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Figure 1. Ratio of natural products in new drugs approved over last 30 years (1981-2014, n =1562)".
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PGP ETeoTe. BUE, ABEEICET 2ARERNT 7 r—F & LTarer )7L
TIA MY =DBHONTNDD, RKEYOMEEZSEIT LI L Tare Sl M) T s I
N =L VEBNDLEM D SRR D IR, RICEPNEIED TRIREST D 2 & 030
END 50 ULED X 51T, KWE LU OBRITER MBI B TR LAY O rTREN:
EILS DEENERIZLTRY, L7edd > THMZR AR 2 R D RN O BRI ISR BRI Z B 1
TARIZBWTHREETHD LB BND. £ IT, FEHEIIRARYOMENF R 2B L7z
EEMERND LI L, ORI ZRAAT. BERIZIL, MEFOEHROxZ
iy, ZERROWE, ~T e T2 LIALamE LT, SEICREREEEZAT Y
TANCBROVT AN T AT aA RORBRE - ALPERE 2 5 L7z

EEICMBEERERELATDOVTANVBRIOUT AN T A A FERREOFEME L TF
VAR 7 EMEY) (Ranunculaceae) Z3RIR L7z, AR U FRHEMIET a2 =F 21X LHB L
FNRCT I aA ReEAT ML LTHbON TS P £7-, 47 L (Coptis
japonica) = ~ U 77" K (Aconitum carmichaeli), ¥ 7 2 =2 7~ (Cimicifuga simplex) 7¢ &%
KRR Z2ETRTH D Z 0D, TOIRBYEMRENICIH T b A RERENR Y % R
M ATREMER N EHEZR LTz, RIS AR U SREM O CH =5 7 BEWIE, m&dEE L
THLENDHED Z BT R, TNETOWREITBW THM R EK 20T 2bEaW DR EH
WD T BB RRIFEOFEM L L TERL TV D LIl Lz, RENR=F T B
ThbH=FA 271K 37 (Nigellasativa) 13Z ORI FEA et 2 /> 7 v oA K1
WLk 2 EMIE M 2 R THEBEME I T BN E EN TV D 2 ERHE SN TN D, ZDO—
¢, 7 uX x> (Nigelladamascena) I%, “ DEHKCHEREMEICOWTITZ E A ERRGTE
NTWRWMEM ThH o7, ZD LG, FHZZ v 232V U OHT 2 IR PR
ZATH 2 LT, REAWREMHEEE A AT 2B/ HND D TRV EHERH L 7.

7 1 Zx Y (N, damascena) IZF R F R =7 T BICHEEN, Ma—n v & FpEL
THAFETHD. FI/b el 0Ot 5728, BUE TR CREE= M
ELTHBLENTWVD (Figure2). L L7 H3A L L TOMEARBRIZRLS, TOEAK
IIRAEMBEENE I T 2 B X H E D 2SN ULV R o7z, TRETICEAKS E LT,
MrEoTanads R L0 7 IR ) — AR Y, 2850 7= — i EH ™
RZRFEF L ERAFT AL D RPEZ TN S (Figure 3). SEFMEMA L LTIE7 =/ —b
PEALEICB O TR b a7 U BRER 2 SoMAEMIER ® AREt ST 2, Wb %
DOIEMHEITIRN S D TIX o 7.

Figure 2. Flowers (left), flower buds (center), seeds (right) of N. damascena (variety: Moody Blues).
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Figure 3. Known compounds from Nigella damascena.
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I L DA TIXEEL LERAICE > 727 — 2 b E STV D 2 BUR CIIEHRIE YL
DA IV AN IRIEFIRIIAFE L TR T2, Bl LA 7 A L ARG TR & 7R R
MHEL 7o TN A,

F & DNAD B 1E

Figure 4. Lifecycle of HSV-1.

Figure 4 (2 HSV-1 D T A 791 7 VOB 278 LT .
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X7 VAV RFEKRTHLT V7 Ene"T v rsneil, B IV VB8R THL A K7
AT YD ERETF NS (Figure5). 737 o ABIOZEOHEERTY A VAT
D= (TK)ICLY U VBB bR E oD BlRMES Bl T e e =
Vgl DNASHOMEZIHIT 25 Z & TH~VRAERZRT. 4 K7 A0 Y U
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Figure 5. Structure of therapeutic agent of HSV-1.
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Figure 6. Classification of compounds exhibiting inihibitory effects against HSV-1*.
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Figure 7. Bioactive terpenoids against HSV-1.
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FT—EF 7 u¥ X7 (Nigelladamascena) a4y D Hip & &R E

#—8 27 uvZXY v (N damascena) FEFaH RS ORI R L ORRS B

HARFENFE S v % %Y v (N. damascena, fnfEi: Moody Blues) OFE 1~ 501.0 g % A % / —
I TR L 2 &% 7 — Vil =% % 58.2 g (11.6%) Z{ERIL7=. oz A% /) —
I =% A 2T L, n-7H ) —b, KEHOTENENERE T LAl EtE s (21.8
g, 4.35%), 7 X/ —/I/_I{’e? PE47 18 (14.8 g, 3.05%), 7K771H| (17.7 g, 3.63%) (2B L7-. #HEWvT
HElE = F VAR S B O WTIEME Y 7 57 a~ N7 F 7 40— [¥U B4 1000 g,
Hexane EtOAc —>CHCI3 MeOH-H,0] # HW\\CT 10 77 7 v a 2B LT-.

GONTZT T 7 2 a ANIOWTEEEBRHE HPLC Z W THHT L UV I RZ — 2 2%
n%msm‘ Lic& ZA, Fr. 34128\ T RO TRIRK 2 78 3R 72 UV RIS
H— U NBE STz (Figure 9).  Fr. 3 & Fr. 4 @ UV IR Z — A3JEBI L TV 22, Fr.4 T
132 OWIARK DS Fr. 3 ITHARRLRLY 7 FLTHEY, Fr.3 ILHEENLLEMOERKIETO
BALR®H D DT E TR LIz, & 2T Fr 41220 TR ZBR< HAY T CH,CN-H,0
7Ki@@ﬁﬁ§A7D7Fﬁﬁ74—%ﬁw HIORS ODEKB R N7 T 7 v a

DUNT & 52 HPLC 47 B [Triart PFP (250 x 10 mm i.d.), mobile phase: MeOH-H,0 (65:35, v/V)]
%ﬁ 9 Z L2 X Y oxazonigelladine (1) % ZyBiEkg Sl L 7-.

— T Fr. 5-7 D& EM A HPLC 438 CTi, 230 nm fHTic IR 2 F5 5, 260 nm fF

T E THEEO UV WIMEA 2~ 3RS 7 v — 7 BNBIE S iz (Figure 9). #Z CFr. 5-7 %
ZNEI NMR ATICE DV RREI L2 2 A, WThO 7727 23 2B THT A UERD
IFINE L BIIHFRICHKT DV T ARBRENTZZ LD, METICFEREAT
DT NASNUWEENLTONDD TR E TRIL7.. R Fr. 7128V TE 9 ppm £z =
aF URRICHRT DRI T L P RBIR AN LD, TAU TV u A RNE
FENTWD AR /R ST, % - T“ Fr. 57 IZOWTENENWHA T L u~ NTT 7
A4 —, KWT HPLC ZHIWTH#ED IKRLAIRZATD Z 212Xy, FEREMETICEEAT S
RIRGURIDT L2, damasterpene 1 (2-11) ZE N HEEEE R L 7.

fEF L LT, 7mr & x>/ Y ‘Moody Blues’ OFE 17 b= HEE—F /LAl iath i L v 1 fE
DOFHT /LA K oxazonigelladine (1, 28.1 mg, 0.0056 %), 8 FEDHH K7 X7 L5 L
-~ damasterpene | (2, 318.3 mg, 0.064%), damasterpene Il (3, 80.7 mg, 0.016%), damasterpene
I (4, 12.8 mg, 0.0026%), damasterpene IV (5, 14.6 mg, 0.0029%), damasterpene V (6, 38.4 mg,
0.0077%), damasterpene VI (7, 17.6 mg, 0.0035%), damasterpene VII (8, 4.4 mg, 0.00088%),
damasterpene VIII (9, 4.1 mg, 0.00082%) % BEX1{L.44 damascenine (10, 104.9 mg, 0.021%)",
methyl 3-methoxyanthranilate (11, 36.1 mg, 0.0072%) *’, 2-(dimethylamino)-3-methoxy-benzoic acid
(12, 8.3 mg, 0.0017%) ** & & & |2 Hiffi L 7= (Figure 10) .
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Figure 8. HPLC chromatofraphy of fractions (Fr. 1-10).
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Figure 9. Isolated compounds from N. damascena seeds.
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Nigelladamascena
“Moody Blues” (Seeds)

MeOH, 4, 2h x 5
(a) SiO; Column
[ MeOHext (1162%) | (b) ODS Column
(c) HPLC
EtOAc/ H,0
| 1-BuOH / H,0
EtOAc layer (4.35 %) ‘ ‘
1-BuOH layer H,0 layer
(@)(b).(c) (3.05%) (3.63 %)

oxazonigelladine (1,0.0056%) damasterpene VII (8, 0.00088%)
damasterpene | (2, 0.064%) damasterpene VIII (9, 0.00082%)
damasterpene Il (3, 0.0160%) damascenine (10,0.021%)
damasterpenelll (4, 0.0029%) methyl 3-methoxyanthranilate (11, 0.0072%)
damasterpene IV (3, 0.0029%)  2-(dimethylamino)-3-methoxy-benzoic acid
damasterpene V (6, 0.0077%) (12, 0.0017%)
damasterpene VI (7, 0.0035%)

Red color: New compounds
Chart 1. Isolation procedure of constituents (1-12) from N. damascena seeds.
B_H s uZxY UEHERGOLEEE

B/—IH Bk oxazonigelladine (1) Dfb2E#EE

Oxazonigelladine (1) (X EGEIERMIEM AR E LTH L. IR AT ML Z AT UES
B L OYFFENE (1747, 1608, 1506 cm™) OFFENRIE S 72, 'HNMR, ®C NMR 38X "%kt
NMR DTGNS, 11% 3 B P U 3FEK [§7.09 (dd, 1H, H-5), 7.22 (t, 1H, H-6), 7.41
(dd, 1H, H-7)] TH VY, EHILL LT AT /1[5 168.1 (C-1)], BHRFFITHE LI AF LV
[63.43 (s, 3H, H-8)], # R Jk [63.96 (s, H-9)] DIFENREBEINT-Z Enb, BabAEY
Td % damascenine [ZHLl L72#EEZ A L T D Z EMfEZR S 7z (Table 1). & 512 EI-MS
IZBWTH A A E—7 [M]" 3 miz 179 ICBIE2 &, INZ CTEiREE EI-MS OFE R LD,
1 D F UL CoHNO; T D Z EMHIBA L=, LavL, 1%t NMR Ofb2:s 7 MEDHEH
75 damascenine JEEULEGW) & ik 5 LN E L 5 TEY, HFROSFAT -+ B 3
BB DN LD, 1 IEE IR T CTERIIREE 2 A L TV 5 ATREEDR
Iz (Figure 11). = Z CTERBR L BB T OEEE A 2 MHERT 2 HIYT, Hifsdh % 1Fi
L, X BREAESESEMITIEZ E U2, (LAY 1 I3 IEE < Bl X OV iRt
BRTITR S ZTER Lo 723, Flix OfiEtz L7o#ER, EtOAc: EtOH : CHCN = 1:1:1
BAREZ WS AICE WS E T 2 A Lz, 22 TEbNERSEZANT X
HR S LA ST YR A JE M L 7= & 2 A, Figure 10 ISR L2 & 9 ICEHF T L MR DB
FEAEMRTHIENTEZ., LENR-ST, LITRAMITEB W THEF MO TR0
isoxazolidinone FFERTH D = & HVHH L 7-.
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Figure 10. Important 2D NMR correlations and X-ray crystallography of oxazonigelladine (1).

Table 1. *C NMR (125 MHz) and *H NMR (500 MHz) data of compound 1 (Measured in CDCls).

Position & on (Jin Hz)
1 168.1
3a 148.4
4 146.2
5 115.1 7.09 (dd, 7.5, 1.0)
6 125.7 7.22 (t, 7.5)
7 116.9 7.41 (dd, 7.5, 1.0)
7a 115.2
8 42.8 3.43 (s)
9 55.9 3.96 (s)

F72, 1728 damascening #FERDT —F 7 7 7 F TRV & OMERD T, MK RS
(2 &Y damascenine (10) D A FIL T AT IVERSy 2 I VIR CEESFREEAL L, BONTCRIC &
T 2RI &R Ut (A %/ — Vi, 80°C, 10 h) THEA L 7= H, TLCIZ XV RFfE
BRI LT, ZORER, REMETIE 1 oLkz7#R o, damascenine FFEKDT —F 7 7 7
e LTHEOLNTEEDTIERWZ ENRHLNE ST

% "IH Oxazonigelladine (1) DL EMEIZ OV T DELE

—WBz, BRETEMBEBERTOEHEESTETHIBIZIVALETHDL EEZLNLD.
LIALRR S LIET v a3 — /Wil z IO 7B R TORHSEC BB 53, IR LEIC
HEt Sz, 22 CTEHEHFIT 1 O(LFENRZEEIZ OV T X B ERE &M ES L O
Spartan’14 Z W CReET L, HIBZE B LOGEBIEIC LY 1 OZEMN T EL7zo T
RN EBER LT

LU OIZ, 1OIEH#EEE LT (A) BXO(B) #5% L7 (Figure 11). 7272 L, (B) TiE-~X
VEBUVBRBIANL TS Z END, TOFREIINSWEE X, Spartan’ld 12X Y 1 OFRLE
biE&EZEFE L, BERT Uy AW REER L. (ERLEEFHERT Uy VKLY, v
RN VleFB L OERFE T LB LZBER T (02) IZBWTEFEEOHR Y BHER SN,
BHRFETNOBEIFRFIINT TEFRTRNTWD I ENTFHISNT-. ZOBERT v L
BJ1X Figure 12 DILAGHEE (A) ISITWETFOHME L TWDHZ e, 11X (B) L0 b (A)
D% & > T D AlREMER B L HEZ ST,
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I X BRHLAE IS fETIE 1T 2 1 O A EMET LIz L 25, C7a-C1-02-N3 & 1
f473-3.3°, C1-02-N3-C3a ® [HMAMN 54°TH D Z L5, isoxazolidinone BRIXIE & A & Fm
THELTWD Z ENHEER I, F72, (A) OMETIE 10nE R &2MmZ L TW\DH I &N
BZONTEZENL (A) IEFHEEERT LI ENRBRINT. Lo THEEYE 1ITL
E7R (A) ZIIBHEIE L LTRSS Z L TEOREMENA EL TWDHDTIEHRWnhEBLE LT,

723, Spartan’ld (X O ERIL =8 ERT v v b~ v 1L, 1 OREE & HE CEFBE
DOEEN R D AREMEZ R L2, Thbb, BHFLMIBEFOBEEESICERTS L,
LB ORITILE FBEREHVDOICK L, (LEMOBFEILE FHEEMEWEFHE I —
J7C, X BREAE RS R L S b s Packing I ERRIT 5 &, 1 O IXaim s
HINANE D XD EIZESI L TWD Z EMHLMNE R oz, ZOZ 206, 1 IEN T
ORI & EH CEFEEICRY 25D, EFEEORWE S EWENER S L) ICESIT 5
e CRERMEMER L TWD Z PR S L.

A) 4s-

Figure 11. Plausible reasons of the stability of 1 and packing drawing by X-ray crystallography.
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BT HHLRS damasterpene 38 (2-9) Db FHEE

Damasterpene | (2), damasterpene Il (3) IZIEDFENEHE (2: [a]'p + 13.7°, 3: [a]*®p + 5.0°, in
chloroform) #6792 HEIERERER R E LTHEONE. IRAXY AL, HER, TAT
Jb, TR VAR H ST BRI (2: 2934, 1740, 1703, 1495, 1235, 1022 cm™, 3: 2922, 1739, 1709,
1592, 1265, 1025 cm™) 33D bz, KW T, ESI-MSIZEBWT, #ESFA 4 v— 2o 8%
FLEHL 2: miz 757 (M+Na)*, 3: miz 798 (M+H)* (28Ul S 7=, & fRAEESI-MSE L UMC NMR
Ik D ALEH D4 FH32: CusHso0g, 3: CagHsi:NOg T D Z ENH B E 72572, 'H NMR,
BC NMRE L O "R TENMROFEHHFER LV, 2 BE O3 IE RTRT U OT L2 ik %0
{2: [ FTD AFVEEICH KT S 7 1 b §51.46 (H-15), 1.34 (H-16), 1.78 (H-17), 1.83 (H-19),
1.52 (H-20), alls,3H], 1#ATDOAF > 71 b [62.98 (1H. brs, H-11)], BREEHRERICHEA L
725 ODAF 7 b [§4.70 (d, H-2), 2.94 (d, H-3), 5.72 (d, H-9), 5.59 (dd, H-10), 5.49 (d, H-
13)], 3HATDAF L7 b [61.28, 219 (H-5), 2.28, 2.41 (H-6), 1.53 (H-14)], 1# DA L
T 47 b [6556 (H-ND]} 2RioZ Envmaniz. £72, 1y FioxTRF M [2, 30 &
65.0 (C-3), 61.8 (C-4)], 4% DT AT LHETE [2: & 168.9 (C-1'), 170.0 (C-1"), 170.4 (C-1"),
166.1 (C-1"), 3: & 169.0 (C-1'), 164.1 (C-1"), 170.5 (C-1"), 166.1 (C-1")] DIF/EIN/RENT-
(Table 2,3). {b&# 2 TIET7BFAREICHKT DT 7T [§1.74 (s, 3H, H-2"] BBl ST
DKL, /bEW 3 Tld=aF /A LI [& 164.1 (C-1"), 125.3 (C-2"), 59.05 (s like, H-3"), 8.75
(d like, J = 3.4 Hz, H-5"), 7.29 (dd like J = 3.4, 6.2 Hz, H-6"), 8.04 (dt, J = 6.2, 2.0 Hz, H-7")] (2 F 3k
THVTTARBES N, SHIC2 L3 ITENENIMOT v b DfbFT 7 MEN R
% [2: 65.72 (d, 1H, J =10.0), 3: 65.93 (1H,d,J=10.3)] Z &5, INEDT L IVIENE 2 B4k
W THDLZ ENTRBINT. AT, ZRIENMROFEMZARMEHTIC LY 72 il LU=
RE VEEDOANE Z TN ENRE LTz (Figure 12). T72b b, 2 [ZBWCHREERERICH
ALIZAF 7 a k5470 (H-2), 5.72 (H-9), 5.59 (H-10), 5.49 (H-13) 2»HE NN A LR =
VA —7R & 168.9 (C-1Y), 170.0 (C-1"), 170.4 (C-1"), 166.1 (C-1"") & OHMBCHHEANREILZ S
T2 X T UNEOREANEEIRE L. £, 1I6MOATF LT e k8134 725 & 65.0,
61.8 & OHMBCHIBIA R B, 2D AF T r by §470 L =RIF L RIS LT ATF
7'v h 5294 BIZDQF COSYDAHBEM A o= Z b =Ry ROMEEZRE LTZ. 1k
EW) 32BN T H RO RIENMRIBEN R b7z, BLEX V2 B X3 OFikkiE s ik iE

= DQF COSY
~——x HMBC

Figure 12. Important 2D NMR correlations of new compounds 2 and 3.

13



2° 3
Position Su(Jin Hz) Su(Jin Hz)
1
2 4.70 (1H, d, 9.0) 474 (1H, d, 9.6)
3 2.94 (1H, d, 9.0) 2.98 (1H, m)
4
5a 2.19 (1H, dd, 15.5, 8.0) 2.21 (1H, m)
B 1.28 (1H, m) 1.32 (1H, m)
6 2.41 (1H, m) 2.44 (1H, m)
B 2.28 (1H, m) 2.32 (1H, m)
7 5.56 (1H, m) 5.69 (1H, d, 11.7)
8
9 5.72 (1H, d, 10.0) 5.93 (1H, d, 10.3)
10 5.59 (1H, dd, 10.0, 1.0) 5.79 (1H, d, 10.3)
11 2.89 (1H, br s) 2.98 (1H, m)
12
13 5.49 (1H, d, 3.5) 5.55 (1H, d, 6.9)
l4a 1.53 (2H, m) 1.63 (2H, m)
B
15 1.46 (3H, 9) 1.53 (3H, 9)
16 1.34 (3H, 9) 1.37 (3H, 9)
17 1.78 (3H, 9) 1.83 (3H, 9)
18
19 1.83 (3H, s) 1.89 (3H, 9)
20 1.52 (3H, 9) 1.55 (3H, s)
1!
2' 3.37 (2H, s like) 3.40 (1H, d, 15.1)
3.38 (1H, d, 15.1)
4 6.78 (2H, dd, 7.5, 1.5) 6.80 (2H, d, 7.6)
5' 7.07 (2H, m) 7.07 (2H, m)
6' 7.13 (1H, m) 7.13 (1H, m)
1"
2" 1.74 (3H, 9)
3" 9.05 (1H, s like)
5" 8.75 (1H, d, 3.4)
6" 7.29 (1H, dd like, 6.2, 3.4)
7 8.04 (1H, dt, 6.2, 2.0)
2" 3.55 (1H, d, 14.0) 3.52 (1H, d, 14.4)
3.61 (1H, d, 14.0) 3.44 (1H, d, 14.4)
3!"
4" 7.26 (2H, m) 7.05 (2H, m)
5" 7.37 (2H, m) 7.09 (2H, m)
6" 7.31 (1H, m) 7.11 (1H, m)
3™ 7.96 (2H, dd, 7.5, 1.5) 7.97 (2H, dd, 7.6, 1.4)
4 7.37 (2H, m) 7.39 (2H, m)
5" 7.50 (1H, tt, 7.5, 1.5) 7.51 (1H, m)

®Measured by 125 MHz NMR.  ° Measured by 150 MHz NMR.
Table 2. "H NMR (500 MHz) data of compound 2 and 3 (Measured in CDCIs).
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Damasterpene 111 (4), damasterpene IV (5) IZ & DFESEME (4: [a]'®p — 13.0°, 5: [a]™®p — 8.5, in
chloroform) # /4 %5 HEIEMERMEMm AL L TH L. IRAXY LD, HEHEER, TAT
Jb, TR VIR H T BRI (4: 2971, 1740, 1705, 1494, 1234, 1023 cm™, 5: 2923, 1740, 1712,
1592, 1264, 1025 cm™) 2358 H 7z, #it\ T, ESI-MS IZBWTC, #UY A 4 v — 27 vz
NEH 4:mfz 709 (M+Na)*, 5: m/z 757 (M+H)" ICBLRI S -, SO RFRE ESI-MS 3 X UM C NMR
IZE VLB DS A 4: CyHse0o, 5: CosHsiNOy TH D Z E MBS E 72572, 'H NMR,
BCNMR OFER LV, 4 BEOSEELL LA YT F VLK [& 174.4 (C-1'), 33.6 (C-2), 18.6,
18.5 (C-3,4)] Z&EimgiE L L CTAT H2ILAEMTH L Z LRI N, £, HEFIZ 41X
TERFNEEGLOIZXIL, 5 ix=aF r@gigitel LRSI, A2 T ZRIENMROfiF
W RICBWT, 2O AF 7 b [4: 5470, 5: S4.76] oA YV 7F VNI 1 \Ld A v
R= ViR [4: & 174.4,5: & 1745] ~OHMBCHBEIR AOLNI-Z 0D, 4 BX U5 1X Th
EFN2BLP3D2MOTINENRA Y TF IV NEICEBR LIALAH THD ERE LT
(Figure 13).

= DQF COSY
~—x HMBC

Figure 13. Important 2D NMR correlations of new compounds 4 and 5.
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23 3b 4a 5a

Position S & & &
1 47.8 479 47.7 47.9
2 73.9 73.9 73.0 73.0
3 65.0 65.0 65.0 65.1
4 61.8 61.8 61.6 61.7
5 38.1 38.1 38.1 38.2
6 23.8 23.9 23.8 24.0
7 132.3 133.0 132.4 133.1
8 131.0 130.7 131.0 130.7
9 78.7 80.0 78.8 80.2
10 75.6 75.4 75.6 75.4
11 45.7 45.7 45.9 46.0
12 135.5 135.5 135.5 135.5
13 73.3 73.3 73.6 73.7
14 43.9 44.1 44.2 44.4
15 19.3 19.4 19.5 19.6
16 16.4 16.5 16.4 16.6
17 12.3 12.4 12.3 12.4
18 136.4 136.6 136.6 136.8
19 22.3 22.4 22.3 22.4
20 22.1 22.1 22.1 22.2
iy 168.9 169.0 174.4 174.5
2' 41.0 41.1 33.6 33.7
3 133.6 133.6 18.6 18.7
4 129.0 129.0 18.5 18.6
5' 128.2 128.6

6' 126.6 126.7

1" 170.0 164.6 170.0 164.1
2" 20.6 125.3 20.6 125.4
3" 151.0 151.1
S" 153.5 153.5
6" 123.2 123.3
7" 136.9 137.0
1 170.4 170.5 170.4 170.6
2" 41.8 41.8 41.8 41.9
3" 1335 133.1 1335 133.1
4" 129.1 128.8 129.1 128.8
o™ 128.0 128.2 127.9 128.7
6" 127.4 127.3 127.4 127.3
1 166.1 166.1 166.4 166.5
2™ 129.4 129.5 129.4 129.5
3™ 130.0 130.0 130.1 130.1
4™ 128.8 128.0 128.8 128.0
5™ 132.7 132.8 132.7 132.8

 Measured by 125 MHz NMR.

® Measured by 150 MHz NMR.

Table 3. °C NMR data of compounds 2—5 (Measured in CDCls).
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4 5
i’osition Su(JinHz) Su(JinHz)
2 4.70 (1H, d, 9.5) 4.76 (1H, d, 9.0)

3 2.93 (1H, d, 9.5) 2.98 (1H, d, 9.0)
4
S5a 2.18 (1H, m) 2.21 (1H, m)
B 1.28 (1H, m) 1.32 (1H, m)
6a 2.29 (1H, m) 2.44 (1H, m)
B 2.42 (1H, d) 2.33 (1H, m)
7 5.58 (1H, d, 10.5) 5.71 (1H, d, 11.0)
8
9 5.74 (1H, d, 10.5) 5.96 (1H, d, 10.5)
10 5.62 (1H, d, 10.5) 5.83 (1H, d, 10.5)
11 2.92 (1H, brs) 3.02 (1H, brs)
12
13 5.52 (1H, d, 6.9) 5.58 (1H, d, 7.5)
14 1.93 (1H, m) 2.00 (1H, m)
yij 1.71 (1H, m) 1.85 (1H, m)
15 1.54 (3H, s) 1.62 (3H, s)
16 1.35 (3H, s) 1.39 (3H, s)
17 1.80 (3H, s) 1.85 (3H, s)
19 1.86 (3H, s) 1.92 (3H, s)
20 1.57 (3H, s) 1.60 (3H, s)
2' 2.30 (1H, m) 2.33 (1H, m)
3 0.84 (3H, d, 7.0) 0.86 (3H, d, 7.0)
4 0.72 (3H, d, 7.0) 0.74 (3H, d, 7.0)
2" 1.77 (3H, s)
3" 9.07 (1H, s like)
5" 8.76 (1H, d, 4.0)
6" 7.31 (1H, m)
7 8.06 (1H, dt, 8.0, 1.5)
2" 3.57 (1H, d, 14.0) 3.55 (1H, d, 14.5)
3.62 (1H, d, 14.0) 3.47 (1H, d, 14.5)
4" 7.29 (2H, m) 7.07 (2H, m)
5" 7.38 (2H, m) 7.07 (2H, m)
6" 7.32 (1H, m) 7.09 (1H, m)
3™ 7.97 (2H, dd, 8.0, 1.0) 8.00 (2H, dd, 7.5, 1.5)
4 7.38 (2H, m) 7.40 (2H, t like, 7.5)
5™ 7.50 (1H, m) 7.51 (1H, t like, 7.5)

Table 4. "H NMR (500 MHz) data of compound 4 and 5 (Measured in CDCIs).



Damasterpene -1V (2-5) O FHxf SEARELE (X NOESY A7 RV OFEIZRfRITIC L 0 PiE L
7= (Figure 14). 723, 31X 'HNMR D> 7 F/Lin—ERE 72 > CU /=72, CDCly & acetone-ds
DB X D NOESY A7 M CTiET L7z, 378 H, H-15 & H-3, H-9B LT
H-13 & @ NOESY #HEH L OVH-2 & H-10, H-11, H-16 3 L OV H-17 OFBER b= 2 &b
2, 3, 4BLO5 DR EEZRE L. £, 7072 v & 1TALO AT L7 v b
> @ NOESY MR R b nenoT= 2 End, TAMO “EHEAIZERTH D Z ENRIBEI
7.

Figure 14. NOE correlations of 2—5 (measured in CDCly).

&M 2, 3 DRI SLARBLE O EIZIE X B HRE s ST LS KO % 7 U 7« —1&
CD2omKEEER L. £, XA SEEMTIEE FE T D OISR O K %
1To72. ALEW 2, 31TV T 4 b Ak 23 < BL—J& L (CHCI3, AcOEt, acetone, acetonitrile,
EtOH, MeOH, 1, 4-dioxane), &% (n-hexane—EtOAc, n-hexane—acetone, CHCl;—MeOH,
CHCI;—EtOH, EtOAc—MeOH, MeOH-H,0, EtOH-H,0, CHCl;-MeOH—-H,0) Ti&f&dh Z Kk L
ol LLRRRG, T U VEZERICEIET 5 2 & ThidMEOSGEEN L b, 2-
phenylacetyl 13-benzoyl damasterpenol (17) 7% MeOH ¥4 CHAfE & 2 Rk L 7= (Figure 15).
{BEEW) 17 12OV T X BB d & AT 2 S5 L 7= & 2 A, Figure 16 12777 L 9 2 &S
Hiv7=. Flack parameter [ 0.1 TH VU, 17 ILEILHEEZBZATVRNI L ZORERIET T
A S LA E OV EITIZ R L R o 7.

o] H o
NaOMe NaOMe
o —> cHy, €&———
7 H
H4C
cH, oH O
17

Figure 15. Alkaline methanolysis of 2 and 3.
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Figure 16. X-ray crystallography of 2-phenylacetyl 13-benzoyl damasterpenol (17).

T CHERINL AR DR E DT %7 V7 4 —1EEE Lz, 1% 7 V7 10—
X, JFHEDICE » Tl SN LA EOREFIETHY, “HEA LKL &IV
A NVHT EROFOMEERIZ X D 230 nm £ Cotton ZhEZRET L2 EILD, &
B — DM SRR E 2 P E T 5 2 N TE 5 %2 Damasterpene 1T 12 (2l " EAE S, 13
PAZRU Y A NIEEGT D20, ST V7 ¢ —E038H TRE 72 s 24 LTz,
&% 2,30 CD A7 MLV AHITE L= E Z A, 230 nm T Cotton Zh I RAE CTH - 7=.
ZOHM & LT 2, 3DWETIIIET DEBDOFEFREZLT VKT D2MEENE 2
biiz7=%, NaOMe % H W= IABL M RIZ K 0 &0 78 7 V2 YK L= 17 12>\ T CD
AT MVERE LTz, ZEOREE, 223nm iz Cid- % v & LA Cotton ZhiE (4¢— 5.55)
DBIEESNTZ &0 D, 13 OMMXSLARRLE A R Th 5 & RIE L7z (Figure 17) .

VI EOFERID, 28X O3 1% Figure 9128 T X 9 7kt i (A& ThH D LIRE LT,

0 \ ! ——

_52[\\ 220 240 260 280 300
|
\

20 \ — damasterpene | (2)
\V4 — 2-phenylacetyl 13-benzoyl damasterpenol (17)

Figure 17. CD spectra of 2 and 17.
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&Y 4,5 IOV THRERIZE %7 V7 4 —IEIC X o T R IE 2 R E LTz
(Figure 18) . ZD#ER, TV UMNEESRIC X 0 55840 L7z 19 23 223.5 nm IZBWTHD
Cotton Zh#: (4e— 10.50) /R L7=Z £ 5, 13 fLOMRISLIAELE S R TH D ERE LT
(Figure 19) .

Figure 18. Alkaline methanolysis of 4 and 5.
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2 220 240 260 280 300

Figure 19. CD spectrum of 19.

Damasterpene V (6), damasterpene VI (7) i & D EH: (6: [a]*’o -17.3°; 7: [a]®p +47.9, in
chloroform) ZH 3 2 AGIEMMEMER & LTHELN. IRAXRY MDD, 6135EFR, —
AT )b, TIRF LV FRITH KT D IRIY (6: 2976, 1745, 1708, 1603, 1498, 1231, 1026 cm™) 73388 &
N, —F, IOIRAXZ MU TlEk Fax i, BEER, A7/, =R EICHKT
% WY (7: 3505, 1743, 1710, 1498, 1244, 1030 cm™) 2338 HAv72. ESI-MSIZERBWTIE, ##E5y
FA A =7 13T miz 773 (M+Na) &7~ L, B fRAEESI-MSE L O™C NMRIC X W {bA
D5y F T FIZ CgHs010TH D Z E ML N E 22> 7. 'THNMR, ®CNMR OfEF L,
BBLIOTIXENEN R TIRG VTN B R, 4rFTOT UV EEA LTS
T ENRBEEN. MESRE LT, 6 TR ARF UHEICERT S 7T L [&64.3,61.1, 62.0,
60.3(C-3,4,7,8)] £V =ARFHEN2H FIFIEL TWVD LR ENTZDIZH L, 7 TIETARF

TH [ 627,619 (C-3, )] XLy AT THY, RbVick Fax v HEICRKNT L7 [&
71.1 (C-7)] 3 L UK A F L > [65.61, 5.57 (both s-like, H-17)] (2B S5 o 7 L 058l
SNz, AT RIENMROFFTHFERIZE Y, 6I2BWVWTZRFY RICHEA LI AT L KE

63.14L 5ALDOBIKFE §2.01 £ DDQF COSYDFHEH, I WNI7TALD A FNFIKFEND & 62.0,
60.3 ~DHEAN AL ONTEZ ENOLT MBI SLCTZARF Y RBFELTVD I ENRSI
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— HMBC
= DQF COSY
«<<-» NOESY

Figure 20. Important 2D NMR correlations of new compounds 6 and 7.

7. Flz, TIZBWT, KBEIEGLIEZAT T2 by §427 L6 D ATF LT b
52.09 ® DQF COSY i, BL W INLO T 1 kb 152.1, 117.2 ~0 HMBC AHEA A 1 2%
SNz L2 E Y 7 OFwiMEE % Figure 20 TR L7Z X D ICRE LT,

LAY 6 LT Ok NIAAREEIIRIE %7 VU 7 0 —1EB L OYNOESY A7 FL&#i
HEDETHWAZ SlckvikE L.

F£9°, NOESY A7 MLVOFFHTIZ L VIZ L0 FRINLRELE 2 fat L2/ R, 6 TIL 7Aoo
Zu bl 9N OTa k15 4i0>7m N ORNZHBENERD bz —J T, 17 fLD A F
v hAT 2 o7 e by, 10 o7 e ho, 1L o7 e o EOMEERLIZZ &
O, TNOTZRFVEZI NI AMTHD EHEINTZ. —FHT, 7O 7 (LOKEEDNIK
b1, TALoKEE 3ALDKTE, 9 NLDKE, 15 MDOKFDORIZHBEINED =2 &
B, T OFEXARBLE 2 R E L.

BN T, MR IAREEOREHE, 6 B X7 27V UMIKE L 7-358E K 20, 211250
TCD AT "MAERET S Z LIZ L VITo 72 (Figure 21).  ZDOFER, 201X 222.4 nm ([Z#&
? Cotton Zh i (4e=-2.98) Z kL, 211% 222.2 nm |[Z& D Cotton ZhH: (4e=-6.28) 2/~ L7~ =
ENS 13NLOMER SRR E N ZNEIR TH D LIE Lz (Figure 22). LLEXDY, 6L
7 OAERISLAREE & 5 O T b P& % Figure 9 IR L2 L O ITE LTz,
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20 21
Figure 21. Chemical structures of deacylated derivatives 20 and 21.

20

200 240 260 280 300

21

200 240 260 280 300

Ag
N
[=]

Figure 22. CD spectra of 20 and 21.
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6 7
Position Sdu(JinHz) du(JinHz)
2 4.77 (1H, d, 9.5) 4.85 (d, 9.5)
3 3.02 (d, 9.5) 3.12 (d, 9.5)
S5a 2.25 (dt, 13.5, 3.0) 2.14 (m)
Yij 1.40 (m) 1.37 (m)
6a 1.72 (m) 2.09 (m, 2H)
yij 2.01 (m)
7 3.14 (d, 8.5) 4.27 (m)
9 5.13 (d, 11.0) 5.08 (d, 11.0)
10 5.51 (dd, 11.0) 5.41 (dd, 11.0, 1.0)
11 2.72 (brs) 2.52 (brs)
13 5.42 (d, 6.5) 5.57 (m)
l4a 1.45 (m, 2H) 1.51 (m)
Yij 1.67 (m)
15 1.37 (s) 1.42 (s)
16 1.44 (s) 1.37 (s)
17 1.53 (s) 5.61 (s like)
5.57 (s like)
19 1.90 (s) 1.73 ()
20 1.54 (s) 1.53 (s)
2' 3.39 (s like) 3.46 (d, 14.5)
3.42 (d, 14.5)
4 6.79 (d like, 7.0) 6.86 (dd, 7.0, 1.5)
5 7.09 (dd like, 7.0) 7.11 (dd, 7.0, 1.5)
6’ 7.15 (dd like, 7.0) 7.15 (t like, 7.0)
2" 1.82 () 1.73 ()
4//
5”
6”
2" 3.52 (d, 15.0) 3.64 (d, 14.5)
3.57 (d, 15.0) 3.60 (d, 14.5)
3///
4m 7.24 (d, 7.0) 7.28 (dd, 8.5, 1.5)
5" 7.38 (m) 7.36 (m)
6" 7.31 (dd like, 7.0) 7.31 (m)
3 7.96 (dd, 8.0, 1.5) 7.96 (dd, 7.5, 1.0)
4 7.38 (m) 7.40 (m)
5 7.52 (dd, 8.0, 1.5) 7.53 (t like, 7.5)

Table 5. "H NMR (500 MHz) data of compounds 6 and 7 (Measured in CDCly).
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6° 7° h 9
Position Sc Sc Sc Sc

1 47.8 48.0 42.9 48.0
2 73.5 73.4 73.9 73.9
3 64.3 62.7 64.3 64.6
4 61.1 61.9 62.2 61.3
5 36.8 37.3 38.0 37.0
6 22.9 31.7 24.5 22.8
7 62.0 71.1 133.2 63.2
8 60.3 152.1 130.5 58.9
9 76.8 76.1 78.8 40.5
10 74.9 78.0 74.0 75.5
11 45.9 45.2 44.1 46.0
12 135.4 135.9 68.7 136.2
13 73.4 73.3 211.1 73.5
14 43.5 43.8 48.7 43.7
15 19.0 18.0 20.4 18.9
16 16.6 16.6 17.0 16.6
17 13.8 117.2 12.2 18.2
18 137.2 136.9 66.4 137.5
19 22.1 20.7 24.0 22.7
20 22.4 21.8 194 22.3
1’ 169.0 169.2 170.0 169.1
2' 41.1 41.2 41.4 41.1
3 1335 133.8 133.8 134.1
4’ 129.0 128.9 129.3 129.5
5 128.3 128.3 128.6 128.7
6’ 126.8 126.8 127.1 127.2
1" 169.7 171.6 169.9 170.7
2" 20.5 22.6 20.6 41.9
3" 134.0
5" 129.5
6" 129.6
7" 128.0
1 170.2 170.2 170.3 166.1
2" 41.5 42.0 41.4 129.9
3" 133.1 1335 132.9 130.5
4 129.2 129.0 128.8 128.7
5" 128.1 129.1 129.3 133.3
6" 127.6 127.6 127.5

1 166.0 166.1

2" 129.4 129.5

3" 130.0 130.0
4 129.0 128.1

5" 132.8 132.9

# Measured by 125 MHz NMR.

® Measured by 150 MHz NMR.

Table 6. *C NMR data of compounds 6—9 (Measured in CDCl5).
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Damasterpene VII (8) 18 D FESEME (8: [a]*p —81.2° in chloroform) % 43 % A B L MER R
ELTELNE. IRANY MWD, 81TV R=VE, BEE, AT/, mRIPIHIZ
13k BRI (8: 2962, 1740, 1601, 1496, 1234, 1023 cm™) 2838 H L7z, #EW\ T, ESI-MSIZH
WTHRLY A A E—27 8 miz 773 (M+Na)' ([CBlEZ2 S, & fERE ESI-MS ks LY BC
NMRIZ X WAL AW D 55+ RITFEIC CHuOe TH D Z ENH B E 2572, 'H NMR, ©C
NMR OFER LD, 8 & RIRT U T LUK EZR L TR, #BETO7 LT3
BT T&H Y [& 170.0 (C-1Y), 169.9 (C-1"), 170.3 (C-1")], /LR =/ LK [& 211.1 (C-13)] A L
TWDZEMNRBENTZ., £, THRFY FICHKT DV 7T [& 64.3 (C-3), 62.2 (C-4),
68.7 (C-12), 66.4 (C-18)] MARBIE SN~ Z L LV EETI2 ORI U EEZAETHZ &
HoRIB X7z, “IRIENMROFENTRERIC K U, 8 1% 13 fLIC W VAR = VA RS, 12 i1
EREANTRI AL L PEEEEZ AT 5 2 ERNH LN/ o 72, 8 ORI LARELE T 1217,
18 i O SR % R & NOESY A X7 L L2 L W k& L7 (Figure 23). {t&4% 8 iXfLod
damasterpene $8 & #7020 13 (LI A NI TEHBRL ANV R =NV EF T HHETH -T2
7o, BT VT o —iEE A e TEES &R (X2 A V) 3B A o T2
G FR 2o T2, MATERS ThHo2Z b FE(L b N ThH o 727-, 8 ©
MERISTAREE TR ET H 2 LN TE ol

— HMBC
= DQF COSY
-=-» NOESY

Figure 23. Important 2D NMR correlations of new compounds 8 and 9.
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Damasterpene VIII (9) 1Z1EDFE:M: (9: [0]*'p +126.1, both in chloroform in chloroform) 495
BRI R E LTEONTZ. IRAXY hAnD, 9 13EEFR, =AT/L, TRF U
(Z SRS BRI (9: 2930, 1737, 1708, 1585, 1282, 1026 cm™) 2338 b=, ESI-MSIZB W TIT,
By A A E—2 28 miz 715 (M+Na)" IZBIZZ S, R EREESI-MSE X OYC NMROjE
RE VLA D RS CHwOs T D Z EMH LN E 72572, 'H NMR, BC NMR DOfifhT
fERL Y, 9 HiEsOdamasterpeneli & [FERIC RT XTIV T LU ThDH Z EBRRIN
R, TUNIEIT 3 hFTCTH D T EAURE ST [& 169.1 (C-17), 170.7 (C-1"), 166.1 (C-1")].
Z ZCRITENMROIENT 24T 9 Z L2k Y, 3D T L IVEEDOREGHENL &2 8 L= f R,

9 |Ifho>damasterpenefH & 1372 0 9 (LICEMIL A FF - R OMEETH DL Z ERB BN E o Tz,

Figure 24. Chemical structure of deacylated derivatives 22.

bE¥ 9 DXL % NOESY A7 hLIZ X0 EF L7c#ES, 9 @ NOESY #HBEIIL
ffio> damasterpene & —E L T 7= (Figure 23). F£72, 9 O T I VAR HITERW - FEE K
22 (Figure 24) (IZOWTC, L 7% 7 U 7 4 —IEIC L D ekt LR IE 2 et L7 iG55, CD &
7 R UZEWT 223.0 nm IZA D Cotton ZhE: (4e = —20.5) NWEIER SN2 LD 9D 1341
DHXISIARKEE X R TH D EIE & 7- (Figure 26). DL EOFEBRFER LV 9 ONLIRKEE A R
7E L 7= (Figure 9).

22

10

-10240 220 240 260 280 300
-20
-30
-40
-50
-60

Ae

Figure 25. CD spectrum of 22.
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g 9
Position Sdu(JinHz) du(JinHz)
2 4.83 (d, 9.0) 4.78 (d, 9.0)
3 2.90 (d, 9.0) 3.01(d, 9.0)
S5a 2.11 (m) 2.25 (ddd, 13.7, 3.5, 3.5)
Yij 1.19 (m) 1.35 (m)
6a 2.28 (m) 1.71 (m)
yij 2.19 (m) 2.00 (ddd, 10.2, 3.5, 3.5)
7 5.48 (d, 11.0) 2.94 (d, 8.3)
9 5.67 (d, 10.0) 2.36 (dd, 13.1, 5.5)
£1.60 (m)
10 5.58 (d, 10.0) 5.27 (ddd, 7.6, 4.0, 1.4)
11 2.06 (brs) 2.70 (brs)
13 5.43 (d, 7.6)
l4a 1.90 (m) 1.52 (m)
S 1.49 (m) 1.63 (m)
15 1.42 (s) 1.25 (s)
16 1.20 (s) 1.43 (s)
17 1.58 (s) 1.49 (s)
19 1.42 (s) 1.85(s)
20 1.49 (s) 1.51(s)
2 3.61 (s like) 3.39 (s like)
4 7.24 (m) 6.79 (dd, 7.6, 1.4)
5 7.26 (m) 7.08 (m)
6’ 7.22 (m) 7.15 (t like, 7.6)
2" 1.73 (s) 3.64 (d, 15.1)
3.59 (d, 15.1)
4" 7.23 (dd, 8.3, 1.0)
5" 7.38 (m)
6" 7.31 (t like, 8.3)
2" 3.44 (s like)
3" 7,97(dd,6.9,1.4)
4 7.10 (dd, 7.0, 1.5) 7.38 (M)
5" 7.24 (m) 7.52 (m)
6" 7.22 (m)
3””
4””
5””

*Measured by 125 MHz NMR.  ° Measured by 150 MHz NMR.

Table 7. "H NMR data of compound 8 and 9 (Measured in CDCls).
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BEFIER % damascenine (10), 2-(dimethylamino)-3-methoxy-benzoic acid (12) D& &E#EAT

7 na B oA X0 S RSy damascenine (10) ¥ 35 & O 2-(dimethylamino)-3-methoxy-
benzoic acid (12) ® IZBEEL A TH S T2H, FD ALY FATF—E NRE S TO2RVMES
WTohole. 22T, Thb _FOBAMELAMIZONTHE AT ML OIFEZITo 7.

Damascenine (10) DAL= E IXBEMLA Y CT&H 5 methyl 3-methoxyanthranilate (11) > & D1k
F 7 MEOKER IO TRt NMR OfFTIC LV RE L7z, {bAM 10 Dby 7 MElx
11 Dby 7 MaE R —B L7eh, EFRIREFICBE LA TFAVEICHR T 7T [-
NCHa: 6 3.04 (s, 3H)] O 7 FARBLE S, —RIE NMRIZEWT-NCH; 7' e kb 3
PO 4 FRIRF~OHENEOLNTZZ 0D, 101F 11 O 3MLDOT I VB A F AL Z 52T 124
EEHLTWDHZ ERHLMNE -T2, F£72, ESI-MS OfiEHT#5E R [LR MS: m/z 196 (M+H)",
HR MS: m/z 196 0965 (calc. 196.0968), (M+H)'T 12 L ¥ 10 ®43 7S CyoHisNO; THDH = & %
ffe78 L 7= (Figure 26).

3.86s

o 3.84s
7.47 dd 514 751 dd (o) a1e (o)
657 dd 3 664dd =N _CHj3 M _CH;
(J=8.0,8.0) _ 168.90 (0]
(J=8.0,8.0)
6.84 dd
J=10,80) 6.91 dd /CH3 2203 s ‘//a-|3
(J=15,8.0) . H — DQF
H /v ~™\ HMBC
Hs e 2 H,e
3™~ 380s 3
55.9
13ref damascenine (10)

Figure 26. Structural determination of damascenine (10).

2-(Dimethylamino)-3-methoxy-benzoic acid (12) Ok &E IZBEb A% CTH 5 methyl 3-
methoxyanthranilate (11) & Dfb52 7 MED S L O %ot NMR OFENTIZ X 0 e LTz,
'"H NMRIZBWTF295 IZ6H D7 Ly hE—7 BBEIE SN2 LD N-U A T LEE
EALTND I EARBS T, AT %It NMR IZBUWT-NCHs 071 b rind 3 Lo
4 FRIRFBA~OMHEN R SN2 L, -NCH; OHEWDOAF LET m S OMBERR LN &
NOAEEYOREEZRE LT, £72, ESI-MS OfiFHTiE £ [LR MS: m/z 218 (M+Na)*, HR
MS: m/z 218.0790 (calc. 218.0788), (M+Na)'] 1= L ¥ 12 D4 T-548 CioHiNO; T 5 = & il
L 7z (Figure 27).

(0]
( g\
-5050) OH
7.13 dd _CHj ‘//_a'l;;
(J=15,80) | 0 95  6H /v le
/0 CH3 42.3 /0 CH3 — DQF
H3C 3055 H3C N\ HMBC
55.7

2-(dimethylamino)-3-methoxy-benzoic acid (12)

Figure 27. Structural determination of 12.

28



RSB =F I BEM =34 7 v ¥ XY v (Nigellasativa) &8 VTN & OEEHE

VAT VAVEINCY =12V aWiak (v RN A U S ol RN b =) Al = = =P o SR AT
HREZ A L TWe, 22T/ XY VORI THL=AA 7 n XY 72O ThH
GH YT N O LT D BB TR BRI IE & ke L 7=

= A7 mZxY Y (N sativa) DFEFZEHELT-OL, ZOFKEE% n-hexane Z VW THiflE
Lo, SBICEEEZ AL ) — NV ZHOWTEWRFH 280 IR LITV, A% — =% 2 %
ﬁEEE L7z, oz A% ) —hiHo s 21250 T n-hexane & 80% A % / — /L EHWTE 5

TR T EL & 4T - 2. 80%MeOH FIIEME ST HIIZ DUV CEEE = T /L35 K OVK & H VW Tk ik 70 Bl
%ﬁw, GO NIRRT L B DOV TR B A AT o 7.

FOFER, HiET F L AIEMESE LV Chart 2 IRT XL 97 4 OB TEE R I RT ALY
7 )L~ nigellamine B, (13, 2.8 mg, 0.000056%) *’, nigeglamine (14, 7.5 mg, 0.00015%) *,
nigellamine B, (15, 2.0 mg, 0.00004%) %", nigellaol (16, 10.7 mg, 0.000214%) ¥’ % MR E L 7-.

Nigella sativa
(Seeds) (a) SiO, Column
| Hexane, Reflux, A (b) ODS Column
| | (¢) HPLC
Hexane ext. residue

| MeOH, 4, 2h x 5
\ MeOH ext. (3.38 %) \
| Hex/80%MeOH

|
80% MeOH ext. (2.21%)
| EtOAG / H,O

I
Hexane ext. (1.10 %)

I
EtOAc layer (0.13 %) H,O layer (2.71 %)
| (a).(b).(c)

nigellamine B, (13) nigeglamine (14) nigellamine B, (15) nigellaol (16)

Chart 2. Isolation procedure of constituents (13—16) from N. sativa seeds.

IJaBRTHRISTARCBIR=AA 7 0 R THED T I OREYE & T 5
L, PHOUMEERELS AT D FIRT VMOT AL Th o1, T VA EORE
MECHETOBENDR DT, TIYVEOBBIIERT D L, 7ad XY THED T L~ UT
phenylacetyl 533 KX O acetyl J A &I ETe DI L, =A A 7 nd 2 Y THKY T
IZ nicotynoyl LA EEHICETL 2 LR GhoTz. i, =AM 7 X R Y UHETT ALY
Dz i%L$_Awﬁ%/%%%o%®#aihfwt Fo, “HEAOMBEICERT
Hé, 7aBRY TRROVT AL TN ZEES (EXK) 2B AN EL GEND

DIZHEL, =4 7845 % T RID PF L% 3l — e (EW) &ff>Tnie. 2
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DZENBLENTENDICEWIR R L T+ A= a 2D WEMERH Y, ROSHESRE
REVEDE CTHRARSTME AR S Z PRI NIz, £ 2 TINbDILEMDHL HSV-1 iE %
REt L, MESIEMEICG 2B O TER LR EH 2 B ISR T 5.

ELL R

N. damascena i 5ig o - N. sativahr 58 5h 7=
CTFNAR Y CFNA

“ERE MR —ERE

T IE AR 74 OLE IR
Zx=VTFEFILE ZaAF /141 1LE
FTEFILE

Figure 28. Structural comparison of diterpenes from N. damascena and N. sativa.
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2

FBE T, RAWOEENRIE T85O 7 9.0, ZRAoME, ~T el
KMEL7-AbEmE LT, BEICBBEREEZAETLIUVT AR, UTAXUThaAf RO
BB EEEREIc W TEIR L.

FERELT, FUARUTR=FF RN v %Y T (N. damascena fhfE:Moody Blues) @
X0, 1EOHH 7/ 14 K oxazonigelladine (1), 8 FEDHHL K 7T LRI T )L~
damasterpene I-VIII (2-9) % BLEfEREER E L 7-.

{bEaW 1 13— REMAEETH D0, REBMNHITITE A EHEF D20 isoxazolidinone
BRRAEGETICELTEY, OIS XA ST EIC L VR E LT 5.
£72, 1 OB LZEICONWTHELE LT,

o
o)
/e
N Ia)
O CHs 498 |
HyC” > X - ..

oxazonigelladine (1)

—J7, damasterpene BUIEEICEERELZ AT LT A TH Y, HEHIZ 8~10 4 7
DX T IVHLER - TWVe. TONEFHEEOREICIE, X #RHRS SRR E R Z O
BT%7 U7 4 —1k NOESY 227 ML ZFIA L, £ ORI LG 2 e LTz,

damasterpene | (2)
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BE  HEHMESY O LIS

B EELASPOPEMANLSRZR YA VR 1R (HSV-1) &

s xY X EEEINTEEY (1-12) BL O =F A 7 a &3 unb Izt
A (13-16) (22T Vero #f % V72 plaque reduction assay (2 & ¥ HT HSV-1 i&ME 2 I E L
7=. Vero il % 12 REfiIR5# %, HSV-1 (HF #) % 100 plague formation unit (pfu)/well (272 5 X
JITIINL, 30 QS E-. 30 0, VA NVAKERVERE, BREDOILEY Z RN
L7z 1% A F vt m—AEHE AN % T 48 WEfE5# L72. HSV-1 2% Vero MfRIZ &Y T
% L HaZE DR (cytopathic effect) |2 L W MIlIIIEREE (2R Z L7 — 27 2Bk T 5. =
DT T =713t 3 52 L CHAIRTHEEETHD. 48 RIRICEEROEZITV, £
T— I BEFET S 2 L CTH HSV-LIEMEDIRIE L L7z . BT 7 — 7 1ZEAN 0.2 mm K
DREVNDOLDERTT 47 L LTAHTY M LTz, WEIBWEE LT, IREETHLT v
7 m eV X ORENRPT HSV-1L EMEZH T 2 KM TH L4 LT/ — Vil ® & v
(Figure 30).

(o]
N N,
HZN)l\u JN>
HO~o R
acyclovir oleanolic acid

Figure 29. Inhibitory effects (%) of positive controls against HSV-1 at 10 M.

LU OIZ, 10 uM IZFT HHL HSV-1 iEMEZIE L 7o (Figure 31, Table 8). = D#EE, 3 (#
H12: 253 £ 7.7%), 5(21.2+4.9%), 6 (35.0 £3.7%), 8 (24.5+6.1%) /31> h m—/LREICKF L
THERP HSV-1 iEEZ2 R LTz, 7 e ¥ X UHRKRO DT A2 (1-9) (XE D 580
HSV-LIEMEE R LTeS, =F A 7 a & 32V HRKT TV (13-16) 1IHT HSV-1EMEE 4 <
RERMMoTn. Fim, suA RV THEROT I A R (1, 10-12) bH HSV-1 iEH: 2 4 < R
Iphol.
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damasterpene | (2) damasterpene Il (3) damasterpene Il (4)

damasterpene IV (5) damasterpene V (6) damasterpene VI (7)

78257

damasterpene VIl (8) damasterpene VIl (9) nigellamine B4 (13)

N
6

nigeglamine (14) nigellamine B, (15) nigellaol (16)

@« calvoe m

.0

HiC”
11

oxazonigelladine (1)
Each value represents the mean + S.E.M. (n=3,4).

Figure 30. Inhibitory effects (%) of isolated compounds against HSV-1 at 10 uM.
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G¢€

Table 8. Inhibitory effects of the isolated compounds and its derivatives against HSV-1 in Vero cells.

Inhibition (%)

Concentration (¢M) 0 1 2.5 10 25 Log P CLogP
oxazonigelladine (1) 0.0+16.8 - - —6.3+5.7 -55+3.7 1.67 2.09
damasterpene 1 (2) 0.0+4.9 - -1.6+11.0 10.5 £ 11.0 3.6+6.7 8.30 9.36
damasterpene 11 (3) 00+24 - 19.0+ 4.6 25.4+83" 347+45 8.82 9.71
damasterpene 111 (4) 0.0+4.0 - - 133+3.7" 17.2+83" 7.53 8.58
damasterpene 1V (5) 0.0+3.4 - 83+56 205+2.3" 15121 8.05 8.93
damasterpene V (6) 0.0+21 -0.6+11.2 26.3+4.2" 36.0+18 - - 8.19
damasterpene VI (7) 00x76 - - 18.7+9.7 - - 8.09
damasterpene V11 (8) 0.0+39 - 16.8+3.2 24431 188+ 3.6 3.97 6.49
damasterpene V11 (9) 00+7.6 - - -3.8+97 - 6.59 7.86
10 0.0+6.8 - - 13.3+6.2 59+43 1.22 2.72
11 00+76 - - -13.0+94 -18.6+12.1 0.92 2.18
12 0.0+56 - - 2.4£6.7 -9.7+88 1.75 2.27
nigellamine B, (13) 0.0+6.8 - - 3557 - 6.18 6.15
nigeglamine (14) 0.0+6.2 - - -3.7+5.3 - 5.73 6.69
nigellamine B, (15) 0.0+5.0 - - 0.6+6.6 - 4.84 4.81
nigellaol (16) 0.0+6.2 - - -0.2+49 - 4.40 5.34
17 0.0+5.0 -0.3+58 19.9+45 32.1+15 195+78 4.87 6.66
18 0.0+10.3 - - 12.0+82 - 0.36 1.52
19 0.0+5.0 - 25+77 20946 - 431 4.89
20 00+78 9.3+10.5 19.1+4.4" 249+88" - 3.88 5.52
oleanolic acid 00+75 03+23 13118 38.7+85 - 7.47 8.63
acyclovir 0.0+8.2 325+12.9 575+ 118" 96.0 +11.8" - -0.84 —2.40

Each value represets the mean £ S.E.M., (h =3, 4).
Significantly different from control group, *p < 0.05 by Steel’s test.



FNTrZ o Z 3 7B EL N BTEEEST L2 damasterpene 2HIZ >\ TZENML
7 Ak L= gRER (17-20) % 1ERk L (Figure 31), 10 uM (2351} 54T HSV-1 iFME % RIAR 12
iE L7z (Figure 32). HHREEES TV~ (T Vv 4 570 OBLT 2 UABIZIZ T B 7 A4 B
X REHA, ZORISRENEIRBORMETIET VN 2 » Tz, BOSIEE DS 80
C DFEMETIEET VNERETOUIN ST bk Z2 1525 Z LR TE 7=, L HSV-1 IE1E
ARBROFER L LT, damasterpene #5809 B 17 (32.1 £ 1.5%), 19 (20.7 + 7.6%), 20 (25.0 +
8.7%) 232 b — LRt L R THEZRMHITEEE R L

NaOMe
—_ =
80°C
6 hr
18
(90%) (65%)

Figure 31. Alkaline methanolysis of damasterpene | (2).

17 18 19 20

Each value represents the mean + S.E.M. (n = 3, 4).
Figure 32. Inhibitory effects (%) of damasterpene derivatives against HSV-1.

IZETT/rARYUBLN=AA 70X XY UDERKS EZDOFERIZONTH
HSV-1 {EMEERRETL, 7 ¥R Y DGR IND RTRT VIV T AR U X OFER
DS 10 uM ITIBWNTEECH 72 PL HSV-1TEMELR 2 L7-. 7235, damasterpene V (6) 35 LT
FEIK 1T 1T BB E Th DA LT ) — LR L RS OMENEEZ R LT,

ZZT10 uM T 2EILL EoMsEEEZ R LT AbEW 2, 4,5, 7,19, 21 B LT 22 12OV TH
72 HYRIETOH HSV-LIEMEZHIE L, BE SIEHEOMBIC W TRFT 21T -7, 25 uM T 2
FNLL EOMFENEMZ R LTAEE® 6, 17T B I 20 125V TIXE B2 1 uM THREFEIT- 72,
F7-, HEHELAY 3,5, 8 BLUWEER 17 13 25 uM 2B W THIHIEMEOBBA R 5N 5 7k
fites® L 7= (Figure 33, Table 8) .
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Each bar represents the mean + S.E.M. (n = 3). *p < 0.05 by Steel’s test.

Figure 33. Inhibitory effects of compounds 3, 5, 6, 8, 17, 19 and 20.
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ZOFER, WTHOH T 10 4M BLUTF CIRIEN: &R EOMICHBIMER A LA, (b
G 3 ZFRUNT 25 uM TERFTD & 7> 7. &7z, damasterpene V (6) 1% 2.5 uM I\ TA L
T = NELD HEOIIHIEEE R T Z RN E o7 2, WTho{kE) b 1
UM TIIENEH 2 2R E o T

INET, RIRTUAERKACAWOMRENE L L TH Y A VAR 2508 Bridsis i
B BUIOEIER S, FIEIER PR FICHESN TV, RELINLD RIRTVRYT L
AN IHEE R OBERFE B REIE DBV ISR T U VEEOFEE O S CA RIS S - B L &
CIIEEISEWVDEH D, RTIXRT BT LD T A NV AERICE W TIEE MuEAe
A VA (HIV) ~OHIEOHSE O TEE R STV edy, — 5T HSV-L ~0 T
Barbosa 51Z & % #4255 L O Abrantes HIZ KX 2 ¥ OB THHo7Z. LEER-T, FIR
T U T R D HSV-1 ~DFIMEIC DN TIEE S22 2Bk BTz, ABFZERE
BIiZXy, 7021 uhbBGbN@ECT VAV RERTDH RTRTURUT 1~ 3,5,
6, 8 L N DFFEIR 17,19, 20 1ZHT HSV-1iEMH 2/ m3Z E B G E 7o 7=,

HEHE AW ORREETE S TEMEDOBIfR Z B4 2 BHAY T, Chemdraw Z FWTEALAE# D log P
R L ClogPEZ R H L, Table8IZm L7z, VU B 2F—oiEAI I kL, —fRAIC,
logP EIZ S LA F CTHIVUTRANRA T XA TV T 4 —DBRIEFTHDH & EINDHD,
damasterpene ¥11X% ® CLogP fEAY 5 LV b RENWZ &0 h, KADEIENRZ LW &8 T
I, Z2O—FH7T, TINEKEBSINTIY R\ DT LVEFER (17, 19, 20) X\
b LogPEMN LA FCTH Y, AERHHSV-1IEEZ /R L2 2 LD, HTLHSV-1IEEWE &
LCHHATH D REMEN RS LT,

BB O E DG

PLHSV-1 {52 £4539 5 5 2T, {bLEWIC L MiadtoZBoma L1772, Mt
OREFIE Vero Mgz VT, WST-8 BN ~P U BE~NETLEIND Z LI LD BONGE
FIHLZOWNEARET S Z & THEMBOEIAGZEH Lz (Table9). ZOfER, 7 v X x
VUMM LNIEEEILT Vb2 T2 RTRXT RT3 25 fuM F TRl g %
ELIRERD T2, HiFk L LT damasterpeneVI (7) 73 25 1M 1230 T 21.6% Dffin M %
RUTZ. RSO T ATl s E SR AR E T TR TV RIRT AR
DT INAANZONT HHIBEEEOWEF B NH D2 Lnd, JaX XY UHKDO KTRT
BT N PHIREEE RIS R0 o 7o 2 EIFHEBREN. —FT=Ad A 7 n 2 x Y unbG
SN RTRG BRI TF A0, #EERIC2 st =aF ) A VIEAT 25 15 (MiuEt:
42.4 +1.6%, 25 uM), 16 (21.9 +4.1%, 25 uM) DSHIRFEME A R L2, =2 F D 1 H Frd
13 BLW 14 ITfaEE 2 R & otz ForsudxyunbEbhniz7 v huA NI,
11 DFHDY 25 uM IZF T 25.0% DAL EEZ R L7z,
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Table 9. Cytotoxic effects of isolated compounds in Vero cells (WST-8 assay).

Viability (%)

Concentration 0 1 25 10 25
oxazonigelladine 100.0+2.8 109.8+2.1 105.7+1.7 102.5+0.5 99.6+34
damasterpene 1 (2) 100.0+1.8 1159+45 123.7+7.3 128.8 £ 7.8* 131.8 £9.5*
damasterpene 11 (3) 100.0+0.8 100.9+0.8 985+11 100.8 £ 0.6 101.5+19
damasterpene Il 100.0+3.1 122.9 £ 1.5** 138.7 £ 0.9** 132.4 £ 0.8** 134.4 £ 0.7**
damasterpene 1V 100.0+£1.7 101.9+0.5 96.2+15 925+ 1.1** 97.7+1.3
damasterpene V (6) 100.0+ 4.4 104.8+ 1.6 109.3+54 112.3+3.3 1142+ 3.8
damasterpene VI 100.0 £ 0.7 96.6+1.8 100.7 £ 3.0 98.3+£0.5 78.4 £2.1**
damasterpene VII 100.0£1.5 116.2 + 1.9** 121.2 £ 1.2** 120.0 £ 2.3** 118.8 + 1.7**
damasterpene VIII 100.0+£0.8 100.1+£0.3 98.1+£0.7 921+17 95.3+13
10 100.0+2.3 126.2 £ 2.7** 125.8 £ 2.6** 125.2 +£ 3.8** 132.7 £ 2.3**
11 100.0£2.9 100.0+£ 3.2 103.4+£1.9 87.6£2.7** 75.0 £ 2.3*%*
12 100.0£0.6 122.2 £ 2.8** 119.6 + 3.6* 122.7 £5.3** 123.4 £ 4.3**
nigellamine B; (13) 100.0+2.0 99.3+1.7 95.6+19 102.4+4.2 104.8+5.3
nigeglamine (14) 100.0+2.1 105.9+ 3.0 103.4+£3.2 1040+ 1.7 101.8+2.6
nigellamine B, (15) 100.0 £ 3.7 97.8+2.0 97.2+14 107.6 £ 4.6 57.6 £ 1.6**
nigellaol (16) 100.0+£1.6 955+35 107.0+£2.6 90.2+6.1 78.1+4.1*%*
17 100.0+5.2 100.9+5.9 99.0+5.8 101.9+44 885+1.8
18 100.0£1.0 96.6+2.1 90.4 £ 2.3** 925+ 1.4* 96.0+£1.7
19 100.0+£0.7 101.4+1.4 1025+15 100.4£0.9 92.8 £ 1.0%*
20 100.0+£1.3 101.4+£0.9 101.0+14 99.6+2.0 101.5+18

Each value represents the mean £ S.E.M. (n = 3, 4).
Significant different from control group, *p < 0.05, **p < 0.01 by Dunnett’s test.



B ~AARRTA VAT AR YE

F—HITITHEME A OHT HSV-1 IEMEZ T L7223, 35 i CI3Hl HSV-1 J&ME & 137
LR Z R LTZAL BT W TRLIR T 5.

H i isoxazolidinone %5 {A oxazonigelladine (1) (XHT HSV-1 &M% 50 uM £ T R E 20
S, LIPLRDG, 173 7mbe vzl 25 L7 o7 m ELOFH HSV-1 IETENHE R S
NAHZEBRHEBMNERST-. T 7 EMT L 4MIZEWT HSV-1 125 LT 32.6% D=
ZRT. TY/uEl pMICKREED 120 L (10, 25, 50 M), [FIERIZHT HSV-1{EME%
HIE Lok 2 A, RERIFIICH HSV-1IEE DR BIE S iz, FFlZ, 1% 50 uM PR L
TeBETIET 7 v EVVHUR CRHWZBEIC LA 2 (5 O MfEME (BNl 64.6%) 2~ L7-. 7,
FOEE TS ALELOIC LiFMaEtEE ST, 100 4M 128V T HHRAETRIL
1024 + 1.3% Tholo. ZORERND, LITHL HSV-LIEEEZ RS TIZT 7 v ELVOIER %
WId 5 Z AR ENT.

80 64.6
70 T

60

52.8
47.9 \
50 + N
32.6 o '
40 N HZNJ\N N
30 I & H J
o 3 HO
20 H,C~ ~"o
10
0
1 1 1

- oxazonigelladine (1, OX) acyclovir (ACV)
(M)
0 10 25 50 (iﬂ)

Inhibition (%)

—HO

ACV
OoX

oo

Each bar represents the mean + S.E.M. (n = 3).

Figure 34. Synergetic effects of 1 with acyclovir.

EEW VIZHM TIEH HSV-LIEME A R E RN 2 LD, T3 7 a EAOIEMLIZE L 5 i
FRARAE L TV D ATRetE D HES S 47z,

RO X EVE S HFIAES Scoparia dulcis & Y 15 & #17= scopadulciol 237 &7 v BV OVE % 18
BRI 2 & A LTS . Scopadulciol & 77 1 BV ABEH LZ8A, dCTP, dTTP,
dATP, dGTP 72 & =V VLK DEENRT 7 1 B VB R GRZHE ML, 6107
7 aEND =Y UERAIR (EYER) ORE L T V7 v EVERE GREZ R 4 500 BN
L7-. Scopadulciol & B G ZD L 5 RBIBIZRONRhoT-7-0, 1 ODAREME L
T, scopadulciol (17X ¥ U FF—EOIEMHMIZBEGE L TWD EEX HND Z & FBRTH
5. AW L OT 7 o EABIER O A J1 = R KEH 6 23Tk a3,  scopadulciol @ & 5
IZF IV X —EOIEHLIZES L TS AREELE X ) 5.

Benzisoxazolidinone #HEAKDAEYTEHIZOW T NETHhEVHES N TELT, #&
FEOMBIE Y HFEEMO@RE ™™ 0, EEHO—FTH 5 Fusarium larvarum X v 1550721t
A parnafungin BEOPFLEEER © 7 OFER CITRLN TS, 4], isoxazolidinone 7
KCThHsd 1177 v e /VOEREEEE R L7z Z &1, isoxazolidinone #%E{KDIEHE
PEAEBET 2 9 A THl AL LTERENEEZZOLND.
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Damasterpene VIII (9) (23 CTHHT HSV-1 i & 1T R D BREMEN A S -, E—H/iT
iR ~7= plague reduction assay (ZBWTITE LT 7 —7 O EFML, V7 —7 DKRZ I
L5 & LTWirro7-. Damasterpene VIII (9) ZRW DT X TOLEMEHRE LI-HE
X, ALY I —7DEZEDR—ETH-o72. LLI%Z 10 M BEH- LIZRETIE, 77— 7%
DA TR PLR D3GR B A7 (Figure 35).

control 9
10 /JM damasterpene VIII (9)

Figure 35. Enlargement of plaque size.

gy bha—L#EE 9 ARG LEEEICOWT, AUET T —7 OEFL%E, 076 mm UL L,
0.51~0.75 mm, 0.25~0.5 mm & —EBEIT/0F TR L, R % Figure 371 Zx L7z, At
I 5D &, TT7—7 OMRBIZELIZ o729 2 A T-RETITER 0.76 mm L ED 7T —
7 D3R S 7= (Figure 36).

T5—290 [L#
(mm)
Bu .0.?6_
- M0.51-0.75
? 60 Mo025-05
a9
# 40
20
0]
control 9
10 M

Each group displays the mean of 3 wells.
Figure 36. Number of plaques sorted by plague size.

—WREINZ, T T =TI A VARG LB 2 A AR A RIC K v B S
L. LIeBoT, RALDOEICLY 9 1% Vero fliaicis it 2 Az BA2 Kk ST
Wb EEBEZOLNS.

T ROWERNED LI IR A= XL ED OIS TIEHZOD, (LAY 9 28
HIBRTEVEZ R T 5 A 8, MR HSV-L NEFIE L 7 7 — 7 BROIERATFHIE NS, Ll
9 TR 25 UM ETRERNST2Z 0D, 912K D T T — 7 FBOILRITITHIDOEK

42



DEABRLTWE B2 NS, UANVAOERIARENMEE SN2 5E, —Mlad-v CEA
ENDTANABBPEMT DI NS, FIT—IROIERPTREND &P Z OEEM T
PLHSV-LIEVE L 1T H Db D TH DD, EHOMDHIRY, MZEMENREZHE KRS 5/bE
MOBMEITINETIZRL, UANVAOIEEINEE B2 ERRE L U OUSHN TS 5 l6et:
WD,
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saFxY X 0EonAbEY, TROLEEICLT VUL EZ T TR R T R Ry
7L~ damasterpene B (2—9) O —#BI% 10 uM (2B W TR FEEM: 2 7R S ISR 72 5T
HSV-1iEME A2 R L=, 7=, #HLEY damasterpene V (6) & #FE(K 17 IT Ll RME & L
THWeA LT ) — VL RREOMENEE Ch o7z, —HT=A Ay x Vvt
iz RTRZ VLD T L~ (13-16) 1TV T b BT HSV-1iEMEZ2 2 ORE o 7.

IO END, IEHEOFRBLEALEM O E R U ORGHL, TEMHERBLCLE &S
RoAT TR, FIXRT RGO “HEEGOMMES 9 LD T VIO FANNEME DR B
B LTV A AR /R Sz, —F CllaEdRBRIc B W Cii=aF g aisEhic 2
HATET 5 Z & CHBREMENHBT 5 Z LAV RIB I LT,

£ 7288 isoxazolidinone #5E /& oxazonigelladine (1) 12X 27 27 1 B /L OIEMEREFRIER <2
H R T X7 AT 1~ damasterpene VI (9) (2 X5 7T — 7 B KRNER 2 7= R
L.

damasterpene V (6)

oxazonigelladine (1)

damasterpene VIII (9)
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KR OREEF R TH D EEOX T dils, ZEAOHE, ~7 i1z K L7-{bs
M LT, EECBBEELFETLIVTARVBEIRUTARCT A aA RO B
Iz, FUARUTR =77 @iEY 2 v % x>V ¥ (Nigella damascena, #hfE: Moody Blues) (D
FAZOW TR RRIT R 24T o 72

ZORER, 7 a2 RV UHEAOFFRT FIVREEES BN, SEICBBEERREL AT D8
HEITRZ UM F L LC damasterpene | VIl (2-9), #HHT LV m A KE LT
oxazonigelladine (1) % Hiff, #EERE L7z,

Oxazonigelladine (1) IZRIMITIBNTIF E A EHERFI D72\ isoxazolidinone F 4% % ffik
IZAH L THD X BRERESEERITE CZOMEZ M L7z, &% 1 1 Natural Products
Report ZEICBVWTE LWEKZH AW E LTRAMSNEZE 2 2 20b b, 1 OEOR /D
PEPAH FTER b D.

F2, 1 F—RARERMEETH D LB 2B L E R ba & L THBES
T2 ent, VITHEBEMEE AT O2LEEOEWILIBEEZ RO Z L IC L o> TR FRIL ENE
WA ELTHNDOTIEARWNEELZ L. DEDX I, 1 I3RS OREE oMk
EWMTHY, FEE_BITBWTT U7 2 ELOH HSV-1 EEEBIER 23RO 72 b b,
EHFEME L THEHATOLAREEOD HILEMTHDL EEZXDND.

(o]
/0
N
o CH;
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Damasterpene | VIl (2-9) 1ZHEETICEEICT SAEEZATE RTIRNF LAOFT LT
& o 7-. Damasterpene JEIIHEIEFIZ 8~10 » FTDF T /LHLEA LTV =AY, X SREAEE
ERRATIES KON 7% 7 U 7 ¢ —1EZ2 AWV T ORI IR G 2 R E L.

Oxazonigelladine (1) 33 X O damasterpene | —VIII (2-9) X% OEREME DG ANT & A E7 &
NTWRWEEWEECTh 7o, £ T bbaWEEOMREN 2 Y4 5 HRY T plaque
reduction assay % T HSV-1 (29~ B HERENE & Bt L 7-.

ZORER, saX 3 unhbiELTz, damasterpene V (6) [l 28 36.0 + 1.8%, 10 uM] I
& O 2-phenylacetyl 13-benzoyl damasterpenol (17) [#7illZ8: 32.1 + 1.5%, 10uM] %X LD LT 5
—H8@ damasterpene FEIZAIAEEME 2 R S TS RRYE L L CHW A LT 2 — Vg [HD
HISR: 38.7 £ 8.5%, 104M] & [FS5OHL HSV-LIEME A BT 5 2 L& RN LT, 20— T=A A
I AR TN OTEOIZHEE L7 RTRTZ BOT RN TIEREE R RS o T
ZEMD, RIRGUBIDT N0 O ZEHEEGOMBERT 2VIEOFEE BT HSV-1 1E D%
BUZEEBEL TWAH I EARBIN. ZOZE LY, 7adxVunbFoiiz KIXT
BT N ATHHSV-L TR E & L TAMTH L RN H Y, ZDT VAL ORERE
Had 257 VRO A G 5 2 & T, MENEES R S ATREEN H B .

F 72, oxazonigelladine (1) IZHAM TIIHT HSV-1 {EMEEZ L RE RN -T2, T 7 v ENL
EOFHT 2 LI LD ZDHLHSV-UTER AR T 22 2 /L. (T 7 rEN L uME
PP G IR 32.6%, T4/ B EL 1uM + 150 uM HIHIER: 64.6%) (LAM 1 DT Lo
0 ELOFEERTRIE O A 1 = X DI LTIV, A< s 100 uM LU R DOBE T
MIRFEEEZ R SR oToles), AHREREEDEIZRY 5 D[RR H 5.

—7J7, damasterpene VIII (9) (X 10 uM IZBWCHAE R 7 7 — 7 RO KIER A2 S L-. +
b 9 ITMREE IR E KR IE oML AT 22 2 ALz, ZDJREROATREM:D
—2EL LT, VANAOEBROMBERZX GNDLHT-OERLIBEN RO LD, 2D X
O IHEREMEM B O ITEE S OMDRY ZALE TIZARV.

LD X 51z, RBFRIZ &0 R ORERIREZIEN LT b &2 FillcBm L, o
KIFTH o T REMEZ — I BT T 5 Z &N TE 7o, AUFFEHE R 2N AIZEREIRIC 31T 5 5
Tel MBI D Z ERIRE S D,
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ARFIEICES L, REOAEFRE, HEfEZ 0 £ Ul 3E R RS AR08 8 A F 26%,
72D TR E RS, TSR BB RO I VIR oMEEZER L L.

RIE L LTIHEZE & & BITRMLOMEBIZ - ) ZTHE A B 7oKL 7 0 B R
fl—#z, WS, AREETSE FEHORGEEE (SR L BiFET

AWFEIZER L, 2 < OMBIE, #2050 F L3R iE 208 (LN IEfTH, Mia
WOy E RSN, EHE v ¥ — M E SR, R R AR A W
E B, KA REER BTEEE T, ARl 5 A S R ISR T L
7

EORREE EREICRBE E LT, KREBHEECZRY £ Lz AR RFILFEF Akt o
Z— RN IACHERR, AREBAR AN, Wk FERAN (4, MR THFHIrE Mk e
() IR B L B E 9.

Fo, ARWFRICEE L W T SWE LTsEded )y, MilaAw -8 i) Syt ARy
S REEST L, R RHgEREL, RRARRFRLE, B REEFEFYLE, FSERT L2
LU ET2RFBEAE, LMY 7538 A AL 51, AP RERE T,

[ 75 A K, [ B 0 oREHI, A ARSI 21X U &3 2 A5 K O BRI < By
=LET.
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KERDER

KEEH R ILE A7 FL (*H NMR) , RJEEBLLE 227 L (BC NMR),
Distorsionless Enhancement by Polarization Transfer (DEPT) A~~~ K /L, Hetero-nuclear Multiple
Quantum Coherence (HMQC) A~~~ /L, Hetero-nuclear Multiple-Bond Conectivity (HMBC),
Double Quantum Filtered-COSY (DQF-COSY) A~~~ k/L{d JEOL JNM-LA500 (500 MHz),
JEOL JNM-ECA 600K (600 MHz) %z H\ Ti#lllE L7=. NOE correlated spectroscopy (NOESY) A
~ 7 hViX JEOL INM-ECA 600K (600 MHz) % FVCTHIIE L 7.

BEJEEE 1L, Horiba high sensitive SEPA-300 digital polarimeter (1 = 0.5) Z A CHllE L 7=.

IRAMBIL A~ RV (IR) 1%, JASCO FT/IR-4600 Fourier Transform Infrared Spectrometer % f
WCHIE L 7.

ANV AR AT RV (UV) 1E, SHIMADZU UV-visible spectrophotometer UV-1600 % >
THIE L.

o7 fEHE L &40 AT (High resolution ESI-MS, EI-MS) 35 X OVE &34 (ESI-MS, EI-MS) 1%
SHIMADZU LCMS-IT-TOF 5 X Y JEOL JMS-GCMATE mass spectrometer % F N CTHIIE L 7-.

A v~ /57 4— (HPLC) 1%, &> 7% SHIMADZU LC-6AD %, “E4fwlif4y
IR #R X, SHIMADZU SPD-20A 5 KUY SPD-10A %, HEYLEEMHI%R % Shodex OR-2
a2z LAY

ECD A7 hUiE, HAS M ks #EE -720WI1 spectrometer 2 VW THIE L 7-.

NI Lra~v 7T 74 —OWFERNL, NEFZRIZT YU &7 Silica Gel BW-200 (Fuji Silysia
Chemical, 150—350 mesh), WiFH& 1% Chromatorex ODS DM1020T (Fuji silysia Chemical, 100—200
mesh) % HV 7z,

g u~ ~7Z 7 ¢— (TLC) 21, silica gel 60F, (Merck. JIEFH), RP-18 60F,s, (Merck,
W) AL, ARy oI, UV (254, 365 nm), =t KU 27 L— (Ftflisit:
RUEIR), B I 1% Ce(S0,)./10%H,SO, /K, N, N-dimethyl-1, 4-phenylenediammonium
dichloride Z#"&7E L, MEARFO 2EIZEIVIToT2.

A ITRFIZBIRE L7 b O L3RR U R AR (3AR) 2 7z,
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F—EDOER
T D NF
RATHEEE 7 7 & > 7 (Nigella damascena, #hf#E: Moody Blues) F& 71 3 Ul R R A4 [
WCBWTHE L 2005 4 Al L2 AT LT,
B DER

7 1 &% v (N. damascena) Ff -5 A 5l 2y Ol H HLEfE

7 a % x>  (N. damascena, ’Moody Blues’) Fz/3FE - 501.0 g 29 0 $8% HVTHIA < 3
Vo5 L, MeOH % VT 80 °C T 2 IffH], ZMRFRhH#R, HhHH#RZI&8H L 72, FR¥IC MeOH
Nz, FEOMEEBRELE 5 BIfT-o7-. MeOH itk a £ & o, L FiaEEE L,
MeOH ffifj =% 2 (58.2 g, Fl [-HZMEfih2> 6 DILHE 11.6%) 21572, F3 5472 MeOH =% 2 D
9% 57.2 g & EtOAc & H,O0 THEMHH L, X 5I2ZD H,0 Al¥AEME S Hi %2 n-BuOH B L O
H,O % AW TorBddlit L, EtOAc RIVEM:57H (21.8 g, 4.4%), n-BuOH AI¥AMES M (14.8 g,
3.1%), H,O mI¥EMEsym (17.7 9, 3.6%) & 137-.

5572 EtOAC ARy i % n-hexane—EtOAC = 20:1 ICIAfE L, AMZHW =AMz L
DR EFREZ B LT, e MeOH ([ZiafRtk, > U W7 Vv ZBSIN LT HEsitz Bt %
LC=X R Y BT NMIRESYE, B 7 570~ 7T 74— [ U 70 1.0kg, n-
hexane—EtOAc (20:1 — 10:1 —» 7:1 — 5:1 — 2:1 — 1:2, v/v) —» CHCl;-MeOH-H,0 (20:3:1 lower
layer — 6:4:1, v/v/v) = MeOH] (ZCTorHjL, 10 77 7 > = »[Fr. 1 (1016.0 mg), Fr. 2 (3100.7
mg), Fr. 3 (2617.3 mg), Fr. 4 (3367.2 mg), Fr. 5 (1411.1 mg), Fr. 6 (1757.2 mg), Fr. 7 (1047.1
mg), Fr. 8 (1445.5mg), Fr. 9 (1141.1 mg), Fr. 10 (1157.0 mg)] (257 B L 7=.

Fr. 3 (26173 mg) ZWitH W 7 57 vu~ ~ /' Z 7 ¢ — [ODS 150 g, CH;CN-H,O (40:60 —
70:30 — 90:10, V/v)] — isopropanol] (2L Y 8 77 7 3 T4 Ei L, 11(36.1 mg) & HEfET 5
L HIiZ, Fr.3-1(17.9 mg), Fr. 3-3 (649.6 mg), Fr. 3-4 (206.6 mg), Fr. 3-5 (9.2 mg), Fr. 3-6
(10.0 mg), Fr.3-7 (24.4 mg), Fr. 3-8 (1016.1 mg) ##37=. Fr. 3-4 (206.6 mg) I = & IZNEFE A Z
Lrma~< 777 44— [V A5 10 g, n-hexane — n-hexane—EtOAc (30:1, v/v) — EtOAc
— MeOH] (2 L DS, 10 (104.9 mg) % EiEfE L 7-.

Fr.4 ® 5% 24000 mg W00 7 L7 v~ ~ 27T 7 4 — [CHsCN-H,0 (20:80 — 30:70 —
40:60 — 50:50 — 60:40 — 80:20, V/V) — isopropanol] (Z& VD 97 F7 7 3 T EI L, Fr. 4-1
(60.1 mg), Fr. 4-2 (52.0 mg), Fr. 4-3 (41.7 mg), Fr. 4-4 (11.6 mg), Fr. 4-5 (14.0 mg), Fr. 4-6
(75.0 mg), Fr. 4-7 (63.6 mg), Fr. 4-8 (341.1 mg), Fr. 4-9 (1190.1 mg) %#157=. Fr. 4-2 (52.0 mg)
X & 512 HPLC % AW TR [mobile phase: CH;CN—H,0 (65:35, v/v), YMC-Triart PFP (250 x
10mmi.d)] L, 1(28.1mg) % HiffEL7-.

Fr.6 (1757.2mq) # Wit 7 L7 a~ s 7 7 +—[0ODS 859, EtOH-H,0 (50:50 —60:40 —
70:30 — 80:20, v/v) — EtOH] (2L YV 9 7T 7 > a /24 L, Fr. 6-1 (77.9 mg), Fr. 6-2
(123.9 mg), Fr. 6-3 (695.7 mg), Fr. 6-4 (97.5 mg), Fr. 6-5 (55.7 mg), Fr. 6-6 (73.8 mg), Fr. 6-7
(9.4 mg), Fr. 6-8 (88.8 mg), Fr.6-9 (308.2 mg) Z#4537=. Fr. 6-3 (695.7 mg) IL = 5T HPLC % H
W T4 BERE B [mobile phase: CH;CN—H,0 (55:45, v/v), YMC-Triart PFP (250 x 10 mmi.d.)] L,
2 (318.3mg) ZHHET 5 & & HIT, HIT L4 Fr. 6-3-1 (14.2 mg), Fr. 6-3-2 (31.3 mg),
Fr. 6-3-3 (61.8 mg), Fr. 6-3-4 (71.9 mg), Fr.6-3-5(31.2 mg) f57=. Fr.6-3-2/Z HPLCIZ LV &5
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(5L [mobile phase: CH;CN-H,0 (75:25, v/v), YMC-Triart C18 (250 x 10 mm i.d.)] Z17\>, 7
(17.6 mg) Z437=. Fr. 6-3-4 (71.9 mg) (X HPLC (Z L ¥ & 5 |ZF5%L [mobile phase: CH;CN—-H,0
(68:32, v/v), COSMOSIL 5C;g-MS-II (250 x 10 mm i.d.)] Z17V>, 6 (38.4 mg), 4 (12.8 mg), 9
(4.1 mg) #437=. Fr. 6-3-5 (31.2 mg) (% HPLC Z H\\ T & 52458 [mobile phase: CH;CN—-H,0
(73:27, vIv), COSMOSIL 5C5-MS-11 (250 x 10 mm i.d.)] Z47T\>, 8 (4.4 mg) Z HLfE L 7=.

Fr. 7 (1047.1 mg) I3k H 5 L2 v~ 25 7 1 — [ODS 50 g, MeOH-H,0 (10:90 — 20:80
—40:60 — 60:40 — 80:20, Vv/v) — MeOH — isopropanol] (ZL ¥V 10 7 7 7 > =3 |THrE L, Fr.
7-1 (15.7 mg), Fr. 7-2 (16.3 mg), Fr. 7-3 (3.6 mg), Fr. 7-4 (30.7 mg), Fr. 7-5 (21.0 mg), Fr. 7-6
(11.5mg), Fr.7-7 (75.0 mg), Fr.7-8 (312.2 mg), Fr.7-9 (15.9 mg), Fr.7-10 (442.4 mg) = 457-.
Fr. 7-8 (312.2 mg) % HPLC % F\» THE#4 [mobile phase: MeOH-H,0 (78:22, v/v), YMC-Triart
C18 (250 x 10 mmi.d.)] L, 5(14.6 mg), 3 (80.7 mg) % Hififf L 7-.

Fr. 8 (1445.5 mg) ZJEF A 17 v~ ~ 275 7 4 — [n-hexane—CHCl; (1:1, Vv/v) — CHCl; —
CHCIl3-MeOH-H,0 (50:3:1 — 20.3:1 — 15:3:1 — 7:3:1, v/v) > MeOH] (CXV 6777 3
(247 L, Fr.8-1(17.8 mg), Fr.8-2 (292.8 mg), Fr. 8-3 (305.2 mg), Fr. 8-4 (243.9 mg), Fr.8-5
(255.2 mg), Fr. 8-6 (57.3 mg) #75%7=. Fr. 8-3 ® 5% 69.8 mg % HPLC (2 X v %L [mobile
phase : MeOH-H,0 (30:70, v/v), YMC-Triart PFP (250 x 10 mm i.d.)] L, 12 (8.3 mg)% Hiff L
7-.
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E_EDER

7 1 % x> v (N. damascena) Ffi- & A 5 L5 DR & T

Oxazonigelladine (1): HAIERERBMERIAR; UV (CHCI,, log ¢): 318.4 (4.06), 246.0 (4.17) nm; IR
(ATR): 2934, 1744, 1610, 1505, 1439, 1270, 1174, 1159, 1064, 1024, 783, 745 cm™; *H NMR (CDCls,
500 MHz) and *C NMR (CDCl;, 125 MHz) ¢ : Table 1 (272 #; EI-MS: m/z 179 [M]"; High
resolution EI-MS m/z 179.05797 (calcd for CgHgNO; [M]", 179.05825).

X BB S A T AT R B 7 — & 1 CoHGNOz, M = 179.17, triclinic, space group P-1 (#2), a =
7.385(2), b = 7.804(2), ¢ = 8.662(3) A, a = 65.742(6)°, = 75.256(7)°, = 68.529(7)°, V = 420.4(2)
A 7 =2, u(MoKa) = 1.075 cm™, F(000) = 188, Dc = 1.415 g/cm®, crystal dimensions: 0.250 x 0.200
x 0.150 mm. A total of 4102 reflections (1908 unique) were collected using the ®—26 scan technique
to a maximum 20 value of 54.9°, and 1908 reflections with |1 > 2c(l) were used in structure
determination. Final R value was 0.0569. The data have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication number CCDC 1570353.

Damasterpene | (2): G IERERPER R, [a]o™® +13.1° (¢ = 0.37,
CHCI,); UV (MeOH, log &): 265.2 (2.96), 230.2 (3.98) nm; IR (ATR):
2934, 1740, 1703, 1235, 1132, 1071, 1022, 974, 711, 538, 419 cm™; *H
NMR (CDCls;, 500 MHz) and **C NMR (CDCls, 125 MHz) §: Table 2,
3; [ZFC#L. NOE correlations : H-2 and H-11, 16; H-3 and H-54, 7, 15,
H-5a and H-54, 16; H-6 « and H-6, 16; H-9 and H-15; H-10 and H-17,
19; H-13 and H-14, 15, 20; H-15 and H-3, 9; H-17 and H-6¢, 10, 11,
CD: 261.4 (—2.05), 207.0 (—31.7) (c = 9.9 zmol/L, MeOH); ESI-MS:

m/z 757 [M+Na]"; High resolution ESI-MS m/z 757.3365 (calcd for
CusHsoO9 [M+Na]*: 757.3347).

Damasterpene 11 (3): HfadEf i tER K, [o]p'® +5.0° (c = 0.5,
CHCI5); UV (MeOH, log ¢): 259.5 (3.26), 224.0 (3.95) nm; IR (ATR):
2927, 1739, 1708, 1282, 1265, 1133, 1113, 1071, 1024, 983, 743, 713
cm®; *H NMR (CDCls, 600 MHz) and **C NMR (CDCls, 150 MHz) &:
Table 2, 31Z:C#; 'H NMR (acetone-d6, 500 MHz): §4.79 (1H, d, J
= 0.0, H-2), 3.13 (1H, d, J = 9.0, H-3), 2.14 (1H, m, H-5@), 1.38 (1H,
m, H-50), 2.55 (1H, m, H-6¢), 2.27 (1H, m, H-64), 5.83 (overlapped
with H-10. H-7), 6.00 (1H, d, J = 10.5, H-9), 5.83 (overlapped with H-7.
H-10), 3.07 (1H, br s, H-11), 5.55 (1H, d, J = 7.5, H-13), 1.64 (1H, m,
H-14@), 1.70 (1H, m, H-14/), 1.56 (3H, s, H-15), 1.33 (3H, s, H-16), 1.88 (3H, s, H-17), 1.92 (3H, s,
H-19), 1.53 (3H, s, H-20), 3.46 (1H, d, J = 15.5, H-2'a), 3.40 (1H, d, J = 15.5, H-2'b), 6.89 (2H, dd, J
=7.0,1.5, H-4, 8, 7.10 (2H, m, H-5', 7'), 7.14 (1H, m, H-6'), 9.02 (1H, s like, H-3"), 8.78 (1H, d, J =
2.0, H-5"), 7.47 (1H, t like, J = 8.0, H-6"), 8.14 (1H, dt, J = 8.0, 2.0, H-7"), 3.63 (1H, d, J = 14.5, H-
2'"a), 3.56 (1H, d, J = 14.5, H-2""b), 7.10 (2H, m, H-4"", 8'""), 7.14 (2H, m, H-5"", 7", 7.11 (1H, m,
H-6""), 8.00 (2H, dd like, J = 7.5, 1.5, H-3""", H-7""""), 7.43 (2H, m, H-4"", 6"""), 7.58 (1H, m, H-5"");
C NMR (acetone-d6, 125 MHz): & 48.7 (C-1), 75.0 (C-2), 65.1 (C-3), 62.4 (C-4), 38.7 (C-5), 24.6
(C-6), 134.1 (C-7), 131.4 (C-8), 80.7 (C-9), 76.2 (C-10), 46.7 (C-11), 137.3 (C-12), 74.2 (C-13), 45.0
(C-14), 19.7 (C-15), 16.9 (C-16), 12.6 (C-17), 136.4 (C-18), 22.2 (C-19), 22.8 (C-20), 169.2 (C-1),
41.5 (C-2"), 135.1 (C-3), 129.9 (C-4', 8"), 128.9 (C-5, 7'), 127.4 (C-6'), 164.6 (C-1"), 126.5 (C-2"),
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151.4 (C-3"), 154.5 (C-5"), 124.4 (C-6"), 137.6 (C-7"), 171.2 (C-1""), 42.0 (C-2'"), 134.8 (C-3""),
129.9 (C-4, 8", 129.2 (C-5", 7'"), 127.8 (C-6""), 166.4 (C-1"""), 131.0 (C-2""), 130.7 (C-3"", 7""),
129.0 (C-4"", 6"""), 133.5 (C-5"""); NOE correlations: (CDCl3) H-2 and H-16; H-5« and H-54; H-6«
and H-64, H-13 and H-14, 20; H-15 and H-9; H-17 and H-6«, 10, H-10 and H-19. (acetone-d6): H-2
and H-11, 16; H-5« and H-54;, H-6x and H-63;, H-11 and H-2, 16, 19; H-13 and H-144, 15, 20; H-15
and H-3, 9, 13, 143, H-17 and H-6¢, 10. CD: 251.9 (—2.27), 205.7 (—33.8) (c = 10.0 #mol/L, MeOH).
ESI-MS m/z 798 [M+H]"; High resolution ESI-MS m/z 798.3652 (calcd for CsHs:NOg [M+H]",
798.3637).

Damasterpene 111 (4): F3EREEMERR; [a]o'® —13.0° (¢ = 0.32, CHCI,).
UV (MeOH, log ¢): 264.8 (2.89), 229.6 (4.00) nm. IR (ATR): 2971, 2932,
1740 1705, 1282, 1234, 1149, 1108, 1069, 1023, 976, 750, 712 cm™. ESI-
MS: m/z 709 (M+Na)*. *"H NMR (CDCls;, 500 MHz) and **C NMR (CDCls,
125 MHz) & : Table 4, 3 |Z5C#L; CD: 205.8 (—43.1) (c = 22.6 umol/L,
MeOH). High resolution ESI-MS: calcd for CyHs0Og [M+Na]™: 709.3355.
Found: 709.3347.

Damasterpene 1V (5): HAIERERTE A, [o]o™® —8.5° (¢ = 0.25, CHCIy);
UV (MeOH, log &): 264.4 (3.43), 224.6 (4.07) nm; IR (ATR): 2926, 2854,
1739, 1709, 1282, 1265, 1112, 1024, 979, 714 cm™; *H NMR (CDCls, 500
MHz) and **C NMR (CDCls, 125 MHz) &: Table 4, 3 |Z70#;. CD: 257.1
(-2.42), 205.2 (—28.3) (c = 11.4 umol/L, MeOH); ESI-MS: m/z 750
[M+H]"; High resolution ESI-MS: m/z 750.3635 calcd for CusHs:NOg
[M+H]": 750.3637.

Damasterpene V (6): F@3ERE SPEM R, [a]'®s —17.3° (¢ = 0.2, CHCIy);
UV (MeOH, log &): 265.0 (3.16), 229.8 (4.32) nm; IR (ATR): v 3488,
3061, 2981, 2935, 1743, 1710, 1244, 1140, 1029, 984, 751 cm*; *H-NMR
(chloroform-d, 500 MHz) and **C-NMR (chloroform-d, 125 MHz) &: Table
5, 6 |25k "H-NMR (CD,0D, 600 MHz) §: 4.66 (1H, d, J =9.6 Hz, H-2),
3.12 (1H, d, J =9.6 Hz, H-3), 2.11 (1H, m, H-5a), 1.33 (1H, m, H-5b),

1.87 (1H, m, H-62), 1.75 (LH, m, H-6b), 3.17 (1H, d, J =8.3 Hz, H-7),

5.04 (1H, d, J = 10.3, H-9), 5.43 (1H, dd, J = 10.3, 1.4, H-10), 2.67 (1H,
brs, H-11), 5.24 (1H, d, J = 7.6, H-13), 1.26 (1H, m, H-14a), 1.20 (1H, m, H-145), 1.25 (3H, s,
H-15), 1.33 (3H, s, H-16), 1.44 (3H, s, H-17), 1.84 (3H, s, H-19), 1.41 (3H, s, H-20), 3.34 (1H, d, J =
14.4, H-2'a), 3.26 (1H, d, J = 14.4, H-2'b), 6.74 (2H, dd, J = 7.6, 1.0, H-4"), 7.02 (1H, dd like, J =
7.6,7.6, H-5), 7.00 (1H,t,J=7.6, H-6), 1.80 (1H,d,J=10.3, H-2"), 3.54 (1H, d, J = 14.4, H-2"),
3.48 (1H, d, J=14.4,H-2"b), 7.17 (1H,dd,J=7.6, 1.4, H-4"), 7.28 (1H, dd like, J =7.6, 7.6, H-
5"), 7.23 (1H,t,J=7.6,H-6"), 7.83 (2H, dd,J=7.6, 1.3, H-3""), 7.34 (2H, dd like, J = 7.6, 7.6, H-
4™, 7.49 (1H, t, J = 7.6 H-5"). ®C-NMR (CD;0D, 150 MHz) & : 49.5 (C-1), 75.4 (C-2), 65.4 (C-3),
62.7 (C-4), 37.5 (C-5), 23.1 (C-6), 63.2 (C-7), 61.4 (C-8), 78.5 (C-9), 76.3 (C-10), 47.2 (C-11), 136.9
(C-12), 75.0 (C-13), 44.5 (C-14), 19.4 (C-15), 17.0 (C-16), 14.2 (C-17), 138.5 (C-18), 23.4 (C-19),
22.4 (C-20), 171.0 (C-1), 42.1 (C-2)), 135.1 (C-3'), 130.1 (C-4), 129.5 (C-5'), 127.9 (C-6'), 1715 (C-
1), 20.6 (C-2"), 171.9 (C-1"), 42.3 (C-2"), 134.8 (C-3"), 130.4 (C-4"), 130.0 (C-5"), 7.23 (C-6"),
167.5 (C-1™), 130.9 (C-2"), 131.0 (C-3™), 129.3 (C-4™), 134.2 (C-5™). CD: 258.3 (~1.9), 205.1
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(-44.4) (c = 4.0 umol/L, MeOH); ESI-MS: m/z 773 [M+Na]*; HR-ESI-MS: m/z 773.3298 (calcd for
C45H50010 [M+Na]+, m/z 7733296)

Damasterpene VI (7): FaIEREIEM R, [a]®s +47.9° (¢ = 0.6, CHCIy);
UV (MeOH, log &): 264.8 (2.80), 229.4 (3.90) nm; IR (ATR): viax 2985,
2938, 1745, 1708, 1282, 1264, 1231, 1136, 1071, 1025, 985, 755, 713 cm™
' 'H-NMR (chloroform-d, 500 MHz) and *C-NMR (chloroform-d, 125
MHz) 6: Table 5, 6 (ZFC#; NOE correlations (CDCl;) were observed
between following protons: H-2 and H-11, 16, 17; H-3 and H-54, 7, 15; H-
5a and H-54, 6a, 17; H-6a and H-64. H-7 and H-9; H-9 and H-15; H-10
and H-11, 17; H-13 and H-144; H-144 and H-14«, 15. CD: 252.6 (—1.43),
204.1 (-60.2) (¢ = 10.0 pmol/L, MeOH); ESI-MS: m/z 773 [M+Na]*; HR-
ESI-MS: m/z 773.3301 (calcd for CysHse010 [M+Na]*, m/z 773.3296).

Damasterpene VII (8): FI{adEfE MR, [a]*'s —81.2° (¢ = 0.1 CHCIy); UV
(MeOH, log &): 258.4 (3.54) nm; IR (ATR): vinax 2962, 2926, 1740, 1234, 1132,
1075, 1022, 982, 812, 752, 711 cm*; *H-NMR (chloroform-d, 500 MHz) and
BC-NMR (chloroform-d, 125 MHz): Table 7, 6 (ZFC#; ESI-MS: m/z 667
[M+Na]"; HR-ESI-MS: m/z 667.2886 (calcd for CsHsOe [M+Na]', m/z
667.2878).

Damasterpene VI (9): A @IERS R K; [o]*p +126.1° (¢ = 0.1,
CHCIl); UV (MeOH, log &): 264.8 (3.67), 229.6 (4.72) nm; IR (ATR): viax
2979, 2927, 2854, 1738, 1708, 1282, 1264, 1231, 1146, 1109, 1025, 978,
756, 712 cm™; 'H-NMR (chloroform-d, 600 MHz) and *C-NMR
(chloroform-d, 150 MHz): Table 7, 6 [ZFC2#;; CD: 221.4 (-9.0), 205.0
(-29.2) (c = 27.5 umol/L, MeOH); ESI-MS: m/z 715 [M+Na]*; HR-ESI-
MS: m/z 715.3248 (calcd for C43H4s0s [M+Na]®, m/z 715.3241).

2-Phenylacetyl 13-benzoyl damasterpenol (17): 4 B ik i [a]o” +32.6°
(c =0.22, MeOH). IR (ATR): 2931, 1743, 1707, 1452, 1348, 1267, 1150,
1112, 1024, 986, 714 cm™. *H NMR (CD;0D) 64.73 (1H,d, J=9.5 Hz, H-
2), 3.07 (1H, d, J = 9.5 Hz, H-3), 2.13 (m, H-5¢), 1.30 (m, H-54), 2.51 (m,
H-6¢), 2.25 (M, H-6/3), 5.45 (1H, d, J = 11.5 Hz, H-7), 4.47 (1H, d, 1= 9.5
Hz, H-9), 3.85 (1H, dd, J = 9.5, 1.0 Hz, H-10), 2.82 (1H, br s, H-11), 5.83
(1H, d, J =8.0 Hz, H-13), 2.18 (1H, dd, J = 15.5, 8.0 Hz, H-14¢), 1.61 (1H,
m, H-14/3), 1.56 (3H, s, H-15), 1.34 (3H, s, H-16), 1.78 (3H, s, H-17), 1.79 (3H, s, H-19), 1.60 (3H, s,
H-20), 3.42 (1H, dd, J = 15.0, H-2"), 3.35 (H, dd, J = 15.0, H-2"), 6.82 (2H, dd, J = 8.5, 1.5 Hz, H-4/,
8", 7.07 (2H, m, H-5', 7"), 7.09 (1H, m, H-6"), 7.94 (2H, J = 8.5, 1.0 Hz, H-3", 7"), 7.41 (2H, t,J = 8.5
Hz, H-4", 6"}, 7.56 (1H, tt, J = 8.5, 1.0 Hz, H-5"). ®C NMR (CD;0D) & 49.5 (C-1), 76.4 (C-2), 66.8
(C-3), 63.7 (C-4), 39.4 (C-5), 24.8 (C-6), 130.0 (C-7), 137.4 (C-8), 80.5 (C-9), 79.9 (C-10), 49.2 (C-
11), 134.5 (C-12), 76.0 (C-13), 45.5 (C-14), 19.5 (C-15), 17.1 (C-16), 12.5 (C-17), 140.8 (C-18), 23.0
(C-19), 22.2 (C-20), 171.3 (C-1"), 42.1 (C-2), 135.3 (C-3'), 130.13 (C-4, §'), 129.4 (C-5", 7'), 127.8
(C-6'), 167.9 (C-1"), 131.1 (C-2"), 131.1 (C-3", 7"), 129.3 (C-4", 6"), 134.0 (C-5"); CD: 223.0 (=5.55),
214.3 (-2.7), 205.8 (-12.8) (¢ = 10.0 umol/L, MeOH); ESI-MS: m/z 597 [M+Na]"; High resolution
ESI-MS m/z 597.2818 (calcd for CssHapO; [M+Na]": 597.2823).
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X B SR S AR A 7 — & CasHapO7, M = 574.71, orthorhombic, space group P2,2,2; (#19), a
= 10.5365(5), b = 16.3114(9), ¢ = 18.0169(9) A, V = 3096.5(3) A®, Z = 4, W(MoKa) = 0.846 cm™,
F(000) = 1232, Dc = 1.233 g/lcm®, crystal dimensions: 0.400 x 0.400 x 0.100 mm. A total of 29945
reflections (7057 unique) were collected using the ®—26 scan technique to a maximum 26 value of
54.9°, and 7057 reflections with | > 2o(l) were used in structure determination. Final R value was
0.0375. The Flack parameter was 0.1 (3). The data have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication number CCDC 1570387.

Damasterpenol (18): &R M'E; [o]p” +31.4° (¢ = 0.22, CHCly); IR
(ATR): 3414, 2924, 1436, 1384, 1256, 1115, 1067, 1014, 931, 872, 811, 750
cm™; *H NMR (CD;0D, 600 MHz): §3.33 (1H, overlapped with solvent peak,
H-2), 2.94 (1H, d, J = 9.6), 2.12 (1H, m, H-5¢), 1.31 (1H, m, H-5p), 2.49 (1H, HoOu.
m, H-6¢), 2.20 (1H, m, H-6p), 5.40 (1H, d, J = 11.0, H-7), 4.46 (1H, d, J = 9.6, e
H-9), 3.85 (1H, d, J = 9.6, H-10), 2.58 (1H, br s, H-11), 4.70 (1H, d, J =76, °
H-13), 2.14 (1H, m, H-14a), 2.00 (1H, m, H-144), 1.40 (3H, s, H-15), 1.20 (3H, s, H-16), 1.75 (3H, s,
H-17), 1.81,1.71 (both 3H, both s, H-19, 20); *C NMR (CDCls, 150 MHz): & 49.0 (C-1), 73.1 (C-2),
68.2 (C-3), 63.1 (C-4), 38.6 (C-5), 23.7 (C-6), 128.8 (C-7), 136.0 (C-8), 79.5 (C-9), 78.7 (C-10), 48.7
(C-11), 144.2 (C-12), 71.0 (C-13), 46.3 (C-14), 17.6 (C-15), 15.9 (C-16), 11.4 (C-17), 131.2 (C-18),
21.5, 21.7 (C-19, 20); ESI-MS: m/z 375 [M+Na]"; High resolution ESI-MS: m/z 375.2142 (calcd for
Ca0H3,05 [M+Na]®, 375.2144).

2-1sobutyryloxy 13-benzoyl damasterpenol (19): % JHRE; [alo”’
+36.5° (c = 0.28, CHCly); UV (MeOH, log &): 273.5 (2.69), 230.3 (3.73)
nm; IR (ATR): 3433, 2923, 1741, 1703, 1451, 1266, 1111, 1070, 1023,
748, 711 cm™ 'H NMR (CDsOD, 500 MHz): & 7.85 (2H, dd, J = 8.5, 1.5),
7.46 (t like, 1H, J = 8.5), 7.32 (t like, 1H, J = 8.5), 5.77 (1H, d, J = 7.5),
5.37(1H, d, J = 10.5), 4.65(1H, d, J = 9.5), 4.41 (1H, d, J = 9.5), 3.80 (LH,
d, J = 9.5),2.97 (1H, d, J = 9.5), 2.76 (LH, br s), 2.46 (1H, m), 2.29 (1H, m), 2.22 (1H, m), 2.15 (1H,
m), 2.04 (1H, m), 1.88 (1H, m), 1.73 (3H, s), 1.71 (3H, s), 1.52 (3H, s), 1.47 (3H, 5), 1.26 (3H, 5), 1.21
(1H, m), 0.73 (3H, d, J = 7.0), 0.66 (3H, d, J = 0.66). *C NMR (CDCls, 125 MHz): & 176.5, 168.2,
140.6, 137.3, 134.8, 134.0, 131.0, 130.0, 129.2, 80.6, 79.9, 76.4, 75.6, 66.8, 63.6, 49.8, 45.8, 39.4,
35.2, 24.8, 23.0, 22.3, 19.1, 17.1, 12.5; CD: 223.5 (~10.5), 205.8 (~18.2) (c = 13.7 zmol/L, MeOH):
ESI-MS: m/z 549 [M+Na]"; High resolution ESI-MS m/z 549.2822 (calcd for Cj;H4;0; [M+Na]'
549.2823).

20: A EIERE MR R, 'TH-NMR (CD;0D, 500 MHz): 7.86 (2H, dd, J =
8.5, 1.0), 7.48 (1H, tt, J = 8.5, 1.0), 7.33 (2H, dd like, J = 8.5, 1.0), 7.02 % oH,
(1H, m), 7.00 (2H, m), 6.74 (2H, dd, J = 7.0, 1.5), 5.74 (1H, d, J = 7.5), 0o
4.73 (overlapped with solvent peak), 3.67 (1H, d, J = 10.0), 3.09 (1H, d, J {
=9.5), 3.04 (1H, d, J = 7.0), 2.55 (1H, br s), 2.15 (1H, m), 2.11 (1H, m),
1.80 (m), 1.78 (3H, s), 1.50 (3H, s), 1.49 (1H, m), 1.34 (3H, s), 1.32 (3H,
s), 1.27 (3H, s), 1.17 (m); *C-NMR (CD;0OD, 125 MHz): 171.4, 167.9,
140.8, 135.2, 135.1, 134.1, 131.1, 130.1, 129.4, 129.3, 127.8, 79.8, 79.1, 76.1, 75.9, 65.8, 63.8, 63.0,
62.9, 49.8, 45.2, 42.1, 37.8, 23.5, 22.5, 19.2, 17.1, 13.2; CD: 222.4 (-3.0), 204.7 (-14.7) (c = 10.6
umol/L, MeOH); ESI-MS: m/z 613 [M+Na]".
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21: A EIERE A ER R, "H-NMR (CD;0D, 500 MHz): 7.94 (2H, dd, J
= 8.5, 1.0), 7.56 (1H, tt, J = 8.5, 1.0), 7.41 (2H, dd like, J = 8.5), 7,12
(2H, m), 7.11 (1H, m), 6.92 (2H, dd, J = 8.0, 1.0), 5.82 (1H, d, J = 8.0),
5.52 (1H, s), 5.40 (1H, s), 4.96 (1H, d, J = 10.0), 4.37 (1H, d, J = 8.0),
4.19 (1H, d, J = 8.0), 3.49 (1H, d, J = 14.5), 3.42 (1H, d, J = 14.5), 3.23
(1H, d, J = 10.0), 2.41 (1H, br s), 2.31 (1H, m), 2.08 (overlapped, 3H),
1.69 (3H, s), 1.55 (1H, m), 1.54 (3H, s), 1.49 (3H, s), 1.40 (3H, s), 1.29
(2H, m); *C-NMR (CD;0D, 125 MHz): 170.3, 167.9, 156.4, 141.2, 135.5, 134.6, 134.0, 131.3, 131.0,
130.1, 129.4, 129.2, 127.8, 113.9, 85.2, 76.0, 75.9, 75.7, 70.0, 63.9, 63.4, 45.3, 42.2, 36.7, 33.2, 22.9,
21.7, 17.8, 17.4; CD: 222.2 (-6.3), 203.9 (-38.4) (c = 10.0 umol/L, MeOH); ESI-MS: m/z 613
[M+Na]".

22: [ IERE MR R, 'TH-NMR (CD;0D, 500 MHz): 7.95 (2H, dd, J =
8.0,1.0), 7.57 (1H, tt like, J = 8.0), 7.44 (2H, m), 7,12 (2H, m), 7.11 (1H,
m), 7.07 (2H, m), 6.84 (2H, dd, J = 7.5, 1.5), 5.83 (1H, d, J = 7.0), 4.83
(1H, d, J =9.5), 4.11 (1H, ddd, J = 17.5, 5.0, 1.0), 3.45 (1H, d, J = 15.0),
3.36 (1H, d, J = 15.0), 3.21 (1H, d, J = 9.5), 3.09 (1H, d, J = 9.5), 2.63
(1H, br s), 2.20 (overlapped), 1.87 (3H, s), 1.77 (overlapped), 1.60 (3H,
s), 1.44 (3H, s), 1.40 (3H, s), 1.35 (3H, s),1.28 (m); “*C-NMR (CD;0D,
125 MHz): 171.3, 168.0, 141.0, 134.1, 131.1, 130.4, 130.1, 129.5, 129.4, 129.3, 127.8, 76.2, 76.0, 74.6,
73.9, 66.0, 64.8, 63.0, 60.9, 49.8, 46.0, 45.3, 44.7, 42.2, 38.0, 24.1, 23.4, 22.6, 22.5, 18.8, 17.2; CD:
275.8 (-1.1), 223.0 (-20.5), 204.9 (-51.6) (c = 13.9 umol/L, MeOH); ESI-MS: m/z 597 [M+Na]".

v a g x>/ v (N.damascena) i 17 7 7 2 = D HPLC 53 #t

Fr. 1-10 ®—¥Z &Y L v, 2 mg/mL OEREIZ/D X HIZ MeOH ZHWTHR L, HPLC
SINTRY T EERE LTz, AERLL 72 HPLC 3 > 7 /U2 DWW CEL R D444 C HPLC 43471 %
17> 7= {mobile phase: [CH;CN-H,0 (10:90, v/v) — CH3CN gradient (0-30 min), CH3;CN (30-40
min), CH;CN-H,0 (10:90, v/v, 40-50 min)], COSMOSIL 5Cg-MS-I1 (250 x 4.6 mm i.d.), wave:
200—-350 nm].

Damasterpene I-VI1I (2-9) @ 7 )L F7 U INasE o5 fig

VT AR~ DFEEAL

{b&#) 2-9 [2: 3.0 mg, 3: 3.0 mg, 4: 2.8 mg, 5: 2.7mg, 6: 2.5 mg, 7: 2.2 mg, 9: 1.5 mg] (27 ~ VU
A A RFT R (10.0 mg) Mz MK MeOH (1.5 mL) H1C 6 B[], =RIETHELLEZ. BHoh
RIS ZIER e~y b T L[ ) 470089, MeOH]ICTHFIL, FDiHIKAEZRITE T
R ELI-0b, JIBME 2> F B F 4 [1.0 g, Hex—EtOAC (1:2, viv) -»EtOAc —MeOH] (2 &
DL, ZRENIGE LT S A b T v 2572, [17 2 B L3 OB T v LK,
2: % 92%), 3: X3 90%), 19 (4 BL N5 DPLT T /ALK, 4: L3R 96%, 5: UL=R 96%), 20 (6 »
67 S AR, 92%), 21 (7 DT S WARIK, 90%), 22 (9 DT 2 AKIK, 60%)]
77U ar~DikE

LA 2(.8mg) 2 F U 7 A X RFT R (17.0 mg) &1 2 87K MeOH (2.0 mL) 1 C 6 FF
M, 80°C TR L. ERL7E=YT7 bk~ B L F URBRAGIECLY, 2077
1> & LT damasterpenol (19, 3.8 mg, 65%) % 45:7-.
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Oxazonigeladine (1) ® DFT &%

Oxazonigelladine (1) D #c % EALA%iE 1L Spartan’14 program (Wavefunction Inc., Irvine, CA) %
FH T density functional theory (DFT) (Z & W & L 7= [Spartan’14, B3LYP/6-311+ G(2DF, 2p)].
WIEAREEE 7 113 PM3 method (2 & 0 1ERR L 7-.
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T—F 7577 FOWMER

Damascenine (10) 5.0mg % 10%KOH-1, 4-dioxane (1:1, v/V) IZ¥AfE L, 40°C TL15hr fifpL
T=. ZOOL, SO % WE FEBEEL, MeOH Z# 4 mL ML T, B LAENH
80°C T 10 hr AL 7=. Zd1%, TLCIZ TKIGHE & oxazonigelladine (1) & @ Rf fE % iz L7z,

=AA 7wV (N.sativa) 15 A oy Ol H HEE

=FA &3V (N sativa) {Z1EfEF- 5000 g # [ E#E L, * DFE% n-hexane % TR
flEL7-. 20k, FREIC MeOH Z %, 80 °C C 2 KEfH], ZARsMHL, MHKZ BT L 7-.
FEMEIZ MeOH Z Nz, [FIEROHIHERIEZFT 5 YT 72, #HEW T MeOH flittik a2 £ &, I8
JE RS 5 L, MeOH filitH =2 (165.37 g, Fl {-Hz/dbih7 5 O 3.3%) % 457=. MeOH
FH T 22155172 MeOH =3 2 9 164.87 g % n-hexane & 80% MeOH T 2 [m] 45 FElHhH
L, &HIZFD 80% MeOH FmIEM: 43 % EtOAC 35 L N H,0 2 W Coridhd L7, & Ok
R, n-hexane AJ¥APES ] (54.9 g, 1.10%), EtOAc A[¥AMESYE (6.3 g, 0.12%), H,O ml¥EMESy
B (103.0 g, 2.06%) Z137-.

B o7~ EtOAc "IAMESE A, EMA Z 620~ 757 4— [V B4 315 g, n-
hexane—EtOAc (10:1 — 5:1 — 3:1 — 1:1, v/v) -»EtOAc—CHCI; (1:1, v/v) — CHCl;—MeOH (20:1
—15:1 > 7:1—>51—21, v) > MeOH] IZTH®# L, 8777 a[Fr.1(336.0mg), Fr.2
(707.0 mg), Fr.3(1151.0 mg), Fr.4(579.9 mg), Fr.5(1120.1 mg), Fr.6(702.9 mg), Fr. 7 (368.1
mg), Fr.8 (412.4 mg)] (243 L 7=.

Fr.3 (1151.0 mg) it H 7 L7 v~ s 27 7 14— [ODS 55 g, MeOH-H,0 (20:80 — 40:60
— 60:40 — 80:20, v/V) —» MeOH] 2LV 5777 v a4 mL, Fr. 3-1(31.1 mg), Fr.3-2
(96.7 mg), Fr. 3-3 (41.6 mg), Fr. 3-4 (354.2 mg), Fr. 3-5 (375.4 mg) =457=. Fr. 3-4 (354.2 mg)
1T & 512 HPLC Z VW TR [mobile phase: CHsCN-H,0 (43:57, v/v), YMC-Triart Ci (250 x
10mmi.d)] L, 13(2.8mg), 16 (10.7 mg) % HAHE L 7=.

Fr. 4 (579.9 mg) #WiAH A 5 L2 u~ k57 4 — [ODS 28 g, MeOH-H,0 (40:60 — 50:50
— 60:40 — 70:30 — 80:20, Vv/v)] — MeOH — isopropanol] (ZX VW 5777 > = T4 E L, Fr.
4-1(66.4 mg), Fr.4-2(91.0 mg), Fr.4-3(76.9 mg), Fr.4-4(81.9mg), Fr.4-5(92.1 mg) = 157-.
Fr. 4-2 (91.0 mg) 1 & 512 HPLC % W CHERL [mobile phase: CH3CN-H,0 (47:53, viv), YMC-
Triart Cy5 (250 x 10 mmi.d.)] L, 14 (7.5mg), 15 (2.0 mg) % HEfE L 7.
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NMR spectroscopic data of oxazonigelladine (1)

DFILE NDEA 4+5-2-4 H CDCI3.als
COMNT NDEA 4+5-2-4 H CDCI3

= N - - ~
;;3§§35§353 £ 3 DATIM  Wed Feb 24 15:08:12 2016
RN & & OBNUC  IH
I EXMOD
e OBFRQ 500.00 Mz
Y (T OBSET 0.00 Kiz
OBFIN 162160.00 Hz
POINT 65536
FREQU 10000.00 Hz
SCANS 16
ACQTM 3.2768 sec
PD 3.7232 sec
mlluc 1H .85 vsec
= o CTEMP 20.5 ¢
| o SLUNT  CDCL3
EXREF 0.00 ppm
BF 0.16 Hz
RGAIN 19
8 583
|
(6]
o}
/
N
|
0 CHj;
H;C
oxazonigelladine (1)
I
) ‘ _PPM,
7 6 5 1 3 2 ! 0

'H NMR (500 MHz) spectroscopic data for compound 1. Measured in chloroform-d.

8 NDEA 4+5-2-4 C CDCI3.als
COMNT NDEA 4+5-2-4 C CDCI3

t
=]
]
=

- - - e o _ -
2 55 3 2= 283 8 2 DATIM  Wed Feb 24 16:49:03 2016
£ g § 222 REE CHE DOOD o
OBFRQ 125.65 MHz
OBSET 0.00 KHz
OBFIN 127958.00 Hz
POINT 65536
FREQU 33898.30 Hz
SCANS 1969
ACQTM 0.9667 sec
FD 2,0333 sec
PW1 5.85 usec
IRNUC 1H
CTEMP 2l.6¢c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.52 Hz
RGAIN 26
(o]
o]
/
N
I
o) CHj;
-
HaC
‘ oxazonigelladine (1)
, |
» It
| ! : PPM,
758 150 125 ]ﬁO 75 50 25 0

13C NMR (125 MHz) spectroscopic data for compound 1. Measured in chloroform-d.
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‘ 1 , - |pPM

'y ~
i AN B 2.5 0.0
* o
: -
‘ 4 |a
| v
\ i
o
o
o
0“" o)
PN
e} \
/
" |
0 CHs | &
o

HsC” ‘
oxazonigelladine (1)

HMQC NMR (500 MHz) spectroscopic data for compound 1. Measured in chloroform-d.

L oon B S— —— |PPM
1.5 S 2535 0.0
° o
°
H
g
o
o
=
3
H e}
X ¢° g
- - . /O
N
i I
0 CH3
0 | HaC” "
¥y oxazonigelladine (1) o

HMBC NMR (500 MHz) spectroscopic data for compound 1. Measured in chloroform-d.
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HsC”
oxazonigelladine (1)
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DQF COSY NMR (500 MHz) spectroscopic data for compound 1. Measured in chloroform-d.
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NMR spectroscopic data of damasterpene | (2)

P 3 A D v B e 3 D e £ S S @ o
§5;3§52s2§35-ﬂ'3= 2EECEE 5::&2%%;333:%5 BBEZ
D e N e L e e N o a2 L L L e s mnemn_—un'._—:m..nn:mn_—»—'-ai:n'aiwiqv—:w

“a
| 3
g HE g E B _
i 4 =2 b i
E-
2 L8 < ] S E s
s Tl= s & = *  Ze=
L Ut ‘L . \_J\L
& 7 & 5 1 3

'H NMR (500 MHz) spectroscopic data for compound 2.

e

2.85 319

AL v

105

1.09

[FILE MDEA T-1-6 H CDCI3.als
COMNT  NDEA 7-3-6 H CDCI3
DATIM Wed Sep 14 15:36:50 2016
QBN 1H
EXMOD man
(lm HQ 500,00 MHz
000 K

(Jﬂl-'lh‘ BZ16L00 He
POINT L]
FREQU 1000000 Hz
SCANS 16
ACQTM 32768 sec
D 3,722 sec
1 6,85 asec
IRNLIC 1H
CTEMP 19.2¢c
SLVNT CDCLE
EXREF 0,04 ppm
BF 016 Hz
RGAIN 15

o

~seq damasterpene | (2)

0

Measured in chloroform-d.

- DFILE NDEA 7-3-6 C CDCIB als
sEez oo —m COMNT  NDEA 7-3-6 C CDi
BEES ShRSEz=gnh® DATIM  Wed Sep 14 16:08; 53 zmﬁ
=31 O S e e OBNUC 13C
Eses [ o o = S e =R - EXMOD hcm
| | 1 OBFRQ 125.65 MHz
Ny \ | | OBSET 0.00 KHz

i [ i ORFIN 127958.00 He
POINT 65536
FREQU 33898.30 Hz
SCANS 604
ACQTM 0.9667 sec
PD 2.0333 sec
PW1 5.85 usec
IRNUC 1H
CTEMP 21.2¢
SLVNT CDCL3
EXREF 77.00 ppm

F 0.52 Hz
RGAIN 27
)
| Il I
I 1
” ]"
]
" ‘ ’ : " » e ‘ ) damasterpene | (2)
e e e e -
175 150 125 100 75 50 25 0

13C NMR (125 MHz) spectroscopic data for compound 2. Measured in chloroform-d.
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MDD~ = el ™~ -
BEBRIZTRES 8258 g 2 DATIM  Fri Sop 23 18:04:50 2016
bbb b g Sene @ b OBNUC 1
SHSRTRRIRS z2ege 8 ¢ EXMOD  dopt
OBFRQ 125.65 Miz
‘ OBSET 0.00 KHz
R OBFIN 127958.00 Hz
POINT 65536
FREQU 33898.30 Hy
SCANS 3275
ACQTM 0.9667 sec
PD 1.5000 sec
13.00 usec
IH
21.2
cpeL3
77.00 ppm
0.52 Hz
21
[
e L ! ]l
Tl] t T
damasterpene | (2)
) PPM
75 150 125 100 75 50 25 0

DEPT90 (125 MHz) spectroscopic data for compound 2. Measured in chloroform-d.

= e - 2 = DFILE NDEA 7-3-6 DEPT135 CDCI3.als
Swmenoen COMNT  NDEA 7-3-6 DEPT135 CDCI3
BEE88ETE83 2828 3 EE28% £B2grE88 DATIM_ Fri Sep 23 15:45:52 2016
SH82IRR8RE Bedr 8 ¥gdss gyngegds s ;33
OBFRQ 125.65 MHz
OBSET 0.00 KHz
R ) i | OBFIN 127958.00 Hz
POINT 65536
FREQU 33898.30 Hz
SCANS 1190
ACQTM 0.9667 sec
PD 2.0330 sec
PWI1 13.80 usec
IRNUC  IH
CTEMP .6 ¢
SLVNT  CDCL3
EXREF 77.00 ppm
P 0.52 Hz
RGAIN
. - : " J‘LJ L
—f ‘ [ =]
PPM damasterpene | (2)
75 150 125 100 75 50 25 [}

DEPT135 (125 MHz) spectroscopic data for compound 2. Measured in chloroform-d.
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HMQC NMR (500 MHz) spectroscopic data for compound 2. Measured in chloroform-d.
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HMBC NMR (500 MHz) spectroscopic data for compound 2. Measured in chloroform-d.
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7.5 ) B 5.0 -
°
;9
l} = ‘
on L)
A L 4
® " 37 o @
° K]
2 4]
e L]
: s 9 °
@ ° o@

bundance
D 10 20 30 40

S.

. , 0

: B -
3.
i °0°®
g '
3 ) L ¢
E o

3

+ .
3
1 5‘? “ - *
s ~ ~

Y : parts per Million : 1H
70
—
1&
. R
‘

80
-+

20

¢

- JEOL

. trape
{ zerofill : 1

(e

~~ Y_p0_correction =

5.0(Mz] 1+ 0.0(s)
20443 1 O[N] : 80[%) : 200(%]

£ft : 1 : TRUE : TRUE
ppa

anspose]
sexp 1 5.0(Nx) 1 0.0(s)
trapezoidl 1 O[N] : 8O(N) & 100(%)
zerofill : 2
£ft : 1 : TRUE : TRUE
opm
machinephase
Filenane = NDEA 7-3-6 NOESYD CD
Author = delta
Experiment = noesy_phase.ex2
Sample_id .1

+! Solvent - -D
Creation time = 24-SEP-2016 21123144
Revision_time = 2-NOV-2016 14:37:16
t_time = 2-NOV-2016 14:42:16

Content = phase sensitive noesy
Data_format = 2D COMPLEX COMPLEX
Dim_size - 819, 512
Dim_title - 1K 1n
Dim_units = (ppm] ([ppm)
Dimensions =XY
site = ECA 600
Spectrometer = DELTAZ_NOGR

= 14.09636928(T] (600(N
(s}

Field_strength
X_scq durstion = 0.15392768
domain - 1H
X_freq = 600.1723046 [Miz]
X_offeet = 3.98907 (ppm]
X_points = 1024
X_prescans -4
X_resolution = 6.49655734 [¥z)
X_sweop = 6.65247472(kNz)
Y_domain = 1M
Y_freq = §00.1723046 [Mxz]
Y_offset = 3.98507 (ppm)
X_points - 256
X -0
¥_resolution = 20.77792553 (Hz)
_sweop = 5.31914894 (k=)
Irr_domain - 1R
Irr_treq = 600.1723046 0Nx)
Irr_offset = 5(ppm)
44 - 1K
Tri_freq = 600.1723046 [iz)
Tri_offset = S (ppm)
Clipped = FALSE
Mod_return -1
Scans -3
Total_scans - 8192
X_soq time = 0.15392768(s)
X atn = 4.3(d8!
X_pulse = 14.45[us)
Y_acq_time

= 48.128(ms)
°

Y_pl_correction = 180.0
I - oft

rr_mode
Tri_mode - off

NOESY NMR (600MHz) spectroscopic data for compound 2. Measured in chloroform-d.
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NMR spectroscopic data of damasterpene |1 (2)

CDCl,

50

damasterpene Il (3)

‘abundance
Lo
—

) N y, - AT AR
§ET B4 BEMIE iME LRI ELERLELL

0

damasterpene Il (3)

1641017
53,4545
ISLO417
300634
129.0101
1288186
28,5984
128.2250
28,0035
27,2579
1266643

£

X : parts per Million : 13C

—=== PROCESSING
ac.

SJEDL

_balance : 0 : FALSE
sexp : 0.2(Hz] : 0.0(s)
trapezold3 : O%] : BO[N] : 100(%]
zerofill : 1
ffe ¢ 1 8 1 TRUE

ppm
suto_refersnce : 5(%] : TRUE
base_corzect : Nome &

0 & Smooth

Derived from: MDEA #-8-4 H CDCl3-€.jaf

Filename = NDEA 8-8-4 H CDCL3-11
Author = delta
Experiment = single_pulse.exd
Sample_id =1
Solvent = CHLOROFORM-D
Creation_time = 13=APR=2016 06:43:35
Revision_time = 19-APR-2016 14:52:54
E_E. = 19-APR-2016 14135107
Content = single_pulse
Data_format = 1D REAL
Dim_sise = 13107
Dim_title - 1R
Dim_units - ‘l;wul
site = ECA 600
Spactrometer = DELTAZ MR
Field_strength = 14.09636938[7) (600(X
X_scq_duration = 1.4548992[s]
X_domain - 1H
X_freq = §00.1723046 (M=)
X _offsec -
X _points = 16384
X_pres -1
X_resolution = 0.68733284 [Hz]
X_sweep = 11.36126136 [kxs]
Irr_domain - 18
Ire_freq = 600.1723046 [MHx]
irz_offset = Sippa]
d_ = 1R
L = §00.1723046 [Mnz)
Tri_offaet = S(ppm)
1 = FALSE
turn =1
-8
Total_scans -9
X_90_widen = 13.7(us]
X_aeq_t: = 1.4548992(s)
X_angle = 45[deg]
x_atn = 4.3[d8]
X_pulse = §.85[us]
irz_mode = off
Tri_mode - oft
Dante_presat
Initial wait
_ga.

dc_balance 1 B &

' W
- un-—E
-1

e

& JEOL

sexp 1 2.0[Hz] 1 ©.0[s)
trapasoidl : O(%) @ 80[%) & 000N

om
base_correct : Nome : 0 ; Smooth
auto_reference : 5(%) : TRUE

Derived from: NDEA §-8-4 C CDC13-4.jaf

Filename = MDEA B-8-4 C CDCLI-d.
author = delta
‘m.rlmut :s ngle_pulse_dec
vent = CHLOROFORN-D
fon_t. = 13-APR-2016 07:38:17
Revision time = 13-APR-2016 12:42:08
ve_E: = 19-APR-2016 14130133
Content = single pulse decouple
Data_format = 1p xEAL
pim_si = 26214
Dim_title -1
Dim_unite = [ppm)
o ions =-x
site = ECA 600
Spectrometer -
Field_strength = 14.09636928(T] (600IM
X_acq duration = 0.69206016([s]
X_freq = 150.91343039 [MHz]
X _offset = 100 [ppm]
= 32768
=-d
X_resolution = 1.44496109 [Hx)
= 47.34848485 [XHz)
= am
= 600.1723046 [Mux]
= 5(ppm]
- TRUT
-1
= 1172
= un
= 11.1[us]
= 0.63206016[s]
= 30[deg]
= 8.1[a8)
= 3.7(us)
= 18.6[aB)
= 18.6[4m]
= Tz
Decoupling = TRUE
Initial wait = 1(s]
- TRUT
Ho_t ime = 3(s]
Recvr_gain - 50
Relaxation_delay = (8]
mepetition time = 3.69306016(s]
Temp_get = 23.314c]

3C NMR (150 MHz) spectroscopic data for compound 3. Measured in chloroform-d.
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DFILE NDEA 8-8-4 DEPT90 CDCI3.als
COMNT  NDEA 8-8-4 DEPT90 CDCI3

e OONOND—=NORO T wowo = N o
55 2328883835887 8833 8 g8 DATIM  Mon Jun 20 13:17:30 2016
2% 53HSRRVASNER gees 8 B ¢ DOOD  dopt
| OBFRQ 125.65 MHz
OBSET 0.00 KHz
D OBFIN 127958.00 Hz
‘ POINT 65536
FREQU 33898.30 Hz
SCANS 3462
ACQTM 0.9667 sec
PD 1.5000 sec
PW1 13.00 usec
IRNUC  1H
CTEMP 24.1
SLVNT  CDCL3
EXREF 77.00 ppm
F 0.52 Hz
RGAIN 27
damasterpene Il (3)
) ‘ PPM
75 150 125 100 75 50 25 0

DEPT90 (125 MHz) spectroscopic data for compound 3. Measured in chloroform-d.

DFILE NDEA 8-8-4 DEPT135 CDCI3
COMNT NDEA 8-8-14 DEPT135 CDCI3

S O ONRERDDDOD wowo =
a8 8_88_88_§ 323§:32: 8832 S DATIM  Sun Jun 19 14:21:05 2016
CEEEEER EERER gedd 8 gaMc 1
| | OBFRQ 125.65 MHz
2 { \ / OBSET 0.00 KHz
B (8 | | OBFIN 127958.00 Hz
POINT 65536
FREQU 33898.30 Hz
SCANS 20000
ACQT™ 0.9667 sec
PD 2.0330 sec
PWI1 13.80 usec
IRNUC  1H
CTEMP 233 ¢
SLVNT  CDCL3
EXREF 77.00 ppm
P 0.52 Hz
RGAIN 27
L 1 d =) ‘
N ’ Ay
damasterpene Il (3)
o ) ) _PPM
|
175 150 125 100 75 50 25 0

DEPT135 (125 MHz) spectroscopic data for compound 3. Measured in chloroform-d.
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e ~ G JEOL
e S . EEETET

transpose]

sinbelld 1 -60 1 160
2

£t 5 1 & TRUE : TRUE

ppa

- e
— (transpose)
t rilename - MDEA 8-8-4 Q¢ Coci3-3

Author
Experiment h-qe_p!g ox2
Sample_id

= Solvent = Sxomoror-n

= Creation time = 13-APR-2016 09:18:42
Revision time = 9-FEB-2017 21:50:41
Current_fime = 9-FEB-2017 22:05:44
Content = gradient enhanced MNQ
Data_format - 20 REAL
Dim_size - 919, 396

') 8 Dim title - 1 i3c
Dim_units = (ppa) (opml
Dimensions =xY
°‘= 4 = site = ECA 600
' " Spectrometer = DELTA2_JBGR
"

Field_st: 7 1 00e60mim (so0m

rength
X_scq_duration = o 12607488
domain

1700 1600 1500 1400 1300 1200 1100 1000 %00 $0.0 700 600 S0.0 400 300 200 100

X_freq = 0. 1723046 ez
Xoteset - 480
X_points
X_prescans
X Tesotution = 7.931734100K]
- 8.12215724 (xiz)
Y_domain = 13C
Y treq = 150.91343039 (tx)
Y offset = 86.28034 [ppm]
! ! } Y_points - 198
A “prescans -0
; 0 I Y_resolution = 146.13729892(Nx]
3 S Y_swoep = 38.53518529 (k)
9 1 Tt Trd_domatn x
] 3 E 3 — Tri freq - §00.1723046 os)
- ‘ = Tri_offset = 5[ppm]
! } cii = FALSE
| ¥od_return -1
| scans - 16
% Total_scans = 3168
| y ¢ — X_acq_time = 0.12607488(8)
i X atn = 4.3(aD)
. . 7 4 y s z 37
- ¥_acq t: = 8.84736 (ms)
- - -
damasterpene Il (3) mE o lH
3 Irz_atn_dec = 26.6(an)
B S I I— SIS SRS EESE— | S | terrbmrimirteii] SeaAnien - e
920 80 7.0 60 50 40 30 20 10 0o 0 02 o4 Beloby . s
- i v Decoupling TRUE

20

I.roﬂlltl
tn 111 TRUE : TRUE

abundance
Lo
—_—

b il (tnn spose]
sinbelld : -60 : 160
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NMR spectroscopic data of damasterpene I11 (4)
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NMR spectroscopic data of damasterpene 1V (5)
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X_pulse = 14,45 [us)
¥_acq_tims = 47.48288 [mn)
T_po. 2%
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NOESY NMR (600MHz) spectroscopic data for compound 6. Measured in CDCls.
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-1
Xfreq = 600.1723046 [AHz)
X_offast = 5[ppm!

X_polnts - 16384
8 -1
X_rasolution = 0.68733284 [HE)
A_sweep = 11.26136126 [xKz])
Irr_domain = 1K
Irr_freq = §00.1723046 [WHz])
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BC NMR (150MHz) spectroscopic data for"(':ndhﬁ'p'c")'u'r'\'d 6. Measured in CD;0D.
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HMQC NMR (600 MHz) spectroscopic data for compound 6.
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HMBC NMR (600 MHz) spéétroscopic data for compound 6. Measured in CDgOD.
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DQF COSY NMR (600 Mﬁz) spectroscopic data for compoﬂﬁd 6. MeasLlred in CD;OD.
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NOESY NMR (600MHz)ﬁébectroscopic data for coMpound 6. Measured in CD;0D.
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NMR spectroscopic data of damasterpene VI (7)

NDEA 7-3-2-3 H CDICLals
NDEA 7-3-2-3 H CDCI3
Thu Dec 01 15:53:03 2016
H
non
500.00 MHz
0.00 KHz
16216000 Hz
65536
10000.00 Hz
32
3.2768 sec
3.7232 sec
6.50 usec
= IRNUC  IH
= CTEMP 19.3 ¢
SLVNT  CDCL3
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= o 8 BF 0.15 Hz
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z 3
5 g3
! o
2 g 23 2 - I
= | - s o = = < =
{
LLL d
g #\ | amasterpene VI (7
) J{ } \_i J (F U P Q)
. S— T — PEI,M.
|8 7 6 5 4 3 2 1 0
1 . .
H NMR (500 MHz) spectroscopic data for compound 7. Measured in CDCls.

- - T e ”Hnl:{ll;:j mg;g '_:"'5‘5"; 'E CECLals
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EXREF 0.00 ppm
BF 0.50 Hz
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il
Il i
I ’ - Hi
. i — S . : —EPM damasterpene VI (7)
175 150 125 100 75 50 25 0
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damasterpene VI (7)

ﬁﬁb_é__liii\_/iﬁ _(56"0_ MHE)I_S_bEEiroscc_)pic_ data for compodﬁa 7. Measured in CDCI3.
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HMBC NMR (500 MHz) spectroscopic data for compound 7. Measured in CDCl;.
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DQF COSY NMR (500 MHz) specfroscopic da'téfforfcorﬁpc;una 7. Measured i?'(CbiCIg.
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{ | X pulse = 18,35 [us)
N | | | ¥acq time = 47.80544(ma]
" : T b -0
80 70 50 LX) 30 0 Lo ° o Lo 0 ;.Nj:‘.ﬂn‘vtlm - ;:\;
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NOESY NMR (600MHz) spec.troscopic data for compound 7. Measured in CDCls.
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NMR spectroscopic data of damasterpene VII (8)
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'H NMR (500 MHz) spectroscopic data for compound 8. Measured in CDCls.

NDEA 7-3-5-3 H CDCI3.als
NDEAT7-3-5-3 H CDCI3
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3.2768 sec
3.7232 sec
6.50 usec

damasterpene VIl (8)

" DFILE NDEA 7-3-5-3 C CDCl3.als
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i 200 150 100 50 0

C NMR (125MHz) spectroscopic data for compound 8. Measured in CDCl.
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damasterpene VIl (8)
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HMQC NMR (500 MHz) spectroscopicﬂ -d_até-lufor compound 8. Measured in CDCls.
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HMBC NMR (500 MHz) spectroscopic data for compoun'd 8. Measured in CDCl,.
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DQF COSY NMR (500 MHz) spectroscopic data for compound 8. Measured in CDCI3
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NOESY NMR (600MH2z) spectroscopic data for compound 8. Measured in CDCls.
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NMR spectroscopic data of damasterpene VIII (9)

aj damasterpene VIII (9)
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77U H I RU YR LR S Vero Ml %AZ 10%FBS & 4A DMEM (4500 mg/L
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2| THEREL, /v Fa_X—FHTI0 MG S, Z0D%, 10% FBS & FH DMEM K5 %
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SLOBERMRVIRTZ L2k D 1.0x 10" pfu DA VAR EVER LT=.
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Vero FIRICI1T D WST-8 7 v & A LI L B Ml aEtE &

Vero il 2 FBS 54 DMEM (4500 mg/L glucose) £ (Sigma-Aldrich) T (5%CO,, 37°C)
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Inhibition (%) = [(A-B) / A] x 100
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