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Isolation of Terpenoids from Sugi (Cryptomeria japonica) Wood and
Chemical Conversion of Ferruginol

Takanao MATSUI, Yoh-ichi MATSUSHITA, Kazuhiro SUGAMOTO, Hiromiti YANO

Abstract

Resin components of Sugi wood were isolated by silica gel column chromatography from the

toluene-hexane-soluble fraction of the methanol extract of the heartwood. On the other hand, after the

heartwood has been directly extracted with hexane, the resin components were separated from the

hexane extract. The isolated yields of B-sitosterol, sanndapaéopimaﬁnal, sandaracopimaﬁnol, and

ferruginol from the hexane extract were nearly comparable to those from the toluene-hexane-soluble

fraction of the methanol extract. Ferruginol isolated from Sugi wood was benzoyl‘ated' followed by

oxidation with CrOj; in acetic acid to give 12-O-benzoylsugiol, from which sugiol was obtained- by

methanolysis with anionic ion-ékchange resin Amberlite IRA-400 in methanol. The oxidation of

ferruginol with 1.7 equiv. of 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ) in methanol afforded

sugiol directly. The reaction of sugiol with 3.3 equiv. of DDQ\ followed by acetylation gave 12-O-

acetyl-5,6-dehydrosugiol, from which 5 6-dehydrosug101 was synthesmed 6,7-Dehydroferruginol was

synthe51zed from 12- O-benzoylsuglol in 60% yield at 3 steps.
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Fig. 1. Resin components isolated from Sugi wood.
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Method A
Sugi heartwood sawdust
Extracted with MeOH
by a Soxhlet extractor
Residue $-1 Methanol extract S-2

| Toluene

Toluene-soluble
fraction S-4

| Hexane

Toluene-insoluble
fraction S-3

Toluene-hexane-soluble
fraction $-6

Toluene-hexane-insoluble
fraction S-5

Method B

Sugi heartwood sawdust

Extracted with hexane
by a Soxhlet extractor

Residue Hexane extract

Fig. 2. Extraction and fractionation of Sugi heartwood.



A ¥ (Cryptomeria japonica) M DF N~/ 4 FOBBEB X7 2 V¥ — L O{LFEHR 65

AXMRS DR T, TR A RREPREENDHE
A B DRSS AIER S EICGE B N E 2 L
BODoTND, AX LM EHHSBELERER 1
FLHB, AXDMEAY /— VT 5L, HBEAX
ODHCH LTI 10.8%0IHM A/ b, Zhvk: hrx
VOWTAF Y UCHET D E LIy —~F P UHR
B S-6 B 4T1%DWETH LN, —F, AFLHE~F
Yo CHEHEME LCBE ORI 23% L7220, S-
6 \THARTHESORBERE 2ol BIEOBEHITIHY
Z BB EE A TORMBRERLIV EBbhotk,

Table 1 Yields of the fractions obtained by method A and the
hexane extract obtained by method B

Method Fraction Amount*/%
A S-2 10.77

S-3 3.61

S-5 0.78

S-6 4.70
B Hexane extract 2.30

a) Based on dry heartwood sawdust.
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Fig. 3. 6,7-Dehydroferruginol.
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Table 3 Yields of terpenoids isolated from both the toluene-

hexane-soluble fraction S-6 and the hexane extract of Sugi
heartwood

Isolated compound Yield*/%
S-6 Hexane extract
B-Sitosterol 0.52 0.74
Sandaracopimarinal 3.34 2.52
Sandaracopimarinol 29.2 273
Ferruginol® 18.0 15.5

a) Based on the fraction S-6 and the hexane-extract.
b) Containing 6,7-dehydroferruginol.
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Scheme 1: a) PhCOCI (1.5 eq.), DMAP (0.2 eq.), E;N (1.5 )
€q.), Et;0, rt, 24 h; b) Ac,0 (1.1 eq.), DMAP (1.1 eq.), Et,0, rt, Yield: 69% Yield: 8%
24 h; ¢) CrO; (3.5 eq. for 2a, or 4.0 eq. for 2b), AcOH, rt, 18 h;,

d) Amberlite IRA-400 (2.0 wt eq.), MeOH-THF (1:2), reflux, :

32 h. Scheme 3: ) DDQ (1.7 eq.), MeOH, rt, 10 min.
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Scheme 4: f) DDQ (3.3 eq.), MeOH-dioxane (1:1), reflux, 20 h
and then Ac,0 (12 eq.), pyridine, rt, 21 h; g) 0.37 M NaOH
(4.0 eq.), MeOH, reflux, 10 min.
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Yield: 75% (2 steps)

Scheme 5: h) NaBH, (8.3 eq.), EtOH, 0 °C and then rt, for 3.5

h; i) KHSO, (excess), picric acid (0.3 eq.), 190 °C (bath temp.),

20 min; j) 2 M NaOH, MeOH (4.0 eq.), 50 °C, 10 min.
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sawdust
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with glass filter

Mantle heater

—> : Flow of solvent
Fig. 4. Soxhlet extractor.
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Table 4 Extraction of Sugi heartwood with methanol for 24 h
by Soxhlet extractor

Entry  Sugi Moisture Methanol
heartwood”/g  content/%  extract/g (%)”
1 403.6 913 37.50(10.22)
2 4477 10.07 46.00 (11.42)
3 4344 8.53 43.80(11.02)
4 383.5 7.80 36.80 (10.41)
5 315.9 13.87 14.30 (5.26)
6 319.2 12.80 14.60 (5.24)
7 314.2 1200 13.00(4.70)
8 320.5 12.00 12.90 (4.57)

a) Entries 1-4 for the wood from Tano-cho, and entries 5-8
for the wood from Takaoka-cho.
b) Yield based on dried Sugi heartwood.

Table 5 Extraction of Sugi wood with hexane for 24 h by
Soxhlet extractor

Entry  Sugi Moisture  Hexane extract®/g (%)
heartwood?/g content/%
1 365.2 12.4 86(2.7)
2 346.1 116 6.1(2.0)
3 307.5 14.0 5.7(2.2)
4 3283 124 6.6(2.3)
5 316.0 12.4 6.6 (2.9)
6 339.3 12.6 6.5(2.2)
7 323.6 15.4 6.3(2.3)
8 309.8 13.8 5.1(1.9)
9 3183 13.8 53(1.9)
10 800.0 16.2 15.2(2.3)
11 320.1 16.2 10.6 (3.9)
12 200.2 16.0 8.4 (3.6)
13 727.0 16.0 16.7 2.7)
14 283.6 16.6 40(1.7)
15 723.6 16.6 109 (1.7)
16 2725 9.5 5924
17 296.9 132 43(1.7)
18 281.5 14.8 6.1(2.6)
19 280.7 14.2 7.4 (3.1)

a) Entries1-7 for the wood from Tano-cho, and entries 8-19 for
the wood from Takaoka-cho.
b) Yield based on dried Sugi heartwood.
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Table 6 Solvent fractionation of methanol extract S-2°
Yield of fractions/g (%)

Methanol Toluene- Toluene- Toluene-

Entry extract hexane- hexane-
insoluble .
S-2/g fraction S-3 insoluble soluble
fraction S-5  fraction S-6

1 2.20 0.720 (32.8)  0.200 (8.9) 0.958 (43.6)
2 2.11 0.725 (343)  0.114 (54) 0939 (44.4)
Average (33.5) (7.2) (44.0)

a) The methanol extract S-2 of the heartwood from Tano-cho was
used.
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D 67- T Fu7zb¥ ) —LbEERTHER, 7=
NE ) — N ORI TE P oT2,

332 ~X3 Ut osEE
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ARDOAZ Ln<e N7 4 —THHELTE 7 =X
J=N (1) ZREELTHAVE : BBL AN [ap'®
+48.3 (CHCl;, c= 3.20); IR (CHCl;) vem™ 3620 (O-H), 3010,
2964, 2872 (C-H), 1622 (C=C); '"H-NMR (250 MHz, CDCl;)
dppm 0.91, 0.93 (each 3H, s, H-18 and H-19), 1.16 (3H, s, H-
10), 1.22, 1.24 (each 3H, d, J = 6.9Hz, H-16 and 17), 1.3-1.9
(9H, m, H-1a, H-2, H-3, H-5, and H-6), 2.14 (1H, m, H-1p),
2.7-2.9 (2H, m, H-7 ), 3.11 (1H, sept, J = 6.9Hz, H-15), 4.66
(1H, s, OH), 6.62 (1H, s, H-11), 6.83 (1H, s, H-14); *C-NMR
(63 MHz, CDCl;) 5ppm 19.2, 19.3, 21.6, 22.5,22.7, 24.8, 28.8,
29.7, 33.3, 33.4, 37.5, 38.8, 41.7, 50.3, 111.0, 126.6, 127.3,
131.4, 148.6, 150.8,

1 231.7 mg (0.8 mmol) 3L TU'DMAP 19.5 mg (0.2 eq.)
B —TL 40 e’ ICEMEL, FUTFAT IV 017 cm’
(1.5eq) &M%, &BITHERY A 0.14 em’® (1.5 eq.)
EMxi=0b, =R T 3 RS L, TLC TREOHE
REWR LI, RISARICERBF)L 20 cm® 2B L T
FIRL, /K& 3.0 em’, 10% REET b U ¥ LK 3.0 cm’
T2ME, DWTHMAREK 4.0 cm’ THREODL, HHE
EHIRL, EABEET MY UATEBLE, A8% B
BWEBEL, BETAN 3395 mg 2B, = OHAERY
EATALra~<w b ITT7 4 —TREL, 12-0-XV A0
Tx)¥ /=)L (2a) & 199.7 mg, R 63.2%THEBDZ
ERTE, EBIIAZ ) —NET—FLDRESERT
BREGEITY, BAIRE 161.0mg 257 B4 A
)V mp 154.7-156.1 °C (MeOH-Et,0), lit. 154.5-156.0 °C’;
[a]p? +61.8 (CHCl;, ¢= 1.05), lit. [a]p +60.1% IR (CHCl;)
vem™ 3010, 2970, 2930, 2870 (C-H), 1735 (C=0), 1620 (C=C),



70 oK ¥ LA

R E $8F

1246 (C-O); 'H-NMR (250 MHz, CDCl;) dppm 0.92, 0.95
(each 3H, s, H-18 and H-19), 1.19 (6H, d, J = 6.8Hz, H-16 and
H-17), 1.22 ( 3H, s, H-10), 1.2 ~ 1.7 (9H, m, H-1¢, H-2, H-3,
H-5, and H-6), 2.18 ( 1H, m, J = 11.8Hz, H-1B), 2.9 (2H, m,
H-7), 3.00 (1H, septet, J = 6.8Hz, H-15), 6.96 (1H, s, H-11),
6.99 (1H, s, H-14), 7.5 (2H, m, benzoyl protons), 7.6 ~ 7.7 (1H,
m, benzoyl proton), 8.2 (2H, m, benzoyl protons); *C-NMR
(63 MHz, CDCl,) ppm 19.1, 19.2, 21.6, 23.0, 23.1, 24.8, 27.3,
30.0, 33.3, 33.4, 37.6, 38.8, 41.7, 50.1, 116.1, 126.9, 128.5,
129.9, 130.1, 133.1, 133.4, 136.7, 146.3, 148.8, 165.5
2a 103.7 mg (0.27 mmol) ZEEEE 6.0 cm® M2 T, §
70 °C RO THEML, TOBRERICE Lz, ZhicE
A2 v B 92.0 mg (3.5 eq )&%, =BT 21 BefiE#
L7z, TLC TRIGZBHRL, 21 REEI#%FEIOHEL % /R
Lz, K 30 em® 2MX CRISEEL Lz, Z OKEHEE
FEE TV 10 em’ T4 BRI Lz, SR A8 %M
FuREASRET b U U LK 10 cm’ T3E, 7K 10 em’,
A AREAK 10 e’ THiF LD D, KRBT FY 74
THE L, APBLIEOL, AR KL —& — T
ML, BadAN 1263 mg&E, ZOHERYMED S
Araw b7 7 4 —TRHREL, 1220V A NVAES
—/ (3a) % 76.8mg, WHE 713%THEB I LNTERE,
BEHIZAZ 7 —NTHEBESRETY, EARE 514 mg
%7577 mp 186.8-187.9 °C(hexane); [alp> +35.9 (CHCL;, c=
1.13); EIMS m/z 404 [M]™ (66), 299 [M-COCH;sI" (100);
HRMS m/z 404.2401 (M"; C»H3,0, require M, 404.2351); IR
(CHCL;) vem™ 2972 (C-H), 1738 (C=0), 1676 (C=0), 1240
(C-0); "H-NMR (250 MHz, CDCl;) 8ppm 0.95 (each 3H, s, H-
18 and 19), 1.23 (6H, d, J = 6.8Hz, H-16 and H-17), 1.28 ( 3H,
s, H-20), 1.3~1.8 (5H, m, H-1a, H-2, and H-3), 1.93 (1H, dd, J
= 5.1, 12.7 Hz, H-5), 2.22 (1H, m, H-1B), 2.65 (2H, dd, J =
12.7, 18.3 Hz, H-68,), 2.76 (2H, dd, J = 5.1, 18.2Hz, H-6w),
3.09 (1H, septet, J = 6.9Hz, H-15), 7.14 (1H, s, H-11), 7.5 ~
7.6 (2H, m, benzoyl protons), 7.6~7.7 (1H, m, benzoyl proton),
8.05 (1H, s, H-14), 8.2 ~ 8.3 (2H, m, benzoyl protons); ">C-
NMR (63 MHz, CDCl;) 5ppm 18.7, 21.3, 22.8, 23.3, 27.4, 32.5,
33.3, 36.1, 37.8, 38.0, 41.3, 49.2, 117.9, 126.4, 128.7, 129.0,
129.1, 130.2, 133.8, 138.5, 152.9, 155.2, 164.8, 198.7,

342 12-0-TEFNAXF—/ (3b) DERR

7z /¥ —/ (1) 1014 mg (3.54 mmol) & DMAP
4783 mg (1.1 eq) & Z=—F /L 20 ecm® IZIRFE L, EAKEE
B2 0.37 cm® (1.1 eq) &M% THIRT 24 BRIE#E L2,
TLC THEHOHEEREZHER Lz, HSERIZ=—7 /v 20
em’ ZMZ, SWRHCBEREB LT, fafREART
b U AKERHR 8.0 cm® T2E, 1 M HEKEK 8.0 cm’,
SN RIEAK 10 om’ TLRE L, AREE IR L -, FHE
ZEKGRBT P UVLATERELEZOBAAL, AHKIT=
NP~ —CHREZEELRE, B4 11219 mg
"/ LNE, TORERMESI T LIO NS T T 4 —
THREL, 12-0-TEFAT7 =X/ =L (2b) ZEE
Bkl LT 860 mg, INE739%CHESIENTET : mp
81.2-82.5 °C (MeOH-Et,0); [a]p> +58.4 (CHCls, c= 1.04); IR
(CHCI;) vem™ 3016, 2968, 2872 (C-H), 1754 (C=0), 1620
(C=C), 1234, 1196, 1182 (C-O); 'H-NMR (400 MHz, CDCls)
8ppm 0.92, 0.94 (each 3H, s, H-18 and H-19), 1.18 (3H, s, H-
10), 1.17, 1.19 (each 3H, d, J = 6.8 Hz, H-16 and H-17), 1.22
(1H, m, H-3), 1.33 (1H, dd, J = 2.2, 12.5 Hz, H-5), 1.36 ~ 1.49
(2H, m, H-1a, H-3), 1.55 ~ 1.78 (3H, m, H-2 and H-6), 1.87
(1H, ddt, J = 7.5, 13.3 Hz, H-6), 2.16 (1H, dt, J = 12.7 Hz, H-
1B), 2.29 (3H, s, OCOCH;), 2.82 (2H, m, H-7), 2.90 (1H,
septet, J = 6.8 Hz, H-15), 6.82 (1H, s, H-11), 6.94(1H, s, H-
14); ®C-NMR (100MHz, CDCl;) dppm 19.17, 19.35, 21.11,
21.71, 23.09, 23.22, 24.91, 27.26, 30.08, 33.37, 33.50, 37.67,
38.84, 41.72, 50.07, 117.80, 126.72, 132.94, 136.41, 145.91,
148.59,169.71,
1220-TEF A7 =¥ ) —/ (2b) 137.9 mg (0.42
mmol) % FEER 6.0 e’ IZVAMR LT, K2 v LB 166.3 mg
(4.0 eq)&NN %, ZRT 18 Bl L7, TLC THRE®
HEREHERLE, K30 cm’ 2N TRIGEELSET,
RICE R E RHCB L, BT F/L 10 em’ T 5 B
H L7, Bl BABBELRMRKREBKRT MY U AKE
¥ 10 cm® T 4 H, K 5.0 cm®, DWW TEIFIAEAK 10 om’®
THELEZOL, EBARBT N U ATHERELE, 518
L, ARE=ARL—F —CEMBEL, EKat1L
1278 mg 2/, ZOHEFMENS L u<x ST T
4 —THERL, 12-0-TEFNLAEXEF—/L (3b) % 79.4
mg, IR 552% TH/DH LN TE L, EHIAFHF T
BREAEITV, BEERE 422 mg 21572 mp 165.5-
166.3 °C (hexane); [a]p>® +32.2 (CHCls, ¢= 0.57); IR (CHCl,)
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vem™ 3010, 2970, 2940, 2880 (C-H), 1760 (C=0), 1680 (C=0),
1620 (C=C), 1220 (C-0); 'H-NMR (400 MHz, CDCl;) Sppm
0.93, 0.10 (each 3H, s, H-18 and H-19), 1.20, 1.23 (each 3H, d,

J = 6.83 Hz, H-16 and H-17), 1.24 (3H, 5, H-10), 1.28 (1H, dd,

J = 4.0, 13.6 Hz, H-3), 1.55 (2H, m, H-la and H-3), 1.64 ~
1.79 (2H, m, H-2), 1.90 (1H, dd, J = 4.4, 13.7 Hz, H-5 ), 2.23
(1H, m, H-1B), 2.34 (3H, s, OCOCHj), 2.63 ( 1H, dd, J = 13.7,
18.2 Hz, H-6B), 2.72 (1H, dd, J = 4.4, 18.2 Hz, H-6a), 2.99
(1H, septet, J = 6.8 Hz, H-15), 6.99 (1H, s, H-11), 7.99 (1H, s,
H-14); >C-NMR (100 MHz, CDCl;) ppm 18.91, 21.12, 21.42,
22.88, 22.97, 23.43, 27.41, 32.60, 33.36, 36.22, 37.92, 38.06,
41.35, 49.28, 100.48, 117.69, 126.25, 128.87, 138.19, 152.43,
154.94, 168.86, 198.38,

343 AXFA—N (4) OMASE

32 99.0 mg (0.24 mmol)Z A ¥ /) —/ 80cm’ ¢ T hF b
Foe7o % 40 cm’ MOBRSEEICERE Lz, Zhic
B A A Xl Amberlite IRA-400 (OH form) 104.2 mg
EMATHEA Lz, TLC TRIGZIEBEFL, 13 FEH&IZH
EEBER-> T\, A3 RBMEL X HIZ 1016
mg MA CTHEEEF T 72, 16 BEEED SMBGERRISIC
Mz, 48 RHEZICFEEIOHEEEZ TLC THR LD
TEWME LD, RIS E RS 58 LT 45l
fE2 MY %, BERBLIE 0’ DAL ) — LTl
Lz, Bb¥ st/ \RL—4—CRGL, ARaE
1 60.9 mg %187, WENDPRPoEDT, A KHhh
BiEZ 10 e DAY ) —VICREBE L, BIEREEy b
T2WAET LML TrLABLTAEEZET, Zh
PEWET 5 L AREEK 13.8mg B LN, BERU#E
EZRVIEL, HEEE 84mg 257, Boh-AGHE
KEELETAF ) —ADLEHKEL, BAREDOR
¥A4—/ (4) % 609 mg, INE 82.1% THMTEZ72; mp
293.6-295.6 °C (MeOH-CH,Cl,), lit. 299-300 °C'%; [o]p”?
+23.2 (MeOH, c= 0.012), lit. [a]p +22 (MeOH, c= 0.012)"°;
EIMS m/z 300 [M]" (100), 285 [M—CH;]" (93), 257 [M—"Pr]"
(4); HRMS m/z 300.2048 (M"; C,0H,50, require M, 300.2089);
IR (KBr) vem™ 3218 (O-H), 2936, 2864 (C-H), 1646 (C=0),
1602, 1568 (C=C), 1268 (C-O); 'H-NMR (250 MHz,
CDCl5/CD;0D = 6/1) dppm 0.93, 0.99 (each 3H, s, H-16 and
H-17), 1.22 (3H, s, H-10), 1.22, 1.24 (each 3H, d, J = 7.0 Hz,

H-18 and H-19), 1.3 ~ 1.8 (5H, m, H-1a, H-2, and H-3), 1.85
(1H, dd, J = 5.9, 11.8 Hz, H-5), 2.23 (1H, m, J = 12.5 Hz, H-
1), 2.57 (1H, dd, J = 12.0, 18.2 Hz, H-6B), 2.66'(1H, dd, J =
5.8, 18.2Hz, H-6), 3.22 (1H, septet, J = 6.9 Hz, H-15), 6.74
(1H, s, H-11), 7.86 (1H, s, H-14); C-NMR (63 MHz,
CDCL/CD;OD = 6/1) 3ppm 18.6, 21.1, 22.0, 22.1, 22.9, 26.4,
322, 33.0, 35.7, 37.5, 37.8, 41.2, 49.3, 109.2, 123.0, 126.1,
133.3, 156.5, 160.3, 199.5,

344 T7x)L¥)—) (1) ®DDQEAL

1336.5 mg (1.18 mmol)& AfL, A% /—/L 8.0 cm’ IZ¥A
fRL, 15 4yHZERBEH L=, DDQ 458.5mg (1.7 eq.)% /N
z25E, BRAFHFRIIT SIKERGIZELL, 55
BT AAEEIHTH Lz, TLC TRIGZEBIL, 104
BB OEERERR L, RISEKRERSIABL, A
BEELE LTAXA—/V 1878 mg 157, ATz SR
V—& —CHEEEEEL, BRAREE 588.8 mg 257,
IDEEE 3.0 cm’ DY DML, EKEEE 0.49
cm’® (5.24mmol)Z Mz, IR T 20 BRE#E L, RIEE
WIZK 30 em’ ZMA DD, WHEEEETF /L 10 cm® T
1[E, 6.0 cm’ CT3EMH L, AbE-ARELY 1 MIE
BRKESHE 10 cm®, SAFREEAKFET B U 7 AKYEIK 10 em’,
BAFIAHIK 10 cm’® THIELZ0OH, HKLT, HKFE
FHrYULACESELEL, SBLTEKRRT N VAt
BW-ob, HBERETICREMGL, EEAEK 534.2
mg /i, WT7L/a~v ST 74— THEL, 61.8
mg D 12-0-TEFNVAXE—N (3b) & 7.2 mg D 12-0-
TEFN-56-T b Ruix¥t—i (6) 2B, BRE
LT, 72X ) —AnbAXE—AE2IE 68.6%TH
BIENTER,

345 56-Fb Fux¥Fd—i (8) O&RK

4 79.6 mg (0.27 mmol)iZ A # / —/ 3.0 ecm® & VA FH
»3.0em*ZMZ T, $70 °CITIB L TR LTz, B
EEIRETHAL, 100MEREBRL=DD, DDQ 679
mg (1.1 eq)Z Mz, HWEEHETZ, 150FEENOAA
BAAHTH L TE 2, 6 FFHfFEL TH TLC TREORE
ERRBObNE, £ITC, AZ /=N 10em® L VFF
H#2 1.0 cm® 2%, DDQ 66.1 mg (1.1eq) & B L TK
ISEGT A, BFF 16 FrRFER I b FEIEEFE LT,



72 B RFELH¥MHMALE HB8BF

D=, AAN/NATH 50 °C T 3 B, DT 85°C
T 3 BERIINE L CRIG &8, ISR % Bk, B4
D '"H-NMR JIE #1795 &, RE L B DOREH T
HBEZENbhroT, MERMEREAS /) —/ 3.0 cm’
EVF XY 3.0 om’ DIREWHIZEN L, DDQ 64.2 mg
(0.28 mmo) &M% T, 16 REEMMERIE L7z, RIGEK%E
BWETICBMEL, REAEEK 3293 mg 287k, ZoH4E
B E Y Py 3.0 cm’ IZEMSL, EAKEEEE 031 om’
(329 mmol)Z /N % T 21 BB CHEBLZ, KEEK
K 25 em® ZMZ T, BEETF /L 5.0 cm’ T 4 B L
Tzo BOVT-AMBE 5% REET MY U LKEHK 5.0 em’,
1 M HEEKYAIK 5.0 cm’® T 3 [E, SfIREK 5.0 em’ T2
Bk Li-0b, EARET N U ATERELL, 8K
WEEF ) U AR ABLTRE, AEEBEFICEMEL
T, BBEEEK 2072 mg 287, ThihTssu~<b
TS5 74 —TRHML, 12-0-7TEFNL-56-F & RuzxXs
—/L (6) % 56.1 mg, UV 62 2% THMTE,

12-0-7 B F 4K 6 31.1mg & A &/ —/L 3.0 e’ (Z¥EFR
L, AKEg{EF hYU 7L 14.6 mg (4.0 eq.) DK 1.0 cm’
ZMZ, 10 HEBHREE Lz, RIGEREZKEL, IM
HEKRETHRIL, K 3.0 cm® 2 THR L, #7
HLEBAREBREAE L TED, KEEODb, EEHE
L7, 56-T & R X¥4—/ (5) & 24.1mg, IXX
88.7% THE D Z & N TX /- : mp 286.6-288.0 °C (MeOH), lit.
284-286 °C''; [a]p® +21.7 (EtOH, c= 0.026), lit. [o],>® +13
(EtOH, c= 1.00)""; EIMS m/z 298 [M]" (100), 283 [M—CH,]"
(39); HRMS m/z 298.1921 (M"; CyH,0, require M,
298.1933); IR (KBr) vem™ 3200 (O-H), 2960, 2940 (C-H),
1640 (C=0), 1620, 1585, 1565 (C=C); 'H-NMR (250 MHz,
CDCl,) dppm 1.16, 1.19 (each 3H, d, J = 6.8Hz, H-16 and H-
17), 1.17, 1.27 (each 3H, s, H-18 and H-19), 1.42 ( 3H, s, H-
10), 1.3 ~ 1.7 (5H, m, H-1a, H-2, and H-3), 1.95 (1H, m, H-
1B), 3.19 (1H, septet, J = 6.9 Hz, H-15), 6.33 (1H, s, H-6), 6.81
(1H, s, H-11), 7.86 (1H, s, H-14); *C-NMR (63 MHz, CDCl,)
dppm 18.3, 22.0, 22.1, 26.5, 28.8, 32.1, 32.2, 37.2, 37.4, 40.1,
41.0, 110.4, 122.1,123.8, 124.3, 134.2, 154.2, 159.3, 174.0,
185.8

346 12-0-_2 VA N-6T-F Fa 7z V¥ ) —)
(8) DA

3a 322 mg (0.80 mmol)% THF 5.0 cm’ & =% / —/L %
5.0 cm’ OREGEEIZEMRL, KB TIARERYET b
D oA 1553 mg (5.2 eq )& MX T 15 REHE#ELZZOL,
FRICE L THEES T 2. 1.5 BFERE% LN E
FLTWEZDT, KRERTEFT MY U L%E 945 mg
(3.1eq.)i BN L CTRIGZ#eiT 7=, 2 FEREI# TLC TREIDH
REWR LI, RIGEEEZKAEL, K 10 e’ 22T,
DUVNT 1 M EERRKERIE T pH 5.0 [FFFn Lz, RISEIKIZ
K% 40 e’ MZ T, =—F /N 10cm’ T6ERH Lz, &
ORTEMESE | M EFKEIK 10 cm’, fnREEAR T
b U 7 AKEEHE 10 cm®, SAF0REK 10 om’® THE L7720
H, EAFET N U ATERRLL, EXRBS N Y
LEABELCERE, ABEE2BIETICEMRLC, BEEL
AV 341.8 mg & 12-0-_2 YV A V-7-E Fax 7z ¥
=N (1) #%B7T, HERYOEEREGICERLE:
mp 78.5-85.4 °C; [a]p> +70.7 (CHCl,;, ¢= 0.33); IR (CHCLy)
vem™ 3600 (O-H), 2968, 2940 (C-H), 1734 (C=0), 1620
(C=C), 1268, 1240 (C-0); 'H-NMR (250 MHz, CDCl;) 8ppm
0.94, 0.97 (each 3H, s, C-18 and C-19), 1.22, 1.24 (each 3H, d,
J = 6.9 Hz, H-16 and H-17), 1.28 (3H, s, H-20), 1.3 ~ 1.9 (9H,
m, H-1a, H-2, H-3, H-5, and H-6), 2.16 (1H, m, J = 12.6 Hz,
H-1P), 2.29 (1H, dd, J = 6.7, 12.0Hz, H-7), 3.04 (1H, septet, J
= 6.9Hz, H-15), 4.83 (IH, brt, J = 8.5Hz, -CH(OH)-), 6.96
(1H, s, H-11), 7.52 (1H, s, H-14), 7.52 (2H, m, benzoyl
protons), 7.65 (1H, m, benzoyl proton), 8.22 (2H, m, benzoyl
protons); “C-NMR (63 MHz, CDCl;) dppm 19.0, 21.5, 23.0,
25.3,27.5,30.4, 33.1, 38.4,38.7,41.3,49.2, 71.1, 118.2, 125.7,
128.6, 129.7, 130.1, 133.5, 136.0, 137.7, 147.8, 148.9, 165.3,

WP LA RESI YV UL 30g 2 A7 TR
AR, U 382 TR 190 °C Iz LTz, HARY
TDREBLOCY 7 Y VB 50.5 mg (0.3eq)E X2 E L 2.0
e’ WK E L, ZOBRBEMALIHBAEDIY VAL
WCERy P T 10 ENT T D BT LR,
THTH% 10 SEMBERET 0L, BBE THALE,
FRTFGRAIRB U E 5.0 e’ NZ, 5 OREERL
HLTOLABLT, k% B 25 em® DV THEES
TF 25 em’ T LIz, BB 2REBEEML,
BREFANETN TN Y U HHEND 369 mg 5
o ATLIO~ N7 4 —THEL, BG4I 1E
LT 12-0-_" /A N-6,7-T 8 Ra 7 /¥ /) — (8)
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%2452 mg, WK 75.0%THD LB TEL: [alp” -69.3
(CHCl;, ¢=1.00); EIMS m/z 388 [M]" (100), 373 [M—CHs]"
(7); IR (CHCl;) vem™ 2968, 2936 (C-H), 1734 (C=0), 1620
(C=C), 1260, 1244 (C-0O); 'H-NMR (250 MHz, CDCl,) dppm
0.98, 1.05 (each 3H, s, H-18 and H-19), 1.08 (6H, s, H-10),
1.20, 1.24 (each 3H, d, J = 6.9 Hz, H-16 and H-17), 1.3 ~ 1.8
(5H, m, H-1a,, H-2, and H-3 ), 2.08 (1H, m, J = 11.6 Hz, H-1pB),
2.16 ( 1H, t, J = 2.9 Hz, H-5), 3.05 (1H, septet, ] = 6.9 Hz, H-
15), 6.00 (1H, dd, J = 3.0, 10.0 Hz, H-6), 6.58 (1H, dd, J = 3.0,
10.0 Hz, H-7), 6.91 (1H, s, H-11), 7.03 (1H, s,H-14), 7.54 (3H,
m, benzoyl protons), 8.23 (2H, m, benzoy! protons); BC-NMR
(63 MHz, CDCl;) dppm 18.9, 20.2, 22.5, 22.8, 23.1, 32.6, 32.8,
35.9, 37.8, 41.0, 50.8, 77.2, 116.3, 124.5, 127.1, 128.6, 129.7,
130.1, 131.1, 133.4, 137.1, 147.1, 147.6, 165.3,

347 6,7-FTt Fu7zi¥/)—1L (9) ORK
8 67.6 mg (0.17 mmol )& A ¥ / —/L 4.0 cm’ \ZEME L,

TS BEBREKIZ, 2 M KE{ET P Y U LAKER 035
cm’® (4.0eq )& MZ T, FA NIRRT 50 °C ([ZMEL TH
B L7, TLC TRISZBHRL, 10 5%ICEEOMEE
R, RISREEKEL, 5% 7= U EBEAKRIK CHE
P (pH SHZHFIL, 7K 10 cm® THR#E, X Er 4.0cm’
T A4ERELE, SOEEAHBEL 5% REF Y UL
AKYEH 4.0 cm® T 2 [\, FAFIAEK 5.0 cm’ THEFL 72D
b, EAREET MY U LATHEBR L, BAEEST N D
LAEABLTHRE, AREBHWLT, BELTA L 610
mg 287, hoLsruv ST T7—TREL, &
FANELT 671-FE FR 7o AX¥ 7 — (9) % 392
mg, WK 79.0%THBZ ENTE ¢ [ap® -91.7 (CHCL,
c= 1.307), lit. [o]p® -62 (CHCl;, c= 0.5)"*; EIMS m/z 284
M]" (100), 269 [M—CH;]" (11); HRMS m/z 284.2143 (M";
C0H,50 require M, 284.2140); IR (CHCl;) vem™ 3608 (O-H),
3008, 2968, 2936, 2872 (C-H), 1620 (C=C); 'H-NMR (250
MHz, CDCl;) éppm 0.95, 1.00 (each 3H, s, H-18 and H-19),
1.03 (3H, s, H-10), 1.22, 1.26 (each 3H, d, J = 6.9 Hz, H-16
and H-17), 1.2 ~ 1.9 (5H, m, H-1a, H-2, and H-3), 2.05 (1H, m,
H-1B), 2.07 (1H, dd, J = 2.8, 2.9 Hz, H-5), 3.13 (1H, septet, J =
6.9 Hz, H-15), 4.83 (1H, brs, -OH), 5.87 (1H, dd, J = 2.7, 9.6
Hz, H-6), 6.49 (1H, dd, J = 3.1, 9.6 Hz, H-7), 6.57 (1H, s, H-
11), 6.88 (1H, s, H-14); >C-NMR (63 MHz, CDCl;) Sppm

19.0, 20.1, 22.4, 22.5, 22.8, 26.7, 32.6, 32.8, 36.0, 37.6, 41.0,
50.9, 109.5, 124.5, 126.3, 127.2, 127.5, 130.9, 147.5, 152.1,
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