianion A%~ of ground-
state.

2. Experiment

Magnolol was isolated from the cortex of M. officinalis Rhed.
The 99% purity was determined by HPLC. Water was deionized
and redistilled. Solvents were used without detectable fluores-
cent impurities. The buffer solutions with pH from 4 to 12 were
prepared with 0.1 mol L™! solution of sodium phosphate and
0.1mol L™! solution of hydrochloric acid, those with pH <4
were prepared with hydrochloric solution and those with pH > 12
with sodium hydroxide solution respectively. The pH was mea-
sured with a PHS-2C pH-meter (Shanghai Analytical Instru-
mental Factory, China). The ionic strength of the buffers was
adjusted to 0.1 mol L™! with sodium chloride.

All experiments were performed at room temperature
(22°C). The UV absorption spectra were recorded on a Shi-

madzu UV-2101PC spectrometer. Steady-state fluorescence
spectra of nondeoxygenated solutions were recorded on a
Shimadzu FR-5301 spectrofluorometer. Transient fluorescence
was detected using the time-correlated single-photon counting
(TCSPC) method on an Edinburgh instrument. 'HNMR and 13C
NMR spectra were recorded on Varian Gemimi series 300 MHz
spectrometer.

3. Result

3.1. Absorption spectra and absorption spectroscopic
titration

During the study of the pH dependence of absorption
and emission, aggregation of magnolol should be avoided.
Magnolol shows good linearity in the Beer’s law plot
(e=6650molL~"em™! at 284nm) up to 0.1mmolL~! in
neutral aqueous solution. Thus, the absorption spectroscopic
titration was performed in water with the concentration of
3x 107 mol L.

We investigated the absorption and fluorescence spectra in
aqueous solutions with pH from —0.3 to 14.7. In order to discuss
the results distinctly, the spectral data were divided into three
parts: (1) the strongly acidic region, pH from —0.3 to 3; (2) the
weakly acidic—basic region, pH from 6 to 10; (3) the strongly
basic region, pH from 13 to 14.7.

The absorption spectra at all pH values were shown in
Fig. 2A, C and E, demonstrating transformation between neu-
tral, monoanionic and dianionic species. At low pH, the low-
energy absorption peak with a maximum at 284 nm appeared
in aqueous solution. With pH increasing from 6 to 9, the low-
energy absorption gradually shifted to a new peak with a max-
imum at 316 nm. Two clear isoabsorptive points at 267 and
294 nm were observed. The spectral transformation could be
attributed to the first deprotonation reaction, the absorption band
at 284 nm and that at 316 nm were assigned to the neutral mag-
nolol HA and the monoanionic magnolol HA™, respectively.
With further basification up to pH 13, both the absorption max-
imum did not change. Upon increasing concentration of NaOH
from 0.1 to 6.0molL~!, the absorption peak with a maxi-
mum at 316 nm was gradually blue-shifted to 309 nm. The first
deprotonation constant of ground-state pK,; could be deter-
mined by monitoring the absorbance at 316 nm where H> A has
no absorbance. The UV-absorbance titration curve at 316 nm
was presented in Fig. 3A with the inflection point at around
pH 7.37.

3.2. Steady-state fluorescence spectra in methanol solution

The emission of magnolol in methanol was different from
that in water. The emission bands in neutral methanol coincided
with that in acidic methanol with a maximum at 355 nm. With
addition of NaOH to methanol, the emission band at 355 nm dis-
appeared and anew emission band at 400 nm emerged, see Fig. 4.
In methanol with addition of HC1O4 up to 0.1-3.6molL™!, a
strong proton quenching was observed. The quenching curve
was shown in Fig. 5. Water acted effectively to change the
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Fig. 2. Absorption spectra and fluorescence spectra of magnolol in water as function of pH: (A) absorption spectra in acidic pH region; (B) fluorescence spectra in
acidic region; (C) absorption spectra in weak acidic—basic region; (D) fluorescence spectra in weak acidic—basic region; (E) absorption spectra in strong basic region;
(F) fluorescence spectra in strong basic region. In (B), (D) and (F) the excitation spectra were expressed as the solid lines and the emission spectra expressed as the

dash lines. The excitation wavelengths were shown on the excitation spectra.

emission spectra of magnolol in methanol. With increasing con-
centration of water, the emission around 355 nm decreased in
intensity and the new emission around 400 nm appeared with
increasing intensity, as shown in Fig. 6. Meanwhile, we noticed
that excitation spectra were also dependent on water concen-
tration. The low-energy excitation underwent a blue-shift from
292 nm in pure methanol to 284 nm in pure water which agree
with the absorption spectra in methanol and in water. Thus, we
assigned the emission band at 355 nm to Hy A" and that at 400 nm
to HA™™ According to the emission spectra in aqueous solution
under various pHs and in the mixtures of water—methanol, it was
concluded that magnolol displayed effective ESPT to water, but
no ESPT to methanol.

3.3. Steady-state fluorescence spectra and fluorescence
titration in aqueous solution

In aqueous solution with pH from 0 to 14, the emission
band remained around 400 nm with pH dependence of inten-
sity. The excitation spectra at pH 6-9 matched the absorption
spectra well, see Fig. 2C and D. With pH increasing, the exci-
tation peak shifted from 284 to 316 nm, demonstrating that the
excited species changed from neutral magnolol into monoan-
ionic form based on the ground-state deprotonation reaction.
Thus, the pK,1 of ground-state also could be determined by
monitoring the emission upon excitation at 316 nm. The fluo-
rescence titration curve is presented in Fig. 3C. The inflection
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Fig. 3. Steady-state titration curves of magnolol in aqueous solution. (A) The
absorbance data at 316 nm at pH 6-10; (B) the fluorescence data with the excita-
tion at 284 nm at pH —0.5—4; (C and D) the fluorescence data with the excitation
at 316 nm at pH 6-10 and 12-14.8.
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Fig. 4. Emission spectra of magnolol in methanol with 0.1 mol L~! HCIOy (the
dash line) and with 0.1 mol L~! NaOH (the solid line).

point at the titration curve was observed around pH 7.54. Similar
to the absorption spectra, the emission is not influenced by the
pH change from 10 to 12. In strongly basic region, an increase
in concentration of NaOH from 0.1 to 6.0 mol L™! resulted in a
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Fig. 5. Quenching of magnolol by HCIOy4 in methanol.

HoA* HA>
200- Pl:re MeOH 4200
>
e 50 mol % H,0
S 150 150
c
]
S
8 100- 100
7]
w
Q
5
5 504 50
L
0 T T T 0
300 350 400 450 500

Wavelength (nm)

Fig. 6. Emission spectra of magnolol in methanol-water mixtures. Water molar
fractions (from top to battom for HzA* band at 355nm) are: 0, 0.101, 0.183,
0.252, 0.309, 0.359, 0.402 and 0.528).

quick decrease in emission intensity. The new spectral transition
may be due to the following possible reactions: (1) the second
proton dissociation of ground-state, (2) the second proton disso-
ciation of excited-state, and (3) production of other compounds.
Unlike the blue-shifted absorption spectra under the same condi-
tion, the excitation peak remained at 316 nm, which indicated the
excited band was due to the ground-state monoanion HA™ and
the emission came from the excited monoanion HA™". In addi-
tion, the "H NMR and '3C NMR spectra and the time-resolved
measurement at various pH values showed no production of
other compounds (to be discussed in the latter section). Thus,
we attributed the spectral transformation to the second proton
dissociation of ground-state. The dissociation constant pK,, was
determined by fluorescence titration at pH 12.2—14.8. The titra-
tion curve was presented in Fig. 3D with the inflection point at
pH 14.38. In the strongly acidic region another spectra transition
occurred. With decreasing pH from 6 to 4.0, the emission did not
change significantly. Nevertheless, from pH 4.0 to 0.3, the inten-
sity decreased without change in the emission peak. With further
acidification of HCI more than 1.0 mol L~!, the emission band
underwent a significant blue-shift with a decrease in intensity,
see Fig. 2B. This indicated the higher concentration of pro-
ton had restrained the occurrence of ESPT of neutral magnolol,
and as a result the emission at 400 nm from HA~" decreased.
Because of the proton quenching, the emission from the species
H, A" was weak. The apparent pK * was determined without tak-
ing into account proton quenching on excited monoanion HA ™",
The titration curve was shown in Fig. 3B.

3.4. Time-resolved measurement and NMR spectra

Magnolol showed ESPT in water so effective that only the
emission band of excited monoanionic HA™" was observed
when pH >0, which was especially obvious in the time-resolved
measurement. The time-resolved signals in aqueous solutions
at pH=4.0, 7.0, 9.0, 12.0 and 14.0 were detected at 400 nm
using TCSPC technique. All the fluorescence decays were
single-exponential and the deconvolution fits indicated a con-
stant lifetime of 4.5ns with they?=1.06-1.12. Fig. 7 is an
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Fig. 7. Time-resolved fluorescence emission of magnolol in aqueous solution
at pH 10.

example of the experimental kinetic data fitting. The dot curve
is the time-resolved emission data and the solid curve is the
theoretical calculation for the component convoluted with the
instrument response function (IRF). It is confirmed that only

one emission form exists in aqueous solutions in such wide pH
range.

To confirm only the second deprotonation reaction of ground-
state occurred in the strongly basic region, we measured the
'"H NMR and '3C NMR spectra in 0.1 and 6 mol L~' NaOH
solutions, respectively. The experiments were performed in 4/6
(v/v) CD30D-D,0 mixture because of the poor solubility of
magnolol in pure water. The H! NMR and C!3 NMR spectra
were presented in Figs. 8 and 9, respectively. Table 1 shows the
comparison of the chemical shifts under different pH condition.
No distinct change in the signals of all hydrogen atoms was
observed, which demonstrated that no other transition but the
proton dissociation of monoanionic magnolol HA™ occurred.
The number of the dissociated protons was not directly detected
because of the fast exchange of active hydrogen atoms. The
average chemical shifts of all the atoms at the corresponding
positions in the benzene rings were caused by the symmet-
rical biphenyl structure. However, the dissociation reactions
can be characterized by the chemical shift of the carbon atom
(C2) bonding directly to the hydroxyl group. The signals of
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Fig. 8. '"H NMR spectra of magnolol in 4/6 (v/v) CD30D-D,0 mixture with NaOH 0.1 and 6 mol L1,
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Fig. 9. 13C NMR spectra of magnolol in 4/6 (v/v) CD30D-D,0O mixture with NaOH 0.1 and 6 mol Lt



Table 1

Comparison of the chemical shifts of magnolol under different pH condition
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Atom In CDCl3* In MW" with 0.1 M NaOH In MW" with 6 M NaOH
Cl 123.9 130.00 128.58

c2 150.9 158.14 160.11

C3(H3) 116.6 119.90 (6.774) 119.80 (6.701)

C4(H4) 129.9 129.37 (7.031) 128.98 (6.868)

cs 13322 130.42 131.02

C6(H6) 1312 131.19 (7.175) 131.71 (7.025)

C7(HT) 39.3 40.00 (3.300) 40.20 (3.189)

C8(H8) 1375 139.87 (5.990) 139.95 (5.877)

CY(HY) 115.8 115.58 (5.032) 115.42 (4.932)

4 From Ref. [19].
b Represented the (v/v) 4/6 CD30D-D,0 mixture.

C2 atom shifted to the lower field with the deprotonation of
hydroxyl group. The magnolol exhibited its neutral form with
150.9 ppm of C2 and 123.9 ppm of C1 in CDCl3 (adapted from
Ref. [18]) and the monoanionic form with 158.1 ppm of C2 and
130.00 ppm of C1 in 0.1 molL~! NaOH CD;0D-D,0 solu-
tion and the mixture of monoanionic and dianionic forms with
160.11 ppm of C2 and 128.38 ppm of C1 in 6 mol L~! NaOH
CD30D-D;0 solution, respectively.

4. Discussion

4.1. Proton dissociation in ground-state and excited-state
in aqueous solution

From the discussion above, the relationship between the spec-
troscopy and the proton transfer reactions of magnolol was
shown in Scheme 1.

Depending on pH, three ground-state species exists in the
neutral form HpA, the monoanionic form HA™ and the dian-
ionic form A%~. We associate the 284 nm absorption at lower
and neutral pH with HyA, the 316 nm absorption at high pH
with HA™ and the 309 nm absorption at higher pH with A%~ . The
equilibrium between HoA and HA™, characterized by absorp-
tion titration with a pKj,; 7.34, is about 2.5 units lower than that
of phenol which has been reported with the ground-state pK,
9.82 and the excited-state pK; 4 [19,20]. It demonstrates a clear
electron-withdrawing action of benzene ring. The substituted
phenol with cyanide, the strong electron-withdrawing group,

355nm 400nm

A A

. ; *
A K A % 2

T b

Ka
A ——d  HA LAY
A A A
284nm 316nm 309nm

Scheme 1. Relation between the spectroscopy and proton transfer reactions of
magnolol.

was also reported with low pK, value, e.g., o-cyanophenol with
pKa 6.97 and pK} 0.66 [21]. The pK, and pK, (apparently
0.57) of magnolol is similar to those of o-cyanophenol. Obvi-
ously, the Hiickel coefficient of substituted group of phenyl at
the ortho-position is large, and close to that of cyanide.

It is the acid—base equilibriums in ground state that results
in the pH dependence of fluorescence intensity at pH>4. The
first deprotonation of ground-state causes an increase in fluores-
cence intensity upon excitation at 316 nm at pH 6-9. The second
deprotonation in ground-state causes a decrease in fluorescence
intensity upon excitation at 316 nm at pH > 12. The pKj, is 7.56
determined by fluorescence titration, quite closed to that by
absorption titration. The pKy; value is 14.38 from determination
by fluorescence titration. In the range pH < 4, the decrease in flu-
orescence intensity is caused by the first excited deprotonation
reaction and proton quenching. The apparent pK, is 0.57 deter-
mined by fluorescence titration. The value should be lower than
that by kinetics method due to the effect of proton quenching.
Another approach forpK; determination is the Forster equation
[22]:

* _ Nah(vaps — v;bs)
a 2.303RT

where vgps and V), are the frequencies of the lowest absorp-

tion bands of the neutral form and the deprotonic form, N the
Avogadro number and 4 is the Planck constant. However, in
practice the validity of Forster approach is questionable due to
solvent relaxation around the conjugated acid—base pair [10,23].
In this case, the pK? value by Forster approach of 3.6 is 3 units
larger than that by fluorescence titration. The summary of all
the pK, values obtained by different methods is presented in
Table 2.

According to the pK, determined by fluorescence titration,
the pH dependence of the molar fraction, «, of every species of

pKa. — pK

Table 2

pKa, values of magnolol in the ground and excited states

Method pKai pKa2 pK3,
UV-absorbance titration 7.37

Fluorescence titration 7.54 14.38 0.57
Foster equation 3.60
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Fig. 10. The molar fraction distribution of the round and excited forms of mag-
nolol in ependence upon pH (calculated from the determined pKji, pKa2 and
pK;).

magnolol in the ground and excited states is shown in Fig. 10.
HA is the dominating ground-state form at pH<6. HA™ is
the dominating ground-state forms at pH 9—12. HA™ gradually
becomes A%~ at pH> 12. With respect to the excited forms,
HA~" is overwhelming at pH>4. HyA" exists in a strongly
acidic region, but its emission is rather weak in aqueous solution
because proton quenching becomes strong in such pH condi-
tion. With the assumption that the ground-state form has the
same excitation-efficiency and the excited form has the same
emission-efficiency under various pH conditions, the relative
concentration of HA~" can be evaluated. We define Xy, 284 =
am,A - oaga—+ When HpA is excited, and Xyp—+ 36 = ayga- -
aga-+ when HA™ is excited. The curves of Xy5-+ is shown
in Fig. 11. The curve of I31¢4 is in excellent agreement with the
curve of Xya-+ 316 in rather wide pH range, which confirms that
the pH dependence of fluorescence intensity is caused by the
acid—base equilibriums of the ground state at pH>4. By com-
parison between the curves of Ipg4 and Xy —+ 54, it is found that
the two lines are identical at lower pH but discrepant at higher
pH, which is resulted from proton quenching on HA™" at low
pH. So the pK}; value measured by fluorescence titration should
be lower than the actual value.
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Fig. 11. Comparison of the emission intensity with the relative concentration of
HA™" (Xya—+) under various pH conditions.

4.2. Water concentration dependence of ESPT in
water—methanol mixtures

Magnolol shows no ESPT in pure methanol. But the EPST is
highly sensitive to the presence of water and very little amount
of water induces a small but detectable 400 nm-emission from
HA~" in methanol, see Fig. 6. With the further addition of water,
the increase in the HA~" emission and the decrease in the HyA”
emission indicates strengthened ESPT. We have noticed the
emission spectra showed a strong variation in the methanol-rich
region and moderate change in the water-rich region, at higher
water concentrations the emission band is the same as that in
pure water, but the intensity decreased with water concentration
increasing. Similar effect also has been observed for other pho-
toacids, e.g., cyano-naphthol and hydroyquinoline [24-27]. It is
attributed to (a) preferential solvation of the hydroxyl moiety
by water and (b) gradual change in the solvation energy of the
intramolecular charge transfer. The recent kinetics analysis has
demonstrated that the dissociation rate constant was proportional
to a power of water concentration for various photoacids, which
affected the spectral behaviors of photoacids in methanol-water
mixture [9,25,26].

4.3. Proton quenching in methanol

As demonstrated in previous section, in neutral and acidic
methanol, the excited species is neutral magnolol HyA*. Unlike
that in water, the emission from HpA" shows large fluorescence
efficiency in neutral methanol and in 0.1 mol L™! HCIOy, see
Figs. 4 and 6. Upon further addition of HCIOy4, the intensity
decreases with a linear dependence upon the concentration of
HClOq.

The quenching does not fit the Stern—Volmer equation in
which Fy/F is expected to be linearly dependent upon the con-
centration of quencher with a slope equal to Kp (Kp =kq70),
the Stern—Volmer quenching constant. In contrast, as shown in
Fig. 5, F/F) is linearly dependent upon the concentration of the
quencher HC1Oy, shown as Eq. (1) with R* =0.999:

F
— = 1.02 + 0.21cHcio, (1)
Fy

Eq. (1) is reasonable:

F_R-(FR-F_ _F o
Fo Fy Fy

where F( and F are the fluorescence intensity in the absence and
presence of quencher, respectively, and Fy is the fluorescence
intensity quenched by quencher. The fluorescence intensity
observed for a fluorophore is proportional to its concentration in
the excited state. Thus Fy/Fyis equal to [HzA*]q/ [H2A™ 1o, where
[H2A™]q and [H2A™ ] are the populations of the excited-state flu-
orophore quenched by HC1O4 and decayed by fluorescence in
the absence of quencher, respectively:

[mmh=/wmmqur 3)
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Fig. 12. Geometric structures of Honokiol and neutral, monoanionic and dianionic Magnolol.

[HaA*]y = / kocp,ax df “4)
Then

[HaA"], = kqcHolos / cppac o 5)
[Ha Ay = ko / CH,A* df (6)

where kq and kg are the quenching rate constants and the fluo-
rescence rate in the absence of quencher, respectively. Thus, the
quenching equation is established as follows:

F ! kq @
o —1-=9,

o %o HCIO,4
We can conclude that the physical signification of the slope is
kq/ko in Eq. (1).

4.4. Relationship between the spectra and the geometric
structures

With the proton dissociation from hydroxyl group, to our
knowledge, the absorption spectra of aromatic alcohols undergo
a red-shift, often concomitant with a hyperchromic effect
because the conjugated system becomes larger with the par-
ticipation of the orbital of the deprotoned oxygen atom. In
comparison with neutral magnolol H, A, the low-energy absorp-
tion band of the monoanion HA™ underwent a red-shift from
284 to 316nm, with an increase in mole absorbance from
6450 mol L~! cm™~! (determined at pH 4) to 8910 mol L'em™!
(determined at pH 11). However, the low-energy absorption band
of the dianion A>~ underwent a significant blue-shift concomi-
tant with a hypochromic effect in contrast with the behavior of
monoanion HA™, see Fig. 2C and E.

The geometric conformation of biphenyl in magnolol should
be considered to explain the unusual absorption blue-shift.
Among substituted biphenyl compounds, the dihedral angle
between two benzene rings varies from 0° (co-planar) to 90°.
The variations of the angle are not only due to the quantity,
the property and the size of the substituted groups, but also
the substituted position [28-30]. The crystal X-ray diffraction
of magnolol has demonstrates a dihedral angle of 44.9°, even
substituted by the fairly large allyl [31]. This smaller angle
induces the best possible intramolecular H-bonding between
the two rings: O- - -O distance is 2.60 A. Honokiol, 5',5-di-2-
propenyl-[1,1’-biphenyl]-2,4’-diol (as shown in Fig. 12) is one
isomer of magnolol. Nevertheless, because of the positions of
the hydroxyl groups, its crystal X-ray diffraction demonstrates
an angle of 57.14° [32], rather larger than that of magnolol due
to the absence of the intramolecular H-bonding between ben-
zene rings. Therefore, the intramolecular H-bonding plays an
important role in the geometric conformation of magnolol.

When neutral magnolol H>A dissociates one proton from
one of the hydroxyl groups, the intramolecular H-bonding is
strengthened. The smaller the dihedral angle is, the stronger the
two benzene rings are conjugated. With regard to the dianion of
magnolol A%~ the dissociation of both the two protons leads to
the vanishing of the intramolecular H-bonding, which enlarges
the dihedral. In addition, the strong coulombic repulsion by the
negative charges on the two rings strengthens the twisting fur-
ther. The enlarged dihedral angle weakens the conjugation of the
two benzene rings system. Accordingly, an absorption blue-shift
and hypochromic effect takes place. The proposed conformation
of monoanionic and dianionic magnolol is presented with that
of neutral magnolol and honokiol in Fig. 12.

The photoacidity is, in the traditional view, supposed to arise
from an intramolecular charge transfer (ICT) from the oxygen
atom to the aromatic ring system [8]. However, recently theoreti-
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Fig. 13. Proposed mechanism for photocyclization of 2-(2’-hydroxyphenyl)benzyl alcohol. Adapted from Ref. [34].

cal calculations on phenol and cyanophenol, as well as naphthol
and cyanonaphthol, show that the ICT is larger in the depro-
tonic form than in the acid form upon excitation [8,11]. The
excited-state reaction thus becomes more downhill, resulting in
enhanced photoacidity. Noam Agam [9] has interpreted why
excited-state ICT from oxygen center is larger in the deprotonic
form than that in the acid form by adopting the notions of aro-
maticity. All the factors strengthening aromaticity in the excited-
state anion facilitate to stabilize the excited anion. As for mag-
nolol, the geometry of biphenyl is probably the important reason
for the photoacidity. Huang et al. have reported a photocycliza-
tion of 2-(2’-hydroxypheny)benzyl alcohol in aqueous solution
and proposed the mechanism involving a very fast twisting in the
biphenyl to a more planar geometry which is probably associated
with deprotonation of the phenol moiety of excited-state [33,34],
see Fig. 13. We consider that the monoanion of magnolol turns
more planar during the transition from the ground-state to the
excited-state, and then a new conjugated system is established,
generating a4n + 2 (n = 3) aromatic system by delocalizing a pair
of oxygen electrons to the phenyl rings, as a result, the excited
monoanion HA™" is stabilized and magnolol exhibits a strong
photoacidity. As for the excited-state dianion A>~", the larger
dihedral angle weakens the conjugated system between the two
benzene rings and destabilized the excited dianion A2~", which
probably accounts for no emission of A>~" was observed.

5. Conclusion

Magnolol, the natural drug compound is classified as pho-
toacid. Its acidity shows a unique dependence on the structure
of the photoacid. With the properties of strong ESPT reactivity
and the two acid-base equilibriums and the bright fluorescence,
magnolol can be a candidate of fluorescence probe, especially a
pH probe with wide range pH. By summarizing the absorption
and fluorescence and NMR spectra in various pH values, we
assume that the geometric conformation of magnolol plays an
important role in its spectral properties.
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