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SUMMARY
(2%

In our continuing study on antitumor constituents of the marine sponge Sarcotragus
sp., 23 new furano— or pyrrolosesterterpenes (5-19, 23-30) and two new cyclitol
derivatives (21, 22) were isolated. Cytotoxicity of the new compounds against five
human cancer cell lines was evaluated. Ircinin-I was one of the most potent compound
among its congeners. Mode of the action of ircinin-I was studied employing
SK-MEL-2, HepG2, and Hep3B cells. Petrotetrayndiol A from a sponge Petrosia sp.
was alos subjected to biological study.
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1) 3" (Sarcotragus sp.) 28 EH JA4SBHERD £

B oA = AR 20008 %= ‘sruiat ZHA A (Sarcotragus sp)ZH-E] A YA A EF
7] dAEAD =&Y dA&EAAt 20019 % 1025H /A" B A A= H
g 7R AT e A" 22 Sarcotragus % W] AEEAY EHS F43 A3 23
9] Al 28 pyrrolosesterterpene (5-11, 27-30) furanosesterterpene (12-19, 23-26) % 2% 9]
A ZE cyclitol 524 (21, 22)5 EY3AH o5 29 149420 F+x= 1D NMR %
COSY, HMQC, HMBC (Tables 1-4, 6-8, 10), MS, IR & ZF 7|7]&A BHS o] &3t
T3 S absolute stereochemistryi= CD spectroscopy, optical rotation, MTPA ester®]
NMR data Hlal&#4 5o =2 71439t Tetronic acid moietyS ¥ 3$Fslil Q1= sesterterpene
o] C-219 YAI+Z+= CD spectroscopy S ©]&3ste] 93

Compound 19 79 positive -1 transitiong “1¥ il negative n-n  transitiong }E}
otk a89u2 #dsdd A 2159 YAFE=E AASA T ¥ compound 4% 7|
E} NMR % MS data= 13 A9 ¥A3A oY CD spectrum©] 4¢F w5 += W3Fe] Cotton
effectS YEFHATE (Figure 1). ©]= tetronic acidd QATF7F 2= AL 9 v 3§
21Re] PAFx=Z ZAASITE. Pyrrolosestertepene®| A &= stereochemistry”} A& Wkl
epimer’} Ao #8 & A+=d (Figure 3) ¢ 2 A2 olvul% tetronic acid H#°] 7
ML w o] thAl lactoneS A 3= A A epimerizationo] Lojib= Aoz FAHEC

Pyrrolosesterterpene (5-11, 27-30)2 +30°]& A}83}9] furanosesterterpenes A&
oA o R WHYPAIA dojzl o7} Qo HAdAE &4 e Aotk oHd e H
pyrrolosestertepene©] HAFEjo A EAstE EZQAA] = F=, T HAHA Q9o r
AAE FEAAdA = &% gt Pyrrolone ringS ¥ REIZE COSY, HMBC %9
data iAol 98} FHEEATH (Figure 2). B A 2 0 2= furanosestertepene® leucine(5, 6),
phenylalanine (7, 8), isoleucine (9, 10), glycine(27-30) 52 amino acidolA %% unit©]
Agtalo] AAgE Aoz FAHEY. Amino acid unit®] X 8% = ko] whE} 2712 ] o] A A 7h
Add & e 59 11, 273 28, 29% 300] 77t olef gk ol A Eoltt. ol g o] A ES
COSY 2 HMBC data®] BA o=z FH=E 4 2t} (Figure 7).

Furan ringe 3}8t4 o2 kAo wkgato] 47| AbstE =4 compound 12-14, 23, 24,
26 52 oly3 AR FEH oxidized furan FEAZ FAHEC. Compound 233 24+=
lactone ring®] =S4 &wjol A= A epimerize Flv= Ao 2 FAHEST. °]i= manoalide A%
o] slgtEoME FEEHE= HAAolth Compound 239 major epimer®] YA TZFE CD
spectroscopy®ll &J&l 4R = 178 = At

fr =
O
~

b
o



Compound 15¢] hydroxyl group® QA 3}e+e PGME 242 st ste] 41814t
(Figure 5). C-21 hydroxyl group2 MTPA chloride¢} ¥H3-AA esterE A ste] A= o
U35 o] EotAgsle] Rt A & Wy oz carboxyl group® phenylglycine
methyl esters WH§AI A amideE ¥FA3taL ©]¢] NMR datag #4ste] JAIF2E AR
t}.

Compound 25+ 7|59 4v1z 3}8%E kurospongin® NMR 2 MS data’} X3+
t}. 3}A % optical rotation®] Wao] M E wE Uehy tE ey o2 CD spectroscopy
2 BA3 A3} negative m-n transition¥} positive n-n transitionS YEFHUT 2R R
compound 25% 7]E9] kurospongin¥t YA steo] WEUQl epimerZ 1% 1t} Compound
24, 29, 30914 #Z¥+= a,B-dihydroxy ketone group< &% sesterterpene oA+ * vt
A% = functional group®|th. ©] functional group?] T+Z+= COSY % HMBC data2l 3f4]9]
ol ¥axl (Figure 6)

Cyclitol A199 33E (20, 21)& FAB-CID tandem massZ ©]-&3to] 25 A3 4
methyl branching®] 91X& AA3At}E. Compound 212] FAB-CID tandem massol A& &%
A9l allylic cleavage’} m/z 371 2 42504 ##= o] 25242 9217} 245 A (Figure
9).
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2) 5Z AAGAMEZ e SA4AN

Aol o RRE EeE AgrEde] daie HFAoRE 5F] AA S
M Eo thsk XS H7) st (Tables 5, 9, 11). 2] sesterterpene® ¢} cyclitolF+=
Fo4 = LS H AT Pyrrlosesterterpene %o 4= carboxyl functions $H3F
EAE (27-30)2 Aoz o] oFgt). Furanosesterterpene ol A% carboxyl

functions 7Hx FX=AE (15, 16, 23) Ao g2 ofg &4 S Ve eh 7H Fo4 9
= A4S YeEdd 1A EZE ircinin-1 2 E & W Petrosia sp.olA 2 EAG Cup
polyacetylene A€ 2] petrotetrayndiol Aol Wajr+= FoJd ngeola] A A A ESA
2871 ATskA



3) 39 (Sarcotragus sp.)olA &8 3 ircinin-19] A AL M E HepG29 Hep3Bel|l g+
54874 47

A& W (Sarcotragus sp.)oll A AdZo] 23 ircinin-1 (Figure 10)
wolel thisls (FEAE T tEA] M ET HepG29 Hep3Boll " A+ &
7] #9138k p53 wild type HepG2 MEF9F pb3 A A& Hep3B AlZF5 AF&doH, o=
A 552 apoptosis9t AlEZE F7]0l A= FFS A

ARk o7 ZhekA| o] wiste] A AERA FTHE BHIoHw k= A AX

tlo
-
o ofo
ol
ol
£
rot

=4 392 B (Figure 11). 283 ol5 GAEES MTT A8 A3 wild type pb3
AAZ 7} HepG2 7FebAl o] W3k A4 oA H=0l ICs S <k 20ug/mio] e}k, o] H|
3l pd3 FHAE ZFAI A 942 Hep3B FHAIE ol el A = ICs #kel oF 40ug/mb s =3t 1
2] 3 ircinin-1 &4 StollM = B2 AEEo] AFe A ¥uAY Alx=de A3 71 2
A&tk 2e]a AR A EE A= apoptosis®] A¥etar A ZHEE apoptotic body 5& F

[-'E

3 FxEo] AAEH7E AT (Figure 12, 13). Ircinin-19] &4 3sfollA MEES F g7}t
controlell Wl &} wi-¢- ThFstA WBtell on apoptosis®] Al WERUE celle] A7) E3
dead cell®] &7} Fo] #HEHA.

22130 HepG2 7HFAIE Age] oAl 9 apoptosis =55 gRlst7] 98 FAxE
27 (flow cytometry)® A XF7] % apoptosis H]| &S FAFSE A3 10pg/ml9] ircinin-1&
Aglstal 12, 24, 48, T2A13F st wj &gt F o5 AMEE AMFA st FAEZEAVIZ AT
I} apoptosis =g o] AIFF ojEH o7 FUHEHE SRISHA T (Figure 14). Hdl 72417k vl <
3l A3} apoptosis?t WA sub Gl1 & o] tfxat 1.3%0°l H|&] 5.1%7}A] %7}} Rno=w B
of v A A& F%xl 10ug/ml2] ircinin-1°] °F 49]9] apoptosisE =3 Aoz AR E U]
a8l v A e T2 30ug/mlel ircinin-1S A2l Ay 72417 Aap Al g R oA

X 50| apoptosis® AFE3 Aoz lFE ATt (Table 12).
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Figure 10. Structure of ircinin-1.
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Figure 11. Cytotoxicity of ircinin-1 on HepG2 (A) and Hep3B (B) human hepatocellular
carcinoma cells assessed by MTT assay

Cells were treated with different concentration of ircinin-1 for 48 hrs and the effects of ircinin on
cell growth was examined by MTT assay. Results are means *= S.D. of three experiments.

Figure 12. Microphotographgs of ircinin-1 treated HepG2 cells were determined by light
microscopy. Cells were treated with ircinin-1 for 48 hrs. Cells were stained with PI after treatment
with ircinin. A and E, control; B and F, 10 pg/ml ircinin-1 treated HepG2 cells; C and G, 20 pg/ml
ircinin-1 treated HepG2 cells; D and F, 30 pg/ml treated HepG2 cells. Apoptotic body and fragments
with small, solid spheres of condensed DNA were shown in the pannel H.



Figure 13. Microphotographgs of ircinin-1 treated Hep3B cells were determined by light
microscopy. Cells were treated with ircinin-1 for 48 hrs. Cells were stained with PI after treatment
with ircinin-1. A and D, control; B and E, 20 pg/ml ircinin-1 treated Hep3B cells; C and F, 30 pg/mf
ircinin—1 treated Hep3B cells. Apoptotic body and fragments with small, solid spheres of condensed

DNA were shown in the pannel F.
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Figure 14. Cell cycle analysis of HepG2 cells treated with ircinin-1. With time in culture with
the treatment of ircinin—1 (10 pg/mé) for 12, 24, 48 and 73 h, the population of apoptotic cells at the
sub-G1 fraction was increased.



Table 12. Fractions of cell populations (%) after treatment with 10 wg/m¢ (A) and 30 ug/mé
(B) of ircinin-1 on HepG2 cells for 12, 24, 48, and 72 hours. Sub Gl fractions represent the
population of apoptotic cells.

A
% of cells
Time (h) | supG1 G1 S G2/M
Con 13 45.9 28.9 23.9
12 13 46.9 34.2 17.7
24 11 49.9 30.7 18.3
48 3.4 49 29.2 18.4
72 5.1 46.4 29.6 18.9
B
% of cells
Time (0) ™5 61 Gl S G2/M
Con 2.2 26.4 22.8 48.6
12 35 275 35.2 33.6
24 5.8 44.9 195 29.8
48 112 28.8 35.6 244
72 98.4 1.08 0.49 0.03




4) 38 (Petrosia sp.)olA £ 3 petrotetrayndiol A9l AAFEAAE SK-MEL-29
g3 S a7 AF

B Ao = |l Petrosia sp.25E 83 petrotetrayndiol A2l <14 3] -k A X o
]| 93te] pb3 mutant type SK-MEL-2 AlXFE AFg3lon o] Al
9] apoptosis®t MEEZA F71& mA= GFe AT AWA o2 I FQHA R F
L oA ow dAg AxsdadsE B (Figure 15). 18lal o5 SAMEES MTT 4
g A3 dAE G IA FEQ ICxo #2 oF 6 pug/mlo] ATt 2 AT A= petrotetrayndiol
Aol ¢ 3sto] T X kA E o A apoptosis7t LolpEA] ZAMEA T (Figure 16). Petrotetrayndiol
Aol Al A AelwA &2 wjAolA Ak AE o] Pl HuE PFANAS ol &
st FAFSE A S 2 A petrotetrayndiol A7F A2 H A @ 2T E SAHE dEo] AA
ol T HFold o}t petrotetrayndiol A7F A2 H AMEEAE @eo] ®oFo] EirAslH
S dojutar les Hof Folh
aefar AE e oAl 9 oapoptosis = oS s Ha FAEEA 7] (flow
cytometry) =2 M3 F7] 2 apoptosis Hl &S ZAFSE A3} 75 pg/mle] petrotetrayndiol AS A
gstar 24 2 48 A|zb st wigs H ols AEE AMFASE FAEIAVIE EAS A
apoptosis & o] A|ZF o]EH o7 FUeHS 2l sla (Figure 17), T3 Table 994 X o |
+ Hkef o] apoptosis #AZol|l #HostE Tl F Bax®l Bel-29 @d A4S HES A3
pro—apoptotic protein?] Baxi= petrotetrayndiol A% % Z7}o wet dAAsA F7lst= A
kS B 993l anti-apoptotic protein®! Bcl-2+% petrotetrayndiol A2l F71ol whe} 7HASk=
FS Ho] Foloh (Figure 18). Wk Bax Tl d o] Wt F7kef Bel-2 @A o] Uy i+
apoptosis =89 F7H7F A TS Hof F
12]3L apoptosis HAOlA WM Fa Fasel ofs) AxE Ay Fa
gl o #oJst= caspase-3 @A WS Ay Ay} pro-caspase-3 Wdo] TAEE AS
#zst = AdAqrt (Figure 19). T3 DNA repaird]l #eslE= poly (ADP-ribose) polymerase
(PARP) ©tlz o] w3 o= western bloto 2 8¢l1dk A3} petrotetrayndiol A2l =7} &
7}et= 2 PARP wido]l R 116 kDO =Z7lolA 8 kDE #ZH#FS Fd 4 o
(Figure 20).
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Petrotetrayndiol A9l A|EEA F7]4 o mxE TS FAESTE o]E 9Ee
petrotetrayndiol ASE A g]3}x] &2 tix=a 2 75 ug/mle petrotetrayndiol A< 0, 24, 48 hrs
¢ A MEES A oE AEFV] £45 A AF Table 133 2tk ZAFoA B
©Hkel o] SK-MEL-2 Al=xolA thxto] 4-F, Gl7]ol aiFetes AlEs oF 52.7% A=A
ow, S B G2Mrlel &Fste AMEE A7 0% B O176% BEe BEE EJAU
Petrotetrayndiol A< 24, 48 hrs ¢t A& ¥ A XM= G2/M7IoA HELETY 150 A%



of I3tz 282% HEZ G2/M7]o A AAE Ho FASS & 4 A Petrotetrayndiol
Al AEF7] Z2H7IAS AF87] Yol AEXH Fa3 93-S = p2l, pb3 western
blotZ A3kt Cell cycle 24 212 % apoptosis & A EF7] Gl arrestel] &= whul
AL p537 p21 wul Aol Fa sttt 1ev SK-MEL-2 9HAZ9] A% ps3 w@huld o] mutant
typeol 7] wiitel ¥ A= pb3 wHidel wd Wiyl & ownyp Qlvh epA| vt
petrotetrayndiol A% A8 E E3] pb3 =d W3S H#S A} petrotetrayndiol A2 FE7}
7t 5 mutant pb3 @ E Fdo] FUFS sttt 182 mutant pb3¥ #E glo]
G2/M arrestol]l #oJst= p2l @A A9 Fr oEHoZ FUHeHE &1 5A th(Figure
17). o] A& petrotetrayndiol Aol 23t apoptosis = ZF-&°] p53-independent =28 23}
2 AB7Z+E H(Figure 21).

AEZEGo = o8 79 cyclinEd cdks 2 259 AdAo Pt CKIE 9
o] F7o dAQIAEe] Hofatar d=dH, 53] G2/Mrlel T83% &S g+ cyclin % cdk
© cyclin B 2 cde2e1™, G171¢] 4%+ D-type cyclin? cdk2, cdk4 3 pRB % o]t}

150
© .
E —o— petrotetrayndiol A
8 100
S
2
= 50r
8
>

1 1 1 1 ]
8.0 25 5.0 7.5 10.0 12.5

Concentration (png/ml)

Figure 15. Cytotoxicity of petrotetrayndiol A assessed by MTT assay. Cells were treated with
different concentration of petrotetrayndiol A for 48 hrs and the effects of petrotetrayndiol A on cell

growth was examined by MTT assay. Results are means + S.D. of three experiments.



Figure 16.
Morphological analysis

of petrotetrayndiol A treated SK-MEL-2 cells by the DNA specific fluorescent dye PI. Cells
were treated with petrotetrayndiol A for 48 hrs. Cells were stained with PI after treatment with
petrotetrayndiol A. A and D, control; B and E, 5 pg/ml petrotetrayndiol A treated SK-MEL-2 cells;
C and F, 75 pg/ml petrotetrayndiol A treated SK-MEL-2 cells apoptotic body and fragments with

small, solid spheres of condensed DNA were shown in the pannel F.

Con 24h . 48h

Cell Number

DNA content

Figure 17. Cell cycle analysis of petrotetrayndiol A in SK-MEL-2 cells by flow cytometry.
Cells were treated without or with low dose of petrotetrayndiol A (7.5 pg/ml) for 24 and 48 h.
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Figure 18. Western blot analysis of Bcl-2 and Bax. The protein levels were determined by
western blotting in SK-MEL-2 cells. The expression level of Bcl-2 was down-regulated and the
Bax was up-regulated after treatment with petrotetrayndiol A.
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Figure 19. Western blot analysis of caspase-3. Activation of caspase-3 on petrotetrayndiol
A-treated SK-MEL-2 cells. The protein levels were determined by Western blotting. After
treatment with petrotetrayndiol A, caspase-3 was decreased in pro-caspase-3 on SK-MEL-2 cells
after treatment with petrotetrayndiol A.
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Figure 20. Western blot analysis of poly(ADP-ribose) polymerase (PARP). Specific cleavage
of PARP on petrotetrayndiol A-treated SK-MEL-2 cells. The protein levels were determined by
western blotting. After treatment with petrotetrayndiol A, PARP (116 kD) was cleaved into 85 kD
fragmant on SK-MEL-2 cells after treatment with petrotetrayndiol A.



Table 13. Effect of petrotetrayndiol A on the cell cycle distribution in human skin cancer
SK-MEL-2 cells. DNA flow cytometric cell cycle analysis was performed comparing untreated
control cells with those treated in petrotetrayndiol A for 24 and 48 h.

% of cells
Time(h)| supG1 | G1 S G2/M
Con | 023 | 527 | 297 | 176
24 3.2 471 | 227 | 269
48 134 | 450 | 142 | 282

<« p53 (mutant)

<« B-actin
|

1WIP/CIPL - The protein levels were determined by

Figure 21. Western blot analysis of p53 and p2
western blotting in SK-MEL-2 cells. The expression levels of p53 and p21W[P /cIrt proteins were

up-regulated after treatment with petrotetrayndiol A.
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Figure 22. Proposed action mechanism of ircinin-1 in SK-MEL-2 cells. It is possible that
ircinin—-1 may induce cell cycle regulation and apoptosis via a p53-independent pZIWUD /cipt

up-regulation. The up-regulated p21WIP/ cIpr

protein stop the activation of cyclin D-cdk4 complex.
Therefore, the E2F-Rb complex could not be activated through the phosphorylation of Rb protein.

Moreover, the expression level of Rb protein was also down-regulated after the treatment of ircinin.
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ANA 7+ A EFT HepG2eF Hep3B, Q1A 3] H-HA 2521 SK-MEL-2 M X += American Type
Culture Collection (Rockville, MD, USA)l A T3t o] AXE+= 10% fetal bovine serum
2 50 mg/ml gentamycin (Sigma, St. Louis, MO, USA) S°] <3¥ RPMI 1640 ®jX|
(GibcoBRL Grand Island, NY, USA)E °]-&3to] 37C, 5% CO, x3dstell A wigshaleh. 334
A& % ircinin—1<2 Sarcotragus sp.°l 4], petrotetrayndiol A= Petrosia sp.olA F-Akd) gl
okstil Y wg AFAHANA g AE AT WolA] ice-EtOHO| AA FE=2 32435t
Ye BstHA AREsd

o

ok

2. &

N

I

Western blot analysist} immunoprecipitation® 98] AFg¥® A ELS Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA; cyclin A, cyclin D1, cyclin E, cdk 2, 4, p21,
p27, P53, bax 2 PARP), PharMingen (San Diego, CA, USA; Rb) ¥ American Life Science
(Arlington Heights, IL, USA; peroxidase-labeled donkey anti-rabbit % peroxidase-labeled

sheep anti-mouse immunoglobulin)oll 4] < 3} <3 t}.

3. A A H7t

1) MTT assay

AEe] ek B4 5] kel 96 well platol 9.6x10° cells/mlS 23 zF AlXel| 3}
= =dS 7}t 24 AIRE &3t o} < 2 -, MTT
[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide, Sigmal &5 7}sto] 441k

ok W A7l F 4E9S Zojym DMSO : EtOH = 1 : 1 8902 7} wello] 7bs] 349

formazang &33te] 650nmolA] EFEE =AY}

rr

2) Trypan blue exclusion
A A4 oA Ags g8 AsEAETY xS 94 713 gs 5 trypsin A8 F
A EE AFHEL 23 AES FZ= 05% trypan blue in 0.85% saline &3} 1112 3]A]

3F1l hemocytometers ©]-&3te] M X &5 Al43A

4. @

£

S| 7]_
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MEE 4% paraformaldehyde® 1433 4 g/ml Hoechst 33342% 30%7F A 3lo] &9

ZuEl AESS PBSE 28] A% F 70% EOH nA<lo= 1087 ndaadch 14
MEES FAT F 250 pg/ml DNase-free RNaseol 25 pg/mle S E=
iodide (PI, Sigma) &HOo 2 4T <tatelA dAMstAtt o]F tAl PBS

F GFANG solA g FeS s

i
r
X
_O‘L
2
P
BN
>,
o

5. % AEF7] =4

A4 2 Fg 6563111 (sarcotragus sp.)°l 2% wjA|o| A wjFs & AxEE 0.02%
EDTA7} 3% phosphate-buffered saline (PBS) & o2 FAgk & 4ToA 3083F 70%
ethanoldl]l LA A 713 1% bovine serum albumin (BSA)-PBS® washing3}91tl. RNase AS
X3ksk PBS® UhA] suspensiond| Al 4T, 3083+ A2t PBSZ washingdt ths DNA
intercalating dye¢l propidium iodide (PI, Sigma) &S 7}8l <FAolA 4T, 30%7F w3k
5 Al PBS® washingdlal Nytex meshE ©]&3}o] filterst$th. 18]32 DNA content

flow cytometryS ©]-&38fA] #2434t

6. Western blot analysis

A4 9 sarcotragus sp.°] *#¥H SK-MEL-2 A|XE PBS £do=z M 5 4TolA
TNN lysis buffer [40 mM Tris (pH 80), 120 mM NaCl, 0.5% NP-40, 0.1 mM sodium
orrthovanadate, 2 pg/ml aprotinin® ©|&38}o] AZE &3 & 14,000 rpmel A 20837 94
st MEY IAES Ao, dE s = BCA reagent (Pierce, Rockford, IL,
USA)E o]l&3ted FHAsIAT sd&de dwas 12 13 £+ 15% sodium dodecyl
sulfate(SDS)-polyacrylamide — gel&  °]-&3tol  d7]9& Al $F  electroblotting & &
nitrocellulose membrane (Scheicher & Schull, Keene, NH, USA)o| #o]A|Zt}. TNE buffer
(10 mM Tris, pH 75, 50 mM EDTA) % 5% FA% /7t 8 TNEE ©l&3dte] FA =
o] wkE FAE wkEsglon 54 @M AS enchanced chemiluminescence detection
system (ECL, Amersham)< ©|-&3te] HE3A . A& 2% anti-cyclin D polyclonal
antibody, anti-cdk? polyclonal antibody, anti—-cdk4 polyclonal antibody, anti—-p21 monoclonal
antibody, anti-pRb monoclonal antibody ¢]oll o2 7}A] first antibody & A}-&3} %3



5) Petrotetrayndiol Aol ¢]3 G2/M arrest®} apoptosis %o W3 ZE& HAYEF A+
9} mRNA @d9 ZA}

H o o] A = petrotetrayndiol A°]l A& H <A 3 H M ETF W3 apoptosiset AlETF
7] A 23 ] = 7@&7] d8 AT ol & 98t thdst FX 9] petrotetrayndiol AE
24 At E3b AE? § genomic DNAE #el&te] 8 Wf DNAS| @3} o F-&5 =AMSHA
Figure 23A°ﬂ A B Q5o AAERANA A & U] DNAeo] M]3}l petrotetrayndiol A©]
Agd AxEoA EE® DNAE HE v% &40z gz FEHASS &4 F AN
Tk Figure 23Bel A9 o] sub-Gl7]oll &3t AEES HIEE XAMSE Ay AIZE o] &4
© 2 sub-Gl 7]l Hdt= AxES] W7t S7FE AT
A G&S Sh= caspased| &stE AN AitelA AP F

T o]FEH O 7 caspase-3, 99 EAo] TAo FTUIES T 4 AT 53] caspase-9H
U} caspase-39] &Aoo 28] A% A
3l IAPs @A 2 caspaseot 2 H A< AFS T
2B5A A B 7 9ol cIAP-19] 5olAQl FE o|EAQl HAE #AFT F AU (Figure
25B). T3t caspase A G F9o] gtifl PLC-ylel @iz o] 33 ofFHE
2 o3t A3 petrotetrayndiol A9 F%7} Z71&+E PLC-ylo] 200 kDo =7]o| A <F 62
kDo Zoge e = A (Flgure 26).

DA L] AEZEEL AeEF cyclingd Cdke %2 259 A Al sldst= CKIE
9] of2] Tl HAF A=l #ofsta Sl=dHl, 53] G2/M7]l T8
Bl % Cdc29] "X+ de&S ZASII T ol & 9l8te] Fu]E thx+ 2 petrotetrayndiol A°]
A A A A& FNEEEFE T diAds dUVFdsosE FEg o 54 A
5 X838t Western blot analysisE 2 AT Figure 27A°] ZA¥oA & F QlXo]
cyclin B13} Cdc29] ©+¥ 2 <=5=0] petrotetrayndiol A2l A& w=o wat #
T AU o= RT-PCRO ZAFeAd & 5 USo] HAFEdA xd+d
(Figure 27B). T3t immunoprecipitation assayS ©]&3lo Cdk 2 % Cdc2e A4S
A3} petrotetrayndiol Al <3 X% p21 ©@¥Ao] Cdk2 ¥ Cdc29} 3thA Ao A=
S ettt (Figure 28A, B). = petrotetrayndiol Aol &3k p219] & =717} Cdkse &
AE Ao =zm tAlE T2 o] JAHANTS & F AU

o]l Aol A & 4= 95| petrotetrayndiol A= G2/M7] HolE A|at o, o] =
po3 vl EA p219 Edo| Tt 9T & 2 AztEl =3 petrotetrayndiol Aol 2
g bAoA o Al= apoptosis FEd WAE Byo] AW o= Bel-2 familyo w3

ko] 9]3k caspase AT AH AAASE & 5 AU (Figure 29).

t}S-2 apoptosis frabel]l A Ao
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ddA4= 2 By

CAlES G 20 2 A AR

ol A I H- A 22l SK-MEL-2 A3+ American Type Culture Collection (Rockville, MD,
USA)olA 435t o] AlE+= 10% fetal bovine serum 2 50 mg/ml gentamycin (Sigma,
St. Louis, MO, USA) 5°] 3% RPMI 1640 %] (GibcoBRL Grand Island, NY, USA)E o]
g3l 37C, 5% CO, 78l A gttt HAMAIE 5 petrotetrayndiol Av F-2Fof g al
ofstyt AAY mwag AAHAA E8d AS Ale WobA ice-EtOHel AA w&& 345t
Ws BastHA ARESEITH

2. A

Western blot analysist} immunoprecipitation® €3] AFg&¥ IFAEL Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA; cyclin Bl, cdc2, PLC-y1, p21, cIAP-1, cIAP-2)
2 American Life Science (Arlington Heights, IL, USA; peroxidase-labeled donkey

anti-rabbit ¥ peroxidase—labeled sheep anti-mouse immunoglobulin)ol A <4 3F%t}.

3. Western blot analysis

AAF 9 petrotetrayndiol A°] A #]® SK-MEL-2 A|£Z PBS §do8 HE T 4TCA
TNN lysis buffer [40 mM Tris (pH 8.0), 120 mM NaCl, 0.5% NP-40, 0.1 mM sodium
orrthovanadate, 2 pg/ml aprotinin]& ©]-&3Fe] M EZS &3]3 5 14,000 rpmol A 2087+ 44

wEste] AxY IAES FEAFH o, dilld FE= BCA reagent (Pierce, Rockford, IL,
USA)= o] 83} SA5AT.  sLF9 gl AS sodium dodecyl  sulfate
(SDS)-polyacrylamide gel= ©o]&3to] 7195 A2l % electroblotting 2. = nitrocellulose
membrane (Scheicher & Schull, Keene, NH, USA)o] Ho|lAl#t}. TNE buffer (10 mM Tris,
pH 75, 50 mM EDTA) % 5% 54 7} g% TNEE o|&sto] dAs2e] wtsa

A HbEs o EX awAS enchanced chemiluminescence detection system (ECL,

Amersham)< ©]-83lo] &3t

4. DNA fragmentation analysis

A 9 petrotetrayndiol Aol A H AAEES FFH3e] 2,000 rpmol A 687 23] PBS®E
FAE e AEAe Byl U A pelletel 0.8 mlel lysis buffer [1 M tris buffer (pH 7.4),
05 M EDTA (pH 80), TRITON X-100 (T8787, Sigma)l& #H7st & A 1 A7Hs<t
WA AT 4T A 14,000 rpmeZ 20 #3F AR 3 & FZF A9 proteinase K (final

con. of 05 mg/mhe ¥ir 50CA 3 AZHs<QtF  incubationstth. I %



phenol:chloroform:isoamyl alcohol (Sigma)S il o}l ¥ oA A HES 4
A 14,000 rpmell A 1027 A8 8 A5 AES Al e-tubed &4 @i 5 M NaClz}
100% isopropanol ¥ & 4ol &= t}g -20C 1 A|ZF&<t incubation 3F B3 4T 14,000 rpm
ol A 3087 AR sty E2ld DNAS 15% agarose geldl roading 3to] d7]9 53k 3
EtBr2 dM3ta UVslol A DNA fragmentations #2313t}

5 ¢ AlEF7] 74

%% 3 petrotetrayndiol Aol A elE s A oA widE F MEES 0.02% EDTAZF &F4
PBS &0z FAH3 & 4TolA 3083 70% ethanole] A A7) 1% bovine serum
albumin (BSA)-PBSZ A3} th RNase AS ¥313 PBS® tHA] suspensiond] A 4T, 30+
7t A8 3tal PBSE A3k t}g DNA intercalating dye?l propidium iodide (PI, Sigma) -& <Y
S TFE S AolA] 4T, 3057 vkt § thA] PBS® 44|33l Nytex meshs o] -§3}¢] filter
3tk 18] 22 DNA contenti flow cytometryE o] &3f4 #2433t}

6. RT-PCRell ©]3 mRNA 'Z3de] &4

A 9 petrotetrayndiol A°] A El® GAF¥EE PBSE FA5taL TRIzol reagent (Carlsbad,
CA, USA)E 4TCellA 1 AIF 53k AE]ste] total RNAE ®elatitt. 43 RNAE oligo
dT primer®} AMV reverse transcriptase (RT)E ©] €3t 2 pge] RNAOA ss cDNAE 34
sttt WHEo]R RT product (template cDNA)o] 25 mM dNTP, 10x buffer, DEPC water,
premixed primer (GenoTech, Korea) ¥ Taq DNA polymeraseE Y i1 Mastercycler gradient

(Eppendorf, Hamburg, Germany)& ©]-83}9] polymerase chain reaction (PCR)Z %33} t}.

Z} PCR A58 944 zo]E 3lstr] 98 1x TAE buffer® Y= 1% agarose gel #7]43
& ¥ % EtBr (Sigma)ol @M ste] UVstalAl &st

7. Immunoprecipitation assay

A4 2 petrotetrayndiol A7} A g ¥ AEES FFI S proteing A %3 T protein
A-Sepharose (Sigma)E& il 4TColA 4 AlZF &9 rotary shakerE ©]-83}¢] incubationA] 7
t}. 1,000 rpmol A 2%3F spindown At ASAE HA 43 FA 3 3 1,000 rpmell
A 2 B3t A spindown AT vhA e AAEAS wlglal 1x SDSE 30ulS ¥ol 71E F A

7199 %5 3} Western blot analysisS 4! A] 3} St}
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M Con 5 7.5(ug/ml)
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Figure 23. Induction of apoptosis by petrotetrayndiol A treatment in SK-MEL-2 cells. Cells
were treated with different concentration of petrotetrayndiol A as indicated for 24 h. DNA was
isolated and separated on a 1.5% agarose gel (A). Cells were treated with petrotetrayndiol A for
indicated times. Cells were then fixed and stained with PI. Apoptotic sub—-G1 cells were drtermined
by a DNA flow cytometry (B).
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Figure 24. Activation of caspase-3 and -9 by
petrotetrayndiol A treatment in SK-MEL-2 cells. The graph represents the increase of in vitro
caspase-3 and caspase-9 activity after treatment with petrotetrayndiol A. Each point represents the

means of two independent experiments.
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Figure 25. Effect of petrotetrayndiol A on cIAP-1 and cIAP-2 proteins and mRNA
expression in SK-MEL-2. (A) Cells were incubated with petrotetrayndiol A for 24 h, lysed and
cellular protein were separated by 10% SDS-polyacrylamide gels and transferred onto nitrocellulose
membrane. The membranes were probed with the anti-IAPs antibodies. Protein were visualized
using ECL detection system. Actin was used as an internal control. (B) Total RNA was isolated
and RT-PCR analysis was performed using cIAP-1 and cIAP-2 primer. GAPDH was used as a
house-keeping control gene.
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Figure 26. Cleavage of PLC-1 protein during petrotetrayndiol A-mediated apoptosis in
SK-MEL-2. Following treatment with different concentration of petrotetrayndiol A for 24 h, equal
intracellular proteins were resolved on 12% SDS-polyacylamide gel. Proteins were visualized by

Western blotting using anti-PLC-y1 antibodies and ECL detection. Actin was used as an internal
control.
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Figure 27. Effect of petrotetrayndiol A on cyclin Bl and cdc-2 proteins and mRNA
expression in SK-MEL-2. (A) Cells were incubated with petrotetrayndiol A for 24 h, lysed and
cellular protein were separated by 10% SDS-polyacrylamide gels and transferred onto nitrocellulose
membrane. The membranes were probed with the anti—cyclin Bl and anti-cdc-2 antibodies. Protein
were visualized using ECL detection system. (B) Total RNA was isolated and RT-PCR analysis
was performed using cyclin Bl and Cdc2 primer. GAPDH was used as a house-keeping control
gene.
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0 7.5 (1#8/ml) 0 7.5 (4g/ml)
IP: Cdk2 IP: Cdc2

Figure 28. Enhanced association of Cdks and p21 by petrotetrayndiol A treatment in
SK-MEL-2 cells. Total cell lysates (0.5 mg of protein) from control cells and cells treated with
petrotetrayndiol A for 24 hr were immunoprecipitated with anti-Cdk 2 antibody and anti-Cdc 2
antibody. Immunocomplex were separated by 12% SDS-polyacylamide gel electrophoresis, transferred
onto nitrocellulose membrane. p21WAF 1/cpl protein levels were detected with anti*pZIWAF 1/cIpl

antibody and ECL detection sysytem.
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Figure 29. Propsed schematic model for petrotetrayndiol A-mediated growth inhibition and
apoptosis in SK-MEL-2 cells.



6) Ircinin-1°] ¢]& Gl arrest®} apoptosis F&o] 3 & HAYSEF d59 mRNA &
o xA}

Aol A= ircinin-10] 2@ A Sk Al EFC tHE apoptosiset Al EF7] A&
o] ME ALV HS FAFSAT. ol E f5te] Y3 Fx9] ircinin-1E 24 AF 5 A

¥ genomic DNAS ##3te] 8 W DNAS] @3}t o5& ZAteklvh. Figure 30A°A
B 4 gl%o] AdzAdA A& & W DNAC H|3le] ircinin-10] Hzld AL Ezl=
DNA«= A2 % Edoz sl Fesfdse & 7 Ut =3, Figure 30Bel A 2}
Zo] sub-Gl7]ell sl AlEEe] NEE ARE A3k ARF o)EH 02 sub-Gl 7]d £al=
AEE9 HE7F F7HE A

Uh= apoptosis el 34 4 <l S s}
T EAH O caspase-3, 99 EA o] Al FTUHEE AL 5 3
3] caspase-9E.T} caspase-32] &4 o] 40 pg/ml TEAA 2 HAE %
31B). $+H caspase®] &4 A1l [APs w9 A2 caspasest 217{3@.?1 75%—% E3le] 1
=9 g4S AT + A= Figure 32A00A & 4 S0l cIAP-19] 5o]%Ql & &4
# At (Figure 32B).
AN AERLLALS AHFTTFY cyclinEd Cdks H 159 AdfAlo] sfFst= CKI=
So] #ojsta d+d, &3] Gl7]d T 2% 98-S = cyclins ¥
Cdke] "A& 9&S RT-PCRE °o]&3sto] HAL FFolAl A 23} Figure 339 WERH v}
Fo] cyclinD17 Cdk2, Cdk4 283 Cdk6 7} ircinin-15 Hele sxo] wal Hap gad
4 20l T3 immunoprecipitation assayS ©]-£3lo] E2F1 % PCNA9 A S xA}
¥} ircinin-1¢ 93] S A¥ pRb UAFst= A=A/ E2F13 4d A8 o2 A
S7] Aol AAE F1A wdo] A" Aow Az ozt (Figure 34A, B). 181
ircinin-19 ]3] FE%¥ p2l> AxFAZxHo| T3 PCNAS 7ZstA ZAstste] PCNAS o
ks A st} (Figure 34C, D).
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Figure 30. Induction of apoptosis by ircinin-1 treatment in SK-MEL-2 cells. Cells were
treated with different concentration of ircinin-1 as indicated for 24 h. DNA was isolated and
separated on a 1.5% agarose gel (A). Cells were treated with ircinin—1 for indicated times. Cells
were then fixed and stained with PI. Apoptotic sub-Gl cells were drtermined by a DNA flow
cytometry (B).
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Figure 31.
Activity of caspase-3, caspase-9 and expression levels of apoptosis related proteins in
SK-MEL-2 cells. Expression of caspase-3, caspase-9, and cyt ¢, were analyzed by Western blot.
Cell lines treated with the respective 20 and 40 pg/ml dose of ircinin-1 for 24 h. In vitro activity of
caspase-3 and caspase-9 in SK-MEL-2 cells was increased. Values represent means =SD of

triplicate.
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Figure 32. Effect of ircinin-1 on cIAP-1 and cIAP-2 proteins and mRNA expression in
SK-MEL-2. (A) Cells were incubated with ircinin-1 for 24 h, lysed and cellular protein were
separated by 10% SDS-polyacrylamide gels and transferred onto nitrocellulose membrane. The
membranes were probed with the anti-IAPs antibodies. Protein were visualized using ECL detection
system. Actin was used as an internal control. (B) Total RNA was isolated and RT-PCR analysis
was performed using cIAP-1 and cIAP-2 primer. GAPDH was used as a house-keeping control
gene.
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Figure 33. Effect of

ircinin-1 on mRNA expression of Cdks and cyclins in SK-MEL-2 cells. (A, B) Total RNA
was isolated and RT-PCR analysis was performed using Cdks and cyclins primer. GAPDH was
used as a house-keeping control gene.
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Figure 34. Effect of ircinin-1 on the levels of pRB, E2F1 and PCNA protein in SK-MEL-2
cells. Cells were incubated with ircinin-1 for 24 h, lysed and cellular protein were separated by 12
% SDS-polyacrylamide gels and transferred onto nitrocellulose membrane. The membranes were
probed with the (A, C) anti-pRB, anti-E2F1 and anti-PCNA antibodies. Proteins were visualized
using ECL detection system. Actin was used as an internal control. (B, D) Total cell lysates (0.5
mg of protein) from control cells and cells treated with ircinin-1 for 24 hr were immunoprecipitated
with anti-E2F-1 antibody and anti PCNA antibody. Immunocomplex were separated by 12%
SDS-polyacylamide gel electrophoresis, transferred to nitrocellulose, and probed with anti-pRB and
anti-p21 antibody. Protein were detected by ECL detection.



ddA4= 2 By

CAlES G 20 2 A AR

ol A I H- A 22l SK-MEL-2 A3+ American Type Culture Collection (Rockville, MD,
USA)olA 435t o] AlE+= 10% fetal bovine serum 2 50 mg/ml gentamycin (Sigma,
St. Louis, MO, USA) s°] &£3%% RPMI 1640 B} =] (GibcoBRL Grand Island, NY, USA)E ©]
83t 37C, 5% COy =75t A wjFsldtt. AMAR F petrotetrayndiol A+ F-2Fo gkl
ofstyt AAY mwag AAHAA E8d AS Ale WobA ice-EtOHel AA w&& 345t
Ws BastHA ARESEITH

2. A

Western blot analysist} immunoprecipitation® €3] AFg&¥ IFAEL Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA; cyclin A, -Bl, -DI1, -E, Cdk2, Cdk4, Cdk6,
PCNA, E2F1, pRB, cIAP-1, cIAP-2) % American Life Science (Arlington Heights, IL,
USA; peroxidase-labeled donkey anti-rabbit % peroxidase-labeled sheep anti-mouse

immunoglobulin)oll A 43k

3. Western blot analysis

A7 9 ircinin-1¢] A #¥ SK-MEL-2 MXE PBS €do=2 HMe & 4TdA TNN lysis
buffer [40 mM Tris (pH 8.0), 120 mM NaCl, 0.5% NP-40, 0.1 mM sodium orrthovanadate,
2 pg/ml aprotinin]& o] &3l AXE £33k ¥ 14,000 rpmol A 2083 A2 o] A E
AR S Az oen, gl FE= BCA reagent (Pierce, Rockford, IL, USA)E o] &3}¢]
ZA3st9g . Td o dwadS sodium dodecyl sulfate (SDS)-polyacrylamide gelS ©]-& 3}
A719% A7 % electroblotting & & nitrocellulose membrane (Scheicher & Schull, Keene,
NH, USA)ol #olAlZt}h. TNE buffer (10 mM Tris, pH 7.5, 50 mM EDTA) % 5% =4
S-f7F e TNEE ol&ste] dAEH}e] vk&d FAE vhEggen, 54 dwds

enchanced chemiluminescence detection system (ECL, Amersham)< o] &3dlo] #3384t}

4. DNA fragmentation analysis

A4 2 rcini-1°] A ®H GAEE FF35F] 2,000 rpmol A 6%3F 23] PBSE A% TS
AsdS WA YU pellete] 0.8 mle lysis buffer [1 M tris buffer (pH 7.4), 0.5 M EDTA
(pH 8.0), TRITON X-100 (T8787, Sigma)l& #7}s & A 2oA 1 AlHEt WAk 4T
oA 14,000 rpme = 20 &7+ AR 3 F A=A proteinase K (final con. of 0.5

mg/mhE Y 50CoA 3 AlZFs<t incubationst$ith. I % phenol:chloroform:isoamyl



alcohol (Sigma)& il ol 92 EE5oA BEA HEE HAeth 4= 14,000 rpmoll Al 103
b AR 3 & A5 AS A e-tubed] &7 @ 5 M NaCl¥ 100% isopropanol ¥ il %
ol F o2 -20C 1 AZF&<t incubation 3 Tk 4C 14,000 rpmoﬂfﬂ 303 ARt
283 DNAS 15% agarose gelol roading 3to] A7) %3 3 EtBr2 gMslar UVl A
DNA fragmentationg ##3}%t}.
F7] &4

A% 2 ircinin-1°] A2 ® wix]olA wigdd & MEEES 002% EDTAZ % PBS &
oo g FAT & 4TCoA 30%3F 70% ethanolo] A 713l 1% bovine serum albumin
(BSA)-PBS® A3t t}. RNase AS ¥3F3F PBSE thA] suspensiond| A 4T, 3027F 27
3tal PBS® A%k t}& DNA intercalating dye$] propidium iodide (PI, Sigma) &S 7}3f
Aol A 4T, 3077 kst § U] PBSE A8 Nytex meshs o] 839 filterst A
12832 DNA content™ flow cytometryS o] &3] 2459t}

1
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>
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6. RT-PCRoll ©]3 mRNA 23 e] &4

A 2 drcinin-1°] A2 ¥® GAEE PBSE 44|32 TRIzol reagent (Carlsbad, CA, USA)
Z 4T 1 A7F B A8l3le] total RNAS #7353 th. A %3 RNAZS oligo dT primer$}
AMV reverse transcriptase (RT)E o] &3}o] 2 pgel RNAlA ss cDNAZS Al sttt wHs
o]Z RT product (template cDNA)°| 25 mM dNTP, 10x buffer, DEPC water, premixed
primer (GenoTech, Korea) % 7Tag DNA polymeraseE %3 Mastercycler gradient
(Eppendorf, Hamburg, Germany)& ©]-&3}o] polymerase chain reaction (PCR)Z %%3}%1t}.
Z} PCR 2255 44 #olE &<2lst7] s8] 1x TAE buffer® WHE 1% agarose gel 7193
%= 3t & EtBr (Sigma)d] @Mste] UVsla A elstadt).
7. Immunoprecipitation assay

44 9 ircinin-1¢] AHg¥H AEES FHI oS proteing  F#HFg . protein
A-Sepharose (Sigma)E ¥ il 4TCoA 4 A7+ <t rotary shakerE ©] 8319 incubation’ %
} 1,000 rpmell A 243t spindown Al A4S HS WY F 43 A ohs 1,000 rpmol
A 2 B Al spindown A Z T wpR e Aol BlE]al 1x SDSE 30uS Wol] 7tE & A

719 53} Western blot analysisS A A &1t}
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Table 5. Cytotoxity Data of Compounds 4-19*”

compound A549 SK-OV-3 SK-MEL-2 XF498 HCT15
4 12.3 9.6 5.6 9.8 6.5
5 15.1 5.3 4.1 5.5 5.0
6 43 4.0 34 3.9 3.8
7 6.3 6.7 4.3 52 4.9
8 16.8 13.1 4.8 10.5 5.4
9 19.0 6.9 3.8 54 5.3
10 27.1 26.8 15.9 25.2 22.3
11 >30 25.9 13.2 >30 21.6
12 24.1 15.2 7.6 20.1 10.5
13 9.1 10.0 5.1 7.6 7.3
14 6.7 6.8 5.9 6.3 6.1
15 24.8 233 25.7 25.9 23.7
16 18.1 10.0 7.8 243 8.7
17,18° >30 26.8 6.2 29.6 23.9
19 9.0 8.4 9.9 11.3 10.1
doxorubicin 0.02 0.16 0.02 0.13 0.06

“Data expressed in EDs, values (ug/mL). A549, human lung cancer; SK-OV-3, human ovarian cancer; SK-MEL-2,
human skin cancer; XF498, human CNS cancer; HCT 15, human colon cancer. “Compounds were assayed in several
separate batches. “Obtained as an inseparable mixture.
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Figure 1. CD Spectra of compounds 1 and 4.
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Figure 3. CD Spectra of compounds 5 and 6.
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Figure 4. CD Spectrum of compound 11.
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Table 1. '"H NMR Data of Compounds 4-11 (

CD;0D, 500 MHz)"
7

position 4 5 6 8 9 10 11
1 7.37 (brs) 3.94 (brs) 3.94 (brs) 3.78 (brs) 3.77 (brs) 3.95 (brs) 3.98 (brs)
2 6.29 (brs) 6.83 (brs) 6.82 (brs) 6.74 (brs) 6.74 (brs) 6.84 (brs) 6.87 (brs) 5.79 (brs)
4 7.24 (brs) 3.98 (brs)
5 2.37(t, 8.0) 2.20 (t, 7.0) 2.20 (t, 7.0) 2.19 (t, 7.0) 2.19 (t,7.0) 2.21(t,7.0) 2.24(t,7.0) 2.37(t,7.0)
6 1.66 (m) 1.66 (m) 1.66 (m) 1.66 (m) 1.65 (m) 1.67 (m) 1.68 (m) 1.66 (m)
7 2.04 (t, 7.0) 2.07 (,7.5) 2.07 (t,7.5) 2.07 (t,7.5) 2.04(t,7.5) 2.08 (t, 7.4) 2.10(t, 7.5) 2.07 (,7.5)
9 1.70 (s) 1.70 (s) 1.69 (s) 1.70 (s) 1.70 (s) 1.71 (s) 1.72 (s) 1.73 (s)
10 5.75(d, 11.0) 5.77 (d, 11.0) 5.76 (d, 11.0) 5.76 (d, 11.0) 5.75(d, 11.0) 5.78 (d, 11.0) 5.79 (d, 11.0) 5.78 (d, 11.0)
11 6.18 (dd, 15.0, 11.0) 6.18 (dd, 15.0, 11.0) 6.17 (dd, 15.0, 11.0) ~ 6.18 (dd, 15.0, 11.0) 6.18 (dd, 15.0, 11.0) 6.18 (dd, 15.0, 11.0) 6.20 (dd, 15.0, 11.0) 6.17 (dd, 15.0, 11.0)
12 5.38(dd, 15.0, 8.5) 5.37(dd, 15.0, 8.5) 5.38(dd, 15.0, 8.5) 5.37(dd, 15.0, 8.5) 5.39 (dd, 15.0, 8.0) 5.37(dd, 15.0, 8.5) 5.41 (dd, 15.0, 8.0) 5.39 (dd, 15.0, 8.5)
13 2.15 (m) 2.15 (m) 2.15 (m) 2.15 (m) 2.15 (m) 2.15 (m) 2.16 (m) 2.15 (m)
14 0.99 (d, 7.0) 0.98 (d, 7.0) 0.98 (d, 6.0) 0.98 (d, 6.5) 0.98 (d, 6.5) 0.98 (d, 7.0) 1.00 (d, 7.0) 0.98 (d, 6.5)
15 1.31 (m) 1.34 (m) 1.32 (m) 1.33 (m) 1.32 (m) 1.34 (m) 1.33 (m) 1.34 (m)
16 1.99 (q, 8.0) 1.99 (q, 7.0) 2.01 (q, 7.0) 1.99 (q, 7.0) 2.00 (q, 7.5) 1.99 (q, 7.0) 2.01 (q, 7.0) 1.99 (q, 7.0)
17 5.25(t,7.5) 5.28 (t, 7.0) 5.25(t,7.0) 5.28 (t, 7.0) 5.24 (t,7.0) 5.28 (t, 7.0) 5.27 (t,7.0) 5.29 (t, 7.0)
19 1.76 (s) 1.75 (s) 1.75 (s) 1.75 (s) 1.75 (s) 1.75 (s) 1.76 (s) 1.76 (s)
20 2.58 (dd, 14.5,2.5) 2.61 (dd, 14.0, 4.0) 2.58 (dd, 14.0, 3.0) 2.60 (dd, 14.0, 3.0) 2.59 (dd, 14.5,3.0) 2.60 (dd, 14.0, 3.0) 2.59 (dd, 14.0, 3..0) 2.60 (dd, 14.0, 3.0)
2.17 (dd, 14.5,9.5) 2.25(dd, 14.0, 8.5) 2.16 (dd, 14.0,9.5) 2.24 (dd, 14.0, 8.0) 2.18 (dd, 14.5,9.5) 2.25(dd, 14.0, 8.5) 2.18 (dd, 14.0, 8.0) 2.24 (dd, 14.0, 8.5)
21 4.47(dd, 9.5,2.5) 4.72 (dd, 8.5, 4.0) 4.52(dd, 9.5,3.0) 4.69 (dd, 8.0, 3.0) 4.48 (dd, 9.5, 3.0) 4.72 (dd, 8.5, 3.0) 4.46 (dd, 8.0, 3.0) 4.69 (dd, 8.5, 3.0)
25 1.57 (s) 1.64 (s) 1.57 (s) 1.62 (s) 1.57 (s) 1.64 (s) 1.59 (s) 1.64 (s)
I 3.48(t,7.0) 3.47 (t,7.5) 3.69 (t, 7.5) 3.69 (t, 7.0) 3.34 (m) 3.34 (m) 3.44(t,7.0)
2' 1.48 (q, 7.0) 1.48 (g, 7.0) 2.90 (t, 7.0) 2.89 (t, 7.0) 1.76 (m) 1.76 (m) 1.48 (q, 7.0)
3 1.55 (m) 1.55 (m) 0.85(d, 6.5) 0.87 (d, 6.0) 1.55 (m)
4 0.94 (d, 6.5) 0.94 (d, 6.5) 7.22 (m) 7.20 (m) 1.42 (m) 1.42 (m) 0.94 (d, 6.5)
1.17 (m) 1.17 (m)
5' 0.94 (d, 6.5) 0.94 (d, 6.5) 7.27 (m) 7.25 (m) 0.93 (t, 6.5) 0.94 (d, 6.5) 0.94 (d, 6.5)
6' 7.22 (m) 7.20 (m)

“Multiplicities and coupling constants in parentheses.



Table 2. "H NMR Data of Compounds 12-19 (CD;OD, 500 MHz)*

position 12 13 14 15 16 17 18 19
1 5.83 (brs) 7.35 (brs) 7.36 (brs) 7.36 (brs) 7.37 (brs) 7.42 (brs) 7.42 (brs) 7.35 (brs)
2 6.95 (brs) 6.26 (brs) 6.27 (brs) 6.28 (brs) 6.29 (brs) 6.33 (brs) 6.33 (brs) 6.27 (brs)
4 7.30 (brs) 7.31 (brs) 7.23 (brs) 7.25 (brs) 7.33 (brs) 7.33 (brs) 7.23 (brs)
5 2.23(t,7.0) 3.03 (s) 3.04 (s) 2.37 (t,7.0) 2.39(t,7.5) 3.73 (s) 3.73 (s) 2.39 (t, 8.0)
6 1.66 (m) 1.66 (q, 7.0) 1.65 (m) 1.58 (m)
7 2.08 (t,7.5) 6.83 (s) 6.86 (s) 2.05 (m) 2.06 (t,7.5) 5.95 (brs) 5.95 (brs) 1.40 (m)
9 1.71 (s) 1.71 (s) 1.71 (s) 7.15 (brs) 7.15 (brs) 1.12 (s)
10 5.78 (d, 11.0) 2.22(t,6.5) 2.15(t, 6.5) 5.76 (d, 11.0) 5.76 (d, 11.0) 2.37(t,7.5) 2.34(t,7.5) 3.30°
11 6.18 (dd, 15.0, 11.0) 2.19(q, 7.0) 1.49 (m) 6.18(dd, 15.0,11.0)  6.19 (dd, 15.0, 11.0) 2.20 (m) 1.62 (m) 5.55(dd, 15.5, 8.0)
12 5.39 (dd, 15.0, 8.5) 5.01 (t, 6.0) 1.97 (m) 5.38 (dd, 15.0, 8.0) 5.38 (dd, 15.0, 8.0) 5.15(t, 6.6) 2.07 (m) 5.29 (dd, 15.5,7.5)
13 2.15 (m) 2.15 (m) 2.15 (m) 2.18 (m)
14 0.98 (d, 7.0) 1.55(s) 1.64 (s) 0.98 (d, 7.0) 0.99 (d, 6.5) 1.57 (s) 1.68 (s) 1.02 (d, 7.0)
15 1.33 (m) 1.94 (m) 5.18 (t, 7.0) 1.34 (m) 1.31 (m) 1.94 (m) 5.13 (t, 6.6) 1.37 (m)
16 1.99 (q, 7.0) 1.37 (m) 1.98 (m) 1.99 (m) 1.97 (m) 1.37 (m) 1.90 (m) 1.96 (g, 8.0)
17 5.29 (t, 7.0) 1.30 (m) 1.47 (m) 5.26 (t,7.5) 5.25(t, 7.0) 1.28 (m) 1.40 (m) 5.30(t, 7.5)
1.40 (m) 1.32 (m)
18 2.72 (m) 2.72 (m) 1.96 (m) 1.96 (m)
19 1.74 (s) 1.05 (d, 7.0) 1.06 (d, 7.0) 1.75 (s) 1.73 (s) 0.98 (d, 6.6) 0.97 (d, 6.6) 1.75 (s)
20 2.61 (dd, 14.0, 4.0) 5.25(d, 9.5) 5.25(d, 9.5) 2.43 (m) 2.44 (m) 0.98 (d, 6.6) 0.97 (d, 6.6) 2.60 (dd, 14.5, 3.5)
2.25(dd, 14.0, 8.5) 2.39 (m) 2.39 (m) 2.27(dd, 14.5,9.5)
21 4.73 (dd, 8.5, 4.0) 4.20 (t, 6.0) 4.23 (dd, 6.0, 8.0) 4.68 (dd, 9.5, 3.5)
25 1.64 (s) 1.73 (s) 1.72 (s) 1.63 (s)
OCH; 3.51(s) 3.19 (s) 3.21(s) 3.68 (s) 3.23 (s)

“Multiplicities and coupling constants are in parentheses. “Overlapped with the solvent peak.



Table 3. °C NMR Data of Compounds 4-11 (CD;0D, 50 MHz)

position 4 5 6 7 8 9 10 11
1 143.9 522 52.2 52.9 52.9 52.9 52.2 174.6
2 111.9 137.6 137.6 1377 1377 1376 137.6 121.8
3 126.3 140.4 140.4 1403 1402 1403 140.4 136.0
4 140.1 173.6 173.7 1737 1737 174.1 173.7 55.4
5 25.2 26.3 26.3 26.3 26.3 26.4 26.3 24.3
6 29.5 27.0° 27.0° 27.0°  27.0° 27.0° 26.9° 27.0°
7 40.4 40.4 40.4 40.3 40.3 40.4 40.4 40.2
8 136.6 136.4 136.4 136.4 1364  136.5 136.4 136.0
9 16.5 16.4 16.4 16.5 16.5 16.4 16.4 16.3
10 1265 126.6"  126.5 126.6° 126.5° 126.6°  126.5°  126.5°
11 126.6°  126.7°  126.7° 1267 126.6° 126.7°  126.7°  127.0°
12 139.2 139.2 139.3 1392 1393 1392 139.3 139.5
13 38.0 38.0 38.0 38.0 38.0 38.5 38.0 38.0
14 21.4 21.5 21.4 21.5 21.4 21.5 21.4 21.5
15 38.4 38.2 38.4 38.3 38.2 38.3 38.4 38.3
16 26.9 26.9° 26.9° 269° 2699  26.9° 27.0° 26.9°
17 1294 130.4° 129.6 130.2¢ 1298 130.4° 129.6  130.2¢
18 132.0  130.8° 131.8 131.0Y  132.0 130.9° 131.8  131.0°
19 243 24.4 243 24.4 243 24.4 243 24.4
20 35.9 35.5 35.8 357 35.7° 35.5 35.8 35.6
21 80.9 78.9 80.3 79.3 80.0 79.0 80.3 79.2
22 183.7 178.0 181.2 179.1  181.0 1785 182.0 179.3
23 88.4 96.3 92.3 95.3 91.1 96.1 92.3 96.3
24 192.5 178.3 186.2 180.0 187.8 178.6 186.2 181.0
25 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.9
1 41.7 41.7 45.2 45.2 49.4 49.5 41.3
2' 38.4 38.4 35.6°  35.6° 35.6 35.8 38.4
3 27.0° 27.0° 140.2¢  140.2 17.2 17.0 27.0°
4 22.8 22.8 129.6  129.6 28.0 28.0 22.8
5 22.8 22.8 129.8  129.8 11.5 11.5 22.8
6' 127.6  127.6

“* Assignments with the same superscript in the same column may be interchanged.



Table 4. >C NMR Data of Compounds 12-19 (CD;0D, 50 MHz)

position 12 13 14 15 16 17 18 19

1 104.4 144.0 144.0 144.1 143.9 144.1 144.1 143.9°
2 144.6 113.2 113.2 111.9 111.9 112.2 112.2 111.9
3 139.5 119.0 119.0 126.4 126.5 123.0 123.0 126.4
4 173.4 142.7 142.7 140.1 140.1 140.9 140.9 140.0
5 25.6 339 33.9 25.2 25.2 24.8 24.8 26.3
6 26.6 110.3 110.3 29.4 29.5 155.5 155.5 24.9
7 40.2 147.3 147.0 40.3 40.3 108.3 108.1 38.6
8 136.0 139.5 139.9 136.7 136.7 127.0 127.1 75.0
9 16.4 172.7 172.7 16.5 16.5 138.7 138.7 23.4
10 126.5° 26.8 25.7 126.4° 126.2° 26.1 25.7 90.4
11 127.0° 27.0 27.0° 126.7° 126.5° 29.5 294 126.0
12 139.5 124.0 32.0° 139.1 140.1 125.3 322 143.8°
13 38.0 137.7 135.9 38.0 37.9 136.5 136.3 38.0
14 21.4 16.0 23.5 213 21.4 16.0 23.6 21.3
15 38.2 40.4 126.6 38.5 38.5 40.7 126.2 38.6
16 27.0 26.8 26.8° 26.9 26.9 26.2 26.3 27.2
17 130.4° 38.6 38.6 129.7 129.8 373 38.1 130.1
18 130.7 31.8 31.8° 131.9 131.7 314 31.1 131.0
19 24.4 21.1 21.1 24.8 24.0 20.1 20.0 243
20 354 115.2 115.2 37.9 37.9 20.1 20.0 355
21 78.9 144.9 144.9 70.7 71.0 79.2
22 177.8 165.0 165.0 177.8 176.2 179.2
23 96.5 98.1 98.1 95.7
24 178.3 173.7 174.0 180.7
25 6.0 6.1 6.1 6.0
OCH; 57.0 51.7 51.7 52.3 56.8

“b Assignments with the same superscript in the same column may be interchanged.



la -0.031 < ):\[(OCHS

Figure 5. Conformations and Ad (ds — dg) values of the PGME amides of 15(1a) and L-leucic
acid (L).

23

o} -
O” “OH
COSsY

<«-—> HMBC

Figure 6. Key HMBC and COSY correlations of 23 and 24.



27
~ /;’528\5 2

v NG o v <
N™¥0 { NT»
"~ N
{.»COONa {_COONa
— COSY
<> HMBC

Figure 7. Key HMBC and COSY correlations of 27 and 28.

0.2

01—

Mol. CD 0

0.1

0.2 ‘ ‘
200 250 300 350
‘Wavelength[nm]

Figure 8. CD Spectrum of compound 27.



Figure 9. Key fragmentations of the [M + Na]" ion of 21 in FAB-CID MS/MS.
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Table 6. "H NMR Data of Compounds 23 and 24 (CD;0D, 500 MHz)*

position 23 23° 24°

1

2 5.90 (brs) 5.90 (s) 5.90 (brs)

4 6.04 (brs) 6.09 (s) 6.09 (brs)

5 2.39 (t,7.5) 2.39 (t,7.5) 2.40 (t,7.5)

6 1.76 (m) 1.76 (m) 1.76 (m)

7 2.13 (t, 7.0) 2.15 (t,7.0) 2.14 (m)

9 1.73 (s) 1.74 (s) 1.75 (s)

10 5.81(d, 11.0) 5.85 (d, 11.0) 5.85(d, 11.0)

11 6.20 (dd, 15.0, 11.0) 6.25 (dd, 15.0, 11.0) 6.25 (dd, 15.0, 11.0)
12 5.41 (dd, 15.0, 7.5) 5.46 (dd, 15.0, 7.5) 5.48 (dd, 15.0, 7.5)
13 2.19 (m) 2.19 (m) 2.19 (m)

14 0.99 (d, 7.0) 0.99 (d, 7.0) 0.99 (d, 6.5)

15 1.32 (m) 1.32 (m) 1.32 (m)

16 1.97 (q, 7.0) 1.99 (q, 7.0) 2.12 (m)

17 5.25(t, 7.0) 5.25(t,7.0) 5.26 (t, 7.0)

18

19 1.73 (s) 1.73 (s) 1.76 (s)

20 2.43 (dd, 13.0, 6.0) 2.44(13.5,5.5) 2.42 (dd, 13.0, 6.5)

2.39 (dd, 13.0, 8.0) 2.41(13.5, 8.0) 2.30 (dd, 13.0, 7.5)

21 4.22 (dd, 8.0, 6.0) 4.25 (dd, 8.0, 5.5) 4.14 (t, 6.5)

22 4.00 (brs)

23 2.21 (s)

OCHj 3.64 (s) 3.68 (s)

“Multiplicities and coupling constants are in parentheses. "Measured in acetone-ds.



Table 7. >C NMR Data of Compounds 23, 24, and 26-30 (CD;0D, 50 MHz)

position 23 24¢ 26°¢ 27 28 29¢ 30°¢
1 171.4 172.0 104.0 53.1 173.8 53.1 173.6
2 117.3 117.1 144.6 137.7 121.8 137.7 121.8
3 170.0 170.0 139.5 140.0 136.5 140.2 136.0
4 99.2 99.2 173.4 172.9 55.8 173.6 55.8
5 27.6 27.5 25.6 26.3 29.8 26.3 29.5
6 25.6 25.4° 26.6 27.1° 27.0° 27.0° 27.0°
7 40.0 39.7 40.2 40.5 40.2 40.4 40.2
8 135.6 135.6 136.0 136.5 136.0 136.6 136.0
9 16.0 16.0 16.4 16.5 16.4 16.4 16.3
10 126.0 126.0 126.5¢ 126.3° 126.5° 126.4° 126.4°
11 1252 125.2 127.0¢ 126.7° 127.0° 126.6" 126.6"
12 139.1 139.4 139.5 139.4 140.2 140.1 139.5
13 37.7 38.1 38.0 38.0 38.0 38.1 38.1
14 21.3 20.9 21.4 21.2 21.5 21.3 21.3
15 38.4 37.6 38.2 38.5 38.5 38.2 38.3
16 26.0 25.9 27.0 26.9° 26.8° 26.9° 26.9°
17 129.0 129.0 130.4 128.9 128.9 129.6 129.6
18 131.8 132.0 130.7 132.6 132.7 132.5 132.5
19 24.2 23.8 24.4 24.3 24.3 243 243
20 37.7 36.0 36.3 36.1 36.1 35.9 35.9
21 70.4 70.5 81.0 81.4 81.4 71.9 71.9
22 175.3 79.0 182.6 187.1 183.6 80.3 80.3
23 211.0 88.0 88.4 88.0 2123 2123
24 25.3¢ 192.1 193.2 193.2 25.6 25.6
25 6.0 6.0 6.0

K 47.1 47.0 46.8 46.8
2' 176.3 174.0 176.0 174.0
OCH; 52.3 56.8

“b Assignments with the same superscript in the same column may be interchanged.
“Assignments were supported by HMQC and HMBC experiments.



Table 9. Cytotoxicity Data of Compounds 23-30“

compound A549 SK-OV-3 SK-MEL-2 XF498 HCT15
23 19.4 >30.0 10.9 >30.0 21.7
24 6.8 14.9 3.0 11.5 4.6
25 7.9 323 4.5 11.8 4.2
26 >30.0 >30.0 10.9 >30.0 33.0
27 >30.0 >30.0 >30.0 >30.0 >30.0
28 >30.0 >30.0 >30.0 >30.0 >30.0
29,30 >30.0 >30.0 >30.0 >30.0 >30.0
doxorubicin 0.04 0.15 0.06 0.19 0.24

“Data expressed in EDsq values (ug/mL). A549, human lung cancer; SK-OV-3, human ovarian cancer; SK-MEL-2,
human skin cancer; XF498, human CNS cancer; HCT 15, human colon cancer. “Obtained as an inseparable mixture.



Table 8. "H NMR Data of Compounds 16-30 (CD;0D, 500 MHz)"

position 26 27 28 29 30

1 5.83 (brs) 4.05 (brs) 4.04 (brs)

2 6.96 (brs) 6.83 (brs) 5.81 (brs) 6.83 (brs) 5.83 (brs)

4 4.12(d, 1.5) 4.11(d, 1.5)

5 2.23(t,7.5) 2.22(t,7.5) 2.38(t,7.5) 2.22(t,7.5) 2.38(t,7.5)

6 1.67 (m) 1.69 (m) 1.68 (m) 1.68 (m) 1.68 (m)

7 2.07 (t,7.5) 2.08 (t, 7.0) 2.06 (t, 7.0) 2.09 (t, 7.0) 2.06 (t, 7.0)

9 1.71 (s) 1.72 (s) 1.70 (s) 1.72 (s) 1.72 (s)

10 5.77 (d, 11.0) 5.79 (d, 11.0) 5.78 (d, 11.0) 5.79 (d, 11.0) 5.79 (d, 11.0)

11 6.18 (dd, 15.0, 11.0) 6.19 (dd, 15.0, 11.0) 6.18 (dd, 15.0, 11.0) 6.19 (dd, 15.0, 11.0) 6.19 (dd, 15.0, 11.0)

12 5.40 (dd, 15.0, 8.5) 5.39 (dd, 15.0, 8.0) 5.40 (dd, 15.0, 8.0) 5.41 (dd, 15.0, 8.0) 5.41 (dd, 15.0, 8.0)

13 2.15 (m) 2.15 (m) 2.12 (m) 2.16 (m) 2.16 (m)

14 0.98 (d, 7.0) 0.98 (d, 6.0) 0.98 (d, 7.0) 0.99 (d, 7.0) 0.99 (d, 7.0)

15 1.33 (m) 1.31 (m) 1.32 (m) 1.33 (m) 1.33 (m)

16 1.99 (q, 7.0) 2.01 (q, 8.0) 2.00 (q, 8.0) 2.05 (m) 2.05 (m)

17 523 (t,7.0) 523 (t,7.0) 5.23 (t,7.0) 5.27 (t,7.0) 5.27(t,7.0)

19 1.76 (s) 1.76 (s) 1.76 (s) 1.75 (s) 1.75 (s)

20 2.57 (dd, 14.0, 2.5) 2.60 (dd, 14.0, 2.0) 2.58(dd, 14.0,2.5) 2.40 (dd, 13.5,7.0) 2.40 (dd, 13.5,7.0)
2.25(dd, 14.0,9.5) 2.14 (dd, 14.0, 10.0) 2.14 (dd, 14.0, 10.0) 2.28(dd, 13.5,7.0) 2.28 (dd, 13.5,7.0)

21 4.34 (dd, 9.5,2.5) 4.34 (dd, 10.0, 2.0) 4.34 (dd, 10.0, 2.5) 4.05 (td, 7.0, 2.0) 4.05 (td, 7.0, 2.0)

22 3.93 (d, 2.0) 3.93(d, 2.0)

24 2.20 (s) 2.22(s)

25 1.54 (s) 1.54 (s) 1.54 (s)

OCH;  3.51(s)

1 4.01 (s) 3.97 (s) 4.02 (s) 3.98 (s)

“Multiplicities and coupling constants are in parenthese






Table 10. "H NMR (CD;OD, 500 MHz)and "*C NMR Data (CD;OD, 50 MHz) of 21

position 8y (mult, J) d¢c HMBC (H to C)

1 3.72(dd, 9.5, 3.5) 73.2 2,3, 1
3.53(dd, 9.5, 6.0)
2 3.91 (m) 70.9 1,31
3 3.47 (dd, 10.0, 5.0) 73.1 2,3, 1"
3.43 (dd, 10.0, 6.0)

' 3.53(t,7.0) 84.4 1,2,3,5
2' 3.82(t,5.5) 75.1 11,3
3 3.72 (t, 6.0) 81.9 2,4
4 3.54(t,7.0) 81.6 3,5
5! 3.82 (1, 6.0) 80.0 1,4
1" 3.45(t, 8.0) 72.7 2,3,2",3"
2" 1.56 (quint, 7.0) 30.3-30.8 1, 3"
3 1.28 - 1.34 (m) 272
4"-7" 1.28 - 1.34 (m) 30.3-30.8
8" 1.28 - 1.34 (m) 30.3-30.8
9" 1.28 - 1.34 (m) 30.3-30.8
10" 2.02 (m) 28.1 9", 11", 14"
" 5.34(1,5.5) 130.8 10"
12" 5.34 (1,5.5) 130.8 13"
13" 2.02 (m) 27.9 9", 11", 12"
14" 1.28 - 1.34 (m) 33.1 13", 15"
5" 1.28 - 1.34 (m) 234 14", 16"
16" 0.90 (t, 7.0) 14.3 14", 15"

Table 11. Cytotoxicity of Compounds 20-22 against Human Solid Tumor Cells®

compound A549 SK-OV-3 SK-MEL-2 XF498 HCT15
20° >10 9.5 >10 9.8 9.4
21 11.5 5.1 7.9 75 10.5
22 4.8 53 4.6 43 53
doxorubicin 0.02 0.16 0.02 0.13 0.06

“Data expressed in EDs, values (ug/mL). A549, human lung cancer; SK-OV-3, human ovarian cancer; SK-MEL-2,
human skin cancer; XF498, human CNS cancer; HCT 15, human colon cancer. bData from the reference 4.



Experimental Section

General Experimental Procedures. Optical rotations were obtained using a JASCO
DIP-370 digital polarimeter. CD spectra were measured using a JASCO J-715 spectropolarimeter
(sensitivity 50 mdeg, resolution 0.2 nm). 'H and *C NMR spectra were recorded on a Bruker
AC200 and Varian Inova 500. Chemical shifts were reported with reference to the respective
residual solvent peaks (0g 3.30 and o¢ 49.0 for CDs;OD, 6 2.05 and o¢ 29.8 for acetone-dp).
FABMS data were obtained on a JEOL JMS-700 double focusing (B/E configuration)
instrument. HPLC was performed with an YMC ODS-H80 (semipreparative, 250 x 10 mm, 4

um, 80 A; preparative, 250 x 20 mm, 4 um, 80 A) column using a Shodex RI-71 detector.

Animal Material. The first sponge was collected in July 1998 (15-25 m in depth), off the
coast of Jeju Island, Korea. The specimen was identified as Sarcotragus sp. (Irciniidae) by Prof.
Chung Ja Sim, Hannam University. A voucher specimen (registry No. Por.33) was deposited in
the Natural History Museum, Hannam University, Daejon, Korea, and has been described

2
elsewhere.

The second sponge was collected by hand using SCUBA (25 m in depth) during Oct.
2002 off the coast of Jeju Island, Korea. It was identified as Sarcotragus sp. by Prof. Chung Ja
Sim. It was a massive sponge (10.5 x 6 cm and 4 cm thick) with oscules, (2—4 mm in diameter)
irregularly scattered on the surface. The surface was a shade of gray in life and the texture was
elastic. The surface was covered with sharply pointed conules (2-5 mm height and 2-6 mm
apart). The heavily fasciculated primary fibers (500-700 um in diameter) were devoid of sands.
Slightly fasciculated secondary fibers (80-400 um in diameter) were devoid of sands. Filaments
(3-6 um thick) were very tightly arranged in matrix and had terminal knobs (10-12 um in
diameter). A voucher specimen (registry No. Spo. 40) was deposited at the Natural History

Museum, Hannam University, Daejon, Korea.



Extraction and Isolation. The frozen sponge (7 kg) was extracted with MeOH at room
temp. The MeOH extract of the sponge displayed moderate cytotoxicities against five human
tumor cell lines (EDsy values for A549, SK-OV-3, SK-MEL-2, XF498, and HCT15 were 19.0,
20.3, 11.8, 15.5, and 12.6 ug/mL, respectively). The MeOH extract was partitioned between
water and CH,Cl,. The CH,Cl, layer was further partitioned between 90% methanol and »-
hexane to yield 90% methanol (54 g) and n-hexane soluble (13 g) fractions. As described in our
previous report,” the 90% methanol fraction was subjected to a reversed-phase flash column
chromatography (YMC Gel ODS-A, 60 A 500/400 mesh), eluting with a solvent system of 25 to
0% H,O/MeOH, to afford twenty fractions (Fgl-Fg20). These fractions were evaluated for
activity in the brine shrimp assay, and fractions Fg6-Fg9 were found active. These fractions
were combined (7.4 g) and further separated by a reversed-phase flash column chromatography
(YMC Gel ODS-A, 60 A, 500/400 mesh), eluting with 25 to 0% H,O/MeOH, to afford ten
fractions. Fractions Fg6-5-Fg6-7 (5.4 g) were combined, and the combined fraction was further
separated by a reversed-phase flash column chromatography (YMC Gel ODS-A, 60 A, 500/400
mesh), eluting with 33 to 0% H,O/MeCN, to afford thirteen fractions. Guided by the brine
shrimp assay, compound 5 (11.3 mg) was obtained by purification of fraction Fg6-5-11 by ODS
HPLC. Compound 7 (2.9 mg), 9 (6.5 mg), 10 (1.1 mg), and 11 (2.7 mg) were obtained by
purification of fraction Fg6-5-10 by ODS HPLC. Compound 6 (1.9 mg) and 8 (1.9 mg) were
obtained by purification of the degradation mixture of 5 and 7, respectively, by ODS HPLC.
Compound 12 (11.1 mg), 14 (5.4 mg), and 16 (8.6 mg) were obtained by purification of fraction
Fg6-5-3, Fg6-5-2, and Fg6-5-11, respectively, by ODS HPLC. Compound 13 (3.1 mg) and 19
(3.2 mg) were obtained by purification of fraction Fg6-5-3 by ODS HPLC. Compound 15 (44.3
mg) and the mixture of 17 and 18 (7.6 mg) were obtained by purification of fraction Fg6-5-4 by
ODS HPLC. Compound 4 (1.5 mg) was obtained by purification of the degradation mixture of

sarcotin A (1) by ODS HPLC.

The fraction Fg4 was further separated by a reversed-phase flash column chromatography
(YMC Gel ODS-A, 60 A, 500/400 mesh), eluting with 25 to 0% H,O/MeOH, to afford 14

fractions. Compound 23 (3.5 mg) was obtained by purification of fraction Fg4-7 by ODS HPLC,



eluting with a solvent system of 75% MeOH. Compounds 24 (1.1 mg) and 25 (0.9 mg) were
obtained by purification of subfraction Fg4-8 by ODS HPLC, eluting with a solvent system of

70% MeOH.

The second sponge (3 kg) was extracted with MeOH at room temperature. The MeOH
extract was partitioned between water and CH,Cl,. The CH,Cl, layer was further partitioned
between 90% methanol and n-hexane to yield 90% methanol (26 g) and n-hexane soluble (6 g)
fractions. The 90% methanol fraction was subjected to a reversed-phase flash column
chromatography (YMC Gel ODS-A, 60 A, 500/400 mesh), eluting with a solvent system of 25 to
0% H,O/MeOH, to afford 13 fractions (FJ1-FJ13). Compound 26 (1.3 mg) was obtained by
purification of fraction FJ4 by ODS HPLC, eluting with a solvent system of 60% MeOH.
Compounds 27 (5.4 mg) and 28 (2.7 mg) were obtained by purification of fraction FJ2 by ODS
HPLC, eluting with a solvent system of 50% MeOH. Compounds 29 and 30 (1.4 mg) were
obtained by purification of fraction FJ3 by ODS HPLC, eluting with a solvent system of 50%
MeOH. Compound 31 (2 g) was obtained by purification of fraction FJ8 by ODS HPLC, eluting
with a solvent system of 85% MeOH. Compound 32 (1 g) was obtained by purification of
fraction FJ7 by ODS HPLC, eluting with a solvent system of 75% MeOH. Compound 33 (10
mg) was obtained by purification of fractions FJ5 and FJ6 by ODS HPLC, eluting with a solvent
system of 70% MeOH. Compounds 34 (2.0 mg) and 35 (2.1 mg) were obtained by purification

of fraction FJ9 by ODS HPLC, eluting with a solvent system of 88% MeOH.

These fractions Fgb6 - Fg9 were evaluated for activity in the brine shrimp assay, and were
found active. Compound 1 (5.3 mg), 2 (4.7 mg), and 3 (1.2 mg) were obtained by purification of

fraction Fg 6-8, Fg 6-5, and Fg 10-6, respectively, by ODS HPLC.

epi-Sarcotin A (4): light yellow oil; [0]*’p+37.5°, (¢ 0.04, MeOH); UV (MeOH) Amax (log €)
226 (4.76) nm; CD (c 4x107*M, MeOH), A, 0 (350.3), +0.24 (312.5), 0 (289.1), -0.11 (272.4), 0

(262.6), +0.09 (248.4), 0 (232.2), -0.05 (220.1), 0 (210.4); 'H NMR data, see Table 1; °*C NMR



data, see Table 3; EIMS m/z 398 [M]"; FABMS m/z 443 [M + 2Na - H]" (9), 421 [M + Na]" (3),

326 (8); HRFABMS m/z 421.2318 (calcd for C,5sH3404Na, 421.2355).

Sarcotrine A (5): colorless oil; [0]*'p+36.1°, (¢ 0.18, MeOH); UV (MeOH) Amax (log €) 240
(4.81) nm; 'H NMR data, see Table 1; BC NMR data, see Table 3; CD (c 1x10™ M, MeOH), Ag,
0 (332.7), +0.14 (313.6), 0 (298.6), -0.04 (292.0), 0 (286.4), +0.84 (263.6), 0 (244.9), -0.45
(230.7), 0 (211.4); FABMS m/z 484 [M + H]" (80), 482 (100), 464 (3), 370 (2), 329 (70);

HRFABMS m/z 484.3410 (calcd for C30H46NO4, 4843427)

epi-Sarcotrine A (6): colorless oil; [a]*'p +42.8°, (¢ 0.05, MeOH); UV (MeOH) Ama (log €)
242 (4.56) nm; '"H NMR data, see Table 1; °C NMR data, see Table 3; CD (¢ 1x10™* M, MeOH),
Ae, 0 (310.2), +0.16 (292.0), 0 (281.0), -0.54 (265.3), 0 (250.0), +0.52 (237.8), 0 (223.3);
FABMS m/z 506 [M + Na]" (50), 484 [M + H]" (25), 329 (10); HRFABMS m/z 506.3271 (calcd

for C39H4sNO4Na, 506.3246).

Sarcotrine B (7): colorless oil; [0]*'p+36.9°, (¢ 0.07, MeOH); 'H NMR data, see Table 1; "°C
NMR data, see Table 3; CD (¢ 1x10™* M, MeOH), Ag, 0 (294.5), -0.05 (274.8), 0 (267.4), +0.16
(254.8), 0 (242.4), -0.08 (229.3), 0 (220.2); FAB-CID MS/MS m/z 518 [M + H]" (100), 404 (8),
282 (3), 200 (2); HRFABMS m/z 518.3240 (calcd for C33HuNO,, 518.3271).

epi-Sarcotrine B (8): colorless oil; [a]*'p+42.1°, (¢ 0.04, MeOH); 'H NMR data, see Table 1;
C NMR data, see Table 3; CD (¢ 1x10* M, MeOH), Ag, 0 (294.5), -0.13 (288.1), 0 (277.3),
+0.18 (270.6), 0 (262.5), -0.05 (250.1), 0 (236.6), +0.46 (228.7), 0 (213.1); FABMS m/z 540 [M
+ Na]" (20), 518 [M + H]" (8), 413 (5), 329 (40); HREABMS m/z 540.3085 (calcd for

C33H43NO4Na, 5403090)

Sarcotrine C (9): yellow oil; [a]*'p +19.1°, (¢ 0.18, MeOH); UV (MeOH) Amax (log €) 245
(4.28) nm;lH NMR data, see Table 1; BC NMR data, see Table 3; CD (c 1x10™ M, MeOH), Ae,
0 (284.6), -0.28 (265.1), 0 (252.1), +0.54 (239.5), 0 (230.1), -0.55 (223.2); FABMS m/z 506 [M
+ Na]" (30), 484 [M + H]" (39), 329 (38), 135 (82); HRFABMS m/z 506.3248 (calcd for
C30H4sNO4Na, 506.3246).



epi-Sarcotrine C (10): yellow oil; [a]*'p+24.0°, (¢ 0.06, MeOH); "H NMR data, see Table 1;
*C NMR data, see Table 3; CD (¢ 1x10*M, MeOH), Ag, 0 (277.1), +0.17 (259.0), 0 (248.5), -
0.10 (240.1), 0 (230.1), +0.02 (222.9), 0 (215.6),-0.03 (209.3); FABMS m/z 506 [M + Na]" (42),
484 [M + H]" (39), 329 (48); HRFABMS m/z 506.3228 (calcd for C3oH4sNO4Na, 506.3246).

Sarcotrine D (11): yellow oil; [0]*'p +65.2°, (¢ 0.01, MeOH); UV (MeOH) Amu (log €)
239(4.34) nm; 'H NMR data, see Table 1; °C NMR data, see Table 3; CD (¢ 1x10”* M, MeOH),
Ae, 0 (305.8), -0.50 (281.5), 0 (269.2), +1.48 (253.6), 0 (237.4), -1.76 (222.9), 0 (208.4);
FABMS m/z 506 [M + Na]" (14), 484 [M + H]" (16), 329 (38); HRFABMS m/z 484.3429 (calcd

for C30H46NO4, 4843427)

Sarcotin F (12): yellow oil; [a]*'p +30.8°, (¢ 0.36, MeOH); UV (MeOH) Amax (log €) 247
(4.95) nm; 'H NMR data, see Table 2; BC NMR data, see Table 4; CD (c 1x10™ M, MeOH), Ag,
0 (324.8), +0.55 (308.2), 0 (293.8), -0.54 (281.4), 0 (265.3), +0.75 (250.2), 0 (231.8), -0.52
(218.2), 0 (206.8); FABMS m/z 467 [M + Na]™ (14), 445 [M + H]' (15), 307 (70), 136 (100);
HRFABMS m/z 467.2402 (caled for CogHiO6Na, 467.2410), 445.2610 (caled for CagHs7O,

445.2591).

Sarcotin G (13): yellow oil; [a]*'p +27.9, (¢ 0.09, MeOH); UV (MeOH) Amy (log €) 248
(4.67) nm; 'H NMR data, see Table 2; °C NMR data, see Table 4; CD (¢ 1x10* M, MeOH), Ae,
0 (376.4), +1.04 (302.8), 0 (259.1), -0.2 (230.5); FABMS m/z 479 [M + Na]" (34), 457 [M + H]"
(16), 329 (52), 307 (73), 289 (38); HREABMS m/z 457.2202 (caled for CagH3307, 457.2226).

Sarcotin H (14): yellow oil; [a]*'p+35.2°, (¢ 0.10, MeOH); 'H NMR data, see Table 2; "*C
NMR data, see Table 4; CD (¢ 1x10™* M, MeOH), Ae, 0 (376.4), +1.44 (277.8), 0 (231.5);
FABMS m/z 479 [M + Na]" (42), 457 [M + H]" (8), 329 (40), 307 (30); HRFABMS m/z
479.2047 (calcd for CyH3,07Na, 479.2046).

Sarcotin 1 (15): yellow oil; [a]*'p +33.1°, (¢ 0.14, MeOH); IR (film) vimax 2928, 2360, 2330,
1726, 1023 cm™; "H NMR data, see Table 2; °C NMR data, see Table 4; FABMS m/z 405 [M +
Na]" (28), 383 [M + HJ" (6), 325 (20), 63 (50); HRFABMS m/z 405.2022 (calcd for

C22H3104Na2, 405.201 8)



Sarcotin J (16): light yellow oil; [a]*'p+115.4°, (¢ 0.046, MeOH); '"H NMR data, see Table 2;

3C NMR data, see Table 4; FABMS m/z 397 [M + Na]" (100), 325 (15), 92 (20).

Sarcotin K (17) and Sarcotin L (18): yellow oil; 'H NMR data, see Table 2; °C NMR data,
see Table 4; FABMS m/z 323 [M + Na]" (9), 301 [M + H]" (3), 242 (5), 199 (25), 92 (35), 63
(48); HRFABMS m/z 323.2005 (calcd for CyoH230,Na, 323.1987).

Sarcotin M (19): yellow oil; [a]*'p +26.8°, (¢ 0.02, MeOH); '"H NMR data, see Table 2; "°C
NMR data, see Table 4; CD (c 1x10™ M, MeOH), Ag, 0 (358.4), +0.28 (315.6), 0 (293.8), -0.54
(256.9), 0 (238.2), +0.76 (218.7), 0 (206.5); FABMS m/z 469 [M + Na]" (85), 447 [M + H]" (9),

429 (10), 307 (40), 135 (70); HRFABMS m/z 469.2567 (calcd for C,sH3306Na, 469.2566).

Oxidative Cleavage of 1, 5, and 6. To a biphasic solution of 6.4 mg (0.016 mmol) of 1 and
41.3 mg (0.192 mmol) of NalO4 in a mixture of 1 mL of CCls, 1 mL of CH3CN, and 1.5 mL of
H,0 was added 21.5 mg (0.08 mmol) of RuCl;-xH,O. After vigorous stirring of the mixture for
2h at room temperature, the solvents were removed under vacuum. The residue was dissolved in
MeOH, and then filtered. The filtrate was dried and extracted with CHCIs, and subjected to
normal-phase HPLC (YMC Silica column, hexane:CHCl; = 3:1) to give 0.9 mg of (5)-2-
methylglutaric acid: [a]*’p +22° (¢ 0.026, MeOH); 'H NMR (CDCl;) & 2.55 (1 H, m, H-2), 2.52
(1H, m, H-4), 2.45 (1H, m, H-4), 2.05 (1H, dtd, J = 14.5, 9.5, 4.5 Hz, H-3), 1.90 (1H, ddt, J =
14.5, 7.0, 4.5 Hz, H-3), 1.22 (3H, d, J = 7.0 Hz, CH3).6 Oxidative cleavage of 5 (4.9 mg) and 6
(1.5 mg) were performed in the same manner to give 0.8 mg and 0.4 mg of (S)-2-methylglutaric

acid, respectively.

Sarcotin N (23): light yellow oil; [a]*'p +66.7° (¢ 0.06, MeOH); CD (¢ 1x10*M, MeOH) Ae
0 (216.4), +0.075 (228.0), 0 (240.5), -0.016 (244.0), 0 (249.2), +0.051 (262.3), 0 (284.6), -0.025
(300.1), 0 (337.5); 'H NMR data, see Table 1; BC NMR data, see Table 2; FABMS m/z 429 [M
+ Na]” (12), 407 [M + H]" (2), 381 (5); HRFABMS m/z 429.2259 (caled for C,3H3404Na,

429.2253).



Sarcotin O (24): colorless oil; [a]*'p +13.6° (¢ 0.04, MeOH); CD (¢ 1x10*M, MeOH) Ag 0
(223.1), -0.025 (228.3), 0 (231.6), +0.051 (272.7), 0 (311.2); 'H NMR data, see Table 1; °C
NMR data, see Table 2; FABMS m/z 443 [M + Na]" (10), 421 [M + H]" (2), 391 (2), 63 (50);
HRFABMS m/z 443.2426 (caled for Co4H340Na, 443.2410).

ent-Kurospongin (25): yellow oil; [a]*'p +33.4° (¢ 0.03, CHCL); CD (¢ 1x10™* M, MeOH)
Ae 0 (268.5), -0.143 (258.2), 0 (250.2), +0.145 (242.0), 0 (236.5), -0.614 (226.0); 'H NMR
(CD;0D, 500 MHz) & 7.46 (1H, brs, H-1), 6.59 (1H, brs, H-2), 7.39 (1H, brs, H-4), 6.38 (1H, d,
J=16.0 Hz, H-5), 6.01 (1H, dt, J=16.0, 7.5 Hz, H-6), 3.08 (2H, d, J = 7.5 Hz, H-7), 7.20 (1H,
s, H-10), 5.10 (1H, m, H-11), 2.39 (1H, dd, J = 14.5, 6.5 Hz, H-12), 2.33 (1H, dd, J = 14.5, 7.0
Hz, H-12), 1.64 (3H, s, H-14), 5.29 (1H, t, J = 6.0 Hz, H-15), 2.27 (2H, m, H-16), 2.44 (2H, t, J
= 7.5 Hz, H-17), 7.22 (1H, brs, H-19), 6.29 (1H, brs, H-20), 7.41 (1H, brs, H-21); *C NMR
(CD;0D, 50 MHz) & 144.8 (CH), 108.4 (CH), 125.4 (C), 141.5 (CH), 123.6 (CH), 137.2 (CH),
29.4 (CH,), 133.6 (C), 174.8 (C), 151.6 (CH), 82.3 (CH), 44.1 (CH,), 131.3 (C), 16.9 (CH),
129.8 (CH), 29.6 (CH,), 25.6 (CH,), 125.4 (C), 140.2 (CH), 112.0 (CH), 143.9 (CH); FABMS

m/z 361 [M + Na]" (5), 339 [M + HJ" (1), 326 (15).

Preparation of (R)- and (S)-Phenylglycine Methyl Ester (PGME) Amides of Sarcotin |
(15). Compound 15 (1.4 mg) and (S)-PGME (2.4 mg) were dissolved in 1 mL of DMF and
cooled to 0 °C. To the solution, 64 mg of PyBOP [(benzotriazol-1-
yloxy)tripyrrolidinophosphonium  hexafluorophosphate], 1.6 mg of HOBT (1-
hydroxybenzotriazole), and 4 pL of N-methyl morpholine were added in order, and the mixture
was stirred at room temperature for 1.5 h. Benzene (1 mL) and EtOAc (2 mL) were then added,
the mixture was washed with aqueous 5% HCI, saturated NaHCOj solution, and brine.’ Then the
solvent was removed by vacuum evaporation. The residue was purified on Si gel in a Pasteur
pipette eluting with n-hexane-EtOAc (1:1) and characterized by '"H NMR. The (R)-PGME amide

of 1 was prepared from (R)-PGME in a similar fashion.



(S)-PGME Amide of 15: yellow oil; "H NMR (acetone-ds) & 7.499—7.325 (7H, m, phenyl-,
H-1 and 4), 6.357 (1H, s, H-2), 6.334 (1H, dd, J = 15.0, 11.0 Hz, H-11), 5.808 (1H, d, J=11.0
Hz, H-10), 5.455 (1H, dd, J = 15.0, 8.0 Hz, H-12), 5.257 (1H, t, J = 7.0 Hz, H-17), 4.195 (1H,
dd,/=9.0, 7.0 Hz, H-21), 3,697 (3H, s), 2.433 (1H, dd, J = 15.0, 9.0 Hz, H-20), 2.397 (2H, t,J =
7.0 Hz, H-5), 2.194 (1H, dd, J = 15.0, 7.0 Hz, H-20), 2.156-1.911 (overlapped with solvent peak,
m, H-7, H-13 and 16), 1.731 (3H, s, H-19), 1.725 (3H, s, H-9), 1.690 (2H, m, H-6), 1.311 (2H,

m, H-15), 0.991 (3H, d, J= 6.5 Hz, H-14).

(R)-PGME Amide of 15: yellow oil; "H NMR (acetone-dg) & 7.500-7.269 (7H, m, phenyl-,
H-1 and 4), 6.355 (1H, s, H-2), 6.224 (1H, dd, J = 15.0, 11.0 Hz, H-11), 5.794 (1H, d, J=11.0
Hz, H-10), 5.428 (1H, dd, J = 15.0, 8.0 Hz, H-12), 5.231 (1H, t, J = 7.0 Hz, H-17), 4.226 (1H,
dd, J=9.0, 7.0 Hz), 3,697 (3H, s), 2.406 (2H, t, J = 7.0 Hz, H-5), 2.386 (1H, dd, J = 15.0, 9.0
Hz, H-20), 2.156 (1H, dd, J = 15.0, 7.0 Hz, H-20), 2.156—1.918 (overlapped with solvent peak,
m, H-7, 13, and 16), 1.712 (6H, s, H- 9 and 19), 1.694 (2H, m, H-6), 1.316 (2H, m, H-15), 0.968

(3H, d, J= 6.5 Hz, H-14).

epi-Sarcotin F (26): yellow oil; [a]*'5+57.7° (¢ 0.04, MeOH); CD (c 1x10™* M, MeOH) A¢ -
0.071 (218.1), 0 (222.2), +0.021 (229.5), 0 (233.4), -0.055 (245.1), 0 (255.6), +0.120 (270.8), 0

(312.3); "H NMR data, see Table 3; °C NMR data, see Table 2; ESIMS m/z 445 [M +H]".

Sarcotrine E (27): light yellow oil; [o]*'p+38.8° (¢ 0.18, MeOH); CD (c 1x10* M, MeOH)
Ag 0 (201.1), +0.165 (228.2), 0 (250.1), —0.125 (275.6); 'H NMR data, see Table 3; °C NMR
data, see Table 2; FABMS m/z 538 [M + 2Na — H]" (12), 516 [M + Na]" (7), 494 [M + H]" (2),

478 (4); HRFABMS m/z 516.2352 (calcd for C27H36NOgNa, 516.2338).

Isosarcotrine E (28): light yellow oil; [a]*'p +33.3° (¢ 0.09, MeOH); 'H NMR data, sce
Table 3; BC NMR data, see Table 2; FABMS m/z 538 [M + 2Na — H]" (2), 516 [M + Na]" (1),

494 [M + H]' (1), 478 (4).



Sarcotrine F (29) and Isosarcotrine F (30): yellow oil; [a]*'p +42.0° (¢ 0.05, MeOH); 'H
NMR data, see Table 3; *C NMR data, see Table 2; FABMS m/z 506 [M + Na]" (4), 484 [M +
H]' (15), 460 (1), 439 (2); HRFABMS m/z 506.2492 (calcd for CogH3sNOgNa,, 506.2495).

Sarcotride A (20): light yellow oil; [0]*'p -6°, (¢ 0.15, MeOH); FABMS m/z 485 [M + Na]"

(100), 295 (2), 245 (3), 322 (15), 136 (5); HREABMS m/z 485.3436 (caled for CasHseO7Na,
485.3454).

Sarcotride B (21): light yellow oil; [0]*'p+24°, (¢ 0.14, MeOH) 'H and *C NMR data, see
Table 1; FABMS m/z 469 [M + H]* (79), 455 (8), 371 (3), 322 (15), 245 (6), 171 (69), 164 (23),
155 (7), 132 (71), 95 (1); HRFABMS m/z 469.3137 (calcd for C,4H46O7Na, 469.3141).

Sarcotride C (22): light yellow oil; [0]*'s +10°, (¢ 0.04, MeOH); 'H NMR (500 MHz,
CD;OD) & 3.72 (1H, dd, J=9.5, 3.5 Hz, H-1a), 3.53 (1H, dd, J=9.5, 6.0 Hz, H-1b), 3.91 (1H, m,
H-2), 3.47 (1H, dd, J=10.0, 5.0 Hz, H-3a), 3.43 (1H, dd, J = 10.0, 6.0 Hz, H-3b), 3.53 (1H, t, J =
7.0 Hz, H-1"), 3.82 (1H, t, J = 5.5 Hz, H-2"), 3.72 (1H, t, J = 6.0 Hz, H-3"), 3.54 (1H, t, J=7.0
Hz, H-4"), 3.82 (1H, t, J = 6.0 Hz, H-5"), 3.45 (2H, t, J = 8.0 Hz, H-1"), 1.56 (2H, quint, J = 7.0
Hz, H-2"), 1.26-1.36 (20H, m, H-3"-H-15"), 0.90 (3H, t, J = 7.0 Hz, H-16"); *C NMR (50
MHz, CD;0D) & 73.3 (C-1), 70.9 (C-2), 73.1 (C-3), 84.5 (C-1"), 75.1 (C-2"), 82.0 (C-3'), 81.6 (C-
4", 80.0 (C-5"), 72.7 (C-1"), 30.5-30.8 (C-2", C-47-13"), 27.2 (C-3"), 33.1 (C-14"), 23.7 (C-15"),

14.4 (C-16"); FABMS m/z 471 [M + Na]" (100), 449 [M + H]" (20), 307 (5), 135 (12).



	해면동물의 암세포독성물질 개발연구
	제 출 문
	목 차
	S U M M A R Y(영 문요 약 문)
	CONTENTS(영 문 목 차)
	제 1 장 서 론
	1. 연구의 목적
	2. 연구의 필요성 (과제신청 이유 등)

	제 2 장 국내외 연구개발 현황
	1. 과제관련 국내외 동향

	제 3 장 연구개발 수행내용 및 결과
	1. 연구개발 수행내용
	2. 연구수행 결과
	1) 해면(Sarcotragus sp.)으로부터 항암활성물질 분리
	2) 5종 인체암세포에 대한 활성검색
	3) 해면(Sarcotragus sp.)에서 분리한 ircinin-1의 인체간암세포 HepG2와 Hep3B에 대한독성효과 연구
	4) 해면(Petrosia sp.)에서 분리한 petrotetrayndiol A의 인체피부암세포 SK-MEL-2에대한 독성효과 연구
	5) Petrotetrayndiol A에 의한 G2/M arrest와 apoptosis 유발에 대한 작용 메커니즘 연구와 mRNA 발현의 조사
	6) Ircinin-1에 의한 G1 arrest와 apoptosis 유발에 대한 작용 메커니즘 연구와 mRNA 발현의 조사


	제 4 장 연구개발 목표 달성도 및 대외기여도
	1. 연구개발목표의 달성도
	2. 평가의 착안점에 따른 목표달성도에 대한 자체평가

	제 5 장 연구개발 결과의 활용계획



