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All  the  enantiomers  of  methoxydihydrosanguinarine  (MS),  ethoxydihydrosanguinarine  (ES)  and  iso-
propoxydihydrosanguinarine  (PS)  were  separated  by  chiral  HPLC.  They  were  further  identified  by
comparing  the  retention  times  of  authentic  standards  as  well  as  LC–MS.  Interestingly,  the  approximately
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same  conversion  rates  for the  formation  MS  from  ES  or  PS  and  the  slower  conversion  of  MS  in  iso-
propanol  compared  to ethanol  demonstrated  two step  mechanism  in  the  reaction  of alkoxysanguinarine
in  alcohols,  which  is  composed  of  the  initial  formation  of  sanguinarine  as a  planar  intermediate  and
the  addition  of  alcohol  to intermediate  as possible  rate  limiting  step.  Thus,  sanguinarine  has  a pivotal
role  in the  chemical  behavior  of alkoxysanguinarine  in  alcoholic  solvents.  Such  possible  variation  of  the

 may

apid equilibrium process
hiral HPLC structure  of sanguinarine

. Introduction

Sanguinarine (13-methyl-[1,3]benzodioxolo[5,6-c]-1,3-
ioxolo[4,5-i]phenanthridinium; Fig. 1), which is derived from the
oot of Sanguinaria canadendid and other poppy fumaria species,
s a benzophenanthridine alkaloid and a structural homologue of
helerythrine [1,2]. Many sanguinarine derivatives were isolated
rom the extract of Hylomecon hylomeconoides roots and have been
eported for their diverse biological activities such as chemothera-
eutic agent [3,4], nematocide [5,6], acetylcholinesterase inhibitor,
nd cytotoxic agent against human cancer cell lines [7]. It has
lso been reported [8,9] that the sanguinarine derivatives are
asily prepared by treatment of sanguinarine free base with an
ppropriate alcohol. 6-Methoxydihydrosanguinarine (MS), iso-
ated from H. hylomeconoides, might be the artifact formed in the

ethanol extraction. Recently, MS  isolated from H. hylomeconoides
nd Hylomecon vernale was analyzed by HPLC [10]. H. hylome-
onoides and H. vernale, the only two Hylomecon species growing
ild in Korea [11] produce many different benzophenanthridine

lkaloids, which exhibit a variety of pharmacological effects. MS
ontains a single chiral carbon (Fig. 1), and thus two enantiomers

re available. The efforts to determine biological activities of
he isolated MS  enantiomers have been confounded by rapid
acemization. The knowledge of the interconversion rates between
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 be  the source  of  its diverse  biological  activities.
© 2011 Elsevier B.V. All rights reserved.

these enantiomers in various medium is important for clearly
defining the structural characteristics of MS  and for establishing
its effective utilization.

The rate constants for the interconversion of stereoisomers have
typically been determined by chromatographic methods such as
HPLC [12–20],  GC [21–24],  CEC [25], or CE [26,27] with the use
of approximation functions [28] or computer simulation programs
[29–31]. Trapp et al. reviewed the dynamic chromatography and
the stopped-flow chromatographic techniques for the determina-
tion of enantiomerization and isomerization barriers [32]. Recently,
our group has reported the separation of MS  enantiomers using
dynamic HPLC and their racemization in methanol solution. During
our studies we  observed that despite the separation of these iso-
mers by chiral HPLC technique, enantiomers of MS  rapidly formed
a racemic mixture in methanol [33]. In addition, we elaborated that
the unusually rapid racemization of MS  in methanol was probably
originated due to the formation of highly stable intermediate i.e.
iminium ion. We  further, concluded that the appearance of various
biological activities of MS  may  be due to the combination of (+)-MS,
(−)-MS, and sanguinarine, which all appeared during the racemiza-
tion process of MS.  Therefore, in the current article we  studied the
effect of different alcoholic solvent systems on MS  to elaborate its
structural characteristics.

2. Experimental
2.1. General

Methanol (J.T. Baker, NJ, USA), isopropanol (Merck, Germany)
and n-hexane (Fisher Chem., UK) used in this work were of

dx.doi.org/10.1016/j.jpba.2011.06.002
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:kangjss@cnu.ac.kr
mailto:jungshh@cnu.ac.kr
dx.doi.org/10.1016/j.jpba.2011.06.002
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Fig. 1. Derivat

PLC grade and other reagents were of analytical grade. San-
uinarine was purchased from Sigma–Aldrich (MI, USA). The
hromatographic system for chiral analysis consisted of LC-10AD
ump, SCL-10AD system controller and SPD-10AVP diode array
etector (Shimadzu, Kyoto, Japan). The chiral analysis was  car-
ied out on Chiralcel OD-H (4.6 mm × 250 mm)  and Chiralcel OD
4.6 mm × 50 mm)  columns from Daicel Co. (Japan).

.2. Preparation of authentic stereoisomers of MS,  ES and PS

Racemic MS  was isolated from roots of H. hylomeconoides as
eported previously [7] and identified by 1H NMR, 13C NMR  and
S.  The purity confirmed by HPLC was more than 99.5%. Same

ompound could also be prepared by dissolving sanguinarine in
ethanol. (±)-MS was treated on Chiralcel OD-H column and enan-

iomers were separated with isopropanol-n-hexane (20:80, v/v) by
he flow rate of 1 mL/min. The individual enantiomers were sepa-
ately collected on ice bath. Authentic enantiomers were prepared
y evaporating the solvent under nitrogen stream on ice bath and
tored at −70 ◦C. Authentic enantiomers of ES and PS were prepared
y the same method.

.3. Chromatographic separation and identification of
nantiomers of MS,  ES and PS

The chiral separation of mixture of MS,  ES and PS was performed
sing chiral columns. The eluents for Chiralcel OD-H column was

sopropanol-n-hexane (20:80, v/v) with a flow rate of 1 mL/min.
he system was operated generally at room temperature but some-
imes it was necessary to reduce the column temperature, so the
olumn was immersed in ice bath. Detection was carried out at UV
20 nm.  LC–MS spectra were obtained with APCI positive mode at
.5 kV (150 ◦C), nebulizer gas flow rate of 2.0 L/min, CDL voltage of
60 V, deflector voltage of 20 V, and CDL temperature of 230 ◦C as

hown in Fig. 2.

.4. Measurement of racemization constant of ES and PS
nantiomers

The ES and PS enantiomers were separately collected on ice
ath. Racemization started when 1 mg  of (+)/(−)-ES and (+)/(−)-PS
ere dissolved in 10 mL  of ethanol and isopropanol, respectively,

nd the solutions were stored at 25 ◦C for limited times. The enan-
iomers were analyzed by chiral HPLC on Chiralcel OD column with
sopropanol-n-hexane (20:80, v/v) as mobile phase at 1 mL/min of
ow rate.

.5. Conversion of racemic MS  to PS and ES
One mg  of (±)-MS was  dissolved in 10 mL  of isopropanol and
tood at 25 ◦C. After different time periods as indicated in Fig. 3,
0 �L of solution was injected to HPLC and the remaining MS  and
S enantiomers were analyzed. The same experiments were carried
2, 6-Isopropoxydihydrosanguinarine (PS)

 sanguinarine.

out in ethanol at 25 ◦C and 0 ◦C. For the separation of MS,  ES and
PS enantiomers Chiralcel OD-H column was used, but Chiralcel OD
column was used for the analysis of ethanol solution of MS  at 25 ◦C
as shown in Fig. 3.

2.6. Conversion of PS or ES to MS

One mg  of (±)-ES and (±)-PS was separately dissolved in 10 mL
of methanol and kept for 1 and 12 min  at 25 ◦C. The produced
MS  were analyzed on Chiralcel OD-H column with isopropanol-
n-hexane (20:80, v/v) as shown in Fig. 4.

3. Results and discussion

3.1. Chiral separation and identification of compounds

The separation of a mixture of isomers for MS,  ES and PS has been
carried out using Chiralcel OD-H column. The elution order was (+)-
PS, (+)-ES, (−)-PS, (+)-MS, (−)-ES, and (−)-MS as shown in Fig. 2a.
The isomers were identified by comparing them with the reten-
tion times of authentic standards and they were further identified
by LC–MS as shown in Fig. 2b. (+)-PS was identified with m/z 392
[M+H]+ shown in Fig. 2b(1), (+)-ES (Fig. 2b(2)) with m/z  378 [M+H]+,
(−)-PS (Fig. 2b(3)) with m/z 392 [M+H]+, (+)-MS (Fig. 2b(4)) with m/z
364 [M+H]+, (−)-ES (Fig. 2b(5)) with m/z 378 [M+H]+, and (−)-MS
(Fig. 2b(6)) with m/z 364 [M+H]+. All mass spectra showed the base
peak m/z 332 due to the loss of methoxy, ethoxy and isopropoxy
moiety from MS,  ES and PS, respectively.

3.2. Rate constants for the conversion of MS to ES and PS

The rate constant of the racemization (10.04 h−1) for MS  at 25 ◦C
was determined as reported in our earlier studies [33]. The rate
constants for the racemization of ES and PS determined by the
chiral separation of (+)/(−)-ES and (+)/(−)-PS on Chiralcel OD col-
umn  were 2.38 h−1 and 4.55 × 10−2 h−1, respectively. The rate of
racemization sequentially decreased in order of MS,  ES and PS pos-
sibly due to the increasing size or the decreasing nucleophilicity
of methanol, ethanol and isopropanol as indicated with dielectric
constants (methanol ε = 33, ethanol ε = 24 and isopropanol ε = 18).
These properties of solvents are reflected on the different conver-
sion rates from MS  to ES and from MS  to PS as shown below.

The racemic MS  was  dissolved in isopropanol and the reaction
mixture was  kept for various time periods at 25 ◦C, the amount
of MS  and PS was  measured by chiral HPLC in the course of time
as shown in Fig. 3a. The same experiment was also carried out in
ethanol at 25 ◦C (Fig. 3b) and 0 ◦C (Fig. 3c).

The conversion constant was calculated from the slope of
the semi-log plot of data according to the equation [14,34].

2kt/2.3 = log[�A/(AP + AR)], where AP and AR are the peak areas cor-
responding to produced and reduced species, respectively. �A is
the difference between AP − AR and k is the conversion constant.
The rate constant observed for conversion of MS  to PS at 25 ◦C
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Fig. 2. (a) Separation of the enantiomers of MS,  ES and PS on Chiralcel OD-H with isopropanol-n-hexane (20:80, v/v) and (b) LC–MS spectra of separated peaks. MS conditions:
Ionization; APCI positive with 4.5 kV (150 ◦C), nebulizer gas flow rate; 2.0 L/min, CDL voltage; −60 V, deflector voltage; 20 V, CDL temp.; 230 ◦C. Peak identification: 1. (+)-PS,
2.  (+)-ES, 3. (−)-PS, 4. (+)-MS, 5. (−)-ES, 6. (−)-MS.

Fig. 3. Conversion of MS  to PS in isopropanol at 25 ◦C (a) and to ES in ethanol at 0 ◦C (b) and at 25 ◦C (c). The time allowed to stay at given temperature was indicated at the
end  of each chromatogram in hours. The enantiomers were analyzed by chiral HPLC on Chiralcel OD-H (a and b) and Chiralcel OD (c).
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n isopropanol was 6.32 × 10−2 h−1, and that to ES in ethanol was
.43 h−1. This concludes that MS  is converted to ES in ethanol about
0 times faster than PS in isopropanol. The rate constants observed
or conversion of MS  to ES in ethanol at 0 ◦C was 4.44 × 10−1 h−1.
he rates of formation of ES and PS were dependent upon alcoholic
olvent, time and temperature. Interestingly, it took about 2 days
or complete conversion of MS  to PS in isopropanol as shown in

ig. 3a, but in ethanol MS  was converted to ES within 5–7 h at 25 ◦C
Fig. 3b). These results showed that the replacement of methoxy
roup of MS  with ethoxy group was faster than with isopropoxy
roup. Thisimplies that the formation of ethanol–sanguinarine
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Fig. 5. Mechanism for the conversion of MS in alco
 PS (c and d) for 1 min  (a and c) and 12 min  (b and d).

transition state is easier than the isopropanol–sanguinarine transi-
tion state, maybe due to the larger size and low dielectric constant
of isopropanol.

However, when racemic ES and PS were dissolved in methanol,
99% and 98% of initial contents, respectively, were converted into
MS in 12 min. The rate constants for the conversion of ES and PS to
MS were 16.6 h−1 and 16.8 h−1, respectively, as shown in Fig. 4. The
rates of formation of MS  from ES or PS are nearly same. Thus this

indicates that the fast formation of common intermediate from the
both reactions and the addition of methanol to this intermediate is
the rate determining step.
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.3. Conversion mechanism of MS  to ES and PS

As we have discussed earlier [33] the racemization of MS  can
ccur due to the equilibrium between MS  and the sanguinarine
ethoxide ion pair. However the rate limiting step was  not deter-
ined. Similarly, the conversion of MS  to ES and PS in ethanol and

sopropanol, respectively, can occur via planar sanguinarine, which
ontributed the racemized conversion of MS  to ES or PS as shown
n Fig. 5. The same rate for the formation of MS  from ES or PS proves
hat these conversions undergo through a common intermediate,
anguinarine. The seventy times slower conversion of MS  to PS than
hat of MS  to ES implies that the formation of ethanol–sanguinarine
ransition state is easier than the isopropanol–sanguinarine tran-
ition state due to the larger size or the lower nucleophilicity of
sopropanol and thus the rate limiting step should be the addition of
lcohol to sanguinarine rather than formation of sanguinarine from
lkoxysanguinarine. Thus the formation of highly stable iminium
on intermediate owing to its incorporation into the aromatic struc-
ure of sanguinarine leads to this characteristic interconversion.

. Conclusions

All the enantiomers of MS,  ES and PS were separated by chi-
al HPLC. They were further identified by comparing the retention
imes of authentic standards as well as LC–MS. Interestingly, the
ame conversion rates for the formation MS  from ES or PS and
he slower conversion of MS  in isopropanol compared to ethanol
emonstrated two step mechanism in the reaction of alkoxysan-
uinarine in alcohols, which is composed of the initial formation of
anguinarine as a planar intermediate and the addition of alcohol
o intermediate as possible rate limiting step. Thus, sanguinarine
as a pivotal role in the chemical behavior of alkoxysanguinar-

ne in alcoholic solvents. Such possible variation of the structure of
anguinarine may  be the source of its diverse biological activities.
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