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Tricalysiamides A—D, Diterpenoid Alkaloids from Tricalysia dubia

Koichi Nishimural Yukio Hitotsuyanagf, Noriko Sugetd, Haruhiko Fukayd, Yutaka Aoyagil Tomoyo Hasuda,
Takeshi Kinoshita,and Koichi Takeya*

School of Pharmacy, Tokyo Umirsity of Pharmacy and Life Science, 1432-1 Horinouchi, Hachioji, Tokyo 192-0392, Japan, and Faculty of
Pharmaceutical Sciences, Teikyo Wearisity, 1091-1 Suarashi, Sagamiko-machi, Tsukui-gun, Kanagawa 199-0195, Japan

Receied December 5, 2006

Four rearrangedntkaurane diterpenoid alkaloids, tricalysiamides B (1—4), having a cafestol-type carbon framework
were isolated from the wood dfricalysia dubia Their absolute structures were determined on the basis of 2D NMR
spectroscopy, X-ray crystallographic analysis, and chemical methods.

Tricalysia dubia(Lindl.) Ohwi (Rubiaceae) is an evergreen shrub three quaternary carbons, two olefinic quaternary carbons, and one
or tree that is distributed in Taiwan and the southern parts of China carbonyl carbon (Table 2). The HMBC data revealed that
and Japan. From the leaves of this plant the rearraegtkhurane possessed a cafestol-type skeleton related to tricalysiolields3A
glycosides tricalysiosides AG! and theentkaurane glycosides  The correlations from H-18 to C-3, C-4, C-5, and C-19 and from
tricalysiosides H-O? have been isolated. In a previous paper the NH to C-3, C-4, C-18, and C-19 indicated that C-3, C-4, C-18,
structure elucidation of six rearrangeshtkaurane diterpenes,  C-19, and NH constitute am,8-unsaturateg-lactam ring (Figure
tricalysiolides A-F, from this plant was reportedin the present 1). The NOE correlations between H-14a/OH-16 and H-14b/H
study four new rearrange@ntkaurane diterpenoid alkaloids, 20 indicated that the C-20 methyl, C-14 methylene, and the hydroxyl
tricalysiamides A-D (1—4), were isolated from the wood of this  group at C-16 weret-oriented, and those between H-5/H-9, H-9/
plant and their structures determined. H-15b, and H-15b/k#17 indicated that H-5, H-9, H-15b, and the
C-17 hydroxymethyl weres-oriented (Figure 2). From these
observations, tricalysiamide A was proposed to have strudture
which was confirmed by a single-crystal X-ray analysis (Figure
3). Its absolute configuration was established by the preparation of
1 from tricalysiolide C 6),® whose absolute configuration was
known (Scheme 1). Thus, treatment®fvith aqueous ammonia
gave hemiamidab, which was subjected to acid-catalyzed dehydra-
tion to afford a product that was shown to be identical to natural
Tricalysiamide A (1) Tricalysiamide B (2) R=H by comparison of their spectroscopic data and optical rotations.

Tricalysiamide C (3) R =OMe Thus, the absolute stereochemistry of tricalysiamide A was
determined to be as shown in structdre

Tricalysiamide B R) was obtained as an amorphous powder. Its
molecular formula was determined to bey@,JNO; from the [M
+ H]* peak atm/z 332.2189 (calcd for gH3NOs, 332.2226) in
the HRESIMS. The NMR spectra & were generally similar to
those ofl, except for the C-2 and C-3 signals. The C-2 olefinic
methine ¢ 106.3) and C-3 olefinic quaternary carbah 139.5)
signals in1 were observed as aliphatic methylerde 30.7) and
. . methine ¢ 58.9) signals, respectively, b A NOESY correlation
Results and Discussion between H-3 and H-5 indicated that H-3fvasS-oriented. The

By a series of column chromatographies using highly porous hydrogenation product df was shown to be identical to natuil
synthetic resin (Diaion HP-20), silica gel, and aminopropyl-bonded by comparison of their spectroscopic data and optical rotations.
silica gel, and ODS HPLC, a MeOH extract of air-dried wood of Thus, the absolute stereochemistry of tricalysiamide B was
T. dubiaafforded four diterpenoid alkaloids, tricalysiamides B determined to be as shown in structe

(1_4_)- o ) ) Tricalysiamide C 8) was isolated as an amorphous powder. Its

Tricalysiamide A () was obtalneo! as colorless prisms. Its molecular formula was determined to be:8s:NO, from the [M
molecular formula, gH>7NOs, determined from the [M+. H]*+ + H]* peak atm/z 362.2349 (calcd for §HaNO,, 362.2331) in
peak atm/z 330.2048 (caled for &H>dNOs, 330.2069) in the  he HRESIMS. Similarity observed in the NMR spectre2aind3
HRESIMS, indicated thal was an alkaloid. The IR spectrum ngicated that they had the same basic structure. The difference
'”d'fiated thatl possessed hydroxyl (3355 c#), amide NH (3220 h1ed hetween them was that the NMR spectra displayed the
cm), and lactam carbonyl (1681 crt) groups. The'H NMR presence of a methoxyl groupy 3.09, dc 48.9). The methoxyl
spectrum showed the signals of one tertiary methyl groupg3), protons were correlated with the C-3 signé 00.1) in the HMBC
two olefinic prglt%lsé 5.98, 5.48), and one amide protan]0.83) spectrum, demonstrating that it was located at position 3. A NOESY
(Table 1). Th. NMR spectrum ofl dlgplayed 5'9”?'.5 due t_o correlation between H-5 and OGH3 indicated that the methoxyl
one methyl, eight methylenes, three methines, two olefinic methines, group wagi-oriented. Treatment & with methanol in the presence

- of boron trifluoride diethyl etherate afforded a product that was
676 2‘5%‘7‘”;‘;;”23“1“_ fg_%%‘_’fgggnéﬁﬁ;‘i‘l’_“L‘;f:ygggg:s‘tggifgsz‘; shown to be identical to naturalby their spectroscopic data and

T Tokyo University of Pharmacy and Life Science. A optical rotations (Scheme 1). Thus, the absolute stereochemistry

* Teikyo University. of tricalysiamide C was determined to be as shown in stru@ure

Tricalysiamide D (4)
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Table 1. '"H NMR Data ©) for Compoundsl—4 in CsDsN?
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position 1 2 3 4

la 2.35(dd, 17.5, 6.7) 1.68 (m) 1.62 (m) 1.76 (m)

1b 1.84 (m) 0.97 (td, 13.7, 3.7) 1.38 (td, 13.6, 4.0) 1.08 (m)

2a 5.48 (d, 6.7) 2.14 (m) 2.33 (dt, 13.6, 2.4) 2.36 (M)

2b 1.47 (m) 1.82 (m) 2.33(m)

3 3.90 (dd, 10.9, 7.2)

4 2.24 (dd, 11.7, 6.6)

5 2.21 (dt, 11.8, 2.3) 1.88 (m) 2.08 (m) 0.97 (t, 12.1)

6a 1.71 (m) 1.51 (m) 1.56 (m) 1.42 (m)

6b 1.44 (m) 1.46 (m) 1.44 (m) 1.22 (td, 11.9, 3.1)
7a 1.66 (dt, 13.0, 3.0) 1.64 (m) 1.66 (m) 1.61 (m)

7b 1.56 (td, 13.0, 3.6) 1.53 (m) 1.57 (d, 9.1) 1.36 (m)

9 1.26 (d, 8.7) 1.15(d, 8.8) 1.25(d, 8.7) 0.93(d, 7.2)

1la 1.71 (m) 1.71 (m) 1.72 (m) 1.70 (m)

11b 1.48 (m) 1.49 (m) 1.49 (m) 1.56 (m)

12a 1.89 (m) 1.87 (m) 1.89 (m) 1.90 (m)

12b 1.49 (m) 1.47 (m) 1.48 (m) 1.49 (m)

13 2.46 (d-like, 3.0) 2.45 (d-like, 2.9) 2.47 (d-like, 2.9) 2.47 (s-like)

14a 2.05 (dd, 11.6, 4.5) 2.05 (dd, 11.4, 4.1) 2.07 (m) 2.05 (dd, 10.9, 3.3)
14b 1.94 (d, 11.6) 1.96 (d, 11.4) 1.98(d, 11.4) 2.00 (d, 10.9)
15a 1.85(d, 13.6) 1.85(d, 14.3) 1.87 (d, 14.2) 1.84 (d, 14.0)
15b 1.72 (d, 13.6) 1.73 (dd, 14.3, 1.3) 1.76 (d, 14.2) 1.72 (d, 14.0)
17a 4.15 (dd, 10.9, 5.3) 4.15 (dd, 10.9, 5.2) 4.15 (dd, 10.9, 5.3) 4.15 (dd, 10.7, 4.5)
17b 4.07 (dd, 10.9, 5.3) 4.06 (dd, 10.9, 5.2) 4.06 (dd, 10.9, 5.3) 4.06 (dd, 10.7, 4.5)
18a 5.98 (s) 5.83(s) 5.93 (s) 3.21 (dd, 16.4, 6.5)
18b 2.35 (m)

20 0.93 (s, 3H) 0.71 (s, 3H) 0.77 (s, 3H) 1.04 (s, 3H)

NH 10.83 (s) 8.87 (s) 9.29 (s) 9.16 (s)

OMe 3.09 (s, 3H)

OH-3 7.35(s)

OH-16 5.22 (s) 5.22 (s) 5.19 (s) 5.17 (s)

OH-17 6.13 (t, 5.3) 6.12 (t, 5.2) 6.14 (t, 5.3) 6.15 (t, 4.5)

aRecorded at 500 MHz. Multiplicity and-values in Hz are given in parentheses.

Table 2. 13C NMR Data ) for Compoundsl—4 in CsDsN?

position 1 2 3 4
1 40.7 36.8 35.6 36.0
2 106.3 30.7 35.0 32.0
3 139.5 58.9 90.1 87.6
4 152.9 167.3 165.1 45.8
5 45.4 49.0 46.5 49.5
6 22.0 22.3 22.0 24.3
7 40.2 40.5 40.5 41.3
8 44.4 44.6 44.7 44.7 HeC
9 53.0 53.6 53.7 53.4
10 422 43.0 43.4 37.9 Figure 1. Selected HMBC correlations fdk.
11 18.9 19.5 19.5 19.0
12 26.4 26.4 26.4 26.6
13 45.9 45.9 45.9 45.9
14 37.7 38.2 38.1 38.3
15 53.7 53.9 53.9 53.9
16 81.5 81.6 81.6 81.7
17 66.4 66.4 66.4 66.5
18 116.3 117.8 119.9 36.4
19 173.0 174.6 172.6 178.5
20 15.5 14.9 14.7 14.3
OMe 48.9

aRecorded at 125 MHz.

Tricalysiamide D 4) was isolated as an amorphous powder. Its  igyre 2. Selected NOE correlations fdr
molecular formula was determined to bey@s;NO, from the [M

+ H]* peak atm/z 350.2330 (calcd for gH3,NO,4, 350.2331) in

H-4a product10 and the H-# productl1l in yields of 31% and

the HRESIMS. The NMR spectra indicated thahad aliphatic
methine §c 45.8) and methylene¢ 36.4) carbons at C-4 and C-18,
respectively, and a hydroxyl group{ 7.35), the location of which

40%, respectively (Schemes 1 and 2). The stereochemistry of the
hydrogenation products was determined on the basis of NOESY
experiments. Subsequent treatment@fvith methanolic aqueous

was assigned to position 3 by observation of HMBC correlations ammonia produced a product that was shown to be identical to

from the hydroxyl proton to C-3d¢ 87.6) and C-4. The NOESY
correlations between H-4420, H-4/0OH-3, and H-5/NH indicated
that H-4 and OH-3 were botfi-oriented. Thus, compourtiwas
considered to be the 0418-dihydro analogue of. Catalytic
hydrogenation 06 afforded compound, the OH-F/H-4 isomer
of 4, whereas hydrogenation of methyl es®@r derived from
tricalysiolide B @) with known absolute configuratiochgave the

natural4 by comparison of their spectroscopic data and optical
rotations. Thus, tricalysiamide D was determined to have the
absolute stereochemistry as shown in structure

Diterpenoid alkaloids having aentkaurane skeleton are of
limited distribution among plants of the genékaonitum Garrya,
and Anopterus' They incorporate a nitrogen atom between C-19
and C-20. Tricalysiamides AD (1—4) are the first examples of
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Figure 3. ORTEP representation of tricalysiamide &).(Solvent has been omitted for clarity.

Scheme 1

a Reagents and conditions: (a) aq M¥H, 48 h, 90%; (b) BE-OEt, CH.Cl,—dioxane, 2 h, 75%; (c) K Pd/C, EtOH, 2 h, 81%; (d) BFOE%, MeOH, 15 min,
84%; (e) H, Pd/C, EtOH, 2 h, 79%.

Scheme 2

a Reagents and conditions: (a) Mel,®0O;s, acetone, 48 h, 65%; (b)4HPd/C, EtOH, 3 h, 31% o010 and 40% of11; (c) ag NHHOH—MeOH, 48 h, 42%.

entkaurane diterpenoid alkaloids having a cafestol-type carbon referenced to the resonance of residugD4EIN in the solvent at 7.21

framework with a nitrogen atom between C-3 and C-19. ppm, and thé3C chemical shifts to the solvent resonance at 135.5 ppm.
Tricalysiamides A-C (1—3) showed no or weak cytotoxic =~ Mass spectra were obtained using a Micromass LCT spectrometer.
activity against P-388 murine leukemia cells withsj@alues of Preparative HPLC was carried out on a JASCO PU-986 pump unit
>100, >100, and 73, respectively. Tricalysiamide & (vas not equipped with a UV-970 UV detectod (= 220 nm) and an Inertsil
evaluated for cytotoxicity due to the small quantity available. PREP-ODS column (1@m, 20 x 250 mm), using a MeOHH,O or

a MeCN-H;O solvent system at a flow rate of 10 mL/min. X-ray

single-crystal analysis was taken on a Mac Science DIP diffractometer
General Experimental Procedures.Optical rotations were mea-  \ith Mo Ka. radiation ¢ = 0.71073 A).

sured on a JASCO P1030 digital polarimeter, IR spectra on a JASCO

FT/IR 620 spectrophotometer, and UV spectra on a JASCO V-530  Plant Material. Wood of T. dubiawas collected in Iriomote Island,

spectrophotometer. NMR spectra were measuregsXCon a Bruker Okinawa, in March 2005. The plant was identified by Dr. T. Kinoshita

DRX-500 spectrometer at 300 K. ThéH chemical shifts were (Teikyo University, Japan). A voucher specimen (IRI-050323-06) has

Experimental Section
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been deposited at the Herbarium, Medicinal Plant Garden, Teikyo (c0.11, pyridine)] that was shown to be identical to the natural product

University (Sagamiko-machi, Kanagawa).
Extraction and Isolation. Cut and air-dried wood (17.1 kg) df.
dubiawas extracted with MeOH (X 40 L). After removal of MeOH

1 by comparison of theitH NMR and mass spectra and optical
rotations.
Hydrogenation of 1. Compoundl (1.1 mg, 0.0033 mmol) was

under reduced pressure, the residue (1.2 kg) was placed on a columrdissolved in EtOH (2 mL) and hydrogenated over 10% Pd/C (5 mg)

of HP-20 (Diaion, 3.5 kg) and eluted with.8, H,O—MeOH (1:1),
H,O—MeOH (1:4), MeOH, and acetone (each 15 L) sequentially to
give five fractions. After removal of the solvent, the residue of the
H,O—MeOH (1:4) fraction (192.1 g) was subjected to silica gel (Merck
Kieselgel 60, 236-400 mesh, 1.5 kg) column chromatography (CC)
eluting sequentially with CHG] CHCk—MeOH (20:1), CHG—MeOH
(10:1), CHC,—MeOH (3:1), and MeOH (each 6 L). After evaporation,
the CHCk—MeOH (10:1) fraction (25.1 g) was subjected to amino-
propyl-bonded silica gel (Chromatorex, 26850 mesh, 200 g) CC
eluting sequentially with CHG+MeOH (30:1, 2x 350 mL), CHC}—
MeOH (20:1, 2x 350 mL), CHC}—MeOH (10:1, 2x 350 mL), and
MeOH (800 mL) to give fractions 47. Fraction 1 (994 mg) was
subjected to silica gel (30 g) CC eluting sequentially with CHCI
MeOH (30:1, 4x 75 mL), CHCk—MeOH (15:1, 4x 75 mL), and
MeOH (300 mL) to give fractions Al. Fraction F (149 mg) was further
purified by repeated ODS HPLC using MeGH,O (40:60) and then
MeCN—H,0 (19:81) to afford3 (6.1 mg). Fraction G (143 mg) was
separated by repeated ODS HPLC using MetHO (40:60) and then
MeCN—H,0 (20:80) to affordl (8.4 mg) and4 (1.4 mg). Separation
of fraction H (294 mg) by ODS HPLC using MeGHH,0 (35:65)
and then MeCN-H,O (19:81) afforded (10.4 mg).

Tricalysiamide A (1): colorless prisms (MeOH), mp 29295°C;
[0]%% —265 (€ 0.07, pyridine); IR (film)vmax 3355, 3220, 2921, 2861,
1681, 1656, 1449, 1053 1014 cinUV (MeOH) Amaxnm (loge) 271
(3.37);*H and'*C NMR data, Tables 1 and 2; HRESIMS8z 330.2048
[M + H]* (calcd for GoH2gNOs, 330.2069).

Tricalysiamide B (2): amorphous powder;o]?% —210 € 0.10,
pyridine); IR (film) vmax 3361, 2926, 2852, 1668, 1455, 1362, 1052,
1017 cnt!; UV (MeOH) Amaxnm (loge) 214 (4.24)*H and**C NMR
data, Tables 1 and 2; HRESIM®&z 332.2189 [M+ H]* (calcd for
CaoHzoN O3, 332.2226).

Tricalysiamide C (3): amorphous powder;o?% —212 € 0.11,
pyridine); IR (film) vmax 3363, 3184, 2931, 2866, 1687, 1668, 1454,
1346, 1151, 1049, 1016 crh UV (MeOH) Amaxnm (loge) 210 (4.09);
1H and'3C NMR data, Tables 1 and 2; HRESIM8z 362.2349 [M+
H]* (calcd for GiH3NO,4, 362.2331).

Tricalysiamide D (4): amorphous powder;o]?% —77 (c 0.05,
pyridine); IR (film) vmax 3367, 3253, 2920, 2850, 1684, 1593, 1558,
1417, 1292, 1227, 1142 crh 'H and3C NMR data, Tables 1 and 2;
HRESIMSm/z 350.2330 [M+ H]™* (calcd for GoHs,NO,, 350.2331).

Preparation of Lactam 6. A solution of tricalysiolide C %) (5.0
mg, 0.014 mmol) in 28% aqueous MBH (2 mL) was stirred at room

for 2 h. The catalyst was removed by filtration, and the filtrate was
evaporated to dryness. The residue was separated by ODS HPLC with
MeOH—H,0 (40:60) to afford a product [0.9 mg, 81%]f’> —200
(c0.10, pyridine)] that was shown to be identical to the natural product
2 by comparison of theitH NMR and mass spectra and optical
rotations.

Treatment of 6 with Methanolic BF3-OEt,. BFs-OE®b (1 «L, 0.008
mmol) was added to a solution 6f(10.2 mg, 0.029 mmol) in MeOH
(1 mL), and the mixture was stirred at room temperature for 15 min.
After neutralization with sodium acetate (30 mg), the solvent was
evaporated under reduced pressure. The residue was separated by ODS
HPLC with MeOH-H,0 (35:65) to afford a product [8.9 mg, 84%,
[a]?*» —220 (¢ 0.10, pyridine)] that was shown to be identical to the
natural producB by comparison of theitH NMR and mass spectra
and optical rotations.

Hydrogenation of 6. Compound6 (5.4 mg, 0.016 mmol) was

dissolved in EtOH (2 mL) and hydrogenated over 10% Pd/C (16.5 mg)
for 2 h. The catalyst was removed by filtration, and the filtrate was
evaporated to give a residue, which was separated by ODS HPLC with
MeCN—H,O (12:88) to give compound (4.3 mg, 79%) as an
amorphous powder:o?% —69 (c 0.09, pyridine); IR (film)vmax 3419,
3197, 2935, 2858, 1703, 1684, 1651, 1558, 1541, 1473, 1456, 1437,
1419, 1209, 1074, 1032 crh *H NMR (500 MHz, pyridineds) 6 9.34
(1H, s, NH), 7.34 (1H, s, OH-3), 6.09 (1H, 1,= 5.0 Hz, OH-17),
5.15 (1H, s, OH-16), 4.13 (1H, dd, = 10.8, 5.0 Hz, H-17a), 4.04
(1H, dd,J = 10.8, 5.0 Hz, H-17b), 2.65 (1H, m, H-4), 2.62 (1H, m,
H-18a), 2.50 (1H, m, H-18b), 2.48 (1H, d-likd,= 2.2 Hz, H-13),
2.28 (1H, d,J = 14.3 Hz, H-2a), 2.05 (1H, m, H-2b), 2.04 (1H, m,
H-14a), 2.00 (1H, dJ = 11.6 Hz, H-14b), 1.88 (1H, m, H-12a), 1.86
(1H, m, H-5), 1.82 (1H, dJ = 14.2 Hz, H-15a), 1.72 (1H, m, H-1a),
1.70 (1H, dJ = 14.2 Hz, H-15b), 1.69 (1H, m, H-11a), 1.65 (1H, m,
H-7a), 1.57 (1H, m, H-7b), 1.54 (1H, m, H-11b), 1.51 (1H, m, H-12b),
1.49 (1H, m, H-6a), 1.40 (1H, td, = 13.3, 3.4 Hz, H-1b), 1.14 (1H,
d, J = 11.8 Hz, H-6b), 1.09 (1H, m, H-9), 1.07 (3H, sgH0); °C
NMR (125 MHz, pyridineds) 6 174.5 (C, C-19), 87.2 (C, C-3), 81.5
(C, C-16), 66.4 (CH C-17), 55.6 (CH, C-9), 54.1 (CHC-15), 49.9
(CH, C-4), 46.1 (CH, C-13), 45.1 (C, C-8), 43.4 (CH, C-5), 41.9 ¢CH
C-7), 39.0 (C, C-10), 38.1 (CkIC-14), 36.1 (CH, C-1), 34.7 (CH,
C-18), 33.9 (CH, C-2), 26.7 (CH, C-12), 25.7 (CH, C-6), 18.8 (CH,
C-11), 16.9 (CH, C-20); HRESIMSm/z 350.2287 [M+ H]* (calcd
for C20H32NO4, 3502331)

Preparation of Methyl Ester 9. To a solution of tricalysiolide B

temperature for 48 h. Removal of the solvent and subsequent ODS(8) (10.3 mg, 0.030 mmol) in acetone (1 mL) were added iodomethane

HPLC of the residue with MeCNH,0 (16:84) gave compouri(4.3
mg, 90%) as an amorphous powdeo]Fp —208 (€ 0.11, pyridine);
IR (film) vmax 3379, 3174, 3099, 2929, 2864, 1657, 1450, 1356, 1161,
1128, 1070, 1024 cm; IH NMR (500 MHz, pyridineds) ¢ 9.48 (1H,
s, NH), 7.79 (1H, s, OH-3), 6.13 (1H, s-like, OH-17), 5.77 (1H, s,
H-18), 5.19 (1H, s, OH-16), 4.16 (1H, dd,= 10.8, 2.6 Hz, H-17a),
4.06 (1H, dd,J = 10.8, 2.6 Hz, H-17b), 2.63 (1H, d, = 10.6 Hz,
H-5), 2.49 (1H, m, H-2), 2.47 (1H, s-like, H-13), 2.06 (1H, dd=
11.4, 3.9 Hz, H-14a), 2.00 (1H, d,= 11.4 Hz, H-14b), 1.91 (1H, m,
H-2b), 1.89 (1H, m, H-12a), 1.84 (1H, d,= 14.5 Hz, H-15a), 1.75
(1H, d,J = 14.5 Hz, H-15b), 1.72 (1H, m, H-11a), 1.70 (1H, m, H-1a),
1.65 (1H, m, H-7a), 1.61 (1H, m, H-1b), 1.58 (1H, m, H-6a), 1.56
(1H, m, H-7b), 1.51 (1H, m, H-11b), 1.48 (1H, m, H-12b), 1.39 (1H,
m, H-6b), 1.33 (1H, dJ = 8.6 Hz, H-9), 0.83 (3H, s, §20); °C
NMR (125 MHz, pyridinees) 6 172.7 (C, C-19), 168.5 (C, C-4), 116.8
(CH, C-18), 86.4 (C, C-3), 81.6 (C, C-16), 66.4 (&l€-17), 53.9 (CH,
C-9), 53.9 (CH, C-15), 46.1 (CH, C-5), 45.9 (CH, C-13), 44.8 (C,
C-8), 43.6 (C, C-10), 40.6 (CKIC-7), 38.1 (CH, C-14), 36.0 (CH,
C-1), 35.9 (CH, C-2), 26.4 (CH, C-12), 22.2 (CH, C-6), 19.5 (CH,
C-11), 14.6 (CH, C-20); HRESIMSm/z 348.2151 [M+ H]* (calcd
for C20H30NO4, 3482175)

Dehydration of 6. To a solution of6 (11.0 mg, 0.032 mmol) in
CH,Cl,—dioxane (10:1, 2 mL) was added BPEt (11 uL, 0.089
mmol), and the mixture was stirred at room temperature for 2 h. After

(1 mL) and potassium carbonate (51 mg, 0.37 mmol). After stirring at
room temperature for 48 h, the mixture was filtered, and the filtrate
was evaporated to dryness. By ODS HPLC with Me@#O (25:75),
the residue gave compoun@ (7.0 mg, 65%) as an amorphous
powder: )%, —139 € 0.12, CHCY); IR (film) vmax 3419, 2929, 2864,
1732, 1716, 1701, 1653, 1558, 1541, 1456, 1437, 1338, 1207, 1157,
1051, 1018 cmt; *H NMR (500 MHz, pyridineds) 6 5.67 (1H, s,
H-18), 4.13 (1H, dJ = 10.8 Hz, H-17a), 4.05 (1H, dl = 10.8 Hz,
H-17b), 3.68 (3H, s, §21), 2.80 (1H, m, H-2a), 2.56 (1H, dd,=
15.0, 3.8 Hz, H-2b), 2.46 (1H, s-like, H-13), 2.06 (1H, m, H-5), 2.04
(1H, m, H-14a), 2.00 (1H, m, H-1a), 1.91 (1H,X& 11.2 Hz, H-14b),
1.87 (1H, m, H-12a), 1.82 (1H, d,= 14.5 Hz, H-15a), 1.71 (1H, m,
H-11a), 1.68 (1H, dJ = 14.5 Hz, H-15b), 1.61 (1H, m, H-7a), 1.49
(1H, m, H-11b), 1.48 (1H, m, H-12b), 1.45 (1H, m, H-6a), 1.40 (1H,
m, H-7b), 1.29 (1H, m, H-6b), 1.25 (1H, m, H-1b), 1.12 (1HJd+
8.6 Hz, H-9), 1.00 (3H, s, £20); °C NMR (125 MHz, pyridineds) 6
204.3 (C, C-3), 166.7 (C, C-19), 158.9 (C, C-4), 116.7 (CH, C-18),
81.5 (C, C-16), 66.4 (CH C-17), 53.9 (CH, C-9), 53.5 (CH, C-5),
53.4 (CH, C-15), 51.6 (CH, C-21), 45.8 (CH, C-13), 44.4 (C, C-8),
42.3 (C, C-10), 39.9 (CH C-7), 39.8 (CH, C-1), 39.1 (CH, C-2),
37.4 (CH, C-14), 26.4 (CH, C-12), 22.7 (CH, C-6), 19.6 (CH, C-11),
15.0 (CH;, C-20); HRESIMSm/z 363.2180 [M + H]* (calcd for
Cz1H310s, 363.2171).

Hydrogenation of 9. Compound9 (4.2 mg, 0.012 mmol) was

neutralization with sodium acetate (20 mg), the solvent was evaporateddissolved in EtOH (2 mL) and hydrogenated over 10% Pd/C (30 mg)
under reduced pressure. The residue was separated by ODS HPLC witHor 3 h. The catalyst was removed by filtration, and the filtrate was
MeOH—H,0 (35:65) to afford a product [7.8 mg, 75%]f% —204 evaporated to give a residue, which was separated by silica gel column
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chromatography using CHEHEtOAC (4:1) to give the H-é product
10(1.3 mg, 31%) and H{productl1 (1.7 mg, 40%). CompountiO:
amorphous powderp]|?%, —51 (c 0.08, CHCY); IR (film) vmax 3444,

Nishimura et al.

Single-Crystal X-ray Crystallography of 1.5 Cy0H27/NO3-CH3;0H,
M = 361.47, 0.48x 0.33 x 0.25 mm, orthorhombic, space group
P212:2;, a = 8.1460(2) Ab = 9.2040(6) A,c = 24.2500(16) AV =

2924, 2850, 1732, 1707, 1651, 1635, 1456, 1261, 1165, 1095, 10201818.16(17) A Z = 4, Dx = 1.321 Mg n73, (Mo Ka) = 0.090 mnt?,

cm Y *H NMR (500 MHz, pyridinegs) 6 6.12 (1H, t,J = 5.4 Hz,
OH-17), 5.18 (1H, s, OH-16), 4.13 (1H, dii= 10.8, 5.4 Hz, H-17a),
4.04 (1H, ddJ = 10.8, 5.4 Hz, H-17b), 3.66 (3H, sst21), 2.92 (1H,
m, H-4), 2.80 (1H, ddJ = 16.6, 7.5 Hz, H-18a), 2.61 (1H, m), 2.52
(1H, m, H-18b), 2.47 (1H, m), 2.34 (1H, m), 2.00 (1H, m), =9279
(4H, m), 1.71-1.60 (4H, m), 1.56:1.54 (2H, m), 1.521.36 (2H, m),
1.27 (1H, m), 1.10 (3H, s, #20), 0.98 (1H, dJ = 11.4 Hz), 0.89
(1H, d,J = 8.8 Hz); 3C NMR (125 MHz, pyridinegs) ¢ 210.4 (C),
173.7 (C), 81.5 (C), 66.4 (CH 54.0 (CH), 53.6 (CH), 51.4 (CH),
51.0 (CH), 47.3 (CH), 45.9 (CH), 44.2 (C), 41.0 (@H39.9 (CH),
38.8 (C), 37.6 (CH), 37.4 (CH), 31.7 (CH), 26.6 (CH), 24.3 (CH),
19.2 (CH), 14.8 (CH); HRESIMSm/z 365.2299 [M+ H] " (calcd for
C21H330s, 365.2328). Compountil: amorphous powderp]|?6, —54
(c 0.11, CHCY); IR (film) vmax 3423, 2925, 2854, 1736, 1703, 1651,
1454, 1261, 1171, 1092, 1022 cinH NMR (500 MHz, pyridinegls)
0 6.14 (1H, s-like, OH-17), 5.20 (1H, s, OH-16), 4.11 (1H,Jd=
10.1 Hz, H-17a), 4.05 (1H, d = 10.1 Hz, H-17b), 3.67 (3H, s, H
21), 3.18 (1H, m, H-4), 2.77 (1H, dd,= 15.8, 9.4 Hz, H-18a), 2.56
(1H, m, H-18b), 2.51 (1H, m), 2.46 (1H, m), 2.44 (1H, m), 2.02 (1H,
dd,J = 11.2, 4.4 Hz), 1.961.83 (5H, m), 1.81 (1H, dJ = 13.8 Hz),
1.69 (1H, d,J = 13.8 Hz), 1.68-1.61 (3H, m), 1.521.47 (2H, m),
1.40 (1H, m), 1.27 (1H, m), 1.02 (1H, d,= 8.6 Hz), 0.93 (3H, s,
Hs-20); C NMR (125 MHz, pyridineds) 6 213.1 (C), 173.6 (C), 81.5
(C), 66.4 (CH), 55.1 (CH), 53.4 (Ch), 51.7 (CH), 49.8 (CH), 47.1
(CH), 45.9 (CH), 44.6 (C), 40.9 (Gi 40.0 (CH), 38.3 (C), 37.1 (Ch),
35.5 (CH), 33.0 (CH), 26.4 (CH), 24.7 (CH), 19.3 (CH), 18.1 (CH);
HRESIMS nm/z 365.2336 [M+ H]* (calcd for GiH330s, 365.2328).
Preparation of Lactam 4. Compoundl10 (3.2 mg, 0.0088 mmol)
was dissolved in 28% aqueous NBH—MeOH (1:1, 1 mL), and the

mixture was stirred at room temperature for 48 h. After removal of the
solvent under reduced pressure, the residue was separated by ODS

HPLC with MeCN-H,0 (12:88) to give a compound [1.3 mg, 42%,
[0]?% —67 (c 0.09, pyridine)] that was shown to be identical to the
natural producté by comparison of theitH NMR and mass spectra

and optical rotations.

2196 measured reflections, 2196 unique reflections, 1688 observed
reflections [ > 20(1)], R1 = 0.0450, wR2= 0.1021 (observed data),
GOF = 0.944; R1= 0.0567, wR2= 0.1047 (all data).

The structure was solved by direct methods using the maXus
crystallographic software packagand refined by full-matrix least-
squares oif? using the program SHELXL-97The absolute structure
could not be determined crystallographically.
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