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Abstract

Bakuchiol, the main active component of Psoralea corylifolia, showed a range of
significant pharmacological activities, including antimicrobial, antiinflammatory,
reduction of bone loss and estrogenic activities. In this research, 12 metabolites, including
11 new compounds, were isolated from the urine and feces of rats after oral administration
of bakuchiol, and their structures were elucidated by extensive spectroscopic analysis. The
possible metabolic pathways of bakuchiol in rats were proposed, and a rare bile acid
conjugation reaction was found. In addition, bakuchiol and its metabolites M1-M3 were
studied for their alkaline phosphatase (ALP) activities on MC3T3-E1 cells and
cytotoxicity on HKC-8 cells. The data showed that bakuchiol exerted significant effects on
ALP activity of MC3T3-E1 cells and cytotoxicity on HKC-8 cells, while M1-M3 only

showed ALP activities at 10> M on MC3T3-E1 cells and no cytotoxicity on HKC-8 cells.
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1. Introduction

Bakuchiol, a prenylated phenolic monoterpene, is the main active component of
Psoralea corylifolia that has been widely used in China to treat various diseases, such as
psoriasis, vitiligo, osteoporosis, arthralgia and asthma [1]. It has attracted an increasing
interest for its antitumor, antimicrobial, inhibition of iINOS expression, antiinflammatory,
antipyretic, reduction of bone loss and estrogenic activities [2-8]. Moreover, bakuchiol
showed cytotoxicity on HK-2 cells (human renal tubular epithelial cells), and high doses
of bakuchiol could induce kidney toxicity in mice [9,10]. Pharmacokinetic studies reported
that bakuchiol possessed poor absorption, significant first-pass metabolism, and low
bioavailability [10,11]. In our previous in vivo study, one primary oxidized metabolite and
18 metabolites of bakuchiol were identified in biosamples by UPLC/Q-TOF-MS [12]. As
the chemical structures of metabolite isomers were difficult to be deduced by liquid
chromatography-tandem mass spectrometry analysis [13,14], and bioactivity evaluation
needed pure compounds, the isolation of metabolites were of necessary. In order to better
understanding of in vivo metabolism and pharmacological activity of bakuchiol,
metabolites in feces and urine after oral administration to rats were isolated and identified.
The ALP activity on MC3T3-E1 cells and cytotoxicity on HKC-8 cells of bakuchiol as

well as its main metabolites were also evaluated.
2. Experimental

2.1. Materials

CD spectra were recorded on JASCO J-810 spectrometer. Optical rotations were



measured on JASCO P-1020 spectrometer. 1D and 2D NMR spectra were measured on a
Bruker AV-400/600 spectrometer. HRESIMS data were determined by a Waters Synapt G2
mass spectrometer. Preparative HPLC performed on Shimadzu LC-6AD system equipped
with a Shimadzu SPD-20A UV detector (210 nm and 260 nm), and a Welch material
XB-C18 (21.2 x 250 mm) column (with a flow rate of 8 mL/min) and a Welch material
XB-C18 (10 x 250 mm) column (with a flow rate of 3 mL/min) were used. Silica gel
(200-300 mesh, Qingdao Haiyang Chemical Group Corp., Qingdao, China), HP-20
macroporous resin (Diaion, Japan), Sephadex LH-20 (50 pm, Amersham Pharmacia
Biotech, Sweden) and ODS (50 pm, YMC, Japan) were used for open column
chromatography (CC). Thin-layer chromatography (TLC) was performed using precoated
silica gel plates (silica gel GF254, 1 mm, Yantai). Bakuchiol was purchased from Shanghai
Ronghe Medical Technological Limited Company (Shanghai, China), and the purity was
more than 98% determined by HPLC analysis.
2.2. Animals

Male Sprague-Dawley rats (250 + 20 g) were obtained from Medical Experimental
Animal Center of Guangdong Province (Guangzhou, China). They were housed at ambient
temperature of 20 + 2°C with 12-h light/dark cycles for two weeks before experiment and
were fed a standard diet and water ad libitum. The animals were fasted with free access
water in metabolic cages separately over night before experiment. Bakuchiol (12 g) was
given to rats (32 animals) by gavage at the dose of 100 mg/kg/day in turn (three days
gavaged and three days fed a standard diet, six days as a circle). Urine and feces samples

were collected for 24 h after each administration from animals housed in stainless steel



metabolism cages equipped with a urine and feces separator. These samples were stored at
—20 °C. The animal protocols were approved by the Guide for the Care and Use of
Laboratory Animals of Jinan University. All procedures were in accordance with Guide for
the Care and Use of Laboratory Animals (National Institutes of Health).

2.3. Extraction and isolation

A total of 12 L urine was collected, after condensed in vacuum, the urinary sample
was chromatographed over a HP-20 macroporous resin column (5.0 x 120 cm) eluted with
water, 30% EtOH-H,O, 60% EtOH-H,O and 95% EtOH-H,0O, successively. The 60%
EtOH-H,0 eluate (C, 3.0 g) was subjected to a ODS column (3.0 x 35.0 cm), eluted with a
EtOH-H,O gradient solvent system (15%, 20%, 30% v/v) to give three fractions (C1-3).
Fraction C3 (532 mg) was subjected to preparative HPLC with 30% ACN-H,0 (tg = 35
min), then subfraction C3C (4.3 mg) was further purified by Sephadex LH-20 column (0.8
x 20.0 cm) eluted with EtOH to yield M4 (0.5 mg). The 95% EtOH-H,O eluate (D, 0.6 g)
was subjected to a Sephadex LH-20 column (3.0 x 37.0 cm) and then further purified by
preparative HPLC (30% ACN-H,0, 8 mL/min) as the mobile phase to yield M1 (132.1 mg,
tr = 85 min), M2 (4.6 mg, tz = 80 min) and M3 (8.2 mg, tzg = 103 min).

The collected feces (490 g) were dried naturally, and then were extracted with EtOAC
(1500 mL x 3). The extracts (31.2 g) of were successively separated by silica gel CC (5.5
x 70 cm, 200-300 mesh, 350 g), eluted with a cyclohexane-EtOAc (20:1, 10:1, 10:2, 10:3,
2:1, 1:1, 0:1, v/v) to yield 7 fractions (F1-7). Fraction F1 (651.3 mg) was isolated by
preparative HPLC (80% ACN-H,0, 3 mL/min) as the mobile phase to yield M9 (0.6 mg,

tr = 25 min) and bakuchiol (98.2 mg, tz = 27 min). Fraction F3 (1.9 g) was subjected to a



Sephadex LH-20 column (3.0 x 35.0 cm) and then further purified by preparative HPLC
(52% ACN-H,0, 3 mL/min) to yield M5 (1.6 mg, tr = 94 min), and M6 (2.3 mg, tg = 100
min). Fraction F4 (2.5 g) was also subjected to a Sephadex LH-20 column (3.0 x 37 cm)
eluted with EtOH and preparative HPLC (49% ACN-H,0, 8 mL/min) to afford M7 (1.5
mg, tg = 92 min), and M8 (2.1 mg, tz = 104 min). Fraction F5 (1.5 g) was separated by
Sephadex LH-20 (3.0 x 35.0 cm) eluted with EtOH and preparative HPLC (78%
ACN-H,0, 8 mL/min) to afford M11 (3.2 mg, tg = 70 min) and M10 (3.7 mg, tzg = 90 min).
Fraction F6 (572.2 mg) was purified by preparative HPLC (79% ACN-H,0, 3 mL/min) as
the mobile phase to yield M12 (3.9 mg, tz =30 min).

M1: white colorless oil; [a]5 +27.6 (¢ 0.5 MeOH); UV (MeOH) Ama (log €): 205
(4.64), 262 (3.51) nm; IR (KBr) vimax. 3426, 2926, 2861, 1727 cm™*; *H and *C NMR data
(see Table 1); HRESIMS m/z 245.1177 [M-H] (Calcd for CisH1705, 245.1178).

M2: white colorless oil; [a]5 + 6.7 (¢ 0.5 MeOH); UV (MeOH) An. (log €): 205
(4.34), 263 (3.30) nm; IR (KBr) vimax: 3438, 2926, 2861, 1739 cm™*; *H and *C NMR data
(see Table 1); HRESIMS m/z 275.1288 [M-H] (Calcd for CigH190., 275.1283).

M3: colorless oil; [a]Z + 3.2 (c 0.75, MeOH); UV (MeOH) L. (log €): 204 (4.28),
262 (3.51) nm; IR (KBr) vmax: 3437, 2923, 1712 cm *; 'H and *C NMR data (see Table 1
and 2); HRESIMS m/z 275.1288 [M-H] (Calcd for C1gH1904, 275.1283).

M4: colorless oil; [a]5 + 4.3 (¢ 0.2, MeOH); UV (MeOH) Ama (log €): 205 (4.67),
262 (3.82) nm; IR (KBr) v 3438, 2926, 2865, 1725 cm *; 'H and *C NMR data (see

Table 1): HRESIMS m/z 307.1541 [M-H] (Calcd for C17H,,0s, 307.1545).



MB5: colorless oil; [a]% + 15.1 (c 0.5, MeOH); UV (MeOH) L. (log €): 204 (4.29),
263 (1.92) nm; IR (KBr) vma: 3437, 2923, 2861, 1714 cm™*; *H and **C NMR data (see
Table 2); HRESIMS m/z 271.1704 [M-H] (Calcd for CigH,50,, 271.1698).

MB6: colorless oil; [a]Z + 6.4 (c 0.3, MeOH); UV (MeOH) Anax (l0g €): 204 (4.05),
262 (2.26) nm; IR (KBI) vmax: 3436, 2925, 2857, 1715 cm™’; *H and **C NMR data (see
Table 2); HRESIMS m/z 273.1850 [M-H] (Calcd for C1gH,50,, 273.1855).

M7: colorless oil; [a]% +4.2 (¢ 0.2, MeOH); UV (MeOH) Amax (log €): 204 (4.19),
261 (1.89) nm; IR (KBr) vima: 3439, 2926, 2866, 2358, 1715 cm *; *H and *C NMR data
(see Table 2); HRESIMS m/z 285.1493 [M-H] (Calcd for C1gH,; O3, 285.1491).

MB8: colorless oil; [a]% + 4.3 (¢ 0.25, MeOH); UV (MeOH) L. (log €): 204 (4.59),
262 (3.05) nm; IR (KBr) vma: 3439, 2931, 2861, 1748 cm™'; 'H and **C NMR data (see
Table 2); HRESIMS m/z 287.1651 [M-H] (Calcd for C1gH,503, 287.1647).

M9: colorless oil; [a]? + 16.1 (c 0.2, MeOH); UV (MeOH) L. (log €): 205 (4.45),
263 (2.83) nm; IR (KBI) vima: 3427, 2929, 2861, 1716 cm™*; 'H and **C NMR data (see
Table 2); HRESIMS m/z 255.1754 [M-H] (Calcd for C15H,50, 255.1749).

M10: colorless oil; [a]% + 27.5 (¢ 1.0, MeOH); UV (MeOH) Ana (log €): 205 (4.49),
263 (3.52) nm; IR (KBr) vma: 3438, 2935, 2870, 1709 cm*; 'H and *C NMR data (see
Table 3); HRESIMS m/z 619.3994 [M-H] (Calcd for CggHss06, 619.3999).

M11: colorless oil; [a]Z + 21.5 (c 0.75, MeOH); UV (MeOH) Ana (l0g €): 204 (4.36),
263 (2.37) nm; IR (KBr) v 3438, 2928, 2866, 1710 cm *; 'H and *C NMR data (see

Table 3); HRESIMS m/z 619.3992 [M-H] (Calcd for CgoHssO0s, 619.3999).



M12: colorless oil; [a]% +17.5 (¢ 1.0, MeOH); UV (MeOH) Ana (log €): 204 (4.69),
263 (3.32) nm; IR (KBr) vmax: 3427, 2929, 2870, 1709 cm™*; *H and **C NMR data (see
Table 3); HRESIMS m/z 635.3951 [M-H] (Calcd for CaHss0-, 635.3948).
2.4. Absolute configuration of the 1,2-diol moiety in M4

According to the published procedure [13], a mixture of 1:1.2 diol/Mo,(OAc), for
M4 was subjected to CD measurement at a concentration of 1 mg/mL. The first CD
spectrum was recorded immediately after mixing, and its time evolution was monitored
until stationary (about 10 min after mixing). The inherent CD was subtracted. The
observed sign of the diagnostic bands at around 310 nm in the induced CD spectrum was
correlated to the absolute configuration of the 1,2-diol moiety.
2.5. MC3T3-E1 activities and HKC-8 cytotoxicity assay
2.5.1 Cell culture

MC3T3-EL1 cells (murine pre-osteoblastic cell line, ATCC no.CRL-1661) and HKC-8
cells (human renal proximal tubular cell line) were routinely cultured in Minimum
essential medium alpha (MEMa) and Dulbecco’s modified eagle medium (DMEM)/F12
medium, respectively, supplemented with 10% fetal bovine serum (FBS), penicillin 100
U/mL and streptomycin 100 pg/mL at 37 °C in a humidified atmosphere of 95% air and
5% CO,. Cells were trypsinized with 0.05% trypsin-EDTA (Gibico, USA) and were
cultured in a new culture plate at 80% confluence.
2.5.2 Alkaline phosphatase (ALP) activity assay

The ALP activity of MC3T3-E1 cells were measured by Wako lab assay ALP kit



(Wako, Japan). MC3T3-E3 cells were seeded in 96 plates at a cell density of 1.2 x 10°
cells per well. After 48h, cells were treated with bakuchiol (10° M to 10° M), M1-M3
(10° M to 10™ M), 17 B-estradiol (E2) or vehicle (1% ethanol) in the presence of ascorbic
acid (50 ug/ml) and g-glycerophosphate (10 mM) for 7 days. After treatment, the medium
was removed, the cells were washed twice with PBS and 100 pL/well PLB (Passive Lysis
Buffer, Promega, 10t000106412) was added to each well. After shaking for 15 min, 20 pL
lysed solution was transferred to a new 96 well plate with 100 pL/well p-NPP
(p-Nitrpphenylphophate Disodium 6.7 mmol/L) and incubated at 37 °C for 15 minutes.
Finally, the absorbance was measured at 405 nm by a microplate reader (Bio-Rad
Laboratories Inc., USA) and ALP activity was normalised by the protein content of the
whole wells which was also detected by at 595 nm by using Bradford protein assay.
2.5.3 Cell cytotoxic effect assay by MTS

The cell viability was detection by MTS assay. HKC-8 cells were seeded in 96 plates
at a cell density of 5 x 10° cells/well. After 24h, cells were treating with bakuchiol 5 pM to
50 uM, M1-M3 (5 uM to 50 uM) or negative control including Blank and vehicle (1%
ethanol) groups for 24 h, the medium was discarded and replaced with 100 uL MTS/PMS
solution (Promega, Madison, WI, USA). After incubation at 37 °C for 1 h, the absorbance
at 490 nm was measured on a microplate reader (Bio-Rad Laboratories Inc., USA).
2.5.5 Statistical analysis

All results were presented as mean = SEM of three independent experiments, each in

triplicate or more. Differences were analyzed statistically with varience (one way ANOVA)



and Tukey’s HSD test between control group and each treatment group by using The

Graph-Pad Prism version 5.01 software. P < 0.05 was considered as significant.
3. Result and discussion

Twelve metabolites were isolated from rat's urine and feces after oral administration
of bakuchiol by using various chromatographic methods. Among them, M2 to M12 were
new compounds. All the structures were identified based on MS and NMR data analysis.

The *H and *C NMR spectra (Table 1) of M1 were in agreement with those reported
[15] for norbakuchinic acid. However, there were two incorrect assignments in the
literature. In the HSQC spectrum, the methylene protons at 6y 1.71 (H-10) corresponded to
carbon resonance at Jc 35.4 (C-10), and the methylene protons at oy 2.15 (H-11)
corresponded to carbon resonance at Jc 29.5 (C-11), which indicated that these proton
signals were confusion in the literature.

The molecular formula of M2 was determined to be CisH,,0, on the basis of
HRESIMS. The *C NMR of M2 spectrum displayed 16 signals and showed similarities to
that of M1 except for the 1,4-disubstituted benzene moiety. Comprehensive analysis of
NMR spectroscopic data of M2 indicated that M2 was the methoxylation product of M1.
The HMBC correlations of dy 3.91/6¢c 146.8 (C-3), oy 6.88 (H-2)/oc 145.3 (C-4), and dy
6.86 (H-6)/0c 145.3 (C-4) suggested that the methoxy group was located at C-3. Thus, M2
was elucidated as 3-methoxynorbakuchinic acid.

M3 had the same molecular formula as M2. The key HMBC correlations of dy
3.88/5c 146.2 (C-4), oy 6.99 (H-2)/5c 146.2 (C-4), and oy 6.82 (H-6)/0c 146.2 (C-4)

suggested that the methoxy group was located at C-4. Accordingly, M3 was identified as



3-hydroxy-4-methoxynorbakuchinic acid.

The molecular formula of M4 was established as C;7H,405 by HRESIMS. The NMR
data of M4 (Table 1) was similar to those of M1, except for the terminal olefin moiety. The
typical oxygenated methane carbon signals at 6 78.0 (C-17), ¢ 62.8 (C-18) and HMBC
correlations from H-17 (¢ 3.25) to C-8 (¢ 131.8)/C-10 (¢ 32.2)/C-16 (¢ 19.2), and from
H-18 (0 3.49 and 3.18) to C-17 (¢ 78.0) suggested that the terminal olefin of M1 was
replaced by a 1,2-diol moiety of M4 (Fig. 2) and the two hydroxyl groups were located at
C-17 and C-18, respectively. The absolute configuration of the 1,2-diol moiety in M4 was
assigned using the in situ dimolybdenum CD method, developed by Snatzke and Frelek
[16]. The positive cotton effect at around 310 nm, observed in the induced CD spectrum,
permitted the assignment of absolute configuration to be 17S on the basis of the empirical
rule proposed by Snatzke (Fig. 2). Consequently, M4 was assigned as
(17S)-17,18-dihydroxynorbakuchinic acid ethyl ester.

The molecular formula of M5 was determined to be CigH,40, ([M-H]™ m/z 271.1704),
16 Da more than bakuchiol. NMR spectroscopic data (Table 2) suggested that M5 was the
oxylation product of bakuchiol [17], which was confirmed by an obvious downfield shift
from Jc 17.7 to 61.6 at C-14 position. Thus, M5 was confirmed as 14-hydroxy-bakuchiol.
The molecular formula of M6 was established as CigH»c0, ([M-H]™ m/z 273.1850), 2 Da
more than M5. In the **C NMR spectrum, the obvious upfield shift of C-12 (5 128.8 to
34.0) and C-13 (0 134.1 to 35.8) suggested that the 12(13)-double bond in M5 was
hydrogenised in M6. Thus, M6 was identified as 12,13-dihydrogen-14-hydroxy-bakuchiol.

The molecular formula of M7 was deduced to be C;3H,,05 on the basis of HRESIMS.



The NMR spectra of M7 had considerable resemblance to those of bakuchiol(Table 2),
except that an additional carboxyl group (6c 171.9) replaced a methyl group (Jc 25.7,
C-15). It indicated that M7 was 15-carboxylbakuchiol. The disappearance of NOESY
correlation between CHs-15 and H-12 further proved this elucidation. The molecular
formula of M8 was determined to be C.gH,403, 2 Da more than M7. Comprehensive NMR
data analysis demonstrated that M8 was 12,13-dihydrogen-15-carboxylbakuchiol.

The molecular formula of M9 was determined to be CygH,,O according to the
HRESIMS. The 1D NMR data (Table 2) were similar to those of 12-hydroxyisobakuchiol
[17], except the absence of hydroxyl group in C-12, which was confirmed by an obvious
upfield shift from dc 77.7 to 38.5. Therefore, M9 was assigned as isobakuchiol.

The molecular formula of M10 was deduced to be CsyHs¢Os according to the
HRESIMS. The *H and **C NMR spectra (Table 3) showed the characteristic signals for a
norbakuchinic acid moiety. Moreover, there were 24 additional signals, consisting of three
methyls, ten methylenes, eight methines (including two oxygenated methines), as well as
three quaternary carbons (including one carbonyl), which indicated M10 has a bile acid
moiety. By comparing with literature [18], the NMR signals of bile acid moiety were
similar with those of chenodeoxycholic acid. The key HMBC correlations from H-3" (6
4.55) to C-12 (0 174.0) (Fig. 3), indicated the linkage between these two moieties. Since
3a-bile acids were the mainly existing form in vertebrate [19], the structure of M10 was
elucidated as shown in Fig.3. Similarly, by comparison with literatures [18,20] and
combined with 1D and 2D NMR data analysis, the structures of M11 and M12 were

elucidated as shown in Fig.4.



Since bone alkaline phosphatase is a traditional marker of bone turnover, and it was
reported that bakuchiol could reduce postmenopausal bone loss by increasing alkaline
phosphatase (ALP) [7], the ALP activity on MC3T3-E1 cells of bakuchiol and three main
metabolites M1-M3 were evaluated. Upon treatment for 2 days, bakuchiol (10°M to 10
M) could induce a dose-dependent increasing on ALP activity (Fig.5), while for its
metabolites, only M1 and M2 showed weak increasing on ALP activity at the highest
concentration (10 M). It was report that bakuchiol had kidney toxicity [9], so the
cytotoxicity against HKC-8 cells were also evaluated. As shown in Fig. 6, bakuchiol
exerted a dose-dependent cytotoxic activity on HKC-8 cells from 12.5 uM to 50 uM,
while metabolites M1-M3 showed no cytotoxicity even at the highest concentration 50
uM. In conclusion, bakuchiol not only showed noteworthy ALP activity on MC3T3-E1
cells, but also exhibited cytotoxicity on HKC-8 cells, which might account for the renal
toxicity of Psoralea corylifolia on human body. However, its metabolites showed no
cytotoxicity at test concentration. These results suggested that in vivo metabolism reduced
the toxicity of bakuchiol, which might be a detoxification process.

In this work, 12 metabolites, including 11 new compounds, were isolated from the
urine and feces of rats after oral administration of bakuchiol. The chemical structure of
these metabolites were elucidated by comprehensive analysis of NMR data. It
demonstrated that bakuchiol could undertake oxidation (M1, M4, M5 and M7), reduction
(M6, M8), methylation (M2, M3), isomerization (M9) and bile acid conjugation (M10,
M11 and M12) reactions in rats. In addition, the possible metabolic pathways of bakuchiol

in vivo are also proposed as shown in Fig. 4.



In the previous study [12], we characterized the metabolites of bakuchiol by
UPLC/Q-TOF-MS. In this paper, through the chemical separation and NMR data analysis,
the chemical structures of these metabolites were ambitiously identified, and the activity
of some metabolites were also evaluated. Furthermore, a rare metabolic reaction, bile acid
conjugation reaction (M10, M11 and M12), was discovered. Bile acids, synthesized in
liver, are involved in a number of metabolic processes and play a critical role in lipid
digestion and cholesterol metabolism. They could undergo 7a-dehydroxylation,
deconjugation, and oxidation/epimerization of hydroxyl groups at C-3, C-7 and C-12 in
human colon, or suffer sulfation and glucuronidation at C-24 in the liver [21,22]. However,
there was no literature reported that bile acids could be biotransformed with xenobiotics at
C-3 position in vivo. By far as our best knowledge, the bile acid conjugation with
xenobiotics at C-3 position invivo was discovered for the first time.
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Legend to figures

Fig. 1. The chemical structure of bakuchiol.



Fig. 2. Key HMBC (—) correlations and CD spectrum of M4,

Fig. 3. Key HMBC (—) correlations of M10.

Fig. 4. Proposed metabolic pathway of bakuchiol.

Fig. 5. Effects of bakuchiol and M1-M3 on ALP activity in MC3T3-E1 cells. Each value is
the mean £ SEM of three independent experiments, each in triplicate. *p < 0.05
and **p < 0.01, ***P < 0.001 compared with the control group that with vehicle
ethanol.

Fig. 6. Effects of bakuchiol and M1-M3 on cytotoxicity in HKC-8 cells. Each value is the
mean £ SEM of three independent experiments, each in 9 wells. *p < 0.05 and
**p < 0.01, ***P < 0.001 compared with the control group that with vehicle
ethanol.

Table 1 1D NMR data for M1-M4 (M1-M3 were measured in CDCl;, and M4 was
measured in DMSO-dg).

Table 2 1D NMR data for M5-M9 (Measured in CDCl;, 600 MHz for *H).

Table 3 1D NMR data for M10-M12 (M10-M11 were measured in CDCls; M12 was

measured in DMSO-dg; 600 MHz for *H).
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Table 1 1D NMR data for M1-M4 (M1-M3 were measured in CDCI3, and M4 was measured in DMSO-dg).

Norbakuchinic acid

a a b
Position (M1)? M2 M3 M4
oy (Jin Hz) & oy (Jin Hz) & oy (Jin Hz) & oy (Jin Hz) &
1 12822 130.2 1315 1285
2 722(1H,d,84) 1272 888 (H, 1083 699 (1H,brs)  111.8 8AHd 400y
overlapped) 8.6)
6.60 (1H, d, 8.4) 1153 146.8 145.9 6'698%;" d 1153
4 156.7 1453 146.2 156.5
6.60 (1H,d,84) 1153 08 (H, 1146 6.78(1H d,80) 1108 ©03(Hd 4457
overlapped) 8.6)
6.86 (1H, 6.82 (1H, brd, 7.18 (1H, d,
6 722(H,d,84) 1272 SORELL 1100 X 1188 55) 127.1
7 620(1H,d,163) 1269 626(1H,d, 163) 1281 624 (IH,d, 162) 127.8 6'1%15" d 1975
8  60L(IH d,163) 1334 599 (IH,d, 163) 1344 6.00(1H,d, 16.2) 135.1 G'O?iélg)" d 1318
9 416 422 422 421
1.79 (1H, m)
10 L7L@H,178) 354 LE7(H.182) 354 LEQH B2 354 ggan 322
2.23 (1H, m)
11 215@H,178) 205 235(H.182) 204 234QH182) 295 3, qhm) 390
12 1747 178.0 178.1 173.4
16 112(3H,s) 229  121(@3H,s) 235  119(3H,s) 235 099(3H,s) 192
5.86 (1H, dd, 5.85 (1H, dd, 5.84 (1H, dd,
17 s10g) M54 CiPilogt 1450 P Aeeh 1449 325(Hm) 780
5.00 (1H, d, 17.5) 5.06 (1H, d, 17.4) 5.04 (1H, d, 17.6) 3.49 (1H, m)
18 503(1H.d 108) %% 500(H. d 108) 31 508(1H.d 108) 1 318(1H.m) 628
3-OCH, 391 (3H,s)  56.1
4-OCH, 388 (3H,s) 562
9.38 (1H,
4-OH o)
4.63 (1H, d,
17-OH 4.7)
18-OH 4.35 (1H,
brs)
398 (2H,m) .
-CH,CH; LI2@H. 6 94y
7.1) :

2 Recorded at 400 MHz for *H.
® Recorded at 600 MHz for *H.
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Table 2 1D NMR data for M5-M9 (Measured in CDCls, 600 MHz for *H).

Positi M5 M6 M7 M8 M9
on  &@inH) &  w@inH) & ow@inH) & omw@inH) & ow@inH) &
. 13 13 13 13 13
0.7 1.0 0.7 0.9 11
724(1H, d, 12 12 725(1H,d, 12 724(1H,d, 12 725(1H,d, 12
2 8.5) 74 (25(H.d.85 g 8.5) 7.6 8.5) 75 8.6) 75
6.77 (1H,d, 115 115 6.77(1H,d, 115 676 (1H,d, 115 6.77 (1H,d, 11
3 8.5) 4 677(H.d.85 "¢ 8.5) 6 8.5) 5 8.6) 5.5
. 15 15 15 15 15
48 4.9 5.0 4.9 48
6.77 (1H, d, 115 115 677(1H,d, 115 6.76(1H,d, 115 6.77(H,d, 11
5 8.5) 4 677(AH.d.85) g 8.5) 6 8.5) 5 8.6) 55
724 (1H,d, 12 12 725(H.d, 12 724(1H,d 12 725(1H,d, 12
6 8.5) 74 [25(H. .85 g 8.5) 76 8.5) 75 8.6) 75
o 625(H.d, 12 624(1H,d, 12 627(IH.d. 12 623(1H.d, 12 624(IH.d, 12
163) 6.7 16.2) 66  162) 73  163) 67  162) 66
g 603(1Hd 13  604(1H.d, 13 603(Hd 13 602(1H.d, 13 605(IH.d, 13
163) 55 16.2) 61  162) 51  163) 59  162) 62
o 42. 42. 42. 42. 42.
5 7 6 6 6
151 (2H,1, 41 41 162(2H,t,  39. 41, 41,
10 0 S waseHm) Y - Y orar@rm Y 1as@Hm) Y
203 (2H, 22 21 217 (2H,t, 24 22. 22.
1 S C 12@Hm 5 kS do1m@Hm) % L43@Hm) Y
L, 530(Ht 12 L37(H,m) 34 689(IHt 14 168(1H.m) 34 200@Ht 38
71 88 109(Hm) 0 7.4) 53 140(1H.m) 3 7.1) 5
13 35, 12 39, 14
13 o 1.62 (m) - o2 2aT(m) !

3.41 (1H, dd,
6.  104,64) 68, 12. 116(3H,d, 17. 469(1H,s) 11
14 4l@HS) & 350@H. dd, 5 8LEHS) 6.7) 1 466(1H,s) 0.1
10.4, 5.8)

21, 16. 17 18 22.
15 L178(@3H,5) % 090(3H.d.67) o 2 L69@3H ) Y
16 L19@3H,s) 5 LI1B@BHS) S L2@Hs) o LITEHS o L1BEHS) o
. %361(71;' 14 587(1H,dd, 14 587(IH,dd, 14 585(1H,dd, 14 587 (1H dd, 14
oy, 57 174108 63 175107) 54 174108 60 175107) 62

5.03 (1H, d, 5.03 (1H, d, 5.08 (1H, d, 5.02 (1H, d, 5.03 (1H, d,
5 107) 112 10.8) 112 107) 112 108) 112 107) 1
501(1H,d, 1  500(1H.d, 0 504(1H,d, 7 499(1H,d, 1 500(1H,d, 20

17.5) 17.4) 17.5) 17.4) 17.5)
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Table 3 1D NMR data for M10-M12 (M10-M11 were measured in CDCl;; M12 was measured in DMSO-dg; 600 MHz

for 'H).
Sosition M10 M1 M12
oy (Jin Hz) & oy (Jin Hz) & oy (Jin Hz) Jc
1 1305 130.6 128.1
2 7.23 (1H, d, 8.6) 127.6 7.24 (1H, d, 8.5) 1276 721(1H,d,85Hz) 1272
3 6.76 (1H, d, 8.6) 115.6 6.77 (1H, d, 8.5) 1158  6.69 (1H, d,85Hz) 1153
4 155.2 155.2 156.8
5 6.76 (1H, d, 8.6) 115.6 6.77 (1H, d, 8.5) 1158  6.69(IH,d,85Hz) 1153
6 7.23 (1H, d, 8.6) 127.6 7.24 (1H, d. 8.5) 1276 721(1H,d,85Hz) 1272
7 6.25(1H,d, 162) 1274  625(1H.d, 162) 1275 6.19 (1H, d, 16.3) 127.0
8 599 (1H,d 162) 1347  599(1H.d 162) 1346 5.99 (1H, d, 16.3) 133.0
9 42.2 42.4 417
10 1.81 (2H, m) 35.8 1.84 (2H, m) 35.4 1.73 (2H, m) 35.3
11 2.5 (2H, m) 30.6 226 (2H, t,7.8) 30.4 219 (2H, t,7.8) 297
12 174.0 173.7 172.5
16 117 (3H, 5) 235 1.19 (3H, s) 24.1 112 (3H, 5) 228
5.84 (1H, dd, 17.5, 5.84 (1H, dd, 17.7, 5.86 (1H, dd, 17.6,
17 107 145.2 108 145.0 107 145.3
5.03 (1H, d, 17.5) 5.03 (1H, d, 17.7) 5.00 (1H, d, 17.6)
18 506(1H. d. 107) 28 507(1H, d 108) 1129 5.03 (1H, d, 10.7) 1123
, 1.82 (1H, m) 1.78 (1H, m) 1.92 (1H, m)
1 1.01 (1H, m) ! 1.05 (1H, m) 348 1.12 (1H, m) 34.9
, 1.63 (1H, m) 1.62 (1H, m) 1.49 (1H, m)
2 1.41 (1H, m) 26.9 1.33 (1H. m) 26.6 1.21 (1H, m) 258
3 4.55 (1H, m) 745 4.60 (1H, m) 73.9 4.49 (1H, m) 73.1
, 2.5 (1H, m) 1.65 (1H, m) 1.55 (1H, m)
4 1.68 (1H. m) 354 155 (1H. m) 332 1.39 (1H, m) 312
5 1.42 (1H, m) 413 1.42 (1H, m) 42.4 1.64 (1H, m) 47.2
, 1.96 (1H, m) 1.77 (1H, m)
6 AR Thal 345 159 (H. m) 36.6 3.38 (H, brs) 747
7 385 (1H, m) 68.7 349 (1H, m) 716  3.26(1H, dd, 10.0,34) 720
g 1.48 (1H, m) 395 1.42 (1H, m) 42.4 1.58 (1H, m) 38.0
o 1.82 (1H, m) 33.0 1.42 (1H, m) 39.4 1.34 (1H, m) 39.0
10 352 34.2 335
, 1.46 (1H, m) 1.41 (1H, m) 1.31 (1H, m)
1 1.26 (1H, m) 20.7 1.26 (1H, m) 213 1.22 (1H, m) 20.5
, 1.96 (1H, m) 2.00 (1H, m) 1.92 (1H, m)
12 1.18 (1H, m) 397 1.16 (1H, m) 402 1.12 (1H. m) 395
13 42.9 43.9 43.0
14 1.38 (1H, m) 50.6 1.24 (1H, m) 5.9 1.17 (1H, m) 55.2
, 1.62 (1H, m) 1.82 (1H, m) 1.90 (1H, m)
15 1.12 (1H, m) 238 1.48 (1H. m) 27.0 1.34 (1H. m) 269
, 1.90 (1H, m) 1.90 (1H, m) 1.74 (1H, m)
16 1.32 (1H, m) 28:3 1.48 (1H. m) 288 1.21 (1H, m) 28.1
17" 1.14 (1H, m) 55.9 1.08 (1H, m) 55.0 1.01 (1H, m) 54.7
18 0.66 (3H, 5) 11.9 0.67 (3H, 5) 123 0.61 (3H, 5) 11.9
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19’
20’
21

22
23’
24

0.90 (3H, s)
1.45 (1H, m)

0.94 (1H, d, 6.5)

1.80 (1H, m)
1.35 (1H, m)
2.39 (1H, m)
2.25 (1H, m)

22.9
35.5
18.4

30.9

30.9
179.0

0.93 (3H, 5)
1.45 (1H, m)

0.94 (1H, d, 6.5)

1.81 (1H, m)
1.37 (1H, m)
2.39 (1H, m)
2.25 (1H, m)

235
35.3
18.5

31.0

30.8
178.2

1.01 (3H, s)
1.34 (1H, m)

0.88 (1H, d, 6.5)

1.67 (1H, m)
1.19 (1H, m)
2.20 (1H, m)
2.08 (1H, m)

25.3
34.8
18.4

311

30.9
175.2
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ig. w - isolation and identification R,

— b [ >
5 M1: R4=H, R,=H

B m M2: Ry=H, R;=OCH;
< M3: R1=CH3, R2=OH

%,

HO Bakuchiol

COOH

o R,

M10: Ry=H, R=a—OH
M11: Ry=H, Ry=/3~OH
M12: Ry=3-OH, R,=/4~OH

Graphical abstract

28





