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Abstract

Dapoxetine (1) and flibanserin (2) have pharmaceutical effects against premature ejaculation (PE) and hypoactive sexual desire
disorder (HSDD), respectively. In international markets, these compounds have been reported as illegal additives in health foods
for which tonic effects are implicitly indicated. Therefore, we performed LC-PDA-MS analysis in preparation for the distribution of
illegal health foods containing these compounds in Japan. Compounds 1 and 2 were completely separated at r.t. 11.3 and 10.7 min,
respectively, under the conditions described as the analytical method for udenafil by the Minisiry of Health, Labour and Welfare,
Japan. Their spectroscopic data (UV and MS) corresponded to the literature data. Subsequently, we added authentic dapoxetine
and flibanserin to an extract of the food supplements with or without an ED treatment agent including sildenafil and tadarafil ete.,
and then these sample solutions were analyzed using the proposal method. As a result, each compound was completely separated
on the UV and mass chromatograms. This study provides useful data for the surveillance of unapproved/unlicensed drugs in

health food products.

Keywords : dapoxetine, flibanserin, LC-PDA-MS analysis
FRYbF o, 7)Y v, LC-PDA-MS 7347

T = o
A = P \,/U\N/
| | - ol CrI )
KIENF R RSO S H D HE ‘:/\/\/E\ /l\\’\\ A A(‘)
EEbR B RIEHESFHEEL T 0D, BEALNE ISR o
By AEEANTIE, AFIGH IO FOFEE, TA !
BLUZOBEMARTHEEE, WA RETHRES et o
ST, ED (Erectile Dysfunction) WE#F3EB LUV DL O ° RN “\/N, A 5‘1 N/‘N
A (Fig. U % ERCIWERIINA BB, HAC \/W\(\L HOZCWN“@
BUTH, BT 0B, 5515, 20k o e
7 %Tﬁ WL yﬁbﬁj\ Wik, EiER Ll OERERILHE "ydmxyhg"gde"'aﬁ' sostiacs ’
Bl g, S FEIEor A=A 59)@: v A oo N
Ea :%M@ s, (B Dot S
512 R 5 5 R T A o T Ko oS T
'{3:;:(/7)’_“; Fr_q, o ﬂ_Ei j”‘] L L’C(i\ ,’:?fﬁfi imidazosagatriazinone hydroxyhomosildenatii
TRET SIS OFEH %f’ﬂ i’}‘@x o Fig. 1. Structures of several therapeutic agents for erectile
Tuwh, -«}J\ { Sy PR LTS #i, dysfunction (ED) and their analogues

AT T 158-8501  FUEUEMFHAK FEE .18 EVEEL ANEE IR ESEE AHER

Corresponding author: Yukihiro Goda, Division of Pharmacognosy, hytochemlstry and Narcotics, National Institute of Health Sciences,

1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan



LA fafbss ais (B &{EEE . Vol 20(2), 2013 120
Abid, KRE LT ED GEEBIUFN S OEEEI R Table 1. A list of food supplements that contain therapeutic

SNTWL TR 209 E, mutaprodenafil (X, FURT v
7Y A TOMATERZET THY L5 TDETEL
TEBZHEV TS,
A, ENTRE T, MTTEETARELES,S. O
P77 ED EEEELIERN, RIREIEER g
B UCETER R4 95 dapoxetine (1) 3 XU flibanserin (2)
O EARE ST S Y (Fig 20, k& 114, &R
Bru b o FEOAAAEERTE S éﬂﬁ”"%ﬁf‘% UN 5‘{%
kBRI LD fﬂff‘z‘@x_kﬁ‘b\ EdEGE LTOR%E
EOLNTWE 'O, LG 21, RO TR 8
‘ﬁh mnﬁ%é#& Lffﬁé’é/ﬁ“i‘mbu/ {LEmTHn. Eﬁ“*h
REBETHEIEALY, B, HER, BEEREY
@mﬂ Bz, K FDA L otm KBRS H T SCn

B, A0y =Ry bOBRIZEY, B B0 -3
1L*J>1€E%ﬁ54’i‘ ‘&%C@%%%@W IZ<OYE. HAREN

Tb Q;ET/?\#&# s b,

ENTEAE F720E 2 R EH T HER AL HADOTY
L:%ﬁ‘@.tt BE A WLEYOREREAFL, £18
BB T— ¥ BLU LC-PDA-MS FHTEZ L D7D TH
fffT%’C

e}

dapoxetine (1} flibanserin (2)

Fig. 2. Structures of dapoxetine (1) and flibanserin (2)

I 75k

1. B
LEW 1 BLU 2 OBEERIL, #1141 Toronto Research

Chemicals ¥ X0 Axon Medchem L DEBEA L. &k
ERTEN NMRJB OMS G HTZ LD HEET#ERL L 72, NMR

HiFE 4B L LT, JEOL ECA-800 #EHIL7-. MS ‘,L’!J FEFEE
ELT, A ﬁ/;ﬁ DART-100 (JEOL) (2B & 54 7T AccuTOF
IMS-100 JEOL) % #@s5 L2 b0 AL/, ED GHRES
oto““ff@:‘*ﬁ:%%'zﬁwﬂ HIAREAML. ko 4 8HEH
7z ~1E I BBEEIE KO TN HIDEYOSHI 5 3

=R, IhsmBaiid, ‘Vﬁ*fy‘bms@;fﬁ%;;ﬁflﬁ
;) Table VISR L728{LEWEEHTHI LAY, BRIZHEED
ENTHAHLLDOTHAL, 7o %Eﬂ?ft@—?@%ﬁi—? Tl

DREFR SN T L 8LE (V: EROTIC SENSE) 27527k
LTasr oA 7.

~‘:"1 FEFEILRS (2 IV F 7 « L R OSERES) v &
diet/other/030623-1.html!

Foveh@ B BERHIIDWT, BAY

agents for ED and their analogues as ingredients

Sample number Product name Ingredients

I = Hydrexyhomosildenafil
{Sambempo) Tadalafil
i BRI Sildenafil
{Inkeizodaigan) Tadalafil
1 HIDEYOSHI 277593  Hydroxyhongdenafil
Acetil acid
Imidazosagatriazinone
v H=K Sildenafil
{Sosanten) Tadalafil
AY EROTIC SENSE Not detected

2. BFERE

EEW1 BLU 2L Tmg B FR-FRAS/—I1 1
mL AL, EBERE AL, F7, EERRALTA
F7=ZEY 100 EHFRLbOREEAE B &£ L7 ED
REEBIDFOEREKT EETAEREAMI. F1LFNh
200 mg 12 1% FEEAW / 72 b=V (U4) 2 mL #2502,
BEET S o MiE L7z HEEOLE 1 mLIZHEEHE A
mxmv‘rﬁ . BEAEEIT 7, TNHOER 240 uL 12,

FREET A {»« £330 ul, ASA2L, FWHRERERSE

L7z

3. LC-PDA-MS &%k

BEEEHEORBMEBEIUTOLEETIT-72 0, LC-
PDA-MS I3 B BUPEFFE-R > 7 LC20AD, 44 —F7

AR 2R, SPD-M20A. EESHTEN LOMS-2020
f:J 7o 1 BLU 2 BERRITI AT v N KEE
BRI SIM E—FIZED G ETo72.

3-1. LC &

715 2 Inertsil ODS-3 (2.1 X 150 mm, 5 pm, GL Sciences) |
TREFA  TENZ ML/ mMFEET VB L5RET (pH
3.5) 25/75. BEMMB: 7RbZ NI, ST MR
A/B 100/0 (0 ~ 3 min} - 3%/min - 70/30 {13 - 30 min) . ¥i
03 mb/mine 7T AEE40°C, FAE 1 pl, B
W A4 —F7 LA (190 - 800 nm: E= ¥~ E
290 nm) o

3-2. MS £&f%

£+ ALFE ESIR Y T4 T, 2T A =T A
# .15 Lmin. FIA4A4>7 7 A9 E 10 Limin, DL iZ
250 °C, =70y ZIEE 200 °C, MHEEEEL  1.20
KV, 41>%— 714’/<E§£Ec 45kV, A5 —T7x 4 AER:
6.7 uA, DLEFE 0V, HEEREEML mz 100 - 800 (A
FyrE—F) imk 306, 313, 357, 390. 391, 475. 483, 505

(SIM E—F),

B, hipyiwww.mhlw.go jp/kinkyn/



121 Jpn. J. Food Chem. Safety, Vol. 20(2), 2013

I BRBIUER

HEOETRLUAEFIIBNT 1 BLUT2 OEEAE

% LC-PDA-MS #7485, 2R84, R 113 7
BLT 0T HIZBEE SN, IRNHD UV A7 M VILEEH
OLEEE L2 (Fig 3-a,b), F72, EERE B

EGW LR, BV OTAARTMIIBVT &
L&Y FHEIN L0 FEICHET AU S T 140 -
7%f\°b~xt¢-7‘.tffmtﬁ¥,w (Fig. 3-¢, d)
BAMTEOERPEHETA O, BEER BT -
V) HEEEL R ENET. & fsf'ﬁ(&A'Jf‘ —E BT
L. BEBEELERIISTETo7 INHOEELRE
SHOW, BB~ IV L, Table 1IZRL7: ED IGEERRUF

0o
S
IR
J—

1%y
i
=2

<
~

am

e
(&3

HEETEFTARALTHH, B VL. Zhenfls
WEERELLVEETH S, nmm"’h"’ Figs. 4. 51RL7z. &
ROEREFIIBNCIBIUT 21, UVIZOThyI48

LwRI/TI= N TTLT, B GEERRL, FRLERD
fEEYORENRTEE TH o7z (Fig 4), HEI- v IZonT
SUVBIDTAZOTN T4, LLIZBIFR e R
{Fig. 3)5

L& &b udenafil DTS LCEES#E BT
EYAVAYRiiE = ﬁc“” 2BV Ao AHEIFFIEESN,
G RECH D Z & DT ﬁ“ﬂ Endn, Flouvrzuovhs
FLIZBNT, Wtﬁ%@t~7 YEenBLz. B
. EBROSIEREGCT, ED HEEER LUFOELE
W13 BIZOWTRITE o T b, FOFERTIE, sildenafil

Wo | 0 40 S0 eba 200

300000
200000+
10006001
g
= S
z328 Bszs 5§ 35 %03
: :
éS 150 5 200 225 250 27‘0 300 325 350 3‘5
m/z
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Box in panel @ indicates magnified UV chromatogram between 10 and 12 min.
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Abstraet Shatavari—a famous Ayurveda materia medica
used mainly as a tonic for women—is distributed in health
food products all over the world. The Ayurvedic Pharma-
copoeia of India identifies the botanical origin of shatavari
as the tuberous root of Asparagus racemosus. We recently
investigated by DNA analysis the botanical origin of shat-
avari products on the Japanese market. The results sug-
gested that their botanical origin was Asparagus; however,
species identification was difficult. In this study, we ana-
lyzed steroidal saponins, including those specific to this
plant, in these products and confirmed their origin as
A. racemosus. Next, alkaloid analyses of an authentic
A. racemosus plant and these products were performed,
because several papers have reported the isolation of a
pyrrolo[1,2-aJazepine alkaloid, asparagamine A, from this
plant. Our results suggest that neither plant material nor
products contained asparagamine A. It has been pointed out
that Stemona plants are sometimes mistaken for shatavari,
because their tuberous roots have a similar shape to that
of A. racemosus, and pyrrolo[1,2-aJazepine alkaloids are
thought to be Stemona-specific. These data strongly suggest
that A. racemosus does not contain asparagamine A, and
that previous isolation of asparagamine A from materials
claimed as originating from A. racemosus was likely caused
by misidentification of Stemona plants as A. racemosus.

Keywords Shatavari - Asparagus racemosus -
Stemona plants - Asparagamine A

Y. Kumeta - T. Maruyama - D. Wakana - H. Kamakura -
Y. Goda (<)

Division of Pharmacognosy, Phytochemistry and Narcotics,
National Institute of Health Sciences, 1-18-1 Kamiyoga,
Setagaya-ku, Tokyo 158-8501, Japan

e-mail: goda@nihs.go.jp

@ Springer

Introduction

Shatavari is a materia medica used in Ayurveda as a
galactogogue, aphrodisiac, anodyne, and diuretic since
time immemorial [1]. The Ayurvedic Pharmacopoeia of
India specifies the botanical origin of shatavari as the
tuberous root of Asparagus racemosus (Asparagaceae;
Liliaceae) [2], which is found mainly in forests throughout
India. Various pharmacological studies have manifested
the further ability of A. racemosus extracts to modulate the
immune system and its application in treating neurological
disorders, diarrhea, and dyspepsia [3-7].

Steroidal saponins such as shatavarins (Fig. 1), isoflav-
ones, and toxic alkaloid asparagamine A (Fig. 1) have been
reported previously as constituents of A. racemosus roots
[8-12]. However, pyrrolo{l,2-ajazepine alkaloids such as
asparagamine A are also known to be distributed widely in
Stemona plants (Stemonaceae) [13]. Stemona comprises
about 25 species, most of which have tuberous roots. On
local markets in China and Southeast Asia, the same ver-
nacular names are used sometimes even for representatives
of other plant families because of the similar shape of their
roots. Under these circumstances, several reports have
pointed out that A. racemosus could have been confused
with Stemona plants, and that isolation of asparagamine A
from A. racemosus could have resulted from the misi-
dentification of Stemona plants as A. racemosus [13-15].

Given the increasing interest in alternative medicines, a
worldwide market for shatavari, mainly as a tonic for
women, has developed. Since A. racemosus seems to be
confused with Stemona plants, there is a possibility that
Stemona plants have been used as the source plants of these
shatavari products. We recently investigated the botanical
origin of 11 shatavari products on the Japanese market
by DNA analysis. The results revealed that none of the
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Fig. 1 Chemical structures of (A)
a steroidal saponins and

b asparagamine A reported

previously from the roots of

Asparagus racemosus
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examined products contained Stemona plants and the
botanical origin of all products was Asparagus [16].
However, species identification by DNA analysis alone
was difficult because few or no nucleotide substitutions
could be detected in the sequences of the regions frequently
used in molecular phylogenetic studies among the 24
Asparagus species [17].

As chemotaxonomic studies, several Asparagus species
have already been investigated and found to contain steroi-
dal saponins [8, 18-20]. Among Asparagus species,
A. racemosus has been reported to contain steroidal saponins
that are specific to them, and have Type I or Type 1I struc-
tures, namely shatavarin VI and VII (Fig. 1) [8]. Therefore,
we analyzed steroidal saponins in these shatavari products to
confirm that these products undoubtedly originated from
A. racemosus from the viewpoint of chemotaxonomy.

asparagaming A

Moreover, we also performed alkaloid analyses of an
authentic A. racemosus sample and these shatavari prod-
ucts to reveal whether shatavari contained asparagamine A
or not.

Materials and methods
Plant materials and reagents

Details of the shatavari products used in this study are
shown in Table 1. These products were purchased from
Internet stores and are the same as those used in our pre-
vious study [16].

Authentic plants of A. racemosus and S. collinsae were
kindly provided by A. Kanno of Tohoku University and
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Table 1 Details of the commercial shatavari products used in this
study

Sample no.  Product form  Composition”

Sha-1 Powder 100 % shatavari powder

Sha-2 Powder 100 % shatavari powder

Sha-3 Granule Shatavari 0.56 g with sugar 4.44 ¢/5 ¢
Sha-4 Granule Sharavari with sugar and water
Sha-5 Powder Shatavari powder

Sha-6 Tablet Shatavari churna 500 mg/tablet
Sha-7 Capsule Shatavari 400 mg/capsule
Sha-8 Capsule Root extract 500 mg/capsule
Sha-9 Capsule Shatavari 250 mg/capsule
Sha-10 Capsule Root extract 500 mg/capsule
Sha-11 Tablet Root extract 250 mg, stem and

root powder 400 mg/tablet

* Each composition is according to the supplier’s description of the
product

S. Jiwajinda of Kasetsart University, Thailand, respec-
tively. Voucher specimens (ARCOO1, A. racemosus; Sc-3,
S. collinsae) were deposited at the National Institute of
Health Sciences (NIHS), Japan.

An authentic standard of sarsasapogenin used in LC-MS
analysis was purchased from ChromaDex (Irvine, CA).
Acetonitrile was of HPLC grade and Milli Q water was
used; other reagents were of guaranteed grade.

Steroidal saponin analysis
Sample preparation

Methanol (5 mL) was added to 50 mg Sha-8 and Sha-11
(derived from shatavari extracts) and 500 mg of the other
sample products (except Sha-3 and Sha-4), and shaken for
extraction (300 min~', 15 min). After extraction, each
extract was centrifuged at 1,200x g for 5 min, and 1 pL of
the supernatant was used for LC-MS analysis. For Sha-3
and Sha-4 samples, 20 mL methanol was added to 4.46 g
of each sample (corresponding to 500 mg shatavari on the
basis of the product information of Sha-3), and shaken for
extraction (300 min™", 15 min), and the residues were fil-
tered out. After removal of the solvent from each filtrate
under a vacuum, the extract was dissolved with 5 mL
methanol and 1 plL of the resultant mixture was used for
LC-MS analysis.

LC-TOFMS analysis
LC-TOFMS analyses were performed using an LCMS-

IT-TOF (Shimadzu, Kyoto, Japan) equipped with an
XBridge C18 (2.1 x 100 mm, 3.5 pm; Waters, Milford,

@ Springer

MA). The mobile phase consisted of 0.3 % acetic acid as
solvent A and acetonitrile containing 0.3 % acetic acid as
solvent B. Analyses were performed at a flow rate of
0.4 mL/min using the following gradient program: 10 % B
(0.00 min)-77.5 % B (15 min). The column oven temper-
ature was 40 °C, and the measurement wavelength of the
PDA detector was 190-800 nm. MS data were obtained in
the electrospray ionization (ESl)-negative mode using the
following parameters: capillary voltage 1,570 V, dry gas
(N,) 100 kPa, nebulizer gas 1.5 ml/min, and heat block
temperature 200 °C. The exact mass of each peak was
corrected using glycyrrhizin as an external standard (m/z
821.3965).

LC-QMS analysis

LC-QMS analyses were performed using an LCMS-2020
{Shimadzu), and the column, mobile phase, and gradient
program were the same as that of LC-TOFMS analysis.
MS data were obtained in the ESI-negative mode with
selected ion monitoring (SIM) (m/z 739, 869, 883, 885,
901, 927, 1033, 1065) using the following parameters:
capillary voltage 1100 V, dry gas (N,) 10 L/min, and dry
gas temperature 250 °C. Nebulizer gas and heat block
temperatures were as described above.

LC-MS/MS analysis

LC-MS/MS analyses were performed using the UFLC
(Shimadzu)—LTQ Orbitrap XL (ThermoFisher Scientific,
Waltham, MA) equipped with Hypersil-GOLD (2.1 x
100 mm, 3.5 um; ThermoFisher Scientific). Analyses were
performed at a flow rate of 0.3 mL/min using the following
gradient program: 10 % B (0.00 min)-70 % B (15 min).
MS data were obtained in the ESI-positive mode using the
following parameters: ESI needle voltage 3,500 V, capil-
lary temperature 300 °C.

Sapogenin analysis
Acid hydrolysis

A methanol extract of each shatavari product (800 pL)
prepared in saponin analysis was hydrolyzed with 400 pl.
6 N HCI for 3 h at 80 °C. The reaction mixture was then
centrifuged at 15,500x g for 1 min, and 1 pL. supernatant
was used for LC-MS analysis.

LC-TOFMS analysis
LC-TOFMS analyses for sapogenin were performed as

were those for steroidal saponin, except that the mobile
phase was water:acetonitrile = 15:85 in an isocratic
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condition, and that MS data were obtained in the ESI-
positive mode.

Alkaloid analysis
Isolation of asparagamine A

Authentic plant samples of S. collinsae (1.75 g) was sub-
jected to overnight extraction with methanol (20 mL x 2).
The methanol extract (1.03 g) was partitioned under acid
and basic conditions with ethyl acetate (20 mL x 2), and
8.2 mg of the basic fraction was obtained. Asparagamine A
(1.5 mg) was isolated by preparative HPLC of this fraction.
The column and mobile phase were Inertsil PREP-ODS
(20 x 250 mm; GL. Sciences, Tokyo, Japan) and 0.3 %
acetic acid:acetonitrile = 85:15, respectively. The struc-
ture was confirmed by comparing NMR (ECA-500; Jeol,
Tokyo, Japan) data and MS (LCMS-IT-TOF; Shimadzu)
data with those in the literature [21].

LC~-TOFMS analysis

Methanol extracts of shatavari products were analyzed by
LC-TOFMS to confirm the presence of asparagamine A in
the shatavari products. LC-TOFMS analyses for alkaloids
were performed as were those for steroidal saponin, except
that the gradient program was 10 % B (0.00 min)-30 % B
(15 min), and that MS data were obtained in the ESI-
positive mode.

Results and discussion
Analyses of steroidal saponins in shatavari products

A. racemosus has been reported to contain ten steroidal
saponins, including those which are specific to A. rac-
emosus [8]. LC~-MS analysis of steroidal saponins in the
shatavari products used in this study was performed to
reveal that A. racemosus was the source plant of these
products.

First, we analyzed the Sha-2 sample simply because we
had the largest amount of this product. Each component
was estimated by its exact mass because authentic samples
of ten steroidal saponins could not be obtained. Negative-
mode LC-TOFMS analysis of the methanol extract of Sha-
2 resulted in 14 peaks, which reflected eight [M-H] ™ ions
at m/z 739, 869, 883, 885, 901, 927, 1033, and 1065, cor-
responding to the same molecular formula as those of the
ten steroidal saponins. Each exact mass of 12 peaks out of
the 14 showed a certain value within £3 mmu from those
of the corresponding components, except the peak at m/z
927 corresponding to shatavarin X, which showed a value

within +8 mmu (Fig. 2). The peak detected at a retention
time of 11.5 min (peak no. 8) was estimated to be sha-
tavarin IV, owing to its mass (m/z 885.4861) and the elu-
tion order of the ten saponins under the same mobile phase
{8]. The peak ascribed to shatavarin IV was also the biggest
also in the LC-MS analysis in SIM mode. This result
agrees with the report that shatavarin IV is the main
component of steroidal saponins in A. racemosus [8].

The peak detected at a retention time of 11.0 min (peak
no. 6) was estimated to be shatavarin VI1I, which is a
saponin specific to A. racemosus. In the positive mode,
MS/MS analysis of this peak showed the fragment ion (m/
z = 415) corresponding to its aglycone, dehydrosarsas-
apogenin (Fig. 1).

Next, acid-hydrolyzed methanol extracts of Sha-2 were
analyzed by LC-TOFMS in positive mode, resulting in one
peak showing a retention time (fx = 3.9 min) and mass
number (m/z = 417.30) consistent with those of authentic
sarsasapogenin (Fig. 1), which is the main aglycone of
shatavarins (Fig. 3). Combined with the data of the
hydrolyzed aglycone, the above MS analyses of Sha-2
methanol extract indicated that the extract contained ste-
roidal saponins reported from A. racemosus.

In a similar way, the methanol extracts and their acid-
hydrolysates of the other shatavari products were analyzed
by LC-MS, and all the data showed the presence of the
peaks ascribed to shatavarins or those corresponding to
sarsasapogenin.

Of ten steroidal saponins, those containing a sarsas-
apogenin aglycone (Fig. 1, Type I11) are found commonly
in the Asparagaceae family. Shatavarin I and IV (Type 1V)
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Fig. 2 Mass spectrometry (MS) chromatogram of the methanol
extract from the Sha-2 product on LC-MS analysis for saponins
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hydrolysate of methanol extract from Sha-2 product on LC-MS
analysis (m/z = 417.3)

have been isolated previously from different species of
Asparagus [18, 19]. However, the saponins that possess
rare aglycones, such as with the 22-S configuration in the F
ring of sarsasapogenin (Type 1) or dehydrosarsasapogenin
(Type II), have never been found in Asparagaceae family
plants other than A. racemosus, although these types of
saponins have been found in two species of Dichelostemma
multiflorum [22] and Yucca schidigera [23] in the Liliaceae
family and one species of Helleborus macranthus [24] in
the Ranunculaceae family.

LC-MS analyses of all shatavari products showed the
representative ten steroidal saponins, including two that are
specific to A. racemosus (Shatavarins VI and VII), and the
biggest peak was estimated as shatavarin 1V, which is
reported as the predominant steroidal saponins in A. rac-
emosus. Considered together with the results of our pre-
vious DNA analysis [16], our LC-MS results strongly
suggest that the source plant of all products was
A. racemosus.

Analyses of alkaloid asparagamine A in A. racemosus
authentic plant and shatavari products

In order to investigate whether shatavari contains aspar-
agamine A or not, authentic A. racemosus, which was
unequivocally identified by morphologic and genetic
analysis, and shatavari products whose botanical origin was
confirmed to be A. racemosus were subsequently subjected
to LC-MS analysis.

First, 1.5 mg asparagamine A was prepared from
S. collinsae from which the isolation of this compound has
been reported [14, 21, 25]. The LC-MS analyses of this
authentic sample revealed that the detection limit of
asparagamine A was 0.1 ng (Fig. 4a).

The methanol extract of A. racemosus roots was ana-
lyzed under the same conditions, and no peak corre-
sponding to asparagamine A was detected (Fig. 4b). Also,
none of the shatavari product extracts showed a peak cor-
responding to asparagamine A (Fig. 4c).
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Fig. 4 MS chromatograms of a asparagamine A (0.1 ng). and the
methanol extract from b an A. racemosus plant and ¢ the Sha-2
product on LC-MS analysis (m/z = 386.1-386.2)

We next investigated most of the mass peaks from all of
the methanol extracts. More than 130 pyrrolo[1,2-a]aze-
pine alkaloids, of which the molecular weight is within the
range of 223-563, are known [26, 27], and no peaks of
[M+H]™" corresponding to these alkaloids appeared. Con-
sidering the biosynthetic pathway of asparagamine A, these
data also support our result that asparagamine A could not
be detected in A. racemosus samples.

While we could not detect asparagamine A from
authentic A. racemosus and its products used in this study,
three papers have reported the isolation of asparagamine A
from A. racemosus [10-12]. However, two of the three
papers did not describe how the species of plant materials
used were identified, and the other described that identifi-
cation of the plant material used was performed only by the
shape of its roots. Furthermore, the dihydrophenanthrene
derivative, racemosol (=stemanthrene D), which has been
shown to be a specific stilbenoid in Stemona species such
as S. collinsae [28, 29], was also isolated with asparag-
amine A from a questionable A. racemosus sample [30].
Considering our results and the fact that the roots of
A. racemosus and Stemona plants have similar shapes, as
mentioned above, isolation of asparagamine A from
A. racemosus [10-12] is thought to have been caused by
misidentification of Stemona plants as A. racemosus.

It is of interest whether shatavari contains alkaloids or
not from the viewpoint of chemotaxonomy. In addition,
this chemotaxonomic study provides important information
for classifying shatavari products as foods in Japan,
because the presence of alkaloids is one of the criteria for
distinguishing pharmaceuticals from non-pharmaceuticals.
Botanical origin of used plant material is one of the most
important things for nataral product chemistry. However,
sometimes it is difficult to morphologically identify it,
when the material is purchased in markets or collected by
unprofessional persons. In these cases, combination study
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of chemotaxonomic and genetic approaches, as shown in
our reports, is considered as the most powerful tool for
proper identification of origin.
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A new pyrrolidine alkaloid codonopsinel C (1), and pyrrolidine alkaloidal glycoside, cedonopiloside A
(2), were isolated from the roots of Codonopsis pilosula, along with four known pyrrolidine alkaloids, co-
denopsinel A (3), codonopsinol B (4), codonopyrrolidium B (5), and radicamine A (6). The structures of the
new compounds were established by acid hydrolysis and spectroscopic methods. We describe these structures

in this paper.

Key words

The crude drug Tojin consists of the roots of Codonopsis
pilosula (Francn) Nannr. and C. fangshen Ouiv. In Japan,
Tojin has been used as a compounent of Kampo foumulae such
as “Umpito™ and as an ingredient in several over the counter
(OTC) crude drug products. It is categorized as a raw material
used exclusively as in pharmaceuticals. Since the crude drug
is recognized to be an essential raw material for public health
and medical treatment in Japan, the Japanese Pharmacopoeia
(JP) committee is discussing its standardization for the pur-
pose of adopting into JP.

In our previous paper, we started to investigate the chemi-
cal constituents of crude drugs purchased in Japan to obtain
information about secondary metabolites. We isolated three
new triterpenyl esters, codonopilates A-C."” In order to dis-
cuss its standardization and regulation, alkaloidal components
are very important. In 1988, Wang er al and Liu isolated
pyridine alkaloid, nicotinic acid and S5-hydroxy-2-pyridine-
methanol,” and f-carboline alkaloid perlolyrine® from C. pilo-
sula, respectively. Tsai and Lin identified pyrrolidine alkaloids
codonopyrrolidiums A and B (5)" from C. tangshen. Ishida e
al. reported codonopsinol (7) isolated from C. clematidea.”
The absolute stereochemistry of 7 was revised by comparison
to the optical rotation of synthetic compound.®” Li e al. iso-
lated quaternary ammonium alkaloids codotubulosines A and
BY from C. tubulosa. Tn this paper, we deal with the isolation
and structural elucidation of the new pyrrolidine alkaloids,
codonopsinol C (1) and codonopiloside A (2).

Results and Discussion

The alkaline BuOH extract of Codonopsis Radix was puri-
fied by various chromatographic techniques to give two new
pyrrolidine alkaloids codonopsinol C (1) and codonopiloside
A (2), along with four known compounds, (2R,3R,4R,5R)-2-(3~
hydroxy-4-methoxyphenyl)-5-(hydroxymethy!)-1-methylpyrro-
lidine-3,4-diol  (3)® (2R,3R,4R,5R)-2-(hydroxymethyl)-5-(4-
methoxyphenyl)-1-methylpyrrolidine-3,4-diol (4),% codonopyr-
rolidium B (5),” and radicamine A (6)” (Fig. 1). Compounds 3
and 4 were new compounds as natural products, therefore we
named 3 and 4 as codonopsinol A and B, respectively.
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The molecular formula of codonopsinol C (1) was con-
firmed as C,H;NO, by direct analysis in real-time-time-of-
flight-mass spectra (DART-TOF-MS). The 'H-NMR spectrum
of 1 showed 1,4-substituted phenyl protons [d 6.75d (8.5, 2H),
o 717d (8.5, 2H)], an AN-methyl proton (9 2.16s, 3H), four
methine protons (5 3.04, J 3.61, § 3.92, ¢ 3.99) and oxygen-
ated methylene protons [0 3.80dd (4.3, 11.6), § 3.84dd (4.3,
11.6)]. This result was very similar to that of 4, except for
the O-methyl group. Therefore, 3 was suggested to be the O-
demethyl compound of 4. The planar structure was elucidated
by two dimensional (2D)-NMR spectra (Fig. 2). The detailed
analysis of the 'H~'H correlation spectroscopy (COSY) spec-

R1
oI @7
:
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HO OH

codonopsinol C (11 RT=OH, R = H, R = H

codonopiloside A (2): R" = OMe, R2 = H, R® = glucopyranosy!
codonopsinol A (3): R' = OMe, R2=OH, R¥ = H
codonopsinol B (4): R' = OMe, RZ2=H, R®=H

codonopsinot {7): R' = OMe, R? = OMe, R® = H
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Fig. 1. Structures of Pyrrolidine Alkaloids Isolated from C. pilosula
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Fig. 2. 'H-'H COSY, HMBC and NOESY Spectra of 1
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Fig. 3. 'H-'H COSY, HMBC and NOESY Spectra of 2

trum showed correlations between 1-H, [J 3.80dd (4.3, 11.6), &
3.84dd (4.3, 11.6)] and 2-H [§ 3.04td (4.3, 4.8)], 2-H and 3-H
[0 3.99t (4.8)], 3-H and 4-H [0 3.92dd (4.8, 6.5)], 4-H and 5-H
[0 3.61d (6.5)], and the analysis of heteronuclear multiple bond
correlation (HMBC) spectra shown from N-methyl proton (8
2.168) to C-2 (6 71.0) and C-5 (§ 75.3). These data suggested
the presence of N-methyl-2-hydroxymethyl-pyrrolidine-3,4-
diol moiety. Also, the HMBC correlations from 4-H to C-1'
(¥ 132.2) and from 5-H to C-2/C-6" (J 130.7) suggested that
the phenyl moiety was connected to the C-5 of the pyrrolidine
moiety. The relative stereochemistry was confirmed by the
NOESY spectrum that showed 2-H to 4-H and 3-H to 5-H.
The absolute stereochemistry was considered to be (2R, 3R,
4R, 5R), the same as in 4, because of the comparison of the
CD spectra of 4% with that of 1.

Codonopiloside A (2) showed the molecular formula as
CyoH,oNO, by DART-TOF-MS. The 'H-NMR spectrum of 2
showed 1.4-substituted phenyl protons [0 6.90d (8.6, 2H), ¢
7.28d (8.6, 2H)], a methoxy proton (6 3.78s, 3H), an N-methyl
proton (0 2.16s, 3H), eight methine protons (6 3.21, 6 3.24, §
3.29, 6 3.29, 6 3.37, 6 3.69, § 3.93, § 4.11), an anomeric proton
(0 4.28) and two methylene protons [6 3.73dd (4.0, 10.6), ¢
4.30dd (4.0, 10.6), ¢ 3.67dd (4.0, 11.7), ¢ 3.88bd (11.7)]. There-
fore, the structure of 2 suggested the glycosidal compound
of 4. The position of the N-methyl group was determined by
the HMBC correlations of Z from the A-methy! proton to C-2
(6 69.6) and C-5 (0 75.6). Therefore, the aglycone moiety of
2 was determined to be same as that of 4. To determine the
sugar moiety of 2, it was hydrolyzed by 4m HCL In the re-
sults, (2R,3R4R,5R)-2-(hydroxymethyl)-5-(4-methoxyphenyl)-
pyrrolidine-3,4-diol® and p-ghicose were afforded. The sugar
moiety was identified as p-glucose by the analysis of 'H-NMR
spectrum of sugar part in 2 and the comparison of the opti-
cal rotation to standard compound (sugar moiety of 2: [a],
+49.8°, standard compound: [¢], +50.7°). The anomeric pro-
ton of 2 was confirmed to be f-anomer as a result of the cou-
pling constants of anomeric proton [§ 4.28d (8.0)]. The HMBC
correlation from 1"-H to C-1 (¢ 69.1) suggested that b-glucose
was attached to C-1 of the pyrrolidine moiety. Therefore, 2
was confirmed to be codonopsinol C-1-O-f-p-glucopyranosyl
and was named Codonopiloside A.

Conclusion

In our search of alkaloid compounds from C. pilosula, we
found two new pyrrolidine alkaloids, codonopsinol C (1) and
codonopiloside A (2), together with four known pyrrolidine
alkaloid codonopsinols A (3) and B (4), codonopyrrolidium B
(5) and radicamine A {6). Compounds 3 and 4 were already
reported for the synthesized compound as (2R,3R4R,5R)-2-(3-
hydroxy-4-methoxyphenyl)-5-(hydroxymethyl)-1-methylpyr-
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rolidine-3,4-diol and (2R,3R,4R,5R)-2-(hydroxymethyl)-5-(4-
methoxyphenyl)-1-methylpyrrolidine-3,4-diol, respectively, but
they were first isolated as natural compounds. Codonopiloside
A (1), the glucosidal compound of this type of pyrrolidine al-
kaloids, was first reported in this paper.

Discussion

The pyrrolidine alkaloids isolated from C. pilosula, co-
donopsinol A (3), codonopsinol B (3), and radicamine A (6),
were already reported to be a-glucosidase inhibitory.®” In
addition, pyrrolidine alkaloids, broussonetinines E and F
isolated from the bark of Broussonetia kazinoki, were also
a-ghucosidase inhibitors.)® Otherwise, some pyrrolidine alka-
loids showed toxicity. For example, bgugaine is a hepatotoxin
in rat and human liver cells."” Therefore, we think that the
crude drug Tojin, which detects pyrrolidine alkaloids, should
be used carefully as a raw material used exclusively as a phar-
maceuticals, and its standardization by JP is very important
for public health.

Experimental

General Experimental Procedures Optical rotations
were measuted on a JASCO (Tokyo, Japan) DIP-370 digital po-
larimeter, UV spectra on a Shimadzu {Kyoto, Japan) UV-2550
spectrophotometer, [R spectra on a JASCO FT-IR-5300
spectrophotometer and circular dichroism (CD) spectra on a
JASCO J-720 spectropolarimeter. 'H- and “C-NMR spectra
were recorded on a JEOL ECA-500 spectrometer (500.16 MHz
for 'H, 125.77MHz for *C) and/or ECA-800 (800.14 MHz for
'H, 201.20MHz for '*C) spectrometer, using tetramethylsilane
as an internal standard. Coupling patterns are indicated as
follows: s=singlet, d=doublet, t=triplet, q=quartet, m=mul-
tiplet, and br=broad. Mass spectra were obtained on a JEOL
DART ion source coupled to a AccuTOF JMS-100LC mass
spectrometer. Preparative LPLC was performed on an EYELA
ceramic pump VSP-3050, using a prepacked glass column, Ya-
mazen SI-40B 26mm 1.d.X300mm) or ODS-S-40B (26 mm
1.d.X300mm). HPLC was performed on a Shimadzu LC-8A
pump with a flow rate of 4mL/min using a GL Sciences
(Tokyo, Japan). Inertsil SIL 100A, NH, (10mm i.d. X250 mm),
and/or a Kanto Chemical (Tokyo, Japan) Mightysil RP-18GP
(10mm 1.d.X250mm) prepacked column equipped with a
Shimamura RI monitor YRD-883 or a Shimadzu SPD-6AV
nmonitor.

Plant Material Codonopsis pilosula (FRANCH) NANNE.
was purchased from Uchida Wakanyaku (Tokyo, Japan). A
voucher specimen was deposited at the National Institute of
Health Sciences, Japan.

Extraction and Isolation The dried roots of C. pilosula
(500 g) were extracted with MeOH (2X2L) at room tempera-
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Table 1. 'H- and "C-NMR Data of 1 and 2 in Methanol-d,
Codonopsino!l C (1) Codonopiloside A (2)
e Je 8, (J in Hz) Je 8, (J in Hz)

1 60.8 3.80 dd (4.3, 11.6)  69.1 3.73 dd (4.0, 10.6)
3.84 dd (4.3, 11.6) 4.30 dd (4.0, 10.6)

2 71.0 3.04 wd (4.3, 4.8) 69.6 321 m

3 79.9 3.99 t (4.8) 80.4 4.11 t (4.6)

4 85.5 3.92 dd (4.8, 6.5) 86.1 3.93 dd (4.6, 6.9)

5 753 3.61d (6.5) 75.6 3.69 d (6.9)

1 1322 — 133.3 -

2'/6 130.7 7.17d (8.5) 130.6 7.28 d (8.6)

35 116.1 6.75 d (8.5) 1148 6.90 d (8.6)

4 158.1 — 160.8 —

N-CH, 350 2165 350 216

O-Cll; 557 378

G 105.1 428 d(8.0)

2" 753 3.24 dd (8.0, 9.1)

3" 77.9 337¢(9.D)

4" 717 329 m

5" 78.1 329 m

6" 62.8 3.67 dd (4.0, 11.7)

3.88 brd (11.7)

ture, and the solvent was evaporated in vacuo. The residue
was suspended in H,O and extracted with CHCI;. The H,O
layer was adjusted for pH 2 with 4m HCI, and then extracted
with #-BuOH. The residual aqueous layer was adjusted for
pH 11 with 25% NH,OH and then extracted with »-BuOH.
The alkaline BuOH layer (12.0g) was chromatographed on
Sephadex LH-20 [CHCL,~MeOH (1:1)] to give six fractions.
Fraction 2 was purified by HPLC with 80% CH,CN to give
lobetyolinin (25mg) and codonopiloside A (2: 4mg). The third
fraction was separated by HPLC with 80% CH;CN to give co-
donopyrrolidium B (5: 15mg), codonopsinol B (3: 3mg), and
codonopsinol A (3: 3mg). The fifth {raction was repeatedly
purified by HPLC with 80% CH,CN and EtOH to give radi-
camine A (6: 11 mg) and codonopsinol C (1: 3mg).

Codonopsinol C (1) Colorless amorphous gum: [, —9°
(¢=0.60, MeOH). IR (ATR) v, cm™: 3333 (-OH), 1602,
1512 (phenyl). UV (MeOH) A, nm (loge): 277 (3.09), 226
(3.86). CD (MeOH) Az (nm): +3.88 (278), +5.02 (225). The
'H- and PC-NMR spectral data are summarized in Table 1.
DART-TOF-MS m/z 240.1244 [M+H]" (Caled for C,,HNO,:
240.1236).

Codonopiloside A (2): Colorless amorphous gum: [a]p
~15° (¢=0.57, MeOH). IR (ATR) v, cm™: 3354 (~OH),
1508 (phenyl). UV (MeOH) A,,.nm (loge) 275 (3.03), 226
(3.81). CD (MeOH) Ag (nm): +3.61 (275), —3.12 (227), +4.21
(214). The 'H- and “C-NMR spectral data are summarized
in Table 1. DART-TOF-MS m/z 416.1913 [M+H]" (Calcd for
C,H;oNO,: 416.1920).

The Hydrolysis of 2 Compound 2 (2mg) was dissolved
in 4m HCl (10mL), and the solution was refluxed for 3h.
After cooling, the reaction mixture was extracted with AcOEt,
and then the aqueous layer was adjusted for pH 11 with 25%
NH,OH, and extracted with AcOEt. The alkaline organic
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layer was concentrated in vacuo to give (2R,3R.4R,5R)-2-
(hydroxymethyl)-5-(4-methoxyphenyl)-pyrrolidine-3,4-diol
{0.5mg). The residue was purified by HPLC on an amino
column with 75%CH,CN to give bp-glucose (0.3mg).
(2R, 3R.4R,5R)-2-(Hydroxymethyl)-5-(4-methoxyphenyl)-
pyrrolidine-3,4-diol was confirmed by comparison to data in
the literature® and p-glucose was decided by comparison with
the standard compound.

Codonopsinol A (3): Colorless amorphous gum: [a], +5°
(c=0.30, MeOH). IR (ATR) v_,, cm™ 3317 (~OH), 1512
(phenyl). UV (MeOH) /. nm (loge): 281 (3.35), 227 (3.73).
CD (MeOH) Ae (nm): +2.41 (279), +6.65 (225). 'H-NMR
(CD,0D) &: 2.22 (3H, s, N-CHy), 3.10 (1H, td, J=4.2, 4.8Hz,
2-H), 3.65 (1H, d, /=6.6Hz, 5-H), 3.82 (1H, d, /=4.2, 11.7Hz,
1-H), 3.85 (3H, s, O-CHy,), 3.86 (1H, dd, /=4.2, 11.7Hz, 1-H),
3.96 (1H, dd, J=4.8, 6.6Hz, 4-H), 4.01 (1H, t, /=4.8Hz, 3-H),
6.81 (1H, dd, J=2.0, 8.3Hz, ¢'-H), 6.87 (1H, d, J=2.0Hz,
2-H), 6.90 (1H, d, J=8.3Hz, 5-H). "C-NMR (CD,0D) &:
35.1 {q, N-CHy), 56.4 (1, C-1), 60.6 (g, O-CH,), 71.1 (d, C-2),
754 (d, C-5), 79.6 (d, C-3), 85.1 (d, C-4), 112.5 (d, C-5'), 116.2
(d. C-2", 121.3 (d, C-6'), 133.5 (s, C-1"), 1477 (s, C-3', 148.8
(s, C-4’). ESI-TOF-MS wm/z: 270.1351 [M+H]" (Caled for
C,3H, NO,: 270.1341).

Codonopsinol B (4): Colorless amorphous gum: [ap —8°
(¢=0.45, MeOH). IR (ATR) v, cm: 3313 (~OH), 1612, 1514
(phenyl). UV (MeOH) 4,,.nm (loge): 276 (2.98), 226 (3.83).
CD (MeOH) Ae (nm): +2.66 (277), +4.57 (220). '"H-NMR.
(CD,0D) &: 2.16 (3H, s, N-CH,), 3.06 (1H, td, /=4.0, 4.6Hz,
2-H), 3.65 (1H, 4, J=6.5Hz. 5-H), 3.77 (3H, s, O-CH;),
3.80 (1H, d, J=4.6, 11.5Hz, I-H), 3.84 (1H, dd, J=4.0,
11.5Hz, 1-H), 3.92 (1H, dd, J=4.6, 6.5Hz, 4-H), 4.00 (1H,
t, J=4.6Hz, 3-H), 6.89 (2H, d, J=8.5Hz, 3"-H, 5-H), 7.27
(2H, d, J=8.5Hz, 2’-H, 6-H). "C-NMR (CD,0D) 4: 35.0 (q,
N-CH,), 55.7 (q, O-CH,), 60.8 (t, C-1), 71.0 (d, C-2), 75.3 (d,
C-5), 79.9 (d. C-3), 85.6 (d, C-4), 114.8 (d, C-3, C-5"), 130.6 (d,
C-2', C-6"), 133.5 (s, C-1"), 160.7 (s, C-4'). ESI-TOF-MS m/z
2541401 [M+HT" (Caled for C;H, NO,: 254.1392).
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From the stems of Croton cascarilloides, eight new diterpenoids, named crotocascarins A-H (1-8), hav-
ing a crotofolane skeleton were isolated along with two new nor-diterpenoids (9 and 10), named crotocasca-
rins a and B, derived through rearrangement of the crotofolane skeleton. The structures of these compounds
were elucidated by means of extensive one- and two-dimensional NMR spectroscopic analyses. The absolute
structures of the diterpene moiety were determined by application of the circular dichroism (CD) rule for
the y-lactone ring. The relative structures of the twe crotofolanes (I and 2) and one rearranged compound (9)
were confirmed by X-ray crystallographic analyses. Compounds 1, 2 and 9 possessed 2-methylbutyrie acid in
their molecules, the absolute configuration of which was found to be 25 by comparisen of its HPLC behavior
with that of an authentic sample. Therefore, the absolute structures of these erotocascarins (1, 2 and 9) were
unambiguously determined. The absclute structures of crotofolanes are reported for the first time in this

paper.
Key words

Crotofolane-type diterpenoids have fused 5-, 6- and 7-mem-
bered rings, and are expected to be biosynthesized from
cembranes via lathyrane through cross annular cyclization.”
In 1975, this type of diterpenoid was first found in Jamai-
can Croton species, C. corylifolius Lamarck as crotofolin
A as shown in Fig. 1L.'? Only two other species, Kenyan C.
dichogamus Pax® and Congolese C. haumanianus I. LEo-
narD,Y were also found to contain rare crotofolanes. Genus
Croton (Euphorbiaceae) comprises about 600 species and is
distributed in tropical areas of both hemispheres. Croton oil
obtained from seeds of C. tiglium LINNE has a strong purga-
tive effect and the occurrence of cocarcinogenic agents; fatty
acid esters of diterpene phorbol in this plant has attracted our
interest to investigate this genus.” C. cascarilloides RAUSCHEL
is an evergreen shrubby tree that grows on elevated coral
reefs of the Okinawa Islands, Taiwan, southern China, the
Malay Peninsula and Malaysia. Leaves are oblong-lanceolate
to oblong-oval, and their undersurface is covered by shiny
white ramenta.9 Our phytochemical investigation of the stems
(14.5kg) of C. cascarilloides collected in the Okinawa Islands
led to the isolation of eight new crotofolane-type diterpenoids,
given trivial names crotocascarins A-H (1-8), and two new
nor-diterpenoids with a new skeleton, given trivial names
crotocascarins o and f (9, 10). The absolute configuration of
crotofolanes was first determined in this study.

Results and Discussion

Using several types of chromatography, diterpenoids (1-8)
and nor-diterpenoids (9, 10) were isolated from a CH,Cl,-
soluble fraction prepared from the MeOH extract of the stems
of C. cascarilloides (Fig. 2).

The authors declare no conflict of interest.

*To whom correspondence should be addressed.

e-mail: hotsuka@hiroshima-u.ac.jp

Croton cascarilloides; Euphorbiaceae; crotocascarin; crotofolane; diterpenoid

Crotocascarin A (1), [6]¥ +16.4, was isolated as color-

less rods and its elemental composition was determined to
be C,;H;,0, by high-resolution (HR)-electrospray ionization
(ESI)-mass spectrometry. The IR spectrum showed absorption
bands for ester carbonyl and lactone carbonyl groups (1763,
1739cm™), and double bonds (1650cm™). In the 'H-NMR
spectrum, signals for two singlet methyls, two doublet meth-
yls and one triplet methyl together with ones for two olefinic
protons (dy 5.06, 5.09) and two oxygenated methine protons
(S 3.17, 5.48) were observed (Table 1). The 'H-"H correlation
spectroscopy (COSY) and heteronuclear multiple bond corre-
lation (HMBC) spectra (Fig. 3) together with one-dimensional
ones indicated the presence of a 2-methylbutanoic acid moi-
ety, the remaining 20 C-NMR signals comprising those of
three methyls, three methylenes, five methines, one tetra- and
one disubstituted double bonds, three oxygenated tertiary
carbons, one carbonyl carbon and one hemiketal carbon (J;
107.5) (Table 2). The ten degrees of unsaturation, based on
the results of HR-ESI-MS, other than two carbonyl groups
and two double bonds, required six ring systems in the skel-
eton. Precise inspection of two-dimensional NMR spectra led
to the conclusion that compound 1 was a diterpenoid with

Fig. 1. Structure of Crotofolin A, Isolated from C. coryiifolius

© 2013 The Pharmaceutical Society of Japan
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Table 1. 'H-NMR Spectroscopic Data for Crotocascaring A~H (1-8), and a and f (9, 16) (400 MHz, CDCL,)

[454

H 1 2 3 4 5 6 7 8 9 10
1 548d5 538d5 534d5 549d5 5434d5 548d5 539d5 535d4 578d5 5824d5
2 218 m 2.18 dgdd 8, 7, 2.18m 221 m 216 m 220 m 218 m 218 m 222 m 222 m
7,5
3 247dd 14,7 249dd 14, 8 2.50dd 13,7 248 dd 14,7 248 dd 14,7 247dd 14,7 2.50dd 14,7 250 dd 14,7 1.56 dd 14, 10 1.52 dd 14, 10
1.65dd 14, 10 1.70 dd 14, 10 1.72 dd 13, 10 1.64 dd 14, 10 1.69 dd 14, 10 1.65 dd 14, 10 1.70 dd 14, 10 1.71 dd 14, 10 234dd 14,7 236 dd 14,7
4 _ — — _ — _ — — — _
5 317 s 3.19s 3205 315s 3.18s 316s 319s 320s 4395 436s
6 — _ — _ _ — _ _ _ —
7 299dd 13,1 306brdi2 3.00dd 12,1 3.10d 13 295dd 12, 1 299 d 13 3.06d13 299dd 12,1 292d13 301d13
8 — — — _ — — — _ __ -
9 — 514 ddd 13, 4,2 4,85 dddd 11, 4, — — 5.14 brd 11 — — -
2,2
10 2.46 m 273ddd 13,4,4 276dd 14,3 251 m 304dd 16,2 244 m 273ddd 14,4,4 275dd 15,3 2.07dd 15,10 217m
1.57 ddd 13, 1.27 ddd 13, 1.70 dd 14, 3 1.17m 145ddd 16,5,2 1.58 ddd 13, 1.30 brd 14 1.71ddd 15,3,2 246dd 15,7 236 m
13,5 13,4 13,5
11 248 m 453ddd4, 4,2 461dd3,3 2.52m 443ddd5,2,2 244 m 452dd 3,3 460ddd 3,3,2  4.17 brdd 10, 7 2.09 m
2.14 ddd 13, 244 m 2.11 ddd 13, 217 m
13,5 ) 13,5
12 — — —— — — — — — — —
13 305d 13 315d 13 345d 12 256d13 352d12 304d13 315d 13 345d 12 3.11 brd 13 2.99 brd 13
14 — — — — — — _ — — o
15 — — — — — — — e — e
16 — — — — — e — —
17 190 3Hd 1 1.90 3H brs 1.89 3H brs 1.91 3H brs 1883Hd 1 191 3Hd 1 1903Hd 1 1.893Hd 1 2393H, s 2393Hs
18 5.09s 520s 528 s 5.09s 523s 5095 521s 5285 523 brs 492
5.06 brs 517 s 5.23 brs 5.07 brs 5.17 brs 5.06 brs 5.16 brs 523 brs 539s 5.20 brs
19 0923Hd7 098 3Hd 7 1.003Hd 7 0923Hd7 096d7 091 3Hd7 097 3Hd7 0993Hd7 0923H,d7 0903Hd7
20 1.17 3H s 1.06 3H s 1.173H s 1.07 31 s 1.143Hs 117 3Hs 1.06 3H s 1.173H s 127 3H, s 1293Hs
1 — — — —— — —
2’ 243 m 249qdd7,7,7 249qdd7,7,7 249m 247 qdd 7,7,7  2.62 septet 7 2.65 septet 7 2.66 septet 7 238 m 236 m
3 1.72 dqd 14, 174dgd 14,7,7 172dqd 14,7,7 173dgd 14,7,7 1.75dqd 14,7,7 1213Hs 1213Hs 1203H s 143dqd 14,7,7 142dqd 14,7,7
7,7
1.48 dqd 14, 150dqd 14,7,7 149dgd 14,7,7 149dqd 14,7,7 150dqd 14,7,7 121 3Hs 1203Hs 1.193H s 1.68dqd 14,7,7 164dqd 14,7,7
7,7
4’ 094 3Ht7 093 3H1t7 1193Ht7 094 3Ht7 093 3H 7 0903Ht7 0.893H t7
5 1193Hd7 1.173Hd7 1.173Hd7 1.183Hd7 1.193H 6 1.123Hd 7 1.103Hd 7
~OCH; 3573Hs
9-OH 3.49 brs
11-OH 244dd 2,2 242dd 2,2 305dd 2,2 226d6

¥ 'ON ‘19 '[0A
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Fig. 2. Structures of New Compounds Isolated

an unusual carbon skeleton (Fig. 2). To confirm this, X-ray
crystallographic analysis of 1 was performed and the relative
stereostructure of 1 was established to be that of a derivative
of crotofolane-type diterpenoid (Fig. 4). The positive Cotton
effect observable in the circular dichroism (CD) spectrum [Ae
+3.41 (251)] empirically indicated the absolute configuration
at the 9-position of the a,f-unsaturated y-lactone ring was
S,7® and chirality analysis of the 2-methylbutanoic acid moi-
ety by HPLC with an optical rotation detector established the
absolute configuration of 1 to be shown in Fig. 2. This is the
first report of the absolute structure of a crotofolane diterpene
being disclosed and the absolute configuration of the a.f-
unsaturated y-lactone portion, presumed based on the empiri-
cal rule for the CD spectra, was proved to be correct.
Crotocascarin B (2), [«]3® +81.8, was isolated as colorless
plates and its elemental composition was determined to be
C,sH,,0, by HR-ESI-MS. NMR spectroscopic data indicated
that 2 was a similar compound to 1, except for the disap-
pearance of the hemiketal signal, instead of which, two oxy-
methine signals (dy 5.14 on Jc 78.4 and 4.53 on 72.7) were
observed. Since these oxymethine protons were correlated
in the 'H-'H COSY spectrum through methylene protons on
C-10, the planar structure of 2 was established to be as shown
in Fig. 2. To confirm this, X-ray crystallographic analysis of
2 was performed and the relative stereostructure of 2 was
established to be that of a derivative of crotofolane-type
diterpenoid® (Fig. 5). The positive Cotton effect observable
in the CD spectrum [Ae +1.36 (249)] indicated the absolute
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Fig. 3. 'H~'H COSY and Selected HMBC Correlation of 1

Fig. 4. ORTEP Drawing of 1
The crystal structure has crystallographic numbering.

configuration at the 9-position of the a,f-unsaturated y-lactone
ring was also S, and chirality analysis of the 2-methylbutanoic
acid moiety by HPLC with an optical rotation detector estab-
lished the absolute structure of 2 to be as shown in Fig. 2.
Crotocascarin C (3), [a]3* +88.9, and crotocascarin D (4),
[a13' +2.6, were also similar compounds to the aforemen-
tioned ones with the respective elemental compositions of
C,sH;,0, and C,;H;,04 In the NMR spectra of 3 and 4, a
hemiketal carbon signal (C-9: J. 106.4) and an oxygenated
carbon signal (C-11: o 73.7) with oy 4.61 were observed in
the former, and an oxygenated carbon signal (C-9: J. 82.2)
and a methylene signal (C-11: J; 36.2) in the latter. A similar
coupling pattern fot H-11 in 3 to that of 2 placed the hydroxy
group at the 1l-position in a S-orientation. Since the 'H-'H
COSY spectrum of the former exhibited the proton chain from
H,-10 to H-11, along with the observation of a hemiketal car-
bon in the *C-NMR spectrum, and that of the latter one from
H-9 to H,-11 through H,-10, their structures were established
t0 be as shown in Fig. 2. A similar coupling pattern for H-11
in 3 to that of 2 placed the hydroxy group at the 11-position
in a f-orientation and positive Cotton effects at 252nm (Ae
+4.47, +1.17, respectively) substantiated that the absolute con-
figurations of the diterpene moieties were the same as those
of aforementioned compounds. The absolute configuration of
2-methylbutanoic acid in 3 and 4 must also be the same as
that in 1 and 2, judging from the *C-NMR chemical shifts of



