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SUMMARY

I . Title

A study on the Isolation of Novel Natural Products from the Benthic

Colonial Organisms of the Korean Waters

IT. Objectives and Significance

Marine natural products chemistry is among the fastest developing fields of
sciences. Despite its relatively short history, structures of more than 5500 novel
secondary metabolites have been determined, and marine natural products
chemistry has greatly contributed to the progress of many related fields
including medicinal sciences, chemistry and biology by providing essential

informations and research means.

Acknowledging the great potential in this field, leading countries have put
tremendous efforts and have found numerous biologically active and
structurally unique compounds culminating in more than 40 patents. Some lead
compounds are expected to appear in the market in near future. However,

chemical investigation of marine organisms has never been seriously pursued



scientists. Considering the tremendous academic and industrial potentials of
marine natural products and international competition for valuable substances,

research in this field is a matter of urgency.

As the first systematic approach to natural products of Korean water marine
organisms, ithe ultimate objectives of this research are the isolation, structure
determination, and bioactivity testing of novel secondary metabolites from
benthic colonial organisms. To achieve these goals, research strategy,
experimental techniques, and data interpretation skills will be developed to the
level of leading research groups in this field. This will serve as foundation for

comprehensive long-term researches.

lif. Contents and Scope

1. Previous results on natural products of benthic colonial animals were
collected and systematically analyzed.

2. Benthic animals were collected from various sites of domestic waters and
were taxonomically classified. Target organisms were selected by combination of
literature survey, bioactivity tests and chemical analysis of organic crude

extracts. Selected animals were collected in large scale.



3. Organic materials were extracted with various solvents. Secondary
metabolites were isolated by utilizing various chromatographic techniques guided
by bioactivity tests and chemical analysis.

4. Structures of secondary metabolites were determined by combined
chemical and spectroscopic methods including modern 2-D NMR experiments.

5. Structurally determined natural products were tested for bioactivities such

as brine shrimp toxicity, cytotoxicity, antiviral and antiinflammatory activities.

[V. Results and Suggestions

1. Data of over 1800 metabolites of sponges, coelenterates, and tunicates
were collected and organized. These might cover, if not all, most of compounds
identified prior to '90. Database was made on the basis of biological classification
and bioactivity. Based upon frequency of isolation, structural uniqueness and
bioactivity, over 600 representative metabolites were selected and analyzed for
isolation methods, structural characteristics, bioactivities, total synthetic methods,
biosyntheses, and biomedical potentials. In addition, chemically investigated
genera and species were biologically classified. This would be useful in

predicting the structural types and biogenetic origins of new natural products.



would be useful in predicting the structural types and biogenetic origins of new
natural products.

2. More than 260 Kg of benthic colonial animals were collected from four
expeditions to the South Sea. Classification of 21 coelenterates and 43 sponges
has been performed by taxonomists. Based ¢n the results of brine shrimp
toxicity, P388 antileukemic, and antiviral activity tests, TLC and proton NMR
measurements of the crude organic extracts, 4 species of coelenterates and 2
species of sponges were selected for chemical investigation .

3. Two diterpenoids of the xenicane class were isolated from the gorgonian
Acalycigorgia inermis. Structures of these compounds were determined as
acalycixeniolide B and its derivative by NMR analysis and literature survey.
Four novel ceramides were isolated from the gorgonian Acabaria undulata.
Structures of these new sphingolipids were determined by combination of
spectral analysis and chemical synthesis. In addition, two novel polyhydroxy
steroids were isolated from the same animal.

4. Seven steroids including five novel compounds were isolated from the
soft coral Alcyonium gracillimum. Structures of these compound were
determined as a steroidal ketal of the furospirostan class, two hemiketals of the
related furostan class, a steroidal enol-ether, a steroidal ketone, and two

peegnanes. The hemiketals exhibited both cytotoxicity and antiviral activity. In
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addition, nine novel metabolites were isolated from the hydroid Solanderia
secunda. Structures of these compounds were determined as cyclopropane-
containing C,, fatty acid latones.

5. A highly cytotoxic macrolide was isolated from the sponges Pachastrella sp.
and Jaspis sp. The structure of this compound was determined by NMR analysis
as pectenotoxin II, a potent DSP(diarrhetic shellfish poisoning) toxin of
dinoflagellate origin. Bioactivity tests revealed that this compound possesses
unusually potent cytotoxicity and antiviral activity. To evaluate the
pharmaceutical potential of this compound, in vivo bioactivity is currently under
investigation. Psammaplin A, a dimeric alkaloids of the bromotyrosine class
was isolated from the same sponges. This compound exhibited brine shrimp
toxicity and cytotoxicity. In addition, an unusual base was isolated from the
same sponge mixture. The structure of this compound was determined as 2',3'-
didehydro-2'3'-dideoxyuridine by spectroscopic methods.

6. In total, 27 compounds of 7 structural types were isolated from 6 benthic
colonial animals of the Korean waters. Structures of these compounds were
determined by combination of database analysis, spectroscopic techniques and
chemical methods. Literature survey revealed that many of these metabolites
have been never reported from marine organisms. Bioactivity test showed that

several of these compound possess brine shrimp toxicity, cytotoxicity and



Marine natural products chemistry is among the fields of sciences with great
academic and industrial potentials. However, chemistry of Korean water marine
organisms has never been systematically investigated. The results of this study
clearly demonstrated domestic marine organisms possessing the potential to be
prolific sources of both biologically active and structurally unique compounds. In
conclusion, this study will serve as a basis of further comprehensive investigation

of marine natural products.



R OOV OSSO TSP O S S R R R S A I 3
R R ————————— e e e 17
B R ettt ea bR SR SRRSO SRS SRR e 27
AI LB MR eessesssssss s sesss i RS AR 29
R L LI R EE P L1 T 35
R U o . - T OO OO OOt OO OOR OO ORI 36
3 D B B e eeeses st R bR AR RS RSSO 08 37
PRI Lk & - OO oot esesmneessse e 42
2.4 ZHATUNA HNBY A e erccsmossismsssssirsssssssesmsssssssasesssssanns 45
2.5, AT HIE et e ae st sasa s sersa e AR e AR eSS e s 46
A 3 4, Gorgonians®) B E ... senes 49
B BTG HHZ et a s sasrensases st R s e s b 49
3.2. Acalycigorgia inermis®] VIAFE Z.........cooivimmmrnissnssssiseesiosiinssssssrrssssssresasissess 52
3.3, Acabaria undilata®) TIRFE A .......oceerevssemeennenessas s sssssssasssnsssssasimsmisssssssssen 72
Rz L o < SO OO OO AT P T EURESUTUURI P PPSTSPOP IS S 78
Al 4 3. Soft corals?] AT ...t 125
L. QT BT oo sseesesssssee s ere st a e R bR bt s 0 125
4.2. Alcyonium gracillimum® TAFEE oo 126



B3 A ettt et e et aeen 148

A 5%, Hydl'OidS-q B E ettt ettt ees st 209
S QT HIT oo aetsssssesees pretreerstare b nan, 209
5.2. Solanderia secunda® WAFE A ......coooviieeee et 212
S ATt seen e r s e e et en e e seees 228

A 6 7. Sponges®] BB T ...t e 283
6.1 DT MU i ceries s et 283
6.2. HFE 2] Fubolafs WG R ... 285
6.3. Pachastrella sp.9F Jaspis sp 2 BAR oo 208
6.4 ABIBA T ..ot s s 307
6.5, HTMIH ..ot s e n s en s ensaee e senaenann 312

*W 7 %. E%.............. ........................................................................................................ 329

%z%ﬂ ............................................................................................................................ 333



Contents

S'mmaryoot cccccc (TSR L) PesTeRPERSIETEY Aravaser tevaasere wasesem X2 sassscnny Trnenreny T TYT R RN TR SR L 2 snses 7

-List of Figures........ooviviiiccnrness vrevessrssessrasesesssssstissasanasssanresertes voeessrarenas 17
- List of Tables......... vresenes veeererersenens veeeerovanssensassseossesraneteerseitesrrarrsestannibasaat ceeee 27
Chapter 1.INtroGuCHON..........ccoceveiinerisisenrintiinsrersisssssiisissisisinanes veressrresssres 20
Chapter 2. Collection, classification and bioactivity test.........cccocvieviinnee 35

2.1. Collection of samples........cccccreereen. vessesone eerveresesonas crevesaees vsressrasernees veer 36

vt g ass lCauoncoo'ov-v--tooo ooooo ttavIEBIRITIIEIOSS +enssanne asssssee sssvsverey Il L T I N L R L T R 37

3.1.Background................. rtvesssssassssessessssauTesssareeesssebeteses s bantesssartastasessrntts 49
3.2. Metabolites of Acalycigorgia inermis.................. teresseeereosessssnrerennnrennes 52
3.3. Metabolites of Acabaria undulata.................... trressererasaenee trrereserenrnsnarans 72
34. Experimental.. ....... ceserrersirereesinnae covsresase reresarasessnsns cesssssenseirasnaree seteseese cees 78
Chapter 4. Natural products of soft corals............ccccovveccccrienecns vesseesenseres 125
4.1. Background.............. ressesvenne veoraasressssssnsns ceserasarersoranssesseessasesseresstssssas w125

4.2. Metabolites of Alcyonium gracillimum............ reeieeesasasace reeeeeeeervesnses ceeee126

&



.
4.3, Experimental........ccccvevvrvveerereesieeneoneeesennenn. veovesseneareserens verererereeserases veerr 148

Chapter 5. Natural products of hydroids.............c.ueeeevrmneennnne.... treeeseneesaen 209
5.1, BaCkgl'Olll’ld .............. Teersarsrriressttcttsttetonnconsacansens eseasseasernsces seeseressirians veere 209
5.2. Metabolites of Solanderia secunda........................ veresesseranesaune veasresenanee 212
5.3. Experimental..............oceeennee.. terecearenrenares veserensessensanseares trermassenresavesiecens 228

Chapter 6. Natural products of sponges.................c.ocenvene. cerreresssneaenns veerress283
6.1. BaCKZIOUNQ.......ccoirrrerrrererreeetinreeiteesteseneestesesseessessbresssenesesssnsasassens 285
6.2. Antiviral and cytotoxic substances from sponges..........ce..cerveen.. vrrreesssers 285
6.3. Natural products of the sponges Pachastrella sp. and Jaspis Sp.............. 208
6.4. Bioactivity tests........ccccevereerrvrennenn. coversaresssnane evisrrsentsssansssronsransnrssraresss 307
6.5. Experimental..........ucvveereerveeneereneeennes evarerresseeientisttsteresasonnsesanassasnnssonane 312

Chapter 7. Conclusion............... ereereresesessrrens verrerereeesesssssses vesrareraneenaaas vrereree329

References.................. vererresrernrnessaarasssts verrrersasseneessrane rrreeeenasaans rreraseressaes 333



List of Figures

Fig. 3-1. Potential drugs isolated from EOIZONIANS....verueernessescanssusssressvereneranss 51
Fig. 3-2. Sphingosines isolated from the gorgonian Acabaria undulata.......... 54

Fig. 3-3. Partial structures and proton NMR assignments for compounds

1K 2-1 7 Quceooeereerrecrioresceersrossossrssssasenssssasaresssssssssssessaronsesssossessassssons 56
Fig. 3-4. Nomenclature for cleavage of precursor ions of sphingolipids......... 59
Fig. 3-5. Biosynthesis of SPhingolipids........ccovuamiievesssrsacnisermrriisarnmnecneenenen 64
Fig. 3-6. Sphingosines and related metabolites from marine Organisms.......... 66

Fig. 3-7. Polyhydroxy steroids isolated from the gorgonian
ACabaria UNAULALA.........ocvvvvvrroereenerrrsrsseersarassssossssssinssssasesssnrassenassssesss. 68

Fig. 3-8. Structures of diterpenoids isolated from the gorgonian

ACIYCIGOTZIA IMETMIS........oveevenrrreniaecensisnsersrisuniasioreaniessssssssontsssssnsnss 24
Fig. 3-9. Proton NMR spectrum of compound 91K-2-1...cccorenccecrscncnsnnnnces 89
Fig. 3-10. Carbon NMR spectrum of compound 91K-2-1.......cccceveemevserncen 90
Fig. 3-11. Proton COSY spectrum of compound 91K-2-1.....cccueccenrcccurcrnns 91
Fig. 3-12. IR spectrum of compound 91K-2-1.......ccceierievencicsirnsiisiarnriaaces 92
Fig. 3-13. Low-resolution EIMS spectrum of compound 91K-2-1................. 93
Fig. 3-14. Proton NMR spectrum of compound 91K=2+5....cccocovescsmsisusiannes 94
Fig. 3-15. Proton NMR spectrum of compound 91Ke=2-2.........cceovvnenrurererenes 95



Fig.
Fig.
Fig.
Fig.
Fig.
Fig,
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

3-16. Carbon NMR spectrum of compound 91K-2-2........ooveeoeveoeeennn, 96
3-17. IR spectrum of compound 91K-2-2........oeeeveeevereereereereereeeeseoon, 97
3-18. Proton NMR spectrum of compound 91K-2-3.............oooevevieeen., 98
3-19. Carbon NMR spectrum of compound 91K-2-3..............cooueue........ 99
3-20. IR spectrum of compound 91K-2-3...........c.ooveveremmoreeeeererosreenn, 100
3-21. Proton NMR spectrum of compound 91K-2-4........cooverrvvvrervnnnn, 101
3-22. Carbon NMR spectrum of compound 91K-2-4..........ooeeveeveenennnn.. 102
3-23. 1R spectrum of compound 91K-2-4.........c.oeormeeeeveesenreeereeerosnnnn, 103
3-24. Proton NMR spectrum of mixture of pblyhydroxy steroids isolated

from the gorgonian Acabaria undulata...............eoeeeeeerereeveererern., 104
3-25. Carbon NMR spectrum of mixture of polyhydroxy steroids isolated

from the gorgonian Acabaria undul@tQ...........eeeeeeeeeeeeeeeeesseeseeevenn 105
3-26. Proton NMR spectrum of compound 91K-2-6...........cooeevvevevennn. 106
3-27. Carbon NMR spectrum of compound 91K-2-6............oeveueeeeneenn.. 107
3-28. Proton coupled carbon NMR spectrum of polyhydroxy steroids.... 108
3-29. Proton COSY NMR spectrum of compound 91K-2-6.................... 109
3-30. TOCSY spectrum of compound 91K=2-6........oceeereeervevveroeeen. 111
3-31. HMQC spectrum of compound 91K-2-6...........ccoeveereeereermrvenan. 112
3-32. HMBC spectrum of compound 91K-2-6.........covvevveeeoveeemoson, 113
3-33. Proton NMR spectrum of compound 91K-2-7.........cooevereveenennnnn 115



Fig.
Fig.
Fig.
Fig.
‘Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig,

-

Fig.

3-34. Carbon NMR spectrum of compound 91K-2-7.....cccvreuvernevnraennen, 116
3-35. Proton COSY NMR spectrum of compound 91K-2-7...........c.c...e 117
3-36. Proton NMR spectrum of compound 91K-4-1........ccecervuerirrannenrenn. 119
3-37. Carbon NMR spectrum of compound 91K-d-1.......cccccevunvinninnans, 120
3-38. Proton COSY NMR specirum of compound 91K-4-1..................... 121
3-39. Proton NMR spectrum of compound 91K-4-2.........cccoceiicivnnirnnis 122
3-40. Carbon NMR spectrum of compound 91K-4-2..........cccccmurvininnnnss 123
4-1. Metabolites isolated from the soft coral Alcyonium gracillimum.......157
4-2. Furanospirostan steroids isolated from the soft coral

ISES REDDUTIS coveeeeneveevrsssricisenerirsotssessaressreosssssssanssstssossssssssassssansssnsssosnses 131
4-3. Reduction of the furospirostan and sprirostan steroids for

determination of stereochemistry of the C-22 asymmetric center.......... 132
4-4. Furospirostan steroids isolated from terrestrial plants..........cccconeie. 135
4-5. Pregnane steroids isolated from marine Organisims..........cceeseeeecssenss 145
4-6. Proton NMR spectrum of compound 91-18-1.......cccooveeeviienrecrnenncnne 157
4-7. Carbon NMR spectrum of compound 91-18-1........ccccciiiniinsuinnnnnn 158
4-8. Proton COSY NMR spectrum of compound 91-18-1.......cceeveenrens 159
4-9. HMQC spectrum of compound 91-18-1......cccoveiiiivviiiinininiiinnnenn, 160
4-10. HMBC spectrum of compound 91-18-1.....cccccovevrermviiiiiinniirnnninnn 161
4-11. IR spectrum of compound 91-18-T.....cccoriemmreiiiiviiininniininiiiiinnnnnn. 164



Fig. 4-12. UV spectrum of compound 91-18-1...........corvevrereerueseervesressnesunenns 165

Fig. 4-13.

Fig

Fig.

Fig.

Fig

Fig

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig

Fig.
Fig.
Fig.
Fig.

Fig.

.4-14.

.4-17.

. 4-18.

. 4-26.

4-15.

4-16.

4-19,
4-20.
4-21.
4-22.
4-23.
4-24.

4-25.

4-27.
4-28.
4-29.
4-30.

4-31.

High-resolution CIMS spectrum of compound 91-18-1.................. 166
Proton NMR spectrum of compound 91-18-2..........cccoreveueeennnn.... 167
Carbon NMR spectrum of compound 91-18-2........cccceeeevmmvevernnnn, 168
Proton COSY NMR spectrum of compound 91-18-2...................... 169
IR spectrum of compound 91-18-2........eeeeeieiiiiiiiceeneeeeeeeeeeeereens 170
UV spectrum of compound 91-18-2..........cooovrevoereeeneeireeeseseressesns 171
High-resolution CIMS spectrum of compound 91-18-2.................. 172
Proton NMR spectrum of compound 91-18-3.............ccovvvereennn..... 173
Carbon NMR spectrum of compound 91-18-3...........cocoovereveennn... 174
Proton COSY NMR spectrum of compound 91-18-3...................... 175
IR spectrum of compound 91-18-3...........ccccuveeiiiiricereerrieeecreaeen. 176
UV spectrum of compound 91-18-3...........coveeirerrmmreeeerrrevcvrnenessosses 177
High-resolution CIMS spectrum of compound 91-18-3.................. 178
Proton NMR spectrum of compound 91-18-4.............oueveeeeunnnn.... 179
Carbon NMR spectrum of compound 91-18-4..........ccovveeruvveennn.n. 180
Proton COSY NMR spectrum of compound 91-18-4..................... 181
HMQC spectrum of compound 91-18-4............cccoeevervevemeeenerannnn. 182
HMBC spectrum of compound 91-18-4.............cocrveereeevvreeerernenns 183
IR spectrum of compound 91-18-d..............oeeeiieererrmeneereeeecseeenensons 184



Fig. 4-32. UV spectrum of compound 91-18-4......eieirercrarecirssrneessacssansisasinn 185

Fig. 4-33. High-resolution EIMS spectrum of compound 91-18-4.................. 186
Fig. 4-34. Proton NMR spectrum of compound 1 T3 B 8 SO UR O 187
Fig. 4-35. Carbon NMR spectrum of compound 91-18-5......cccvrvvnniiinnnnnnne 188
Fig. 4-36. Proton COSY NMR spectrum of compound 91-18-5.........c.ccocee.e.. 189
Fig. 4-37. IR spectrum of compound DL-18-5...eeeeeeeeecrrevverrerresssaersssssnsessaneess: 190
Fig. 4-38. UV spectrum of compound 91-18-5....ccccviiecirnrienencsrrenanes eeeenreanases 191
Fig. 4-39. High-resolution EIMS spectrum of compound 91-18-5.................. 192
Fig. 4-40. Proton NMR spectrum of compound 91-18-6....ccccvveveennnricrannriannnn. 193
Fig, 4-41. Carbon NMR spectrum of compound 91-18-6........ccoovscersreserrsrein 194
Fig. 4-42. Proton COSY NMR spectrum of compound 91-18-6........cccuuueueeee 195
Fig. 4-43. HMQC spectrum of compound 1-18-6......c00cecrrecrereenrorrarecserssnnesss 196
Fig. 4-44. HMBC spectrum of compound 91-18-6.........ccccoeevscmcrarnsunnisianiniren 197
Fig. 4-45. IR spectrum of compound 91-18-6.........ccoveriivssscscsisinnnennrannnnnens 200.
Fig. 4-46. UV spectrum of compound 91-18-6.........ccovrveiinvninnninrinererieenes 201
Fig. 4-47. High-resolution EIMS spectrum of compound 91-18-6.................. 202
Fig. 4-48. Proton NMR spectrum of compound 91-18-7 ......... 203
Fig. 4-49. Carbon NMR spectrum of compound 91-18-T...coeveeereicrinineerenenennen 204
Fig. 4-50. Proton COSY NMR spectrum of compound 91-18-7........ccccrerueeen, 205
Fig. 4-51. HMQC spectrum of compound 91-18-7......ccoecreeciiienicrissionsannennee 206



Fig. 4-52. IR spectrum of compound 91-18-7.........c.oovveuevemreeeeerrerereeareneessnns 207
Fig. 4-53. Low-resolution EIMS spectrum of compound 91-18-7................... 208
Fig. 5-1. Metabolites of RYAroids........oueeeeeeerierereineceeeeeeseeeeseeseesese e s 210
Fig. 5-2. Cyclopropane-containing C22 fatty acid lactones isolated from

the hydroid Solanderia SECUNAQ. ..........oovevvevreneeeeeeienirriereeeceeeeeererenssan, 213

Fig. 5-3. Cyclopropane-containing fatty acid lactones from marine organisms.. 227

Fig. 5-4. Proton NMR spectrum of compound 91-10-1.........ccccoeeeeruvennnnnn... 238
Fig. 5-5. Carbon NMR spectrum of compound 91-10-1...........oovevvveeeennnnn.... 239
Fig. 5-6. Proton COSY NMR spectrum of compound 91-10-1....................... 240
Fig. 5-7. TOCSY spectrum of compound 91-10-1........ccovveeevervremreeerreeesronnns 241
Fig. 5-8. HMQC spectrum of compound 91-10=1.........c.ovoovveereeevreeeereennnn. 242
Fig. 5-9. HMBC spectrum of compound 91-10-1...........ccoeevermeeurerereerrerrennnn.. 243
Fig. 5-10. Proton NMR spectrum of compound 91-10-2..........ccoeevveveenrenn.. 244
Fig. 5-11. Carbon NMR spectrum of compound 91-10-2.............ccovvvereveennnnnn. 245
Fig. 5-12. Proton COSY NMR spectrum of compound 91-10-2...................... 246
Fig. 5-13. TOCSY spectrum of compound 91-10-2..........cooevveeeeeeerrrerrernenns 247
Fig. 5-14. HMQC spectrum of compound 91-10-2..........cceeeieeemereeeeeeeerennnn. 248
Fig. 5-15. HMBC spectrum of compound 91-10-2...........ccceeverrveevevevrreereonnn, 249
Fig. 5-16. Proton NMR spectrum of compound 91-10-3........cccoveveervvrenennnn. 250
Fig. 5-17. Carbon NMR spectrum of compound 91-10-3............oevevveeenveennn.. 251



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

e

o b4

Fig.

-y

-

-y ¥

-y

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

5-18. Proton COSY NMR spectrum of compound 91-10-3.....................

5-19. Proton NMR spectrum of compound 91-10-4

oooooooooooooooooooooooooooooooo

5-20. Carbon NMR spectrum of compound 91-10-4.........cccourvuivuevuenne.

5-21. Proton COSY NMR spectrum of compound 91-10-4.....................

5-22. Proton NMR spectrum of compound 91-10-5

oooooooooooooooooooooooooooooooo

5-23. Carbon NMR spectrum of compound 91-10-5......cccccvvviirannannne.

5-24. Proton COSY NMR spectrum of compound 91-10-5......ccccccnvinne

5-25. HMQC spectrum of compound 91-10-5.......ccc.coonvvrvnvninrncsronionne.

5-26. Proton NMR spectrum of compound 91-10-6.............ccccevvevirennene.

5-27. Carbon NMR spectrum of compound 93-10-6......c.ccevemeerrevvreninnnn.

5-28. Proton COSY NMR spectrum of compound 91-10-6.....................

5-29. HMQC spectrum of compound 91-10-6...........ccoccccveeiiininnncntisrnnnns

5-30. Proton NMR spectrum of compound 91-10-7........c.ccceveneniinnannnns

5-31. Carbon NMR spectrum of compound 91-10-7........covveereeiinncene

5-32. Proton COSY NMR spectrum of compound 91-10-7.....................

5-33. Proton NMR spectrum of compound 91-10-8

--------------------------------

5-34. Carbon NMR spectrum of compound 91-10-8.........cccoccoeevrvinnnens

5-35. Proton COSY NMR spectrum of compound 91-10-8.....................

5-36. HMQC spectrum of compound 91-10-8........cccveeriivivrnicnnnncinenn,

5-37. Proton NMR spectrum of compound 91-10-9

ooooooooooooooooooooooooooooooooo



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig,
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

5-38. Carbon NMR spectrum of compound 91-10-9..........ccccovvveerruvvenn.. 272
5-39. Proton COSY NMR spectrum of compound 91-10-9..................... 273
5-40. HMQC spectrum of compound 9110-9............omeeeeveevvreeereeeennenns 274
5-41. Proton NMR spectrum of compound 91-10-10...............ceveeenn...n... 275
5-42. Carbon NMR spectrum of compound 91-10-10............................. 276
5-43. Proton COSY NMR spectrum of compound 91-10-10................... 277
5-44. Proton NMR spectrum of compound 91-10-11................c..uueu...... 278
5-45. Carbon NMR spectrum of compound 91-10-11............................. 279
5-46. Proton COSY NMR spectrum of compound 91-10-11................... 280
5-47. HMQC spectrum of compound 91-10-11...........ccocvverreeeereeveerrannnn, 281
6-1. Natural and synthetic bases with antiviral activity............ccceevvernenne. 286
6-2. Cytotoxic and antiviral compounds isolated from sponges............... 293
6-3. Natural products isolated from sponges of the genera Jaspis

ANA PACRASITELIA..ceonnvoeeiioienerrnriieeeeienerrrrereeeesssssssssssssersssssssssssosses 300
6-4. Structures of natural products isolated from the sponge

SAMPIE TTK-19.ccciiiiieiirriereeecritecreeccrtecctaeerrer e e e cssner e sessaeesseesasns. 302
6-35. Partial structures of compound 91K-19-2..........coveerereeeerrererrnessnes 308
6-6. Proton NMR spectrum of compound 91K-19-1..........cccoceeveeuennnn.. 315
6-7. Carbon NMR spectrum of compound 91K-19-1.............cceeeeen........ 316
6-8. FABMS spectrum of compound 91K-19-1........cccovmeeveeeeerervveerenennns 317



Fig. 6-9. Proton COSY and TOCSY spectra of compound 91K-19-1............. 318
Fig. 6-10. HETCOR spectrum of compound 91K-19-1....ccorneniienniiinnnennn. 319
Fig. 6-11. Long-range HETCOR spectrum of compound 91K-19-1............... 320
Fig. 6-12. Homonuclear J-resolved 2D spectrum of compound 91K-19-1......321
Fig. 6-13. Proton and carbon NMR spectrum of compound 91K-19-2........... 3522
Fig. 6-14. TOCSY spectfum of compound 91K-19-2........cccurinivrinmnnrriensecnen 323

Fig. 6-15. HETCOR and long-range HETCOR spectra of compound 91K-19-2

....................................................................................................................... 324
Fig. 6-16. EIMS spectrum of compound QIK-19-2.......cociinrinennnreeneenrnesssnens 325
Fig. 6-17. Proton and carbon NMR spectra of compound 91K-19-3............... 326
Fig. 6-18. Proton COSY and HETCOR spectra of compound 91K-19-3........ 327



A AT e e e

“«
.
I
et e W o

2’




List of Tables

Table 2-1. List of coelenterates collected from Korean Waters........coceevvreeenee. 40
"Table 2-2. List of sponges collected from Korean Waters..........ccccorveveeirncenrens 40
Table 3-1. Proton NMR assignments for compounds 91K-2-1 ~ -4............... 63

Table 3-2. Proton and carbon NMR assignments for compounds 91K-4-1 and -2

........................................................................................................................ 76
Table 4-1. Proton and carbon NMR assignments for compound 91-18-1......... 133
Table 4-2. Proton NMR data for strictagenin, rubragenin, wallogenin,

AN DI=T8- 1. oerrrrrrrecirreerrerrerirerrssosisestasrersissssssnsssasssossessrsnrsassssassasans 136

Table 4-3. Carbon NMR assignments for strictagenin, rubragenin, wallogenin,

ANA DI-18-1.. . ovriiiriiiiiiceeicererieasseressevessrerssrersosssrmrostesssrsssessnrsssnsstosass 137
Table 4-4. Carbon NMR assignments for compounds 91-18-1 ~ -3............... 140
Table 4-5. Proton and carboﬁ NMR assignments for compound 91-18-4......... 142
Table 4-6. Carbon NMR assignments for compounds 91-18-1 and -§............. 143’

Table 4-7. Proton and carbon NMR assignments for compounds 91-18-6 and -7

Table 4-8. Results of HMBC experiments with compounds 91-18-1.-4 and -6..147
Table 4-9. Antiviral activity of compounds 91-18-1 ~ =3.......corveiiriinnnnnnenee 149

Table 4-10. Antiviral activity of compounds 91-18-1 ~ =3.......ccccevrmiiiiiaricns 149



Table 4-11. P388 activity of compounds 91-18-1 ~ =3.......ocovveverrevrrrennnnn 149

Table 5-1. Proton and carbon NMR assignments for compounds 91-10-1 and -2

Table 5-5. Proton and carbon NMR assignments for compound 91-10-9....... 524

Table 5-6, Proton and carbon NMR assignments for compounds 91-10-10

Table 6-1. Brine shrimp lethality of the crude extracts of various sponges
collected from the South Sea of KOrea..........oveveevveeeveeeeirvneieeceneeennn 299
Table 6-2. Proton and carbon NMR assignments for pectenotoxin Il ............. 305
Table 6-3. Cytotoxicity of pectenotoxin Il aganist human cancer cell-lines... 309
Table 6-4. Cytotoxicity of psammaplin A aganist human cancer cell-lines..... 311

Table 6-5. Antiviral activity of psammaplin A........c.coovuvevreeeireeenveeseeessvnennns 311



A1 AE

Ho} VAT = HY AT BAER BF 7 2 A HlEH Fou
aaxxs AFsE Zojolth o Fokx 60dWd EAFoz ARHULY ofF
5500 o] 49 NEAe] HEHglen REY EEE 2500& F3IE F A= F¢
Aoz AFsta YrhFaulkner, 1993).

Aot NGB A7 23, A4 Foye Az Ty o fAHEK
24 AAE AT AN Q23 FHHL Yok HAE A7 FLAL 9
Bopsl olele] ogtels wa U= YHY AwwAY T2V 2RE AIES
GE S840 fRE st AAES AR s Y AEE A7V |/
8 Wi QE Boke A 3%el & #7153, 48 2 AUT 2Ya fFHes
TEHD #7584 290 Bod 72E /HF AdEd 7L 4 R AW
Ao BEHd AR F, FAI AAY #erR AFE A FEE ATVH &
Ao 25 7T2E 742 AAES $HL LWV AE AY AEol FHE
2Ae Qe Yoz AAUTE dOg sbA B opvF of HAMA ALHE
F718409 BE M2e $Ye #7189 dAdd A 7qEH.

HF AAE AFE= T AE A FokF 3% Al (chemical ecology)¥t
518} 258 (chemosystematics)E % £71E9 #AE #Hx vt AA 5% A € &
& Ago] A £& S nHH Yt 234 HAERE probe2 o]-&3te] A
et A A4 Mg SRaHE Hoolmz, HAE A dojAE FR7
w4Aolth, nfug 2o ojFold JAE st YF& HF Y& Hd I
% Y AF7E 2 AN Yo E AP AFE A7 AEY 3H¥3H
Ny BY A8E BIH AY BEY B2HEF AT ZA JH¥G
(Bergquist & Wells, 1987).



HF IS A7 HEHQ S8R odtoza BE AR 7Y
ANRYEE BR3a glernz oy JAFAHERY 35 B F2AYL A
U Ea R AARAY A7, g9, Fulolgl2 A7 F B4 Bobo o7 @WF
d B ol Aee, WeEd, doss UM Yol A @Ale 7w
BAsE EorEd= A 7143 ol B HAEZH 23 EHZAS A
el dedd iy AZAE ul$ ddggdeos FAYsA, o)ese E=8
B4iet7] wito]ch(Fautin, 1988).

AHHA SHAA HAEY] FA o]fo] A QokER FF Y FRGXEEZO
AL FA)9 Apdolrh 2dd thd 7ve] AFEE Ade §4 JIE A7

T AAR AAse AL Hdo o) W, dEF] AAFYNE UL HY
BER ABHE oldsd JFHA =¥9& 7189 AT FE& V= BPsx
5500 ]9l MERL FE2Y 2 F ATFUL Y AHYA 5HE B
sta gl&ol BEA 509 EAL BAESNE S 4 Fonye Ao
At 53] Hzdls dEF o) 2o B FAEs@ U AgASe]
B FF FL 9502 HUYAERRY HY VIEHEADLS Agsis=d JF 29
3t ew Zibe Aldel Mg AEEolg $4 F=AMst AR dgolr},

2HY FHAME GFe FEo] T ML BEFan Y AQAE)
W 243 A7 obF ARHA g AAojt. HY AABe) zm = Tt
A SEH, A94 F84E ¥ b 2dd gFrd SAESY A @)
FUlA o] F-oke] AT tes AFsith

2 d7oME YT 23 MAse AYAEF NERY & 5o
W =il AZEe AUEE, 2YEE, d4SESY AAFATEL d3yar
2.2 Adslo o9 HAEE F&, 7XE AASL AR VFHJYsE =
Aate As IF-ERE S
18 488 A7 HYeE HAT olft dSx 2. $A4TE= vy s A

O



ABAME 80| AAFE HFo| wg Eold &2 AL o 60%7+ A
zgz2E 2dsH3oH T8 Qe A dP-go] ANZATELRE 78S
qth AHMFBEONG ol FF FAE olFA %t FERNFEH Ao AAEE 4A
FASEo] AP B2Fo| HolxE g T ol EAAY Audl S34
247 iyl

AN ZASEE dus FASELS AAE A7t M 828 AEE]o0AM
AARA FZ7F HEA AYg A8 42 30%9 6% olE2HEH EHAAL
0 ol @Y AERLBAME AA AF BAEFT A 195 29E AA T Aol
it ®ok ojal o] AQEL AAFPHERE 2 YE BV Wb A 9%
E e Fad A=EAN FAPHIY FHAAE 2 V4L B dodn
sle.n madE ARV AFAQE 979 Fo WFe AANE A5E AoE
o 45 7] of Eo]ct(reland et al, 1987).

FUEZL FAA AN AA AF AGET e o0 A& AA
A BAHAEAY FENES U7 oeig AER ¥oHE0% ol tAHERl A
FHAEE JED) A GE LS JF FREAL git QNBTERRE FF
UL AFE F= B u$ dgsted 23 A8 A RE AYAEH A7ER
22 719 E22EL Fan vk 2EEY AT wAEF ATFAAME
ANEEL 7L Fed HY AAE AFE F2Y JMs4ol M B2 =R
A4 & Ut

A7IE upel go] ZUe] &Y VAE AFE Uad uivEtd #d AA9
¢14 & VLUF 5% AFARI ART Ao olE HF AAES W¥ <
Ao BER A7 oFLdE 2 of7t glowt AAAA ATE FHHA FS
dA dyg 7198 Ao g, e E drdAe Fad dyde =
o] EARQA Ao dgs ool Bt AL ANda wWA 1xdEdE E7A
Ao TPo FHaAG A 1A= £ Fa WE2BE ATAA 9087

rir

Lot



A ANLA BE NEQ o]l A RE A7AAFE Hulsd 2gHA 2
A& i, FT-NMRE ¥ £ te AAE £ R 24779 7= Ag@
AE RN E 45T =9 98 g 2o} MYsE oo AMaEM B
=% AP 7] 2FEE4d P YRS 384 £HL Nz o 2
AAFHYE ABE AFsg.

17 dxd $8% d7FBAE vigoz 23 dmos RAHS Y AdE
47 & AFE NR2YH FAdEE 2Ysa 1 T2E ARs=Y FYsg
9. F8 ATUELLEE AA 13 Q59 APEY AFst $4% ARE Fr=
Bursfon @A EfFed B8 AMTA BE ABE £E59AED ¥4 B8
AT B dAHo2 AR 5 FY Y L HUTEZRE 0 o Ag2 S
T2 3k5le5 NMR wlolete] 843 2dAs B¢ 23 o)&8F g4t g
dde BAIAAL AFHA F2E AN ©]BS FERE  terpenoids,
sphingosines, steroidal ketals, hemiketals, polyhydroxy steroids, modified fatty
acids, macrolides peptides, modified bases 5 2.2 W% c}okstd ).

HTEER] & 3Ad=Ede ddd 2-D NMRA¥# R, UV, MST 2338
o TR} #7] BEE T3 AdEd Eod HAEY U HF 2B
THIAT. ob&e ojEd U AHBHE ZH oste] AAEY AF45I g
o, WutolE 25 ALY AAE 22 JA&E AW 53 BHY By
W52 pectenotoxin I+ W3] ZHW Pgasms ¥uw UL v A ook
oz M Hede By ddtd Y YABJAEE ZHFo|}. oo
T 3AdEFd 1099F ] HAEE RYsgoy Fxa4o ¢AsA Ygorz
€ RuAMes AHaAg 0|89 7o JAPAEE FF A9Y IFAA A
HFH22 A7 d4og,

€ A7 9] ftel 289 ANZATEZRE 4 APE 23] 4
2 TEE 7 EZE0 FAFYUL oEF FFEt ALYV ENES Ui



Ae FUAMe AFARLY dTASAL A Rold FF ASAY AT
o] gotel FTYNHE AT $23} FFUAE U $5E AFAN F
2 + slg Aoz 44€n

- 33—



ot e e £ T 5l s L e S

3
i
{




A 23 ANEY A, EF R AIIHE F4

£330 AAE AFE AAAE TUS THY ARE 383 Fusts Aol
qos Tast AAEY BFe AP FHG B G WAL 9 A
S gumos ANFATEY A9E 1 - 2 kg9 AR7F FRHA BAE AT
s 9% #8Q Aoz IAA Uk T AU AR AAY $H WS T8
a1 TAL SUB TR WSS HYWoz A NRIFHT g F
g7 AEolch, ofgH APE ARE AU EHAA HV A% A2 AE 7]
& a7 £ Ead AR EANEAR WA EARE 839 FRE
qau - golA AAEe Bos F2ARE oA T F Ak £ ATE 4
S cj@gael 2A 4B AdsHon, 2 A9 WAE 20 kg o4 ANE
A $Ee A=st FREAY.

e 259 AEE 3P B U4g, 449 ALEY 2IHRA &
o 77 Aol WaAes Fudolel & HAe Bold PRE 7MY 4IPHET
o] HHEo] & Fsdel we Ame Aol $HUEL ATFWELE ¥ o
= od 712 Vel WA PHaWs thd e AFAARS Way T LA
AFRES Ao SHSE FYHET A8 AR 2 oz fou AF
AEY Aol o AR Homz Ame] Aol Wlg olHch.

AFVES ATHY ARE AASEY ojgHE WYL A F AN F &
| aagd dE B4 BAR 4UBYE F40) Utk o F X WHe =
5 gugel gt 94 3584 U¢ TLCS proton NMR 45 333
2Ne AAEY EAE AW BAY + Arks FPo| AT WA BAEo] vF
oz EAEE A9 BRI JFT AAVAES WY Y AAEL ¥
g slsaol Brhe 59 wEel AUk



¥ AIBYRY FH L AGES AYdTol EF oY= PyozA
B4 HALAEDE /1Y A ¢ U3AA A7E 5= P s
gl 71&9) gl 4Eed 2L 2E8AY, =4 screeningd) =#ubx @
= OE ¢4 4984 19E 1Y EASE A= gl Y. mane
A4 AAE ATE AL ANY BN QABAHESA ADE s A
o] MiFFE o]t UFUE oaigAN VA2 gRie] FdE AP =
PHF & 7hAe] Fse Aol YutRQ 4ol

2 A7WAAE dAY 77 R Qo) W@ A% ueistdd stery 2w
ol FHsAA NEAED ML vmA At BUY YA $80) Ao
F 39 7z IPAEE AW ZA4%a 5 YABASY WP A9 2HLe
g59 AE AFA AFte PYS dAAT AAZA B2 Y, 28 4
HBYE 24, FHATHY HEY 4AS AP AQE ¥ ¥ F2YLF
d oldel AYd RE HAo) I FAT AT7ARE o2 2o},

EG E AT olg8 4 T E4s]7g HAE 3F 2 2AWUS 3 -
63olN FEHo2 JTsls APYYHE & FoA 7 =Y.

i

2. 1. AR89 A

ANTAEES Ae ATE AAE 24 33¢od 19, 74 2 ‘o2
1) dolietsl ARE AelA 18091d 118)F 48] A o[ FoiFT} o
F AAZ 2oy o1d Auslel AAW 229 AV 2% G AUEHE
AR Aol FERoIAR uslx 259 AYe AR VAR FAES AS 49
3 Agelgie

AP AR F2e £4 10 - 30 me) Zaho) M= 4L SCUBA
doldg sl £o2 APt PUE o $ANLH Wt AUNA I Do)



A A boatholIE ARAT. AYF AsE AFAA FAFA S
B $58 @ F EEe nASD YA A=k JFesagc A3 A8Y
£ '91d 193 799 <F 30 kg, ‘91 119 120 kg, ‘928 1194 110 kgs o
A4 2609 kge) A7t FRHAG

2. 2. ¥+

HEZHEZT S AT A& $43 AYe ZE FHET 7MY 577
olele 2R AEZ <A Ut oA olE AE EFHS AEE o|&HT
ZAe =, M7 Iue 2Y, 2o FAT FHAA SHEo] AHFAA
2 giws ogsiA WEr] gEoltiBayer, 1961). ol#¥ FelF 59 W
AEE e AN BLF Fo lolH 223 4o v Agd AYs= AL
o] P o7t e Yol AAsE oS FE 7o FHF Jojrd OF F
dx =Bx g}, &5 AAEEY A4E @AAX Fo W@ AdRAE F4F
A} gl Bayer, 1961; 1981).

adY AAE HEH AFE deAME FARGE HFH Yol FLE AME
g ANt SFuz AXNTA FEY T4 L 79 ofsidol o8 A¥ HAE
etd AFE FsEE 2 FAEZ A4 AcH(Gerhart, 1981). F e o
24 Caribbean Sea?] WEH 73559 gorgonian Euniceats] A4+ U7
60QU 22 HAE nuso HAFHAE 79 2VFH 2 FHE o2
U 25 @ 239 ofggos Ao 70dy FdREHE A7 A8 FEHA &
t}. H 2 Shin#} Fenicald] ¢34 thin layer chromatographic method® gorgonian
o NzE HdFoz AR 1E(chemotype) EFE Wil ZEHALT
olell Wi} Enicea®l BAZ P AT7 oAl Fddted Feow o A A A
2% $2ZAL /A AEF] of AE AL §F9E AHAIH(Shin, 1989

- 37 —



Shin et al, 1993).

Shin® Fenicalel <13t} sj2E W$¥e 345 E 23] 49 gorgoniansd
soft corals®] 4z}te] Fof uie} HolF 23 AIEAL vhe §-/3 3 QI fats,
fatty acids® 12 A2 29 A E Fo wat g F$7 gooz e 24
2HH AL 2L dd3d {71824 FEF H thin layer chromatography]
A3E A= v sts WHoltH(Shin, 1989). of WHEL Alzte] 29 Fatt:= vy
ol oy f7AMd F4 Ao TAHE WEZY ¢ Yo FHo] Yo

ol¢} & WPyos B APV AP 7000379 BFEZY ABE 230
o] 3tA o R FTUAY chemotypesQ.2 o] Zbzte]l aF o2 HE 1-37¢ 2
EES HENA 28y WY A9 2AY asyl 9ASA @3 cheke] ny
A& (epiphytes)o] W MAste AE Bolx £Sol 2A9 Y, FAEAD
©ie] 2¢ 2 472, chimney®] deA4xd ma 64 FHZ 2835

ol Zo] EFE AXNZANETEY ANB8E FUY ALt Y Badx)
A AEY e g AT E gAY 2 AF AAAR dwe) wHA
X &.2] listE table 2-1 € 2-2¢9} 2t}

Table 2-19] Yehd A3 o] 23F9 ZFFEF 2B i ddo] wryy
o8 olEL A 14F2F L FTX)9 gorgonians® 3% 9] soft corals, 12 black
coral 3 1%9] hydroid2 ¢ajRw vvlA 2% Al8(92]-16 2 -17)= 2 P
A 540 71€9 IWA Bi® gorgonians®} ThER o2 delPon HaA HAY
& AEE 73 o

A= AFHAE dFAse I3RS B AF Awlycigorgia, Alcyonium,
Anthoplexaura, Plexauroides, Solanderiad TR 42 Y AAZe] nugd n
RE0] FAHANr E AF7HAN AT ABZREHE §AF B-o| 2A™ I}
T4 22 Ao2 AAHAGA T, 1993).

el A 64F AEF BFIES FR)Y AR ghsMe 25 ¢



593 UHA Agd dEAE A AS A7Fold ER3AEe] dFenA
o] A TR FEFE FolAU AFojolM FEFH ATF7HH7Y
e Aow FEHEY

A& 9Ze dFARY BA dsid BFFETR wANAR 2 A 7ol A
A9e APss JAAEL TSI Y= Fol g EHHA U Axinell,
Discodermia, Halichondria, Hymeniacidon, Jaspis, Pachastrella, Phakellia
Reniera® S¢ 79§ AABAEDo U4 BAH Foloja & A7 A3d
2 zE}el 289 ARSANE Y@y ARl 2AE Jhedol ®d AoE F
EEY

Aua AFEE o|dAE 4 £ ANFR WA ARHALY ol5E 42
159 AAFER o7 e, 655 AATEF oA oEE A Fol AAY
B a7 FAAT WA Rl YEFololA & ATFAAE ThFA @

fir
il
of

pu:)



Table 2-1. List of coelentrates collected from Korean Waters

# animal collection collection name
site date
91-12 gorgonian Seoguipo 91/1 Calicogorgia granulosa
(=92J-15) gorgonian Seoguipo 92/11
91-14 gorgonian Seoguipo 91/1 Anthoplexaura dimorpha
91-15 gorgonian Seoguipo 91/1 Plexaurcides rigida
(=92J-27) gorgonian Seoguipo 92/11
91-21 gorgonian Seoguipo 91/1 Euplexaura erecta
91K-1 gorgonian Geomundo 91711 Euplexaura anastomosans
91K-2 gorgonian Geomundo 91/11 Acabaria undulata
91K-3 gorgonian Geomundo 91/11 Acabaria bicolor
91K-4 gorgonian Geomundo 91/11 Acalycigorgia inermis
81K-6 gorgonian Geomundo 91/11 Euplexaura erecta
91K-7 - gorgonian Geomundo 91/11 Acanthogorgia Jjaponica
92J-14 gorgonian Seoguipo 92/11 Fupleaura crassa
92J-16 gorgonian Seoguipo 92/11
92J-17 gorgonian Seoguipo 92/11
92J-19 gorgonian Seoguipo 92/11 Bebryce thomsoni
92J-20 gorgonian Seoguipo 92/11 Acalycigorgia irregularis
92J-33 gorgonian Seoguipo 92/11 Acalycigorgia radians
923-43 gorgonian Seoguipo 92/11 Verrucella stellata
92J-1 soft coral Seoguipo 92/11 Dendronephthya palaoensis
92J-30 soft coral Seoguipo 92711 Alcyonium gracillimum
92J-33 soft coral Seoguipo 92/11 Dendronephthya suensoni
91-16 black coral Seoguipo 91/1 Antipathes japonica
(=horny coral)
91-10 hydrozoan Seoguipo 91/1 Solanderia secunda

Table 2-2, List of sponges collected from Korean Waters



(=92J-24)
91K-25
91K-26
91K-27
91K-29
91K-31
91K-33
91K-35
91K-36
91K-37
92J-2
92J-3
92J-4
92J-5
92J-7
192J-8
92J-10
92J-11
(=92J-55)
92J-13
92J-25
92J-32
92.J-34
92J-35
92J-36
92J-38
92J-40
92J-46
92J-47
92J-52
92J-53
92J-54
92J-57

Seoguipo
Geomundo
Geomundo
Geomundo
Geomundo
Geomundo
Geomundo
Geomundo
Geomundo
Geomundo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seopuipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo
Seoguipo

92/11
91/11
91/11
91/11
91/11
91/11
91711
91/11
91/11
91/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11
92/11

Ircinia sp.
Stelleta sp.

Jaspis sp.

Phakellia sp.
Callyspongia sp.
Raspailia trachystyla
Erylus sp.

Discodermia calyx
Discodermia sp.
Pachastrella sp.
Hymeniacidon sinapium
Suberites sp.

Chondrilla australe

Discodermia sp.

Esperiopsis sp.

Erylus nobilus

FPhakellia elegans




2 3 AYBHE 54

A JEE d7AeY #E AqA A FEe AHGHEE o g
AM AAR FEHE THUE 1009 7HA o) delx v @ o8 FFe A=e A
S8 SAWYe] LuHe HdAAdT B dAFIdHE dAY 98 2 A8
TS F%3o brine shrimp toxicity, DNA-cleavage, plasma membrane enzyme
assay & A 79 A@AEY FHd FHaz A PP R AE
A7 gRAste Aoz AFFIAHE AA ol WIAVAHNEF  brine
shrimp®} DNA-cleavage assay® dA dA4Hoz 453 o9 plasma
membrane enzyme assayr A 7]ExX{Fo|),

€ 7oA AP AXNTA FE A8 2FESE e A9 dE@g=
¢} P388, DNA-binding, antivirals 9% 734 oo FHQ AHPHE AF
A A 17 dx=d A3 dFHerns B BaXdae AZE 371K g
F4xe 49, 809 9 FEHA M of Y} Zo] aofaiYr,

A4 brine shrimp assay® WthA$-2] AF<Q brine shrimp(Artemia salina)&
AMgste] HAES] AWAA SAHS &4 FNE 5 U dF9 in vivo APY
olth(Meyer et al, 1982). ©] FAYL FF U A APY £ glov YA =
of AA & AFAA 12 B8 FA4Yyez AL4n Y. RE FEL 3
F Fostd 230 vtz Fo] 9 gz SAHEZDE HAI FEF 3Fo] AHe
3 G ERE 4E F Yus AgdA o] PP& &8s Y}

Brine shrimp= HA2 4A3x 343 M(Michael et al, 1956; Tarpley 1958;
Areekul and Harwood 1960; Grosch 1967), mycotoxin® %42 R(Brown et dl,
1968; Brown, 1969; Harwig et al, 1971: Eppley, 1974; Korpinen, 1974,
- Eng-Wilmot and Martin, 1979}, 3t L EE2ZFA(Hood et al, 1960), A0 A4 A

2] E 757 (Robinson et al, 1965), BURZH E49 ZAZA(Granade et dl,



1976), R=WE %E8) F&HH(Richter & Goldstein, 1970), phorbol esters]
cocarcinogenicityZ 7 (Kinghorn, 1967), 3142} SAEd9 A5 (Vanhaecke,
1981)% ol AHE€ d7t A+

o]% McLaughlin groupel &3] ZLEA &9 ALY A&AT AN 24
Are 23y 13 dades g7 AFEe Agdol dAHNeH I

Q5= in vitro cell culture assay2 &3] o]&HE O9KB, 9PS

boqu
A
e
Y

cytotoxicity HE $-48 A#AL Rolz Aoz et Meyer et al, 1982). LIS
9 ohgl @s2elulAe s2eie ¥4 F4BSH receptore] thE AL
o] #&HE A0 Mo} brine shrimp A7} H4 & AA} FALR receptorE
AR5 Qe £48 jn vive systeme® B = & A o|vHpersonal
communication).

o] oz HAAEY oW EAF 42 F4& ¥y £ AT dus o
BE 47 $2% 4 927 mechanism-based bioassay$] @3 & Ra¥ + vk
AARoz AQE AT oA AFstd AAY & A+ A8 FRA=
347t 912" =& mechanism-based bioassayTte.2 13 AAE AAY HE5 o

Blo e oFE FAg71Ad % FHELES EF ¥E Fdast e Ao 9

A
o

o 8]3) brine shrimp assayE <& in vivo systemoljAl ARAHYU EHARE
sz oy B4rdes BAE UBIE BF FEY 47 A

o] AAwe WYEXZH brine shrimpd @& FHAA LABFE FF
(nauplii) & 3BAIS] 27 ©& S E(eg. 10, 100, 1000 ppm)¢] A =Zdl FYslof 24
AZHEe] QeEdis B3 54 Wi FAAMEE A A9 F=4 109
gye]l fZFS A olE 3W wiEsd PPl BH= LCw(50 % lethal
concentration at which 50 % of brine shrimp die)® YWehi® crude extracteliA
LCso7} 1000 ppm ol3tol® R-el4dol xR ez k3¢, Brine shimp? <& 4

A 78 4 glon Az oM ¥F B YERENE & Q@ 5¢ REY 7



AL &S FHAA dAE BIAXE UATYY HaA Y=o,

Brine shrimp assay$} 9KB, 9PS cytotoxicityZtell = S48 AFAdo] d=AC
2 Vel 2 (Fisher-Irwin test p=0.036 kappa=0.56) L& =49 WA =
AP o2 ol ¥ % & AolH. Brine shrimps] W 5L F3Hslod A
22 ¥ EHE ¥53W Fu AYsn 54 FIgHEs B 4 9

mechanism-based biocassay S 2R Al Hok o},

e

2 d7dd 93t &85 mechanism-based bioassay™ DNA-cleavage
assayZF it} o] WHE FAHES DNAE 44 AH DNAFZA S Aoz 2
=Ho2 AT FTHEL Adde E2HE Holule Wyt dA FUuA2 A}
€51 $1E bleomycino] ol AE471ME& 717 iEHQ EAoly epicatechin,
procyanidin Bz, 5-alk(en)yl resorcinols®o] o] AAH oz dwAd ZASolt}, o
AP M= supercoiled DNA(YX 174 form I DNA)S} AMARE 7 4o
AAIZL W FF supercoiled DNAS] mAd AYFE7}L 7folA form I(EE form
Dz W3 JEE SFst9 FEE B form I3} form I agarose A7)
Sl A3 87t HE22 44 dHAE 958 4 qiv) o] FAHL dAE By
7HAl 8 - 10A1ZE el dejx] gon Alge &FFE 1 mgoldt o|mz HJIE9
BEd A ofF AP & 4 A& Aol

Brine shrimp®} DNA-cleavage assay ©o|9]o] @4 & dA7dd] 93l %=
AAFY BIBHEE HI NEF5QY in vitro FLEFH AP stz A
plasma membraned] A5l Y T2AE olgslE Wio] Utk o] mA
AE zrestd Al£e Aol A= v (Brightman ef al, 1992) A= sulfonyl
urea#| ¥, adriamycin adduct®-¢] ©] system& A&t FPEHE Jel= RO
2 <delA] o (personal communication). ©} FAE-L vlZ wyas wa Axgt
(cell membrane)ell 3= EFH 2&aE FEE 24 H=2 fEo AZTUz X
THE 3 Qlelx AE uvpgoA Mxete] EAetE BAAG ¥ TS



o oA B wEA GBol AEYE FF 2 8t UeRE AR ¥
Qz=soA SES BIHY £ don 2 AT JE FEAY FAM - 2}-§-0)
% AgE 3L 93 F e} A

o] AMWMo)AE plasma membraned] EA3HE reductasest oxidase®] &4&
A7 Z=4ste] AR APBHE B 4 Aok AAPEEe 4 Hiat) Zrell A
plasma membrane® ®83e redox enzyme fraction® 9@¥=t}. plasma
membrane(reductase)@ NADH, Coenzyme Qo$t ZHAH&d & A Tris HCI buffer
o =oj 37 ColA} WgAth plasma membraned] ¥ reductases] gAa¥stE
zpz} 5%, 102%0 Z2 @t} reductased] &4W5HE Coenzyme Qo BAERAEE
gasd o & 9t} Coenzyme Q9 ZFAAEE UV 410 nmE oj&3e] 52
T Ao

2. 4. FHAATRAY A5 A4

ARRD AMEA T2 AR &% FUERFEEN O thin layer
chromatographic analysis, 328 8&4% £4 S #A= Zgsted dAHB e 2 F
¢] gorgonians, 1%¢} soft coral, 1% hydrozoan® 2%¢] sponges® TR AT
A AEz AR WA gorgonian Acalycigorgia inermis(A12¥H 3 91K-4)+=
A" Age] %ol 5 kgoldelL P38 celi-lined] ¥ AESHE=(ECx 109 o
g/me brine shrimpel ¥ HFAALCw 127ppm)o]l $4-3tvt.  Gorgonian
Acabaria undulata(N 893 91K-2) ¢ 5% A EAHE(P388 267 pg/ml,
brine shrimp LCso 296 ppm)& “ERiT AF: #HAd de EEI= soft
coral Alcyonium gracillimum SA P388 AZ5AZE(ECs 224 pe/ml)7} 483
BHEA AT 5 29 FTAH 2o Rud ot o $HAT WP 4
At

— 45 o



MAXE A thgoz AFAG kg ol hydrozoan Solanderia secunda
(MNEWE 91-100L AHBAEE HoluR o ¢4 hydrozoans] o3 <
77 HEs] veksiang JAoz NEAL TAY Aol  Roz dAalEol
dRHA T AT THHAT. AW ABFAME AREAMN AYY Reniera
sp.(91K-10)3} Pachastrella sp.(91K-19)e] d3}= o = ARAFHN =Y 2 o) f= 3
HE Mg Fol 5 kgol4dol™ brine shrimpd] W¥ toxicity 2427t Qs
7] W&ol TH(Z 2t Leso 129} 61 ppm).

F719) 3R F9 Agd B AAES B T2EAAY0 gusgon
2 AF}= A 3 - 639 89HY

2. 5. 234

2.5 1. 717) R AJ¢F

NMRZA2 Varian Unity-5008 ©]€3}4t}. Proton NMR<S 500MHz<l A
carbon NMR2 125MHzoA 27d8t¢lv}. Chemical shifts: internal standards®©l
TMS(tetramethy! silane)t CDCls, MeOH-ds, benzene-ds, acetone—-ds 5-& ©]-£3}
4 548t RE NMREU YL VaranAllA 3¢ Vnmr software® o}-£31 %
o Ztzie] Aol o]-8-¥ pulse width, transmitter power, delay 2 evolution
timeEZ 7] £48 ;& o439, HPLCE Spetra-physics#] 9] Isochrom
isocratic pump$} ternary gradient pumpE R A28 B NP =Y A ¥
& AMR3IAY. 22RFE  injector(Rheodyne 7825)¢}  detector(Shodex RI,
Spectra-physics UV) % Linear 2-pen recorder® TAE Ut} ZARalo] ALa3
HPLC column® YMC silica semiprep column(l x 25cm), YMC Cis reversed

phase semiprep column(l x 25 cm), Altech econosil semiprep column{l x 25cm)



9} 9] guard column carl:ridge(Aldﬁéh)O]%iE}. FT-IR% UV BgAsE
Mattson Galaxy$} Milton-Roy 23718 oi&ste] dojZA™ Low-resolution El
mass FlolEHE Agdstmst d@sis 24844 283 High-resolution ElL Cl
9 FAB mass HoletE University of California Riverside £4]4ddlx dojAHT.
W5 % (optical rotation)}& JASCO digital polaimeter& ©}8-2}] dojArt HAE
9] €4 (melting point)& Fisher-JohnsA}e} 71718 ¢)85e 2ZHAT K1E2
o 2& W B o8 ZE Luist AGE GREFE AHEIAU EPEE AF
F3] Argsrad.

2.5 2. AAEY F& R £

SCUBA dolgoez ai" AEE @AM dy ice2 BFAUH A g
g7 AAAA PERBJ(-25T)8AH AL ABE A2 FAZF B} B A&
3 gRie F8e AAY A FriEvE FESIAT Z2EWELe HdE9 54
o] Wzl 2452 dichloromethane®.2 28], methanol® 23 283l HAFTES
o d2oz 234, 2837 A #7186 ANBE BIEE N Edg s
7+ 2 - 39 A=t} Rotavapor$t vacuum pumpE ol &3l FEWIE AAF
z222e 4 F2% satE AAHY] 3t €3 n-butanol= B8 3t
Butanol&& &WE AA® FH TLCEHA  Ade) il silicavt Cus
reversed-phase vacuurn flash chromatography & st t}. Flash chromatography )
AbgE gulE  silica® A$E  n-hexaned} EtOAce] E394E, 181
reversed-phase®] 7S waterst MeOH9 &g F2 o8-8t Z2FEE9
oko] @3 TLCAS 21719 spotso] WEMG 7 $-0) = flash chromatography& &t
717 n-hexanedt 10% aqueous MeOHE ] &3t EHFHAH. Flash

chromatographyel ¢3te ZAd wat £° z}z+¢] fractions® 'H NMR



spectrum3} brine shrimp toxicity test A& F¥std AgA HAE9 E&AY
& FAdsA. A2 A7 FAY fraction® ZA w2} silicavd Cis
reversed-phase HPLCE& ©]8-3te] /8 HAEL &5 24, AAs9.

HPLCell ©]-88 solvent system< silica®) # o= n-hexaned} EtOAce] &
¥ 9, reversed-phase?] Z¢o)lE MeOHY CHCN# water?] EH RS F2 o)l4
st

_.48 —



A 3 #&. Gorgonians®] HAEZ

3.1 a9 7

ARAEEL AY FAE 470 JoA HAFES A MF FLY AR
B¢ @A7A F20F 249 @S HIEFT o 5%V olBEERYH FEHMA
= ol FAES Febd AA Y AAEF AT E(F 30%) WE7= F
Zulzolt, 28U dA7AY dFZoE ZFFTE Qo)A 27 dAERY
By 57 A2 9FHo &S B9 Foh WA HAES XA d&A
A1 BRE BAFEEBE £33 3719 ol&E(subphyla)d Hydrozoathydroids)<}
Scyphozoa(jelly fishes)| A& 23 il &= o] tiets] =&A ZAH I Anthozoact
9] AlcyonariaZHclass)oll &3t S2dAT IAFHo2 2452 A

Alcyonaria’d& Octacoralliaztol @t iix 39 25 6712 H(orden o2 FAH
o] git}, o]ZFjA Alcyonacea(soft corais)9} Stolonifera® 2 A% thA FoljA Tol
w2 5l8] Gorgonacea(gorgonians, sea whips and sea fans)®t Pennatulacea®< 7}
gduaoia o] wHHC HIEL  AlcyonariaZ A %x  Alcyonaceast
Gorgonaceas 718 Ed H8t= E52REH AFHo2 FEHUI(G0% )
Zoanthida (zoanthid)E-olA YF-9 HAE HAHIUE &, ol€€ A vwA
E 53| sea anamonesYt hard coralsE L 2HElE @X B /9 SHAAq HAdE
o] T3] =E8A FEHUL ol (Faulkner, 1984b).

2o ZAAEEol 288 %o| AlyonariaZ el AEL @ddsS ¥R
o ol (239 75%] @ae A4 AL LUeFY gAY AHE FX XE
21} o] ¥4 gorgoniansl A F7)= E5T ¥V A E BHo2FH HE

2 38 d7sk AR AFAA M2E VATAR 4§78 MR B4

=



AHEREC] EYFULH olE §2F BL 47 2YHE AIBHAEE eI Y
(Coll, 1992).

FFEES AAES Aol AFT v} Zo] 2 BEHRH EX7F HFHY
& Wt oz ALY FHo WE WAEAY FRE WS WEHO ok
Soft corals, gorgonians, sea pens(Pennatulacea=)%] HAEL AL djyE o
terpenoids 2-& polyprenyl partE 1% mixed biosynthetic productse]td. ©| &<}
terpenoids, %3] diterpenoidst™ 1 @4FFo] AF3| tlUdstdd Fdd LA
Y terpenoid chemistry®] 74dS vlE AXd o2t} Terpenoids FTAANE
diterpenoids7l ¥%3 < t& XA 89 diterpencidsdll A= cembrane F24& 3t
i = 8] 4F(>65%)E 2AAsta ek(Ireland et al, 1988; Faulkner, 1984b).

| RbH ] zoanthids$t stony coralsolA FE2E HAEL ALY P
alkaloids¢]™ ©|&% zoanthid Palythoa spp.ol*] FZ&¥ palytoxinsi L T-3%9]
5EYS #9498 27 o@@ AP SAHe=2 {9 (Faukner, 1984b). =g
hydroidsell = polyketides?7} 23] 3 stoloniferol M= terpenoids$t &7 g
prostaglandins?} &% %1t}. Sea anemones°)A %= 3 amino acids\} bases©l] 4]
714% E4E0 FFHI U

A7]% wiep ko] gorgonians®] HAELS ZEF Fxe I A@dxE=m
FH E-o] Bay 53 & 483 48 9 od&# 2t 196936l Caribbean
gorgonian  Plexaura homomalla2%-8  AA A gFd @48 713

prostaglandin A2t FEME BAY o] AYVABe] FoAe g 44

l

AZ17F 4 AL vU¥F Y {93k, o2 Caribbean gogornian Pseudopterogorgia
elisabethaed] | %9 diterpene glycosides, pseudopterosins’s SR E3E Y =3
o AgAZEY AwFo Atk Look et al, 1986; Fautin, 1988). 4% gorgoniangl
Lophogorgia spp.ol4 $%3¥ cembrane diterpenoid, lophotoxin 9A] A1 4 E 9]
acetylcholine receptor®] F+Z @9} Altzheimeri ¢} 7L AlFo =z ol&53 ¢



OR?

HO

pseudopterosin A :R' = RZ=R%®=H
B:H1=AC.R2=R3==H
C:R'=R%=H,R?=Ac
D:R'=R%2=H,R%=Ac

pseudopterosin E

pseudopterosins - antifnﬂammatory, analgesic.
{ Pseudopterogorgia elisabethae)

CHO

““0Ac

ow

)"‘h
o

lophotoxin - acetylcholine receptor binder

moritoside - cytotoxic
(Lophogorgia spp.)

{Euplexaura sp.)

OH

OH
CH

fuscoside A

fuscoside B

fuscosides - antiinflammatory, selective inhibitor of 5-lipoxygenase
{Eunicea fusca)

Fig.3-1. Potential drugs isolated from gorgonians.
— 51 — |



acetylcholine receptor?] 7ZAF ¢ Altzheimer§e] AF & Ao o|§XH 3 gl
T} (Culver et al, 1985).01% o|}ol X Euplexaura sp.Z5-¥ Ed A3 dgE
Z moritoside, Eunicea fiscaZ%-B] Qoid ZYF 29 EA fuscosides <] FH3t
TH(Fusetani et al, 1985; Shin & Fenical, 1991)(Fig. 3-1). £% &4% HAEL o}
LUy} Pseudopterogorgia elisabethue®] ZFFEL 3AFe 9852 ol&H3 gl
t}.

3. 2. Aaabaria undulata®] WAIE A

Gorgonians< horny soft coralsglilx ¥-=2v] FYPgowi= EHHE
(Gorgonacea)d] 4@}, $-8 YoMz F4, &5, AFEFA A Bo| M43t
H Hxe EE AEY FARY UFEYES JHE oFdH. AY%F
(gorgonians)= %o A1 F Z}AQ HAA FAFE A= wirld =] F(soft
corals)¢t FHET. & dFoA HAE 383 EA{o] AXEE gorgoniansE AE
= ZFdA AFYLD  Aabaria undulata(NBRHZ 91K-2)9} Acalycigorgia
inermis(A2W3E 91K-4) °ltk o] £ AP A= & Fr2FSE4 g
TLC¥4], P388, antiviral, DNA-binding, brine shrimp toxicitys 2] A= FHALE F
497 & MR vEe 4391

Gorgonian Acagbaria undulata(91K-2)E 'o1'd 11494 F¢e] A= 22
Har-xet Mx 244 SCUBA Holidl 9sto HPHUt. £A9 Age A
B FF40l191 2™ main body®] F717} 3 mmelst, A =77t 20 cmwl e
24 gorgoniansdll & ¥ a2 o A HEAHozME AP x
EA 9 calysesE 23 A& HolAr}

asdqA EF YErRAd 3 ke A8 EF dichloromethanel. 2 F&3F £

silica vacuum flash chromatography& ©¢}£-38t4 polarityd] 9%t &2 & &t}



2}zte] fractiono] ¥ 'H NMRZH a-ﬂ} ZAAE e Z4(n-hexane/EtOAc = 55
- 28)S 2= fractionsol A} Eold BAZe] TEHo UE A& EFHSAT A
Wo] 2 Cig reversed phase HPLCZ 3 4714 22 (91K-2-1 ~ -4)7} EEHA
o} o] B¢ FxE oldllolA AW ust Zo] NMR A& 3t 9| &t
o] sphingosine S EA2 23 H AR (Fig. 3-2).

= QAEEQ 91K-2-1& 8 74y nx2 dojHnh o 29 BC NMRZ
R A3 27749 peaks7t WEFTHFig. 3-10). 22\ upfield peaks7te] intensity 2t
7} wjs- A ol#l M) carbon signalsel overlapHlol l&ol WHSHT. Gi
28 no A8 setats] 99std BC NMR A@A delay time? 10 secolde.
2 (T valued] Aol 2 carbonZte] intensity?] Xel& gel7] stod) ASE
A A 7N carbon signalsol overlap®ol &< wAstgn), =3 'H NMR
o] % upfield protonsZtell overlapping®} ¥l 4 st tH(Fig. 3-9).

Proton NMRAMI A upfield signals®] overlappinge] ¥i-¢- A% Ze2 He} o
w2.& long chain fatty acidld 71€9¢ Rz FHHAY. 23] ¢ upfield
methyl signals® A2 overlap®e] 1ow $Y% methylenes(s -12 ppm) 3
coupling® = ZALE RHe} 91K-2-1& 271¢) fatty acids7} B34S 29S¢
T AA

Proton COSY NMR3} proton decoupling®l 2}3te] downfield protonszke] 4
@A 7 =agoh(Fig. 3-11). ¥4 & 62991 vEbd proton(lH, brd,J=7.3 Hz)-2
D:0 exchanged @A AtgbREd o] proton®] downfield chemical shifts} BC
NMReIA 8] § 174.11¢14 e quaternary carbon signal secondary amide®]
=42 9uatgith. IR spectrumeld 3300 cm’'# 1626 cm ol dehd 2@
absorption bands® ©] #4¢ XA 814l cH(Fig. 3-12). Amide protone: & 3.904}
methine proton(1H, m)# couple2 3192 ©] methine proton Al & 4.32(1H

brdd, J=6.8, 4.4), 395(1H, brdd, J=11.2, 3.4), 3.69(1H, brdd, 112, 32)8 A protons
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EHO%(CHD) =Y b~

S(EHD)HDS(CHD) = Y ‘(3) opAuepIp-6'8 : €-

EHO(CHD) = Y ‘(3'F) cipAyspipelisl-11L'0L'6'8 : 2-
EHD2(CHD) = Y ‘(7) 0ipAyspIP-6'8 : L-2-M16

L=C-N 16
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3 couple® #sivt. ¥C NMR data(d 74.26s, 62.29d) R DEPT @9 Ztel 9
o] o]|=¢& 7zt secondary alcohol# primary alcoholell 333t methines}
methylene protons® 345 2it}t. Proton NMRS] D0 exchange A3lA & 432
3.95, 3.699] broad¥ peak’} sharp§ double doubletZ W3{ A7 IR spectrum©l
A Vel 3400 cm! signal® o] ARAE FQAANAH Frh

8 4.329) 1}Ebd secondary alcoholic protone & 5539 olefinic proton¥ 2
Hq azrso 4ow o] olefinic protond A dZAEH gE & 5774 AAT
protone 2719} methylene protons& 7Z-H-3t) = vhE double bond( 8 5.43, 5.36)
o} BAgse] YUYt Olefinic protons?t$} vicinal coupling constants®] 4434
(J=15.4, 154 Hz) ©]E % double bondsE R E-configuration® ©]F3 Sl& 9}
vt8] At} o] AAS IR spectrum”Fol 970 cm ‘ol VE}Y absorption bande 3=
A& w=th wkxEte g §222(2H, t, J=7.6 Hz)ol JEld a-carbonyl methylene
protons& & 1L.61(2H, quint, J=7.2 Hz)& Z-#&< upfield methylene(é -1.2)9
Zxo] ). oj2A 91K-2-18 R E downfield protons< $rH¥3] &4 = o
o] B&d )3 T proton assignmentst Fig. 3-33 2t}

ZH2AER 91K-2-12 HIZ dxYg AYANAM AFF sea anemone
Paracondylactis indicus2%-¢] %23 sphingosinedd9 EZ% N-palmityl-
octadecasphinga-4(E),8(E)-dienine?t FL&AAY FAE EAE FHAUY
(Chakrabarty et al, 1994). Octadecasphinga—4(E),8(E)-dieninedl| = C-29 C-3 +F
$1 27} asymmetric carbon centers& o] il lth. | centers®] stereochemistry el
t)5led original paperdlXE A QAo &A= EE sphingosine-type amine
alcohols?t D-erythro-configuration®|2t= R o] EA9 C-2(6 547¢% C-3
743)¢] ¥C NMR data’t §48 N-octadecanoyl- D-erythrosphingosine®] “C
NMR data(® 5475 73.1)¢t 2 dx @t Abdel &84 (25°3R") & D-enthro

g v x5 22y HAE 53] open-chain &9 stereoisomerd A



2.22

| NH
R' /ﬁr 6.24
91K-2-4

O

Fig. 3-3. Partial structures and 'H NMR assignments for compounds 91K-2-1 ~ -4,



Bo NMR data’t A9 E98tA deoE ASrsH WWss] s ¢] asymmetric
centers®) stereochemistry® & o W#3dA 23 €ade =4 {7iHd& A
% 33t

91K-2-1¢] 5 hydroxy groups& Z#AA A Y 6-membered ringe B4
s7] <lste] PPTS(pyridinium p-toluenesulfonate)®& w2 of-838 2.2-
dimethoxy acetoned ¥-8-& AFth o @sk AYA¥ cyclic ketal 91K-2-5¢] 'H
NMRol A C-1 ~ C-3¢] 4 protonsZt®] coupling constantsE A8 AtH(Fig. 3-2,
~14). olel] we} C-2 protonsS ketal ringolA axial positionel #1x1&9 (C-1 -
C-2 = 93, 49 Hz) C-3 9Al axial orientationg °]F& R PEIATHC-2 -
C-3 = 95 Hz). 282 Z 91K-2-1¢} sterochemistrys 2S°3R™¢l Aeo] £48tA 2
A=k 28U} optical rotation & FAE ¥ LW €AY Ftele [db
+106%2 Bng wed $ast 2@ 91K-2-19) A$olE [ gel -80°22
ool @rp. WY o doEE WUXAFI AN 7t ERE 249
absolute stereochemistry?t @alx 233 Az udgs Aoz HAE 4 7
gich. shAw 24 & A9l original paperdl s AAIF AN A= BE
sphingosine—type amine alcohols7} D-erythro-configurationgh= AA| &0 oF
U}, of AME 293 sr] st AF7R o}F 3] sphingosinedl] ¥ ATE
348 2AEIgEY AAZ L-erythro-sphingosine®] IV EZ F2H o] absolute
stereochemistry A &4l 25t A AMLE #AE 5 UATHK. Chebaane
& M. Guyot, 1986; M. Nakagawa et al, 1990). &2 AAA ] A= 2
sphingosine derivatives?} D-erythro—configuration®] 2= 71L& ZRd dEYE
oF 4 glr} $g7} B ceramide(91K-2-1)9] absolute stereochemistrys &
¥ B93tA Br]y] $)shiA = absolute stereochemistry?t 98} sphingosine 2. %
2E o ceramide® ¥HIW FARAAE FAHoz 8T £ Ax
sphingosine®} A¢s o] o FAFE FEAA 9IK-2-48 48 LY dA



ojt},
91K-2-12] FZ24dARd gloix Fe EALE o Edd &A= T2 long
chain fatty acid®} amide parts Z°]®] ZARo|t}, o] EZAo] ByuE nie} 3ol

octadecadienes®} palmitic acid amide2 TAFHo] QA=A oA & chain length

i

I FELE FAH JE7ke AFE #1387 A% mass spectrumS F
4 stsich, |

Sphingolipids®) mass spectrum patterndl] W VTF= T o] Folx] glon 4
Ao} 2} fragmentation patternd] ¥ nomenclatureZbA X AR FHo] Arh
91K-2-19] thd mass spectrum datacliX T m/z 517914 molecular ionS & 7
A= peak7} VARS8 base peak”’} m/z 28194 HAHU L £ YE major
ion®] m/z 298(relative abundance 40%)o}A W E}SEcH(Fig. 3-13). Ceramides®]
fragmentation ion pattern BB < wl=d oj5& 47 G T patterndl] AF ©
tH{Adams & Ann, 1993)(Fig. 3-4). =& ¢]¥ mass spectrum 4] dwoje}l & il
2] 3} ceramide part®l N-acyl group2 palmitic acidolA &8 Ao xE AZFHSR
oo & E 3} long-chain Z4-& octadeca-4,8-dieneo.2 A Hrh o)RA&
F o BHEEFA 7] A3 enzymed °]-&3td o] EHE st AT

91K-2-1, cholesterol esterase, 50 mM tris~buffer(pH 7.5)& methanold] *=9]
3 37 ColA FE FA WAE Fo hexaneo B FE&F A SujE JFF 27
Z AAF Fo = ZFHE 5 % methanolic HCI €98 718t 1417 A A

FA 7hrEdE Ao ester’t A ET o] MEFES o w FEEAQ &
g AAG Fo d= E2& GC(Gas chromatography)®2 43t o8 1=
fatty acid methyl esterE standard® ©]-83l4 retention time& Bvimd Az}
methy! palmitates} FUF peak?} major peak® GC spectrumArol Al &<l =t}
ol 4ol A3lef 28l 91K-2-12 N-palmityl-octadecasphinga— 4(E),8(E)-dienine
olgl= Zlo] H&sA ¥ A(Fig. 3-2).
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FAHE B4 91K-2-27} EUT 2AdA BEFU. o) B He B¢
NMR % IR spectrum2 91K-2-13% wi$ $ARIEHFig. 3-15 ~ -17). NMR
data’del lolAl 5 49 Aol WA BC NMRUA 91K-2-19] %79
upfield methylene carbonso] A2}l Aol downfield?] olefinic regionel] %72
A 22 carbonse] WEhd Holn old] J&ste W 'H NMRAAE 27FY
o 2 B2 91k-2-2% A7/l9 double bondsE 7}9 sphingatriene®l o] = Wslgy
=

A1 Z9o] YERE double bond®] $1X & A48 7 95t proton decoupling 2 3
< ¥ A3 4709 olefinic protons(d 599, 2H; 559, 1H; 552, 1H)°] A2 coupling
< 3= &, conjugated double bond¢l &A7F TAFHUG. o] ARAE UV
spectrum®] 226 nmoAlAM YERd hua(e=7500)e] HMNE FHHATH. Mass
spectrum pattern 91K-2-1# §AFs}9lo® m/z 53341 4] molecular ion peak”}
TAHAY. o222 91K-2-29 FEE octadecasasphinga-4,8,10-trienine 2.2 7
3 ¥ A (Fig. 3-2, 3-3). Conjugated double bond®] configuration® 2437 <&
o] C-7 methylene protons(é 2.16)3} C-12 methylene protons(8 2.04)L 2z}
irradiation¥ Z 3} C-8 proton($§ 5.52)# C-11 proton(é 559)¢] doublet® W 5t¢)
29 coupling constantst 22} 14.7 Hz9} 14.2 Hzol Yl o] Aald] 93t = A
9] conjugated double bondi E configuration® 33 Q= Aoz uhe )
91K-2-1}+ FLE X A= S/ asymmetric carbon centers®]
stereochemistry= oa-hydroxy protons7}t®] coupling constants®] ZAeo)] 2)3ted
91K-2-1% Z2 erythro-9°] 9.

E B FAFERAR] 91K-2-30] $UT HPLCZ:ANA ¥} 91K-2-2
% vzt o] £29 'HS °C NMR ¥ IR spectrume: 91K-2-13 u]$ 84}
A (Fig. 3-18 ~ -20). Xo|HL 91K-2-19) &AsE % 719 methyl groups
("C NMR - & 1409 x 2, 'H NMR - & 087, 6H)o] o ZAM= A7}e)



methyl groups(®C NMR - & 2270, 22,67, 14.14; 'H NMR - & 0.8, 3H, 0.86,
6H)o.2 A¥{h Hojrh. F47F methyl groupo2 A@HEA Q7= A=E
methines] 33} peak EF Y X NA BAFUHEC NMR - § 2797
'H NMR - & 15D).

Azo]l AAYG branche] X+ NMR3iA o) st AAHUY. Steroidse] 72
$d) &3 £ 4 A= ANY F methyl groups] °C NMR chemical shifts7} wi$
8AL@ & branching point?} long chain®] terminal! #-¢ YEh= Aolsf 'H
NMReIAME & 086(6H, d, ]J=68 Hz)9 YEYd F methyl groupse] FHI
methine® coupling€ 3t z2¥Ez: 91K-2-32 91K-2-1¢ hydrocarbon
terminalol methyl7}7} A9 =AUl FHYS5 .27 additional methyl group<
AFAAA  mechanisme 2%-€] o EAHAE olFE S8 long chains%
octadecasasphingosineo] A{H Aoz FZHUH(Fig. 3-2, 3-3).

o] EAIE A7 Astd At e AAGAT. 91K-2-3(2 mg)S
methanol 8 mldl)] =o]i 2M 4l 2 mlE 713 Fd 6417 S FF &, of 4
SEZEL HLeoz A& X3P NaCl £9& D3 hexanel 2 FEeI. F
&L AL anhydrous magnesium sulfate® HFA|7]3l magnesium sulfateE o3
ggon £ujE AAE Fo normal phased HPLCZ major peakE &%
methyl palmitate 1 mg$ AUt o] EH9 FPL GCo 2std o] Fo . &
o] EA2l mass specttume AT A} YAl methyl palmitated] 3G st=
molecular ion peak(m/z 270)7} 9o} A, zel=x 5 719 long chainF ol
terminal methy! branch?} &3R8} chain octadecasphingadiene® 2 ¥ Frt},

E & FEAJA 91K-2-47F FU} HPLC =4 FEHU. o] 229
'H NMR#} °C NMR % IR data 94] 91K-2-13} wi¢ HAl3hich(Fig. 3-21 ~
-23). NMRAo| glojA e 54§ zold& 91K-2-19 C-89 olefinic carbonsi#

protonsdll | G3= signalse] upfield signals® WA FHAE Holg, ayE=x



91K-2-4% 4% v g§lo]l erythro-octadecasasphinga-4-enineS. 2 &4 5 v}
(Fig. 3-2, 3-3). Ceramides 91K-2-1 ~ -42| Kkey protons®ll @3} assignments:
Table 3-13} v},

Sphingolipids= 2 F7F7F "¢ 94ty 315FE9 brain® nerve tissuedl
tFoz EAFY. Long-chain acyl CoA$t o9  serined] =S
dihydrosphingosines¢] flavoproteinoll ]3] At3l=e] AAE & 2L sphingosines
oj@} ®.2u] o] sphingosineso] &4 3= amino group®] % & acyl CoAst BHg
st YA @ N-acyl sphingosinesS ceramides@t & Ft}. Ceramidess S A] of 7]
EA3}= hydroxyl group® T g EZE 0] ¥k8-3te phosphosphingolipids(PSL)
%} glycosphingolipid(GSL) f=35& 3 A3}

Phosposphingolipids2A] ¥ CDP-cholines} 883t YAE sphingomyelin,
ceramide  aminoethylphosphonate$!  phosphonosphingolipids(PnSL), ceramide
phosphoethanclamine(CPEA)E o] %129 glycosphingolipidsd] Z£3l= RE=:=
cerebrosides$}t gangliosides’} ltH(Fig. 3-5). Cerebrosides® ¥ 719 sugar
unit{glucose\} galactose)’l 2 A Aoju} gangliosidest 278 o] 42 sugar unit’F
43T Rolv}, JFFEA F2 A3l PSLS sphingomyelino] ] ¢ F 35
TEY AL FHFESE AQSa= PnSLo| 7, A3, dA, AFEGAST,
Areoix LAY CPEAT ¢ ¥3F &AM FARA &4, GSLe &4,
2%, HA, 59, A, A, 8YFE Y ASEANAM FAHADHori & Sugita,
1993).

Sphingosine derivativest= #HEZF, Q45 & 9 ZFEEFTAOA a=HY
o} 91K-2-1 ~ -4%} 32 sphingadienine?] 2 ¥Ag dt W¢ =5

L

Sea anemone Paracondylactis indicusolA] £¥® N-palmityl- eryvthro-
octadecasphinga—4(E) 8(E)-dienine(91K-2-1)3} 9 A] sea anemoned] <£3&}3=

anemonia sulcata®]* %2 ¥ N-lauryl-erythro-docosasphinga—-4(E),8(E)- dienine



Table 3-1. Proton and carbon NMR assignments for compounds 91K-2-1 ~ 43

# 91K-2-1 91K-2-2 - 91K-2-3 9IK-2-4

1 |3.69(1H, brdd, 11.2, 3.2)[3.69(1H, brdd, 11.2, 3.2)(3.70(1H, brdd, 11.2, 3,2)|3.70(1H, brdd, 11.2, 3.2}
3.95(1H, brdd, 11.2, 3.4)[3.93(1H, brdd, 11.2, 3.4){3.95(1H, brdd, 11.2, 3..4) 3.95(1H, brdd, 11.2, 3.9)
2 ]3.90{1H, =) 3.90(1H, m) 3.91(1H, m) 3.90{1H, m)

3 [4.32(1H, brdd, 6.8, 4.4) |4.32{1H, brdd, 6.8, 4.4) |4.32(IH, brdd, 6.8, 4.4) [4.31(1H, brdd, 6.8, 4.4)
4 |5.53(1H, dd, 15.4, 6.8) |5.53(1H, od, 15,4, 6.1) [5.55(1H, dd, 15.4, 6.6) [5.83(1H, dd, 15.5, 6.8}

5 |5.77(1H, dt, 15.4, 6.1) |5.77(1H, dt, 15.4, 6.1) |5, 79(1H, dt, 15.1, 6.6) |5.78(1H, dt, 15.5, 6.6}

6 |2.11{2H, m) 2.16{2H, m) 2.13(2H, m) 2.05(2H, brg, 7.3)
7 [2.07(2H, o) 2.16(2H, m) 2.06(2H, m)

8 |5.36(1H, dt, 15.4, 6.4} [5.52{1H, m) 5.36(1H, dt, 15.4, 5.4)

9 |5.43(1H, dt, 15.4, 6.4) |5,99(1H, m} 5.43(14, dt, 15.6, 6.0)

10 [1.96{2H, brg, 6. 8) 5.99(1H, m) 1,98(2H, brg, 6.8)

1 5,59(1H, m)

12 2.04(24, brq, 7.2)

18 10,87(34, t, 6.6) 0.87(3H, t, 6.8) 0.86(6H, d, 6.8) 0.87(3H, t, 6.6)
2' {2.22(2, t, 7.6} 2,22{2H4, ¢, 7.6} 2,23(24, t, 7.6) 2.22(2H, t, 7.8)
3 11.861(2H, quint, 7.2} 1.63(2H, quint, 7.2) 1.64(2H, quint, 7.3) 1.683(2H, quint, 7.2)
16"]0.87(3H, t, 6.6) 0.87(3H, t, 6.8) 0.88(34, t, 7.3) 0.87(3H, t, 6.6)

t Proton NMR spectra were obtained in CDCls sclution at 500 MHz, Chewical shifts are reported in & values(ppm
downfield from MeySi). J values are reported in Hz,
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o) #2% o) #U% o] HChakrabarty et al, 1994; Chebaane & Guyot, 1986).

91K-2-1 ~ -4%} & sphingosine HrEA Y o|2RE RAF A2E F=9
cerebrosides, ceramides, gangliosidesE< AEA Y 13 dALERAR P37t Wi+
A el 2l olEr|zA B BAL EA RIJvE Iy A2
dinoflagellate, tunicate, sponge, echinoderm% <& YA EZHE M= T2
EAEo) A& RS old wit FuAE, I, FogT AUBAEE B
5ol 28 Zx Yoy F F4 EF& APl @ v i (Kawano et al,
1990; Kobayashi et al, 1988; Gulavita & Scheuer, 1989; Faulkner, 1991; 1992;
Natori et al, 1993; 1994; Jin et al, 1994)(Fig. 3-6).

AN A 4 71} sphingosine #-X3] <= A& slef A & EF
o] X¥xo} QLo] polar fractionse] ¥ 'H NMR &4 ¢ste =2 il o
%3 HPLC A& o839 §49 #8 A= 7% ddEc] £3d 49
peak® Atk NMR #4283 ¢]E& E5 polyhydroxy steroidsZ F&H L0
Zz49Q WA A ~ D ring® FYs9 side chainolA 9] double bond%
methylation®] f-FAAT zolrt s M2 FAE EFE2 AGHAHFig.
3-24, -25). 28]} polyhydroxy steroids®] mixtureol] &3] & 4 = wie} 2
o] o]E A3.7He] polarity9] Zol7} A flof &+ Yel2e} £ B SIA
t}, olo] W FAPAWHo R REo] o]E mixtureE acetic anhydrides} ¥HE-A]H
polyacetatesE A% # 228 A=sden 2 dd ¥ A9 EF(91K-2-6,
-el Bald BE 3 chFig. 3-7).

24 91k-2-69] °C NMRAME 25 32789 peaks’} T = ArH(Fig. 3-27).
o} 91K-2-62 Cx steroiddl ¥ units®] acetyl”]7} 2%d EZE AZ4HUH.
8 130 ~ 140914 2HY F /19 methine carbonst &9 o|F4Ee] EAE
Uelflal upfield regiono] WERF 8719 methyl carbonst ol &0l WA

Cuzs steroide]® cholestane®] C-24 $13xlo] methylation®] ¥do}? ergostaneA ¥ <]
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{sponge Xestospongia sp.)

symbioramide
(dinotlagellate Symbiocdiniurm sp.)
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{tunicate Apfidium sp.)
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OH
CHzOH H R‘l
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acanthacerebroside A : R' = C2Has, RZ = CasHas
B:R' = CigHay, R® = CraHag

C :R! = -(CH;)gCH=CHCgH>,
R?= CygHzo
(starfish Acanthaster planci)

OCH
CH,OH : (CH.,),CH
6 O s ( CH2)14/\\\\/ 2)16La
OH )\rﬂ acanthacerebrosides D ; R = CygHay
OH 0 E:R=Ca1Hys
OH F:R=CoeHys
(starfishk Acanthaster planci)

Fig. 3-6. Sphingosines and related metabolites from marine organisms.
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Fig. 3-6. continued.



Fig. 3-7. Polyhydroxy steroids isolated from the gorgonian Acabaria undulata.



8349 7Hs4¢ AN

8 80 - 60°) “tebt 5709) signalse 91k-2-6¢1 5 X7t AASGHASE 2
sk, 2ey YA mixture®] 'H NMR? njmsle Ed] acetylation ¥Fg-ollA]
5712) AF3tE carbons® 2709t acetoxyl carbonsZ ¥ 3lg o] yWulglgrh 8
66.20(s)8} 62.44(d)ellM LHE F 9 carbons® chemical shiftsE Y¥HA <
polyhydroxy steroiddllA] &£+ 4r3lE carbons®] chemical shifts$}s A9
ZHel(5-10 ppm)E WERIUY. wetA e]E 27019 carbon® hydroxy?] W4l ether
1} epoxide® free hydrogen2 ZtA| ¥2 oxygeno] AEH Ao Esigdod
carbon®] chemical shifts®] si2 o Z+= epoxided 7}sAdol w$ =& 9n sty
1= 3

Epoxide?] &A% proton coupled °C NMRAIA 9] Jendl &40z F3HY
o} dvtH o2 one bond carbon-proton coupling constanti 13 carbong s-p
charactere] A4t H<A 0], AL719 FF U ring sizedll 23l ZAFAGE Aol B
A vk ¥ hydrocarbondll 9] JouE 125 Hz@=o]lW oxygenol AE
d ASol= 140 ~ 143 Hz A =o|t}, =% ring size® coupling constante] & 4
& ulAH 6~-membered ©|Fo]™ acyclic system# Ao]7F §lou ring size’l &
AETE HAE FAA cyclopropaned] A= 161 Hzell o] &t} (Wehrli & Wirthlin,
1978; Kalinowski et al. 1984),

Polyhydroxy steroid mixture$] proton coupled °C NMRelAd & 70 - 60
regions A¥ HW § 70229 69959404 velgd F Aol carbons(CDClso A &= 2
Zr & 67.807% 6654)F EF methine®] A A coupling constantgl 143 Hz B %=
€ Jede v)dtd & 6244CDCloliA & & 65.50)9] methine carbond 1762 Hz
9] one bond coupling constant® 2t Y&l =8 schH(Fig. 3-28). o] e
epoxide®] AP A< coupling constantgl 175.7% AL YXst= Holr}h. uwlati

91k-2-69+= H 71§ 2709 secondary acetoxyl”?]9} 172 tertiary hydroxy”] ¢}



7 178Y) epoxideZ] 7} &A1l ¥3¥ Rt

AN AFE carbon NMRl & 4L 25 proton NMR spectrum .2
Q=5 At Fig. 3-26). BA 8789 methyl protons7t &gd3d ZEjow o&E%F 4
71 ¢l methyl”l 7} doublet® Eld AL additional methyle] C-24 methinedl] 23
HALL guialsdet. 8 5008te] AYelA 2702] double bonds®t 2719 a
—acetoxy methineo] {23t peaks?t BAEH UL Y epoxide protone: & 3.5590 A
broad singlet®] FElZ JEstth. & 4.7691 WEld protond D0 exchange A 3l
A AlgtH .2 E tertiary hydroxy protone] 833t

91k-2-62] AH<Q) F2E proton COSYSt decoupling A3 ¢lste] AR
Qon Fxo TS HMQC HMBCE 2-dimensional hetero NMRA @ 93}
o o]Fo| Frh(Fig. 3-20 ~ -32). AA & 5549 el proton: chemical shift
- 8} coupling pattern©.® 2o} acetoxy bearing C-3 methineo] £33t o]
protong 71& 0.2 3t C-1, -2 R -4o] ¢ X% 6 protons7} EF decoupling 3}
COSY Ao ozt AAHU}. watA o] steroid®] A ringdle C-3 acetoxyl”]
g A% e F4ve e Aol ¥ Hdh. A-ring® protonsT H-48(5 1.66)
#} tert-hydroxy proton(& 4.76)Aleldll long-range couplingo} &3t ZHo| A
g9 ol 4-bond W couplinge® Ao welx hydroxy groupd
C-5 carbonoll ol £33

C-5 carbon® & chemical shift(d 7691) C-6° F t}& oxygeno] ¥
Ho] &2 9uaigrt. A ME C-59 C-60] A 438 AfA= C-5
9] chemical shift7} & 75 - 8021 ¥qd] C-64X71 A3fHA FAE W= C-5
carbon & 70 ¥-IojA A HAHFaulkner, 1988; 1992). weta C-33 w7}
A2 C-6% acetoxy! groupel HE= o] glen & 5299 14 C-6 protonH &
3559 %l epoxide protoni#e] couplingol €34 epoxide®] X7} C-7, -8 9]

AAEUTE, o] F protons?FY coupling constant( <1.5 Hz)7} cyclohexane ringol



glojel MYAQ vicinal coupling(12 ~ 4 HpED #$ HE AL A=
epoxide ring® EAZ 3t C-6, -7 protonsite] dihedral angleo] H3stA7] #
oz A4HAT.

Side chain 5% 9 A] proton decoupling® COSYA el st C-20 ~ C-28
of $X3% RE protons?] FBARA B¥Ys HHFezA C-224X7F double
bond®, 23 C-2491X7} methylation®o] $i&°] AAHAGY. o &AL
ergostane A& 713 o2 steroids®9 carbon NMR H|d] stadx YFH
tH(Faulkner, 1992).

el AFIA K& RE = 91k-2-62 C9 D ringste= N7 protonsst
carbons®] chemical shifts$} coupling patternsel] o}% % W3 & zo} 2 g
oz 7P dutAQd 64 bicyclicE ojFx JE 2B FYZAHUT A
91k-2-6& AS} B rings7t A3l¥ ergostane A€ Edol ¥4I (Fig.
3-7).

Proton, carbon ® COSY NMRe] ¢35t AAld Fx=+= HMQC R HMBCAH
3o o5t FYH UL} WA o] E- &A= ALl BE protonated carbonst
protonsZte] A@W A7 HMQCAH ) o3t w3 Ak = HMBC 434 23
o] key protons® carbonszte] 2-bond$} 3-bond correlationo] G ¥3 A 5
3] C-4a, -50H, -7, -19%9) Y 4719 protons$} A/B ringsl] A g 7
o] carbons7te] long-range couplinge} v+ wad e zM 713 EAZ HAG A,
B rings®} 327 €393 43U g 91k-2-69 FERE 4E v gle]
3,6-diacetoxy-7,8- epoxy-5-hydroxyergosta-22-ene2.2 ¥3 oo utetx AT
e HHEo FRE 356-trihydroxy-7,8-epoxyergosta-22-ened 0| £33 Ath
(Fig. 3-7).

01k-2-67 #7 ¥#l® 91k-2-79] protond carbon % COSY datat

91k-2-63 w9 §AFetAcHFig. 3-33 ~ -35). A, B rings9 43} patternS €3



8 U8R C D ringsdl sFste signals® A2l AAsrh. NMR Al 31
ojA] 2] o] @& 91k-2-69) C-2291 $1X ¥ double bond$t C-28 methyl”|7} Az}
A Ho|Qdot. weta] 91k-2-7-& 3,6-diacetoxy—7,8-epoxy-5-hydroxy- cholestane
ol FHAE-L 35,6-trihydroxy- 7,8-epoxycholestane o] £ 3% chFig. 3-7).

EA=A 239 91k-2-6, -7 % d|IFete ALES EF ST R HIY=2F
He %28 b7 e RE #dsgd. g JAET polyhydroxy steroids=
Az QB dx Z QA X gor 53 AYTEEZFEE AIs €Hds
A HAL ) oL FHFEANA &3 EAHE vl o] saponin®] FE)
2 E&As7IxE s} free hydroxyZivt sulfater]®] ez dHHE o7t @4
(Faulkner, 1992).

HASEE A Ee]¥ polyhydroxy steroids®] v+ 3¢, Fulojeiz, Iv| A
2 5 g9 44BN ESGE el & F5& E3n Ut ] dFANMNE =F
ZEA vehd P388 cell-lined] tg A2 &4 &371 ©JE polyhydroxy steroids
o 71N AeR Az,

3. 3. Acalycigorgia inermis® hAEZ

Gorgonian Acalycigorgia inermis(91K-4)& 91d 1194 Jdsfigte] AEw
7o RAREG MEZS A boat divingo 2 AAHUT A 42 A% &
Aolgiem =717} 15 cm " RFL. B A gorgonianF ol A E wi-$ 2 FFH 314
t}. Main body® #7|% 3 mm ©]8tqd A u]$ fragiledtgon 7149 £ 1 ~ 3
7l Z branching pattern £ @It 1 9o P2 FHo=2AE= 3 mm
olAbe] WetdE] WEJ calysesE 2 v HolUrh

aEdA ZEFE YEEH A8 5 kgl 22 ¥ dichloromethane2 & F&3E

silica vacumm flash chromatography®] 23l polarityel ®& FIZ & JEsT}.



Proton NMRE4 @ #]i23 non-polardt fractions(n-Hex'EtOAc = 82% 7:3)l A
Eojgt ERZ &A7F =gt o] fractions® FEH oA ¥ HI
HPLC(n-Hex:EtOAc = 7:93 - 10:90) ¥&da 5 7h¢) HdEol £ HUATHFig.
3-8).

FOAHEAY 91K-4-1& #de] guad axz dejger “C NMR
spectrum’toll A 19709) @a7l EAfe] e 5rhFig. 3-37). DEPT 234+ ol
2.8 77t 4709 quarternary, 5719 methine, 9719 methylene 3 1719} methylZ
2350 dgel waAL o E@ downfield signals¥ 175.4(C)E carbonyl,
153.0(C), 135.9(C), 123.9(CH) 2 112.1(CH2)% 4714 signals 271¢} double bonds
2 HHEUT. =& 2085(C), 89.1(CH), 75.4(CHa), 70.6(CH2)%T 4744 carbons< 1
Mo ketone® 379} oxygenel AHH carbonsol A}t 1719 terminal allenet 170
o] oxygeno| ZA¥H methyleneo 2 3|4 =i} 'H NMR spectrum9] Al = carbon
NMRel AH4-8= signalsEo] YEGTHFig. 3-36). & 70 ppme]3te] carbonsol] 3
3@ 870¢] protonse] =5 3.8 ppmolstolA dEelyton of £ -F-AI methyl
signal®] 1.69 ppmoll4] YEh}A vinyl methyl groupd A7} =%

7} proton?te] A@WBAE COSY NMR#H proton decouplingel £]dted w83}
of H}H(Fig. 3-38). HA & 4983 4979 A ¢ 2789] broad singlet protons=
t} & protons®2] couplinge] A3¥ {2 Z exocyclic methylenedlo] &3,
8 5359 X% olefinic proton(1H, brt, J=7.8 Hz)< ©] E39 /YT methyl
protons®} long range coupling$ ©]Fv E3¥ upfield methylene® = coupling &
sk, & 5.1200H, m)$t 496(2H, m)ol 9 X ¢ protonse A2 coupling$ & 2
g ojuaE 2EH upfield protons(8 215 ~ 210)3% couplingg °|ETe 39
gAY ©lE Al protons?] chemical shifts, coupling patterns¥ carbon
signals( 8 2085, 89.1, 75.4)E terminal allene®] A ZR] pattern2 2 A 5L

B COSY NMR# decoupling®ll €3te] ¢] allene”]7} %719 methylene® 45



91K-4-1 91K-4-2
(acalycixeniolide B)

Fig. 3-8. Structures of diterpenoids isolated from the gorgonian Acalycigorgia inermis.



o yge % % ek

M Z coupling& ©}F F719] protons(8 4.16, dd, J=11.9, 69 Hz: 3.92, dd,
J=12.5, 11.9 Hz)& upfieldel] 9% methine proton{ § 1.59, m)™ coupling g ©} &
.09 o] protone YA 210 ~ 2159 A% protond} couplingg FHch =3
a-carbony! methine proton(é 291, brg, J=7.0 Hz) upfield protoned} coupling&
st td, w9t o2 upfield proton(d 1.08, 1H, dddd, 14.0, 11.0, 3.9 Hz)<
coupling pattern . =¥ ©¢] proton®] CHz-CHs-CH spin system?] dH<¢l AL
LR b=

o] el NMRAIE. s} e BHE EhZ gorgonians®t soft coralsell st &
A7A] Bid BE HGEY P24 vae 43 JZ YEAM Awlycigorgia
inermis®] WAFEAZE R 31E acalycixeniolide B} FUFH @Yo FAFYrh
(Fusetani et al, 1987). Norxenicane#¢ norditerpeneq! acalycixeniolide
B(91K-4-1)2] +3¢} carbon % proton assignments Table 3-28} 2t}

Acalycixeniolide B(91K-4-1)9 &7 FJAE A 91K-4-27} HPLCE o &
sto] dA9 wAFEHZ EYHJG o] 29 'He ®C NMR spectras
91K-4-13% wi-¢ FAFSI S oh(Fig. 3-39, ~40). NMRA4 UolA Q) F2§ xoj¥e
A4 BC NMROIA 207Re] signalel wA® HozM wEM o gao
norditerpene?! 91K-4-1 &= @ S4AF diterpene‘%]% VeI, 91K-4-19)
allenedl @G 3l= 3709 signals(d 2085, 891, 75.4)°] 4719] signals(é 132.8,
1234, 267, 1792 A=A o8 H%7] o] EF upfieldd] AX & 2575 17.99)
signals<- DEPTH 83 3 methyl carbonlol W&},

ol F&3te W3yt 'H NMRAME $AF2rt. Allened] 323+ protons
ol AtEhd Al A &R olefinic proton©] & 511(1H, brt, J=7.8 Hz)o] velye
B 5709 vinyl methyl”]7} & 1713 16994 2@=EUch. =2 99 proton

signals®] chemical shifts®} coupling pattern< acalycixeniolide B9} ©$- &bty



Table 3-2. Proton and carbon NMR assignmwents for compounds 91K-4-1 and -2e

91K-4-1 91K-4-2
&
1y 130 14 13C
1 [4.16(1H, ad, 12, 6.9) 70.57 t |4.15(1H. dd, 11.8, 6.8) 70.57 t
3.91(1H, dd, 12, 12) 3.89(1H, dd, 11.8, 11.8)
3 175.43 s 175.72 s
2.91(1H, brg, 6.2) 44,91 d [2.82(1H, brq, 6.5) 44,64 d
4a |2, 08(1H, m) 41,13 d {2.08(1H, m) 41.13 d
1.65(1H, m), 1.09(1H, m) 30.18 t {1.58(1H, m), 1.07(1H, =) 30.08 t
6 |2.20(1H, dt, 12.7, 3.6) 39.84 t |2.15(1H, m)
1.95(1H, m) 1.96(1H, m) 39.88 t
135.85 s 135,97 s
5.34(1H, brt, 7.7) 123.88 d |{5.34(iH, brt, 7.8) 123.84 d
2.48(1H, m), 2.08(1H, m) 24.99 t |2.48(1H, m), 2.08(1H, m) 24.98 t
10 |2.34(1H, m) 35,55 t (2.33(1H, m) 35,54 t
2.20(1H, dt, 12.7, 3.6) 2.20(1H, dt, 12.2, 3.4)
11 152,93 s 153.05 s
11a|1.99(1H, ddd, 11.5, 7.0, 2.9) | 49.80 d |1.96(1H, m) 49,76 d
12 [2.02(1H, m), 1.59(1H, m) 26,25 tb |2, 02(1H, m), 1.54(1H, m) 26.91 te
13 {2.10(24, m) 25.86 tb|2.12(2H, m) 25,75 te
14 {5.12(1H, quint, 6.6} 89.09 d [5.11(1H, tt, 7.1, 1.5) 123.41 d
15 208,45 s {1.01(3H, s) 132,82 s
16 |4.70(2H, m) 75.40 t |1,.71(3H, brs) 25.33 q
17 |1.68(3H, brs) 16.46 q {1.69(3H, brs) 16.43 q
18 |4.97(1H, brs) 112.14 t [4.98(1H, brs) 112,02 t
4.70(1H, brs) 4,97(1H, brs)
19 1.69(3H, brs) 17.87 q

a2 Proton and carbcn NMR spectra were recorded in CDCls solution at 500 and 125 MHz
respectively. Chemical shifts are reported in & values(ppm downfield from MesSi), J
values are reported in Hz. Assignments are aided by decoupling and COSY experiments,
Carbon multiplicities were determined by DEPT experiments, Db-¢ Assignments may be
interchanged,



o, NMRAOIA UEht oj$ge BE WaE acalycixeniolide B terminal allene
group®] dimethyl vinyl group2.2 X& o 2A 71533,

o] $}zko] 91K-4-2% xenicane# €] diterpene lactonel.2 F27F A4 H Ao
BzAMES BYE FERE MR AR AAAE 29 Kurl IslandsoiA A4
$+ Paragorgia arboreaZ%¥] T Rn® RE A oY FFAEE YF
R B3t FAE ELJNAE obA7A HASHA] KA (Stonik et al, 1990).
NorxenicaneA 2] norditerpene?! acalycixeniolide B(91K-4-1)9} 91K-4-29] F=x
2 carbon® proton assignmentsi= Fig. 3-9 ¥ Table 3-2¢} 2},

91K-4-17 -2% ¥ % nine-membered ring< 7}3]l xenicaneA| € e] EAE
t}. Geranyl geraniol®] 1¥H3} 3¥ isoprene units7} cyclizationg 3t FAH
xXenicaneX 72 ¥ Y diterpenoids®] WHE A ©4 FHF 9 dvolt. o AESY E
AEL F2 soft corals, gorgonians$}l brown algaeEZ 58] @A =9 53 brown
algaedl] 1o} A+ dolabellane, extended sesquiterpene® v]Ee} 3t A5 3t
2 Egl &N (Faulkner, 1988).

Acalycixeniolide Bx= 7233} ¥4 fertilized starfish egg?] AEXFEE o
At A8 £347 2udg ¥ gith(Fusetani et al, 1987). ©] A= o
=t TAZ AHAT A2 B AFNNE A5 £FEFS dT AP
57445 P38 brine shrimp testolA 8 AHEHEAE HEhALH o]
E & acalycixeniolide B(91K-4-1)9} 91K-4-2¢] 7] Ro=z F&Hgr}

AE8Hor & 4dvdAxe 8 dge dEiekdl A4 Acalycigorgia
inermis®} Acabaria undulata's 7 59 gorgoniansEH-B] 271¢] diterpenoidss}t 4

e

712} sphingosinesE H#dl8i%lal Td 2708 polyhydroxy steroidsE& acetylated
forme.® EEstdor vtygs NMR A3 #7138y wgo &3tdqd 2 €3
o) F2E AR



3.4 23 W% H

3.4 1, 7171 2 Al

NMR&AE 500 MHz Varian Unity-5008 ©]£3%t}l. Proton NMR-<
500MHz% 4 carbon NMR-2 125 MHze|A &% 3%lt}). Chemical shiftsi= internal
standards¢l TMS(tetramethyl silane)yt CDCIiE o]£&lad &A1 ¢} WE NMR
AEL VarianAtol A FF 3 Vnmr softwares o] 43t .on] 2tzte] AHd o] &%
pulse width, transmitter power, delay % evolutiion time&E-2& 7] 39" & o]&
g}, HPLCE spetra-physicsAl 2] Isochrom isocratic pumpE R A 235t 2 A
oA =HE AEFES AMEEAYD. F8¥F-L  injector(Rhecdyne 7825)9}
detector{(Shodex RI) Spectra—physics UV detector ¥ Linear 2-pen recorder® T+
AEAY, Ed8Fd A4 HPLC column® YMC silica semiprep column(l cm
x 25 cm), YMC Cig reversed phase semiprep column{l x 25 cm)¢}t Z}2t9) guard
column cartridge(Aldrich)e] v}, GC+ Hewlett PackardAbe] HP 5890 model& Ab
£33l 28 GC columne SP380& Al£3l41t}. Rotavapor: Buchi RE-1013} 121
E AHEIY. R71EESE 2 2EHd ol &% ZE &9 Al%e GREFEE
ALg3AY EPFE& AFH3d AHSssidh

3. 4. 2. 91K-22%¥ HEAE & R £

e

3.4.2.1 A59 Ag 2 71222 $%3} flash chromatography

A3 Acabaria undulata®l AL 1913 108 ARE dot Ax9) giatE g
=& T4 25-30 molA SCUBA tle|®eol] 9)s]A o]fo] Hon o] Alg: 333

J— 78 —_



8.3 EA g2dA A T WYEL RAHJT WFRIFTI ABE@H=ER
Algk 3 kg)& A 2} methylene chloride 1.5 LE 7b8to] A&l A 48413t HHA
%o 2 £92 Feuien o FAS oA BEF Fo dojd A #I7l=
F5E0 %2 666 go|] do} A

o] =%3%2& AE flash chromatography® E¥#3l7] 98] n-hexaned}
ethylacetates] &% 9(10% ethylacetate/n-hexane2.Z%-8 100% ethylacetate”7lA]),
methanol-& &ANE §&AZ. o1g€A G 1149 £ A(fraction, fx)E 22}
4ujE AAY F 'H NMRg 34% Ax F0 e 24 RAHEZR] x-6(60%
ethylacetate/n-hexane: 240 mg), fx-7(70% ethylacetate/n-hexane: 70 mg),
fx~8(80% ethylacetate/n~hexane: 20 mg), fx-9(90% ethylacetate/ -hexane: 120
mg)% fx-10(100% ethylacetate: 240 mg)o| g Ho] Lol ¥y Aot 7|89 fx
di= o ALY &3 ESAse 23 R 22 A, AWAL R steroids’t
&S At

3. 4. 2. 2. Sphingosine F= 3 52 £

ALt FevtE a2 F28 % fx 6 - 9(n-hexane/EtOAc = 416 ~ 1:9)E
methanolel] =o]3 A @& FZ-& spartan filter(Aldrich)2 A #§ Fof o] &
48 HPLCE ©| &8t £2]|& 23 £ sphingoshine FE=HEE UTHYMC
Cis reversed phase column, RI detector, 2 ml/min). &8+ 100% methanol-2
Ab8-8t1ow  N-palmityl ervthro—octadecasasphinga-4(E),8(E), 10(E)-trienine
(=91K-2-2), N-palmityl erythro~octadecasasphinga-4(E),8(E)-dienine
(=91K~2-1), N-palmitoy! 18-methyl-ervthro-octadecasphinga-4(E), 8(E)-dienine
(=91K~2-3), N-palmityl erythro-octadecasphinga—-4(E)-enine (=91K-2-4)c¢] &<
§ F7A retention time 27.2, 30.1, 334, 358 ®¥A ZtZ 7.7 mg, 54.6 mg,



123 mg, 11.4 mgo2 ¥ A

N-Palmityl ervthro-Octadecasasphinga—4(E),8(E)-dienine(=91K-2-1): mp.
82-83; [dlp -80%c 05 CHCls); UV(CH:CN) Amax 203 nm(z 7000); LREIMS:
m/z(relative intensity) 250(14), 281(100), 298(40), 320(5), 352(4), 366(3), 486(3),
504(3), 517(5), 535(1); IR(KBr), 3400(-OH), 3300(-NH), 2960, 2920, 2854,
1627(C=0), 1470, 1053, 970, 725 cm™ *H NMR(CDCls, 500 MHz) & 6.29(1H, brd,
73, NH), 5.77(1H, dt, 154, 6.1, H-5), 553(1H, ad, 154, 68, H-4), 543(1H, dt,
154, 6.4, H-9), 5.36(1H, dt, 154, 6.4, H-8), 4.32(1H, brdd, 6.8, 4.4, H-3), 3.95(1H,
brdd, 112, 3.4, H-1), 390(1H, m, H-2), 3.69(1H, brdd, 11.2, 34, H-1), 2.98(1H,
brs, OH), 292(1H, brs, OH), 2.22(2H, t, 7.6, H-2"), 2.11(2H, m, H-6), 2.07(2H, m,
H-7), 1.96(2H, brq, 6.8, H-10), 1.61(2H, quint, 7.2, H-3"), 1.24(38H, m), 0.87(6H,
t, 66, H-18, H-16'); ®C NMR(CDCls, 125 MHz) & 174.11(C), 133.38(CH),
131.26(CH), 129.09(CH), 128.95(CH), 74.26(CH), 62.29(CHa), 54.54(CH), 36.80(CHa),
3258(CHz), 32.34(CHz), 32.14(CHz), 3190(CHz), 3L88(CH2), 29.68(CH2 x 3,
2066(CHz), 20.64(CH2) x 2, 2958(CH2) x 2, 2951{CH2 x 2, 29.37(CHy),
9034(CHz), 29.32(CHy), 29.29(CH»), 29.20(CHz), 25.75(CH2), 2266(CHz) x 2,
14.09(CHs) x 2.

N-Palmityl erythro-Octadecasphinga-4(E),8(E),10(E)-trienine(=91K-2-2)
mp. 65-66; [alp -4.0°%c 05 CHCls); UV(CHsCN) Amax 223 nm(e 7500); LREIMS:
m/z(relative intensity) 164(22), 179(32), 248(100), 281(31), 298(13), 320(6), 352(23),
515(19), 533(3); IR(KBr), 3390(-OH), 3290(-NH), 2920, 2852, 1625(C=0), 1570,
1470, 1380, 1260, 1110, 1080, 1050, 988, 728 cm™’; 'H NMR(CDCl;, 500 MHz) &
624(1H, brd, 7.3, NH), 599(2H, m, H-9, -10), 577(1H, dt, 154, 6.1, H-5),
559(1H, m, H-11), 553(1H, dd, 154, 6.1, H-4), 552(1H, m, H-8), 4.32(1H, brdd,
68, 4.4, H-3), 3.93(1H, brdd, 11.2, 34, H-1), 3.90(1H, m, H-2), 3.69(1H, brdd,



112, 32, H-1), 2.78(1H, brs, OH), 2.65(1H, brs, OH), 2.22(2H, t 7.6, H-2'),
216(4H, m, H-6, -7), 2.04(2H, brq, 7.2, H-12), 163(2H, quint, 7.2, H-3"),
195(34H, m), 087(6H, t 68 H-18, -16'); “C NMR(CDCl;, 125 MHz) &
173.92(C), 13326(CH), 133.10(CH), 13L16(CH), 130.74(CH), 129.96(CH),
120.50(CH), 7458(CH), 62.50(CHz), 54.38(CH), 36.80(CH2), 32.61(CHz), 32.05(CHz),
32.01(CHyp), 81.92(CHy), 31.82(CH), 290.70(CHz) x 3, 29.66(CHz) x 2, 29.63(CHo),
9950(CHz), 29.39(CHz), 2036(CHz) x 2, 29.20(CH2), 29.19(CHp), 29.18(CHz),
25.75(CHz), 22.69(CHz), 22.66(CHz), 14.12(CHs), 14.10(CHs).

N-Palmityl erythro—octadecasphinga—-4(E),8(E)-dienine(=91K-2-3): mp.
76-77: lalp ~6.0%c 05 CHCl); LREIMS: m/z(relative intensity) 250(38), 281(100),
208(38), 320(13), 332(8), 352(5), 500(4), 516(3), 53L(4), 549(0.3); IR(KBr),
3402(-OH), 3302(-NH), 2022, 2854, 1628(C=0), 1576, 1468, 1054, 975, 730 cm
'H NMR(CDCls, 500 MHz) & 6.27(1H, brd, 7.3, NH), 579(1H, dt, 15.1, 6.6, H-5),
555(1H, dd, 154, 66, H-4), 543(1H, dt, 154, 60, H-9), 536(1H, dt, 154, 54,
H-8), 4.32(1H, brdd, 6.8, 44, H-3), 3.95(1H, brdd, 11.2, 34, H-1), 3.91(1H, m,
H-2), 3.70(1H, brdd, 11.2, 3.2, H-1), 2.82(2H, brs, OH), 223(2H, t, 7.6, H-2'),
2.13(2H, m, H-6), 2.06(2H, m, H-7), 1.98(2H, brq, 6.8, H-10), 1.64(2H, quint, 7.3,
H-3"), 151(1H, m, H-21), 1.25(36H, m), 0.88(3H, t, 7.3, H~16"), 0.86(6H, d, 6.8,
H-18); C NMR(CDCls, 125 MHz) & 173.94(C), 13349(CH), 131.31(CH),
129.11(CH), 12893(CH), 74.61(CH), 62.44(CHy), 54.41(CH), 39.04(CH>), 36.84(CHa),
32.60(CHz), 32.33(CHz), 3213(CH2), 31.93(CHz), 29.90(CH2), 29.70(CH2)x3,
2067(CH2)x2, 29.65(CH2)x2, 2960(CHz), 2957(CHz), 29.52(CH2), 29.37(CH2)x2,
29.29(CHz), 29.22(CHa), 27.97(CH), 27.41(CHy), 25.77(CHz), 22.70(CHs), 22.67(CHb3),
14.14(CHs).

N-Palmityl erythro-octadecasphinga-4(E)-enine(=91K-2-4): mp. 83-89; [alp

—81 —



-60%c 05 CHCls); LREIMS: m/z(relative intensity) 250(25), 281(100), 298(35),
312(5), 488(4), 500(2), 506(4), 519(2), 537(0.2); IR(KBr), 3360(-OH), 3300(~NH),
2920, 2853, 1640(C=0), 1550, 1470, 1094, 1075, 1043, 972, 730 cm'; 'H NMR
(CDCls, 500 MHz) & 6.24(1H, brd, 7.3, NH), 5.78(1H, dt, 155, 6.6, H-5), 5.53(1H,
dd, 155, 68, H-4), 431(1H, brdd, 6.8, 4.4, H-3), 3.95(1H, brdd, 11.2, 3.9, H-1),
390(1H, m, H-2), 3.70(1H, brdd, 11.2, 3.2, H-1), 268(2H, brs, OH), 2.22(2H, t,
78, H-2'), 2.05(2H, brq, 7.3, H-6), 163(2H, quint, 7.2, H-3'), 1.25(46H, m),
0.87(6H, t, 6.6, H-22, -12"); C NMR(CDCls, 125 MHz) & 173.91(C), 134.30(CH),
128.77(CH), 7468(CH), 62.51(CHz), 54.46(CH), 36.84(CHz), 32.28(CHz), 31.92(CH2)
x 2, 29.70(CHz) x 3, 20.69(CH2) x 3, 29.66(CH>) x 3, 20.64(CHz) x 2, 29.51(CHy),
28.49(CHz), 29.36(CHz) x 2, 29.29(CH2), 29.22(CH2), 29.12(CHy), 25.76(CH2) x 2,
22.69(CH») x 2, 14.12(CHs) x 2.

3. 4. 2. 3. 91K-2-5(=N-Palmityl ervthro-octadecasphinga-4(E),8(E)-dienine

acetone ketal)9] A4

N-Palmityl erythro-octadecasphinga-4(E) 8(E)-dienine(91K-2-1,34 mg),
PPTS (3.2 mg), 2,2-dimethoxypropane(0.5 ml)E o}bAE 20 midl] =ol3l 8A1ZF &
¢t FFAIZ Fdl EtsN 03 mlE ¥ 1A & A F3ch SvlE AFS
w7)ot Ageedg o] g AAF Fo| 30% ethylacetate/hexanesS £ L-uj=
ARS8ty HPLC(YMC silica column, RI detector, 3 mli/min)E 223 A
retention time 13&°lA &34 £ 5 Ao

'H NMR(CDCls, 500 MHz) & 5.76(1H, dt, 15.5, 6.4, H-5), 5.45(1H, dd, 15.5,
6.6, H-4), 5.40(1H, m, H-9), 537(1H, m, H-8), 5.13(1H, brd, 8.3, NH), 4.08(1H,
dd, 94, 7.3, H-3), 4.00(1H, dd, 11.2, 4.9, H-1), 3.83(1H, m, H-2), 3.65(1H, dd,



11.2, 94, H-1), 2.12(2H, t, 7.8, H-2), 211(2H, m, H-6), 2.06(2H, m, H-7),
1.96(2H, brg, 6.5, H-10), 156(2H, quint, m, H-3), 149(3H, s), 1.42(3H, s),
1.26(38H, m), 0.88(6H, t, 6.8, H-22, -12).

3. 4. 2. 4. Sphingosine F = E2] 714+E3
3, 4. 2. 4. 1. Enzyme®l] 2]3 91K-2-19] 7}£3)

91K-2-1(1 mg), cholesterol esterase{l unit), 50 mM pH 7.59 tris-buffer
(0.5 m)E methanot 0.1 mlo] *3oj3 37 °CoalA &4 F<¢t WA Fo| hexane
o 3. &ulE FIFLVE AAR Fod g TFHFEI 5% methanolic
HCl €9& 7letad 1A A= Aol FH 7ieisd AL ester7t Y
o] B-EE-& hexaneL B F&3to LulE AAT Fol & £ZE GCE M
gk o8 1A fatty acid methyl ester® standard®2 ©]&3l¥9on =2 A
methyl palmitate$} EYU3¥ peak’t major peak® GC spectrumAdel 4 &glo] =Gl
.

3. 4. 2. 4. 2. 3ol o 91K-2-39] 7t £

91K-2-3(2 mg)2 methanol 8 mldl Folx 2M 33t 2 mlE 71§ Fof 64
7 B¢ 5390 o] BrEYRELS H2o2 A3a ¥3E NaCl £9& ¥
hexaneo. & $Z3t9th %58 9& anhydrous magnesium sulfate® HZ2A]F|3L
magnesium sulfate® oI} For LHE AAF Fo silica HPLC(15%
EtOAc/hexane, retention time 8 min, 2 mli/min)2 major peak® 8|8+ methyl

palmitate 1 mg< 4Uth o] EF9 FXF2 HA] GC(SP 380 column, flow rate



50 mi/min, injector temp. 250, oven temp. 195, Fid detector temp. 260, carrier
gas Np)ol|l 9]l o]Fo] o w peak retention time 3.5 min°| YT = § Wkg
9] ¥FHES normal phased silica HPLCEZ %37 3}9 methyl palmitate2 AZ}E =
23 1 mgd dYgen. o] E49¢ 'H NMR spectrum®& ZA3 A3} authentic
methyl palmitate®} FY31%3.298 mass spectrum® ZAIAE methyl palmitate]

mclecular iondll AR 3= m/z 270 peak7}t 4ol A

3. 4. 2. 5. Polyhydroxylated steroids®] &g

3574 zEvteadgas £ fx-102 methanolo] 3o]i  spartan
filter(Aldrich)2 3¢ Fo ©] §94& HPLCE &3t &8 AA(YMC Cis
reversed phase column, RI detector, 2 mi/min) retention time 162 ®°l4] 136
mg2 polyhydroxylated steroids€] EgEo] do] Ht) o] Ao E ¢ ol &
3 B2AL B 3ol E/FEH7 wWREd acetylation ¥H-3& A F-d
HPLCZ % & A%3¢ch. 10 ml round-bottomed flaskoll ©] E£FE 6 mg,
acetic anhydride 0.3 ml, pyridine 05 mlE WX 4A17F B¢ AL2(25 °C)oll A gt
ARt wkge f-FE ¥}y st TLCE ol&3ld FAF d=n 35329
spot-2 Hojx] Fil A2 PAHEL spoto] AEA rEF W

Rotavapor$} vacuum pumpE ©}-%3}<] acetic anhydride®} pyridineE A 3}
3l acetonitrile® £&§vj2 AR5t HPLC(YMC Cis reversed phase column, RI
detector, 25 mi/min)2 I A3 retention time 255894 wlEke
3,6-diacetoxy-7,8-epoxy-5-hydroxyergosta-22-ene(=91k-2-6)} 2728 A4 X
9] 3,6-diacetoxy-7,8—epoxy—5-hydroxycholestane(=91k-2-7)c] ¥o] Hr},

3 6-Diacetoxy —7,8—epoxy-5-hydroxyergosta—22-ene(=91k-2-6): 'H NMR

(CeDs, 500 MHz) & 554(1H, m, H-3), 529(1H, brd, 1.0, H-6), 5.24(1H, dd, 1586,

— 84 —



78, H-23), 515(1H, dd, 156, 83, H-22), 476(1H, d, 24, OH), 355(1H, s, H-7),
241(1H, ddd, 127, 5.1, 1.7, H-4a), 1.99(1H, m, H-2a), 1.87-1.96(3H, m, H-9, -20,
-24), 1.70-177(3H, m, H-la, -12, -14), 1.72(3H, s, OAc), 169(3H, s, OAc),
1.66(1H, m, H-48), 1.59(1H, m, H-16), 1.48(1H, m, H-25), 1.26-1.39(5H, m, H-23,
-11, -1%), 1.12-1.19(2H, m, H-18, -16), 1.03(3H, d, 6.8, H-21), 1L.00(3H, d, 6.8,
H-28), 1.00(1H, m, H-17), 0.89(6H, d, 6.8, H-26, -27), 0.86(1H, m, H-12),
0.74(3H, s, H-19, 048(3H, s, H-18); “C NMR(CeDs, 125 MHz) & 170.89(C,
OAc), 16949(C, OAc), 13580(CH, C-22), 13272(CH, C-23), 7691(C, C-9),
70.22(CH, C-6), 69.95(CH, C-3), 66.20(C, C-8), 62.44(CH, C-7), 55.76(CH, C-17),
53.84(CH, C-14), 4346(CH, C-24), 4240(C, C-~13), 41.77(C, C-10), 40.66(CH,
C-20), 4009(CH, C-9), 3814(CH, C-12), 36.19(CH C-4), 33.55(CH, C-25),
32.18(CHz, C-1), 27.96(CHz, C-16), 27.41(CHz, C-2), 22.09(CHs C-15), 21.32(CHjs,
C-21), 21.29(CHa, C-11), 2098(CHs, OAc), 20.37(CHs. OAc), 20.36(CHs, C-26/-27),
19.88(CHs, C-26/-27), 18 90(CH; C-19), 18.20(CHs C-28), 12.61(CHs; C-18); 'H
NMR(CDCls, 500 MHz) & 535(1H, dd, 15.1, 7.8, H-22), 5.12(1H, dd, 15.1, 83,
H-23), 511(1H, d, 1.0, H-6), 452(1H, d, 2.4, OH), 355(1H, s, H-7), 2.20(3H, s),
2.10(1H, dd, 11.2, 82), 1.95-2.06(2H, m), 1.99(3H, s), 1.86-1.92(2H, m), 1.82(1H,
m, H-24), 1.64-181(3H, m), 137-160(3H, m), 1.23-1.36(7H, m), 1.12(1H, m),
1.09(3H, s, H-19), 1.01(3H, d, 63, H-21), 0.90(3H, d, 6.8, H-24), 0.86(1H, m),
0.82(6H, d, 6.8, H-26, H-27), 0.74(3H, s, H-18); “C NMR(CDCl;, 125 MHz) &
171.44(C, OAc), 170.24(C, OAc), 13517(CH, C-22), 13258(CH, C-23), 76.52(C,
C-5), 70.09(CH, C-3'), 69.64(CH, C-6"), 66.64(C, C-8), 62.32(CH, C-7), 5553(CH),
53.75(CH), 43.01(CH), 42.39(C), 41.53(C), 40.30(CH), 39.93(CH), 37.95(CH>),
35.33(CH2), 33.14(CH), 31.82(CHz), 29.70(CHz), 27.59(CHz), 26.81(CHz), 21.98(CHa),
21.36(CHs), 21.21(CH»), 21.13(CHs) x 2, 21.10(CHs), 20.11(CHs), 19.64(CHs),



12.67(CHs).

3,6-Diacetoxy-7,8-epoxy-5-hydroxycholestane(=91k-2-7): "M  NMR(CsDs,
500 MHz) & 555(1H, m, H-3), 529(1H, brd, 1.0, H-6), 477(1H, d, 2.4, OH),
355(1H, s, H-7), 242(1H, ddd, 12,5, 51, 1.7, H-4), 199(1H, m, H-2a), 1.80(1H,
dd, 115, 81, H-9), 1.79(1H, dt, 127, 37, H-12), 1.72(3H, s, OAc), 1.71(3H, s,
OAc), 1.65(1H, m, H-48), 1.76-1.62(4H, m, H-1a, ~14, -16), 1.40-1.25(9H, m, H-2
8, -11, -15), 1.24-1.17(3H, m, H-16), 1.13(1H, dt, 135, 3.5, H-18), 1.07-0.96(4H,
m), 0.94(3H, d, 2.4, H~-21), 093(6H, d, 2.4, H-26, -27), 0.93-0.89(2H, m, H-12),
0.743H, s, H-19, 047(3H, s, H-18); “C NMR (CsDs, 125 MHz) & 170.91(C,
OAc), 16952(C, OAc), 7691(C, C-5), 70.25(CH, C-6), 69.97 (CH, C-3), 66.25(C,
C-8), 62.45(CH, C-7), 56.04(CH, C-17), 53.75(CH, C-14), 42.53(C, C-13), 41.75(C,
C-10), 40.08(CH, C-9), 39.88(CHs, C-24), 3824(CH, C-12), 36.32(CH., C-22),
36.29(CH, C-20), 36.16(CHz, C-4), 3217(CHz, C-1), 28.38(CH, C-25), 27.46(CH,
C-16), 27.40(CH, C-2), 24.28(CH; C-23), 23.00(CHs C-26/-27), 22.74(CHs,
C-27/-26), 22.08(CH; C-15), 2128(CHs; C-11), 2098(0Ac), 20.37(0OAc),
19.00(CHs, C-21), 18.89(CHs, C-19), 12.43(CHs, C-18).

3. 4. 3. 9IK~42 % HEE & % &Y

A

3. 4. 3. 189 A 2 F71E529 F%&3 flash chromatography

2} % Acalycigorgia inermis(A2¥ 35 91K-4)¢] AMFL 1991¢d 10¥ AEx
Aot e ot fARE 23 4 25-30 mel A SCUBA tho|Hd] oJafA o]Fo] A
o0 o] Alge AP L= FA $2dM &d3 Ty PEid EaAHAG. W

HPZEQ ABEAHEFAZE: 5 kg)E ZA 22l methylene chloride 2 LE 7}t

oft



A 48A7 WA Fo 2 S99 dejiden o] FAFL oA BEFH Fi
Aol HA FIZ2FFE 4& 1514 go] o AT

o] %% EL IF flash chromatography® #&87] 18] n-hexane}
ethylacetate®] & <(100% n-hexaneo Z¥-E] 100% ethylacetate7t%]), acetone,
methanol® £ANE S&AAAYG. o1¥A Aol 1842 &¥(fraction, fx)& ZZ
8UlE AAT F 'H NMRE 4% 3% ¥ A& 2% chabEde] fx-4(15%
* ethylacetate/n-hexane: 485 mg)¥} fx-5(20% ethylacetate/ n-hexane: 410 mg)l
g5l gol ¥E Ao sElY fxds o HGHEd £33 EA}E T
R B¥E A, AN R osteroids7t ZRHUH.

3. 4. 3. 2. 91K-4-1(=acalycixeniolide B)%} 91K-4-2¢ ¥-T)

91K-4-1< &1 22849 (20%S}F 30% ethylacetate/hexane fx)ol
A gEHoz EE§ Fd HPLC(high performance liquid chromatography)ol]
g#HA &4t BasgdtYMC silica column, RI detector, 2 ml/min).
Acalycixeniolide B¥ 7% ethylacetate/hexaneo| A retention time 27 %, 10%
ethylacetate/hexaned| A 182 ¥-oltt. £a A 4L 53 mg ©8 d&g 2L &
% dolgg Fu. 'H NMR(CDCl, 500 MHz) & 534(1H, brt, 7.7, H-8),
5.12(1H, quint, 6.6, H-14), 4.98(1H, brs, H-18), 4.97(1H, brs, H-18), 4.70(2H, m,
H-16), 4.16(1H, dd, 12, 6.9, H-1), 3.91(1H, dd, 12, 12, H-1), 291(1H, brq, 62,
H-4), 248(1H, m, H-9), 234(1H, m, H-10), 220(1H, dt, 127, 3.6, H-10),
2.17-1.94(8H, m, H-4a, -6, -9, -1la, -12, -13), 165-1.56(2H, m, H-5 -12},
1.68(3H, brs, H-17), 1.09(1H, m, H-5)% “C NMR(CDCl, 125 MHz) & 208.45(C,
C-15), 175.43(C, C-3), 15293(C, C-11), 13585(C, C-7), 123.88(CH, C-8),
112.14(CH;, C-18), 89.09(CH, C-14), 75.40(CHz, C-16), 7057(CH,, C-1), 49.80(CH,



C-11a), 4491(CH, C-4), 41.13(CH, C-4a), 39.84(CH C-6), 3555(CHz; C-10),
30.18(CHz, C-5), 26.25(CHs, C-12), 25.86(CHz, C-13), 2499(CH;, C-9), 16.46(CHj,
C-17).

91K-4-2% acalycixeniolide B9} 5d& 2394 15 mgol =AU
HPLC®] peak retention timeS 7% ethylacetate/ hexanedl* 215&, 10%
ethylacetate/hexanesii A 16%-o]4 B HUC o] §29 &% dolets vbgd 2
t}. 'H NMR(CDCls, 500 MHz) & 5.34(1H, brt, 7.8, H-8), 5.11(1H, tt, 7.1, 15,
H-14), 498(1H, brs, H-18), 497(1H, brs, H-18), 4.15(1H, dd, 11.8, 6.8, H-1),
3.80(1H, dd, 11.8, 11.8, H-1), 282(1H, brq, 6.5, H-4), 248(1H, m, H-9), 2.33(1H,
m, H-10), 2.20(1H, dt, 12.2, 3.4, H-10), 2.13-2.04(8H, H-4a, -6, -9, -1lla, -12,
-13), 2.02-193(m), 1.71(3H, s, H-16), 1.69(3H, s, H-17), 162(3H, s, H-19),
1.60-1.49(2H, m, H-5, -12), 1.07(1H, m, H-5); “C NMR(CDCls, 125 MHz) &
176.72(C, C-3), 15305(C, C-11), 13657(C, C-7), 132.82(C, C-15), 123.41(CH,
C-14), 123.84(CH, C-8), 112.02(CHz C-18), 7057(CH, C-1), 49.76(CH, C-lla),
4464(CH, C-4), 41.13(CH, C-4a), 39.88(CH;, C-6), 35.54(CH;, C-10), 30.08(CHa,
C-5), 2691(CHz C-12), 25.75(CHs C-16), 2533(CHz C-13), 24.98(CH, C-9),
17.87(CHs, C-19), 16.3(CHs, C-17).
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Fig. 3-10. Carbon NMR spectrum of compound 91K-2-1.



I-Z-M16 punodwod Jo wnnsads X SO umoid ‘11-¢ Sug

Jaany ] o

% &

e
e

T
[l
o




“1-7-)16 punodwod yo wnnoads ¥y ‘z1-¢ ‘814
JaQUNHUG ALY

R

00y S 20CH Fioray 2041 0647 000¢ 00G¢ ON0F HOGE 00
e as b ciecr ol e b L _;EF'_,.._W.-__-,MPE 0F
] — ¢k
|
| p e
i

— . - 8¢
_ L _ge 3¢
| .

ok — OF
R % o >
i e =i
S =.
__ ' — o
: S w
_ P m-
] _ =

S | /.}\3.

— 9V

— 8b

I L O L L I AL IR IR 05

HIld STuaunJisul  uns3iey



T-2-M16 punodwos jo wnnoads SWIH uonnjosal-mo "g1-¢ ‘S1g

SSBI
oww owm omm omv owv owq owq omﬁ omm rwmm
B L L M A
. . o | 4 06 9LE i
sés s6p aib obb bov -
-06 ¥
»0S : f !
98b odg F 3
o A
' iooa<
LIS
Y8ICY =%00T v¥1—96 UBDS AR TQQ01ZMT6 und
wd 8G:g 26 22Q 82 1-2-AI6
ssey
6GE 00 06¢ 00¢ 06T g0l 06
T TLJWL!!L,...!L!:{..;IZTIL.E __._jri .__._.1_1 )
. . a5t 56 dg 69 m_v -
OWN B Q
| . i 3
862 09 —oc ©
. Jd
L [t
I A
i v
187 . ~007

GG888L =%00T PyI-96 UROS A® TOQOTZNTE URJ
wd 8G:e 26 9201 8T 1-2-A16




"§-7-M 16 punodwod jo wnndads YN U0old y1-¢ ‘81

udd ¥ 2 £ v g 9 L
| I WU RN W PN VORI SIS SN SR SUPNY AT S 1 1 : | B X [T TOUNITY SEURUUNN VEUNE T TN SO S S
e A A x
L AT L LA L A o (A LA LA AR Y £ rE = LA ve
J __W
[
- .ur

R —
O

Rt

e

2H56= T ¢
6P E6=E




wdd

7-7-N16 punodwod jo wnndads YN uoiosd ‘¢1-¢ “Sid

-
-
-
-




no'n:’/
221

¥E61"E2

i 4

LE9 E2
LR9TER—,
[T ]

ST B2 _\—
$41 62

Lee’sE

L’
@St
1743

TE9°BE
56962
w6862
0BLTIE

030" 2E
ESD BE
VI9TEE
BEL BE
r2@' 6k

SAR

7
RRC 62
LCk B2
6{r B2
£05° B8
68562
2EBIE
31381
2963 ///r

/

ERY 29
¥ES'PL
4114
L -7
GLO7BL
PR
P4 -T2
£26°BL
ouRLL
BBY " LL
RS2 LL

i
I qulJ

—
]Ill]lilt;nnl!ix.

M o L

g

X

uEy 623
ES6 " B21
OB O e e =
5T TEY
BEG'CET
RETREY

s

Laade: wiin 0 St e o)

LIEELY.

J— 53 ES j—

| LA B A I LI

40

T T YT

LA B Bk St B

A LA S A S S N B

LI S e S (R S AL L S L I AL

LA S B

20 pom

140 120 100 80 60

150

Fl

Fig. 3-16. Carbon NMR spectrum of compound 91K-2-2.
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Fig. 3-19. Carbon NMR spectrum of compound 91K-2-3.
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Fig. 3-34. Carbon NMR spectrum of compound 91K-2-7.
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Al 4 A, Soft coralse] A=A

4. 1. 479 WA

dutA o2 soft coralsolgti B AFFTEL Yoz nigu=zliq)
E(HBIT A, Alcyonacea)ol] &3ir] 43 Adzetnre v AANAA 2¥S &
Hipolyp)ol FS(coenencyme)dol HEH §la 3}F(anthocodia)e B H| Ul
TAE Fojgl EL wH Bgo|n S48 W=z 9 v

BAEFEL HFHAE oA HAUFEN ot F8% AXNE AAE
3 gle soft coralst gorgonians$t 74 AFTEE FESHud. JAQEY F
%} F&H%d floJA soft corals®} gorgoniansZrofl &= S8I% o] |tk B3
¥ BAE F terpencids’t 80% ol4& A 3l0] diterpencids7t 7HF WHEA &
&332 2FNAH X cembrancids #EA7 714 E&l= HL gorgonianset A
3] dXgta vk £ AL 2E terpenpoidsd] B ZHolY HALrle EHF R
AR YAAE FEFTo| AL AxSH Yth. & F7Y YR VA
Soldt F4& 71 terpencids® Aoy ol FBFFE e AANFA Holn
o= i3 (genus)oly} F-(species)d] =TE P o2 o]} Terpenoidse] S
A= Fol¥ FE71E 713 steroids?t A3 EAHNSY prostnoidsF unusual
polyketidest} lipid part& 7}3 mixed biosynthetic products® =EX|¢7] o] A
}.

Soft corals: o|E2%E ¥ FAEF IS/t AXFA, ¥, 29, ¥
g, EAA, ¥ A(antifouling)F THIF T YA JAEZE B3l o] g
olut AP TFAHQA FANA FLG AXE At Qo) A2 HY MG
ol ¥ AF7t HA(sponges)olyt HYFE(tunicates)ol] FFHAE 2F$L 9B
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e 2E 1oy o] soft coralsel HA ST AFGAQA FHAA A A
FoAol A AL JguiAE gGev HE EeHEold ZHF ARE Rol=
artemethergtE & ol 7dd ¥ vt o] E3L FYHE Artemisia annua Ll
A} dojA = sesquiterpenoid artemisinin® endoperoxide®] %% o]t} (Qinghaosu
Research Group, 1980; Schmidt & Hofheinz, 1983; Avery et al, 1992). o] &3 o]
Bl E S EAA BolAE oY terpencids®] YFolEHE A& ;Y o
¥ terpenoidse] B AFFEL HAEHUNZF Fa4de AF3d. g%-71 2
FEE AFEL duFHoz YA =7t & HLHAE Hst] YF 3
Forz ALY AEZHY AdFH 8 A= AFel "¢ wrh MEA soft
corals& HEF AFFTEL] F8AAL e FoJEA FE JALE RoAH,

4, 2. Alcyonium gracillimum® WAEZ

909 1€, 7¢ R 92d 1199 AFE MAXL Ao AXNH 44, B4 R ¥
Aol Z&d(-20 m)o|A4 SCUBATe & o] &3t o 8kgel Al8& AP3A.
o] JES AIE 20 cm AEo|W E&ojA whx] Wiy FAR ngen
AR EF34ZL Hu Ut o] AFY 25EFEL Fulol 2|29 P88 Wit Al
F=A testsollA FAZL AHFHALC0 7.0 pg/ml} 227 pg/ml)S JeERYRH

BFERAPA NS o 5 kg A2 audM AR FEY BFEES
A A% F dichloromethane2.2 F% &1 St AFFTL7E AASAT. SWE
A Fo F= AFEE silica vacuum flash chromatography® /g ote} 4
e By Yo silica R reversed-phase HPLCOl 984 o] £¥E=R
B 7709 FQ9EL 23 (Fig. 4-1). o] EREY F2E otefdl 43¢ »ig)
o] E333HA uhgd) 25t Cyx steroids9) Ca pregnanesZ AR HJUG. EIJAs
A ol EF 91-18-1 ~ -5% il £FL JEZ2 #FHNeH YIHEA

— 126 -



“Wnu[19048 wnuoKo]y TeI00 1J0S Y} WOIJ PAR[OST SAOQRIIN [ "1y

(oapAYip-g‘L} - pue 9-8i-i6 S-gL-16
0 0

— 127 —

p-81L-L6 (oapAyepip-6‘t) £- pue Z-8L-16 L-8L-16




= £A3A7 91-18-28 35L& AE 543 Fgulole|2AE i L] WA
=

91-18-1 #MzAz EHHJUs EA4 CrHeOs7t high-resolution
mass$} carbon NMR dataol &i3jr A8 AcH(Fig. 4-7, -13). oB-Unsaturated
ketone2 § 200.15(s), 15815(d) ¥ 127.3%(d)¢] carbon signal, IR spectrum’}<]
1690 cmol Jebd ¥ FF band L UV spectrumo] A YERE Amax 228 nmol
;A A4 FAY & AATHFig. 4-11,12). old] F&3sE 'H NMR signalEo] &
7.12(1H, d, J=103 Hz)$} 584(1H, d, J=10.3 Hz)dlA LA JATHFig. 4-6). °C
NMR spectrumo] 4] downfielde]l wehts § 119.87(s), 82.04(s) R 80.36(d)¢]
signalE< o] &7 ketal groupe] &A= A& 2o Frh IR spectrumé]
3000-4000 cm™ X194 OH~I9] €% absorption band”} YENIA] ¢sked ol&
ketalo] hemiketale] ofu3l ¢AF ketalolgte A& FHE Aoz YUY
¥ ketal center carbon®] chemical shift gte]l 3 119.87(s}o.& YUxWkH<Ql ketal
carbon(d 105-110)°] ®]3ted 10 ppmAE RREW )AL ketald] F 9
tetrahydrofuran ringsel] &% spiro-ring type22 EAJ/TE RS AU FHAT
(Shin & Fenical, 1988; Agrawal et al, 1985).

o] 249 HAAFHA FZE H R °C NMRE 2§ 98 7} NMR 43
3 <2 EZde] BC NMR dole Hlmd sy FAF F  Asich
High-resolution mass datat ©] 23| thal 719 rings2 o] Folx & vk
21=4dl proton ® carbon NMR data®l 7128 £8FA A3 A-C rings< soft
coral Minabea spolA #-2 ¥ withanolidesA ¥ ¢] minabeolides$t oI5 #Alstsich
(Ksebati & Schmitz, 1988). metA cyclic ketald] IX1& @A3E= Aol AAMAQY
TZ A9 4ol o]ALS HMQC#% proton COSY NMRA¥ S AxE T
8l o] Lol Atk (Fig. 4-8, -9). WX HMQCH 9|&d 01-18-14] EAst= BE
proton-bearing carbons®} protonszte} @ B/BAIF HWES) =Huvk & 0.96(d,
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J=73 Hz)s YEhd C-21 methyl group® coupling€ °|5FE HFUE methine
proton & C-20 proton®] 8 208414 ¥AHU. o] proton®] ¥ chemical shift
= C-209] vicinal carbon & C-227} oxygenatedslol 1&& 9matdct. = 'H
NMR spectrumAdoll A & 4.45(ddd, J=75, 74, 7.2)o] JERd downfield methine
protone & 1.98, 1.80, 1.23% 3709 proton# direct coupling® °|F3 e o|&
Z 3 1987 1.23 protonse FYU¥ carbond] AH¥E methylene carbongde] HMQC
NMR A e o3t ¢AHUY. 697 o] 5 protonsS 51.18) $1x 3 proton
3% coupling® 329 & 1.805% 1.189 protonse 2F methine carbonoll G
e Aol 9A HMQC A 9d3tq FAHUT. ot Zo] FH
-CHCH:CH(O)CH-#¢] F£ F&71 do] AW,

o] BT ze] 9 X+ proton decoupling® COSY NMR ®jole}l 2tz 34
o ojste] AA AT} C-21 methyl protons€ irradiationdt€ @ C-20 methine
(8 2.08)¢] broad quintet(J=7.0 Hz)2.2%¥ sharp doublet(J= 6.1 Hz)Z ettt}
¥ COSY ®H|ojg} #49)A ©] proton& C-21 methyl ¢[¢lo] § 1.809] proton¥
direct coupling® 3t UULB A AFH ¥k} o] & 1.809 protond b
445 proton FF AAHO] Q) o= C-167 C-20¢] F YU methine proton.
2 d4d50 &L e olduiel C-142%E C-178 AA C-21d ¢2%&
dd e F@aA J#EA =utd. ghA e g § 1.34(s), 1.17(s)l] HEtvde F
9] methyl peaks®] chemical shift §t3} splitting pattern® UH T X C-25
7t AEE e e RAE v

A9 AAE FHH B 4 o dAHERAS Axe AHS U carbon 91X
7} C-16, -22, -25¢0]¥ C-227} ketal center& ©|¥+ Cux steroidal ketal® 245
At o] 42 HMBC HY] ot YFHUN(Fig. 4-10X(Table 4-8). & key
protons<l 18, 21, 26, 279] methyl protons$t C-22 ketal carbon& EFs|4 A3}

3 e ©A2E Alol9) long-range correlationsell &34 [55]-bicyclic ketale} &
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A7 AR I 19 methyl protons®] long-range correlationsoll 2]&] A
ring®] oB-unsaturated carbonyl®] EA4% §A YFFHUAGTable 4-8). EH L
¥3 91-18-1% furospirostan#] steroiddll £3te AEA= 7271 AHAC
91-18-19] proton R carbon?] assignments™ Table 4-13} %t}

Steroid®] side chain©] [55]bicyclic ketal2 ¢]Fo] A furospirostan steroids+
RRR A2 EaFen YA soft coral Isis hippuris2Y4-€] ¥
a3 /e 83¢ &2 A (Kazlauskas et al, 1977; Higa et al, 1981; Rao et
al, 1988)(Fig. 4-2). &y} {34 EolA Aol furospirostan steroidsi XF7}
o AA2 By Aol olve} saponin®] aglycone HFEI2 oA sl Foll ok
ol#l ¢ =49 steroids®& ¢T3 A B& 4 3. Furospirostan saponinsZ-off 44
t cytotoxic®, antifungal® R mulluscicidal™ activity® B F) 289 & =nite
FAAHQA AEE Ui (Reddy et al, 1984, Harborme & Baxter, 1993, Chen &
Snyder, 1987; Sato & Sakamura, 1973).

Furospirostan steroids®] T2ZAAd oA 713 ol 2 C-22d EA3
= ketal center®] stereochemistry® AA st Folvh, EAXA 23d WA &
A3 bicyclic ketalgl spirostan stercids®] C-22 configuration® &29] Atz gt
AN viLo)] 25t S'(a-crientation)2 ZAF 3% .29 furospirostan steroids
AT Evlpis W(PtOy) BAJEAQ furostan derivative®} spirostan steroids
off Zjast o ¢t 448 Ao FdsgE A= H¥ furospirostan
steroids®] C-22 configuration® S’ ZA&& R HCallow & Massy-Beresford,
1957; Thompson et al, 1959)(Fig. 4-3).

Soft coral Alcyonium gracillimum2%€ £28 AIEZ 91-18-1& A&7
9] vjiA € A(asymmetric carbon center)&& 2t: QUvh, o] E] YREL dut3
¢l steroidsS} FFE Folt C-163 C-22¢] A4 &A= vl A SdL2EL A
28 Alolt}, 0|59 configurationS NOEDS 4¢3 <dejd 3272 NMRAE 9]
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Table 4-1. Proton and carbon NMR assignments for compound 91-18-12

# 14 13C

1 7.12(1H, d, 10.3) 158.15 d
2 5.84(1H, d, 10.3) 127.39 d
3 200,15 s
4 2,37{1H, dd, 17.6, 14.2) 40.96 t

2.22(14, dd, 17.6, 3.9)

5 1,91(1H, m) 44.22 d
6 1.44(2H, m) 27.51 t
7 1.72(1H, m), 0.96(1H, m) 31.70 t
8 1,63(1H, m) 35,26 d
9 1.01{1H, m) 49.93 d
10 39.03 s
11 1.73(1H, m), 1.45(1H, m} 21,02 t
12 1.77(1H, m), 1,20(1H, m) 39.79 ¢
13 40.74 s
14 1.18(1H, m) 55.99 d
15 1,23(1H, m), 1.98(1H, m) 31.42 ¢
16 4,45(1H, ddd, 7.5, 7.4, 7.2) 80.36 d
17 1.80(1H, m) 61.79 d
18 0,80(3H, s) 16,47 q
19 1.01(34, s) 13.06 q
20 2,08(1H, m) 38.37d
21 0.96(3H, d, 7.3) 14,66 g
22 119.87 s
23 1.98(2H, m) 33.66 t
24 1.98(1H, m), 1.70(1H, m} 37.05 t
25 82.04 s
26 1.17(34, s} 30.22 g
27 1.34(3H, s) 28.45 qb

* Proton and carbon NMR spectra were recorded in CDCl3 solution at 500 and 125
MHz, respectively., Chemical shifts are reported in & wvalues, J values are
reported in Hz. Carbon multiplicities were determined by DEFT experiments,
Assignments were aided by proton decoupling, COSY, HMQC, and HMBC experiments, b
Assignments may be interchanged,
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vl o) ol&e AAFYY C-163 C-214] $lE protonsE irradiationdd C-17
proton peaks ZAE7 4 51%9% 22%¥ FHENAeY C-20 proton$
irradiationd C-18 methyl protonse] 6.7% Z7}sActk. ey C-163 C-20
protons A}o]9] nQOex #&EHA] ggtrl, wetx C-169] configuration® S*2 ZA
L2 P el )

a8 C-229] configuration® C-213 C-20 protons& irradiationd|Xx C-23
protons®] nOet #AS A F47] W&o ¢ carbon® configuration %42z =
As}e] NMR data w]a¥-4e] €Jste] ZA= U (Table 4-2, -3). Configuration®]
29R¢] wallogenin® 22S-epimers(Fig. 4-4¢] 'H NMR spectrum H|°]E}& v] &)
29 wallogenin®] C-16 proton chemical shift?} 4.15 ppme|Y 22S-epimers]
chemical shift= 4.45 ppmol® % ®C NMR spectrum vlo]E}e]A wallogenin®]
C-20, 21, 22, 230] &+ 375, 167, 1204, 30.0¢] wHAd| 22S-epimer?) strictagenin
& 383, 147, 1202, 322¢]QAcH(M.-H. Yang et al, 1989). &% 91-18-12 C-16
proton®] chemical shift gto] 5 4.450|9 C-20, 21, 22, 232] chemical shift gt 8
384, 147, 1199, 33.70|}. o} FE-L 22R-configuration® 7} wallogenin®
219 22S-epimers} o} FAMSIEZ 91-18-19] C-229] configurationS S'2 3§
At ol g3} go] st o] BAY FEE (165,208,225)-5a-furostan-22,25-epoxy -
1-en-3-one 2.2 AR AL |

91-18-2% N uMz EeHen o/EFe EAAL high resolution
mass®t °C NMR datad] 9|4 CxHeOsz 2R SAHFig. 4-19, -15). 91-18-2
9 % dolet: 91-18-13} o}F fAlStHtHFig. 4-14 ~ -19). 'H NMR3#} C
NMR vdlojet& #A3| ¥ 7 91-18-2% 91-18-17 FUH A-E ringsE
Z33lE o] HAHAATHFig. 4-14, -15). Y BC NMRoA F8% 2}o)Ho
AU 91-18-1914 & 82.049) UE ¥ quatermnary carbon(C-25)9]
91-18-26l = & 28284 e} methine carbon signalZ WA et ofy
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Ho\“"'

Strictagenin Ry = Me, R, = CH,OH

Rubragenin Ry = CH,OH , R = Me

Me

. ..n\“

.D"” .
CH,OH
o) 2

Wallogenin

Fig. 4-4. Furospirostan steroids isolated from terrestrial plants.
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Table 4-2. Proton NMR data for strictagenin, rubragenin, wallogenine,

and 91-18-1b

# strictagenin rubragenin wallogenin 91-18-1
16 [4.45(1H, q, 7.5)[4.45(1H, q, 7.5)}{4.15(1H, q, 7.5)|4.45(1H, ddd, 7.5, 7.4, 7.2)
18 [0.78(3H, s) 0.77{3H, s) 0.88(3H, s) 0.80{3H, s)
19 (0.84(3H, s) 0.83(3H, s) 0.82(3H, s) 1.01{34, s)
21 {0.78(3H, d, 7) [0.99(3H, d, 7) [1.00(3H, d, 7) |1.00(3H, d, 7.3)
26 [3.35(24, d, 11) (3.35(2H, d, 11) [3.35(2H, d, 11) {1.17(H, s)

3.50(3H, d, 11) [3.44(24, d, 11) [3.57(2H, d, 11)
27 [1.16(3H, s) 1,36(3H, s) 1,14(3H, s} 1.34{(34, s) s

a.b Carbon NMR spectra of strictagenin, rubragenin, and wallogenin and 91-18-1 were
obtained in CDClz solution at 270 and 500 MHz respectively, Chemical shifts are
reported in & values(ppm downfield from Me4Si). J values are reported in Hz.
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Table 4-3. Carbon NMR assigrments for strictagenin, rubragenin, wallogenin2,

and 91-18-1b
# strictagenin rubragenin wal logenin 91-18-1
1 73.9d 74.0d 74.0 d 158,15 d
2 40.4 d 40,3 d 40.4 d 127,39 d
3 66.2 d 66.7 d 66,7 d 200,15 s
4 3.1t 3.8t 358t 40.96 t
5 37.4d 38.24d 38.2d 44.22 d
6 28.3 t 28.1 t 28.1t 27,51 t
7 32,0t 2.1t 2.1t 31,70 t
8 35.6 d 3.5d 35.4d 35.26 d
9 55.0d 54.6 d 547 4d 49,93 d
10 42.6 s 42,5 s 42.5s 39.03 s
i1 24,4 t 24.4 ¢t 24.4 t 21,02 ¢
12 40.4 t 39.8t 33.8 t 39.79 t
13 40.3 s 40.1 s 40,7 s 40.74 s
14 56.3 d 56.2 d 55.6 d 55.99 d
15 30.7 t 3.9t 29.7 te 31.42 t
16 8l.1d 80.6 d 79.2d 80,36 d
17 62.1d 62.0 d 62.1 d 61.79 d
18 16.2 q 16.3 q 16.6 g 16.47 q
19 59q 5.6 q 5.6 q 13.06 q
20 38.34d 38.5d 37.5d 38.37 d
21 14,7 q 14.8 ¢ 16.7 q 14.66 q
22 120.2 s 1201 s 120.4 s 119.87 s
23 32.2 ¢ 32.8 ¢t 30.0 te 37.05 t
24 33.8¢ Hlt 32.8¢ 33.66 t
25 85.8 s 84,1 s M.7s 82.04 s
26 68.9t 69.5 t 68.0t 30.22 g4
27 23.9q 25,3 q 24.0 q 28.45 qd

2.b Carbon NMR spectra of strictagenin, rubragenin, and wallogenin and 91-18-1
were obtained in CDClz solution at 68 and 125 Miz, respectively. Carbon
multiplicities of 91-18-1 were determined by DEPT experiments, Assignments for
91-18-1 are based upon BMQC and HMBC, ¢ d Assignments oay be interchanged,
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2} 5 119.879] ketal carbon(C-22)¢] signal¢] upfieldZ shift¥1o] 5 110494 ‘et
wth, AgsE Holdol 'H NMRAAME ver wteh 5 1349 11740 vl Bd
singlet methyl signal= § 0.88(J=6.4 Hz)# 0.87(J=64 H2)E ¥HAAS. = IR &%
WoletollAl 7@ -OH peakst 3450 cm ‘ol YElthFig. 4-17). ©] EE Wa+s
91-18-1 & furospirostan &2 9] tetrahydrofuran F ringe] €2 hemiketal2 v}
AL oulstct. o]s} o] 91-18-298] FXE steroidal hemiketal(furostanol)<l
(16S,20S)-5a-furostan—1-en-22-ol-3-one2.2 2R At}

91-18-2 Al 91-18-174 FU% HIUA ©i(asymmetric carbon centers)E
ZFX 3 glch. ©of ERA9 key proton¥ 9 chemical shifts®t coupling constantsi=
91-18-13} A9 EUstgers C-169 configuration £ 91-18-13 TA# 3
oz HMHUT AL ketaldt hemiketalz =HE77F M ©E C-229)
configuration® NMR#A o] @ configuration®] F3-o] E7bzstrt. EAEA
of ¢33 Y3 hemiketal”] & 7} furostanacls¥] Z$olE ketalZ|]E 713
furospirostans$} EY# configuration®.Z FA|H o} 1ot orjef ¥ FHAHY
ZAE AN AL wAHA FPH

91-18-2¢} wj$ fAHE 91-18-30] TY¥ HPLC &4 FAIAZE £3
59t o] Ea9 x4 high resolution mass spectrum®t *C NMR spectrum
Holetal] & dAH CxHoO:2 BARAHATHFig. 4-25, -21). ©] ERL 91-18-29
@] SAE Y fYE Ao)FE PC NMRAAM  91-18-29) & 40.89(CH2 %
44.19(CH) signalsel & 168.90(C)st 123.90(CH)¢] olefinic carbon signalsZ WHA )
v} Ao|tH(Fig. 4-20 ~ -25). 'H NMR spectrumo] 4% ™43 olefinic proton
peak7} § 6.07(brs) A EbgeH(Fig. 4-20). & 91-18-2¢] IR spectrumolA| &}
YA 1680 cm™ peak’} 91-18-3¢il4 1665 cm 2 shift¥] AvH(Fig. 4-23). &
RFolHL 3 A7 91-18-3& 91-18-29] o f-unsaturated carbonyl group®| a,
B-a’,B’-unsaturated carbonyl groupo 2 vl{ €32 YAt deF AT
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Hj ol Al X o] 2| ¥ functional groupe] &A= R W3 HAJE + Al
ageg o] Eade FXRE (165,205)-5¢-furostan-1,4-dien-22-ol-3-one2.2 27
S Table 4-4). BEAAE =ALEA 91-18-2¢) -32 EF JE8dE #9453
. |

A2E B4 91-18-47 HPLCY €3iA FHaA2 Ao . o €29
B34 CoHyO2 & high resolution mass® C NMR spectroscopic dataol]l 2] &
AAH UK (Fig, 4-33, ~27). 91-18-42] spectral datat™ 91-18-2¢ FAp3 A-C
ring®# side chain®] terminal isopropyl groupe T A% Hoz A2HH U (Fig.
4-26 ~ -33). AT °C NMR spectrumollA] F8.8 ApolzEe]l ¢AHAL. 8
1651(C~-18)3# 1548(C-21)N A el methyl signals%ol 3+v}7} oxygeneo] 3
3¥ methylene carbon® 2 Hl# o] § 6380004 uUelyton] 91-18-2¢f FA31A|
%E F due o)FAHE JelllE carbon signalso]l b 146.15(s)} 106.04(s)el A1
e siel wpxgte s 91-18-2¢] C-17 methine carbon peak”}t 3 62.67904
upfield2 shiftsio} 8 47.70014 uYel gtk 'H NMR spectrumeiX = debz<l
steroids®] C-183%4 C-219] #Fsl= F 709l singlet methyl groups® dtu+e B
1.59(s)o} YE} oo t}& s isolated methylened] FEfEZ & 3.91(dd, J=106,
1.7 Hz)3} 8 3.31(d, J=10.6)9] el Th(Fig. 4-26). oj¢} 2 NMR 4ol €¥3E
5D ¢ A= FYE 72 C-203 C-227t o|FA¥E o|Fi C-187% C-22
7} oxygenoll &4 AHE & Czx steroid®] D ringd side chaino] 2= o] B4
9 A =& 6-membered cyclic enolether2 345 Uy,

ol & 4L 2-D NMR 4 H #:A HFAAd. 2E protons$ carbons
9] signalst 'H COSYS} HMQC Aol ste] AHst7 assigns AeHFig. 4-28,
-29). D ring¥% side chainAtole]l A ¥ dihydropyran ring®] & HMBC 439
of ¢o]3ted ZAAHUNFig. 4-30)Table 4-8). Vinyl methyl proton® olefinic
carbonsAlo| 8] long-range correlations™ C-203 C-22&}o|¢] ol|FZAEe EAE
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Table 4-4. Carbon NMR assignments for compounds 91-18-1 ~ -32

# 91-18-1 91-18-2 91-18-3

1 158,15 d 158.21 d 155.68 d
2 127.38 d 127.37 d 127.63 d
3 200.15 s 200,10 s 186,30 s
4 40.86 t 40.89 t 123.90 d
5 44,22 d 44,19 d 168.80 s
6 27.51 t 27.46 t 32,77 t
7 31.70 t 31.60< t 33.71 t
8 35.26 d 35.26 d 35.16 d
9 49.93 d 43,91 d 50,156 d
10 39,03 s 38.99 s 43.55 s
11 21,02 t 20,94 ¢t 22.66 t
12 39.79 t 39.78 t 39.37 t
13 40.74 s 40,99 s 40.01 s
14 55.99 d 56.01 d 55.15 d
15 3l.42 t 31.40< t 31.91 t
16 80.36 d 8i.10 d 80.99 d
17 61.79 d 62.67 d 62.59 d
18 16,47 g 16.51 ¢ 16.40 t
19 13.06 q 13.03 g 18,75 q
20 38.37 d 39.60 d 33.90 d
21 14.66 q 15.48 q 15.48 g
22 119.87 s 110.49 s 110.54 s
23 37.05 t 36.87 t 36.92 t
24 33.66 t 32.51 t 32.83 t
25 82.04 s 28.28 d 28.33 d
26 30.22b q 22,554 q 22,600 q
27 28.45% q 22.434 q 22.47¢ q

2 Carbon NMR spectra were obtained in CDCls solution at 125 MHz, Carbon
mltiplicities were determined by DEPT experiments. Assignments for 91-18-1 are
based upon HMIC and HMBC, Assigmments for 91-18-2 and 91-18-3 are aided by
comparison with 91-18-1. b-¢ Assignments may be interchanged,
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HAANA FARew 8 3917 3319 protonsi} C-12, C-13 2 C-174t0] 9]
correlation® C-189] 4tstslo] gt A& #AAH FUAh. £ o] protonsst
C-229] correlationd] 2jg]lA C-229F C-18A}°]7} oxygenl.& HAHo] Qo= A
o] ¥}, ol¢} el A 91-18-4 6-membered cyclic enolether ring< 7}
Cx steroidzh= AMde] B34 {YUSHJHTable 4-5).

91-18-57} #AME HPLC =9 Sj3A FMIA=Z Ao Fon o fhrE
9] A4 high resolution mass R °C NMR £% tlolgte] 934 CxlleO:
2 BAHAHFig. 4-39, -35). 91-18-52] £ doler 91-18-2% A43& HA}
3tRen 53 A-C ringsel 3T signalse A9 dxaQqck(Fig. 4-34 ~
-39). 84 °C NMR spectrumo] 4] 5 214.83¢] carbonyl peak’} S8.% *po|Ho.
2 veElgon IR spectrumol M X A2 ¢ carbonyl absoption bandZ} 1710 cm s
A ZEA e svKFig. 4-35, -37). wekA] 91-18-5& M =& carbonyl group g
7HA steroid #E=H Ao} L3t

o] AZF ketone group®] $1Xli proton chemical shift, proton decoupling
% 'H COSY wjojet 249 95iof #AAATHFig. 4-34, -36). 'H NMRe| 3lo]
A 3 26 - 2.0 regiondl] HAF 571€) protonsS 2F d-carbonyl protons® 4]
HAG(Fig. 4-34). 2822 C-4 methylene® A &F YA 3719 protonso]
carbonyl group?| F9lo} -CH(=0)CHz-¢] == wjd5o] gl Aol Bl
'H COSY NMRelA4 C-21 methyl protons(d 1.10, d, J=6.8 Hz)¥ C-20 methine
proton(d 2.52, dq, J=103, 6.8 Hz)#<] correlation®] H&AsHA =g yten C-21
methy! protons& decoupling #-& #Xx C-209] splitting pattern©] 523} doublet
2 ¥ssick(Fig. 4-36). £ C-20 proton®] chemical shift’} 433 downfield=
shift5¢] flo] AHF C-227} Atgteo] U&E vEl W Fub. o33 & ol
49l 93t carbonyl carbond] YA L C-222 #UFHo] o] A9 F=I7} 4%
H A (Table 4-6).
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Table 4-5. Proton and carbon NMR assignments for 91-18-42

# 14 13C

1 7.16{1H, d, 10.0) . 158,33 d
2 5.86(1H, 4, 10.0} 127.41 d
3 200,13 s
4 2.37(1H, dd, 17.6, 14.2) 40,96 t

2.22(1H, dd, 17.6, 3.9)
5 1.93(1H, m) 44.31 d
6 2.08(1H, m), 1.42(1K, m) 27.49 t
7 1.73(1H, =), 0,98(1H, m)} 31.54 t
B 1.38(1H, m) 35.58 d
9 1,07(1H, m) 50,15 d
1¢ 39.11 s
11 1.83(1H, m}, 0.90(1H, m) 20.83 ¢t
12 2.10(1H, m), 0.92(1H, m) 31.66 t
13 41,18 s
14 1.35(1H, m) 54,34 d
15 1.69(1H, m), 1.35{(1H, m} 24.20 t
16 2.08{1H, m), 1, 42(1H, m) 27.90 t
17 1.58(1H, m) 47,70 d
18 3.91(1H, 4d, 10.6, 1.7) 63.80 t
3,31(1H, d, 10.6)

19 1.00(3H, s) 12.99 q
20 106.04 s
21 1.59(3H, s) 16.79 g
22 146,15 s
23 2.09(1H, m), 1,48(1H, m) 30.59 t
24 1,33(2H, m) 36,81 t
25 1.52(1H, m) 27.90 t
26 0.89{(3H, d, 6.4) 22.58F g
27 0.89(3H, d, 6.4) 22.57° q

2 Proton and carbon NMR spectra were recorded in CDCls solution at 500 and 125
Mz, respectively. Chemical shifts are reported in & values, J values are
reported in Hz. Carbon multiplicities were determined by DEPT experiments,
Assignments were aided by proton decoupling, COSY, HMQC, and HMBC experiments. b
Assignments may be interchanged.
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Teble 4-6. Carbon NMR assignments for compounds 91-18-1 and -52

# 91-18-1 91-18-5
1 158.16 d 158.19

2 127.39 d 127.40

3 200.15 s 200,19 s
4 40,96 t 40.96 t
5 44,22 d 44.22 4d
6 27.51 t 27.58¢ t
7 31.70 t 31.23 t
8 35.26 d 35.63 d
9 49.93 d 49,88 d
10 39.03 s 38.94 s
11 21,02 t 21.28 ¢
12 39.79 ¢t 39.58¢ t
13 40.74 s 42.84 s
14 55.99 d 55.69 d
15 31.42 ¢ 24.31 t
16 80.36 d 27.514 t
17 61.79 d 52.05 d
13 16.47 ¢ 12,42 g
19 13.06 q 12.99 ¢
20 38.37 d 49.40 d
21 i4.66 q 16.55 q
22 119.87 s 214.83 s
23 37.05 t 32.39 t
24 33.66 t 39,72 t
25 82,04 s 27.70 d
26 30.22b g 22.41° q
27 28,450 q 22.37* q

a2 Carbon NMR spectra were obtained in CDClz solution at 125 Mz, Carbon
maitiplicities were determined by DEPT experiments, Assigmments for 91-18-1
are based upon HMOC and HMBC, Assignments for 91-18-5 are by comparison with
91-18-1. P-¢ Assignments may be interchanged,
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g ;A2 oA 91-18-6& 91-18-1 ~ -58}= Wz o2 “C NMR
ol A & 21709 signals® ‘teEbuith High resolution mass o]k} carbon
NMR A8E #43ld o] 39 AL CaHx0E BAHANH(Fig. 4-47, -4L1).
'H NMR, ®C NMR, IR, UV spectrum Ho]e} £4d] 9&d o] 24L& 91-18-1,
2 3 -5%3 YW A-D ring€ 7HA UokE AL B9 Foo 'H COSY,
HMQC, HMBC d 3] 93t o] £4¢ B} FX= pregna-1,20-dien-3-one
o2 AARHUHFig. 4-40 ~ -46)(Table 4-7, -8). EdZAl 93d o] EFS
oMol FAHA @2 Pacific soft coraldlx EEHARNE EZF EFulert 2
dxste] g3 EAY Aoz ¥UH U (Higgs & Faulkner, 1977).

91-18-7 94 §A¢ A= Qo] Feul ¥C NMRHA high resolution mass
spectrumdl] €& o] EA¢ BRAL CaHzO2 AAH UG (Fig. 4-49, -53). °l
239 £33 volg 91-18-63 FAMSY 3 15845(d) 127.26(d)°1 et
olefinic carbons®] & 3892(t)3 3819(t)= upfield shifts%2m & 200.09(s)<}
carbonyl carbon® downfield2 shiftde] & 21215(s)el WeElRrH(Fig. 4-48 ~
-53), o5& HolFEL 'H NMR spectrumdl A= veh} 91-18-62] 8 7.15%
5.85¢] olefinic signals©] upfield signals® X)&s]lchFig. 4-48). ¥ oty IR
spectrumo] A 1685 cm o} R «oB-unsaturated carbonyl group®] F¥% band7}
1715 cm'2 o] FHAKFig. 4-52). 1HEZ 91-18-7< 91-18-69 A ring©]
hydrogenate® pregna-2-en—- 3-oneZ ZAHYcHTable 4-7). EARAL A3 9
HW o] EAL FAEAS: FIAHAL: FRou 91-18-68 FAFHE FAA
key intermediate® JAFHUTIE ALl AU Schow & McMorris, 1877).
91-18-63 -7 Cu degraded steroid¢] pregnaned]2] EAEoltt ERZRAM 4
W X F7+A pregnane AL EAL AIFAEAME =ZEA LAH 5 A9
2zute] <Al Avh(Kingston et al, 1977; 1979; 1982; Higgs & Faulkner, 1977;
Cimino et al, 1979; Black et al, 1985; Wasylyk et al, 1989)(Fig. 4-5).
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Table 4-7. Proton and carbon assigmnments for compounds 91-18-6 and -72

91-18-6 91-18-7
&
14 13C¢ 1§ 13C
1 |7.15(1H, d, 10.3) 158.45 d |2.02(1H, dad, 15.1, 6.4, 2.0) | 38.62 t
1.36{1H, m)
2 15.85(1H, d, 10.3) 127.26 4 |2.38(1H, ddd, 15.6, 13.7, 6.4) | 38.19 t
2.29(1H, brddd, 15.6, 5.4, 2.9)
200,09 s 212.15 s

2.37(1H, d&d, 17.6, 14.2) 40.91 ¢ |2.27(1H, dd, 14.9, 14.7) 4.73 t

2.92(1H, &, 17.6, 3.9) 2.08(1H, ddd, 14.9, 3.9, 2.2)
5 |1.92(1H, m) 44.28 d |1.53(1H, m) 46.78 d
6 [1.42(2H, m) 27.55 t |1.33(24, m) 28.95 t
7 |1.75(14, m), 0.99(1H, =) 31.33 ¢ |1.73(1H, m), 0.94(1H, m) 31.82 t
8 |1.46(1H, m) 35.70 d {1.41(1H, m) 35.52 d
g |0.99(1H, m) 50.17 d |0.76(1H, ddd, 12.7, 10.3, 4.4) | 54.09 d
10 39.00 s ' 35.77 s
11/1.79(1H, =), 1.40(1H, m) 20.75 t |1.54(1H, m), 1.31(1H, m) 21.05 t
12|1.77¢1H, @), 1.10(1H, m) 37.26 ¢ |1.69(1H, m), 1.04(1H, m) 37.44 t
13 43.61 s 43.61 s
14110018, m) 55.45 d |1.04(1H, m) 55.44 d
15(1.69(1H, m), 1.20(1H, m) 24.59 t |1.67(1H, o), 1.19(1H, m) 24.79 t
16|1. 7914, =), 1.58(1H, m) 27.11 t [1.79(1H, m), 1.56(1H, m) 27.20 t
17/1.98(1H, m) 55.19 d |1.96(1H, m) 55.38 d
180, 63(3H, s) 12,97 qb|0.61(3H, s) 12.94 g
1911.02(3H, =) 12.99 gP{1.01(3H, s) 11.50 g
20|5.76(1H, ddd, 17.1, 10.3, 7.3)|139.46 d |5.75(1H, ddd, 16.9, 10.7, 7.6) |139.74 d
2104.99(1H, dd, 10.3, 1.0) 114.64 t |4.97(1H, dod, 10.7, 2.2) 114.55 t

4.96(1H, ddd, 17.1, 1.0, 1.0) 4.96(1H, ddd, 16.9, 1.0, 1.0)

Proton and carbon NMR spectra were recorded in CDCls solution at 500 and 125 Mz,
respectively., Chemical shifts are reported in § values{ppm downfield from MegSi). J
values are reported in Hz. Assignwents are aided by decoupling and COSY experiments.
Carbon multiplicities were determined by DEPT experiments, Assignments for 91-18-6 and
-7 are based upon HMJC and HMBC, b Assignment may be interchanged.
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Table 4-8. Results of BMBC Experiments with compounds 91-18-1, -4, and -6#

c
Hb
91-18-1 91-18-2 91-18-3
1 3,5 9 10 5 9, 10 3,5 9, 10
2 4, 10 4, 10
4 35 10 5 6, 10 35
15 8, 16
16 13
17 13, 18, 20, 21
18 13, 14, 17 12, 13, 17 12, 13, 14
19 1, 5 9, 10 5 9, 10 1, 5, 9, 10
20 13, 17, 21
21 17, 22 17, 20, 22 17
26 24, 25, 27 24, 25, 27
27 24, 25, 26 24, 25, 26

@ Experiments were performed at 1256 MHz in CDClg solutions. Parameters were
optimized for couplings of 8 Hz, » Numbers are protons which exhibited H-C

correlations, Other protons are omitted for clarity.
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Alcyonium gracillimum®) 23&%-& P3883 HSV-IIo| s &g A3
A IEEA(ICs 224 pg/mh3 nlole] 2= AIICs 7 ug/mhE VEMIRITE &3
e dAEAES] AEBHEE AW 27 hemiketal 91-18-2% P388 cell
linesll WA FUHHEY AXEHICH 78 ug/mhE& HJYos 91-18-2¢
91-18-3& human cytomegalovirusol]l Waix 2zt ICs3.7 o 7.2 ug/mlE ek
91tH(Table 4-9, -10, -11), Z1&\} 91-18-4% Ywx B #gto|r} gujolalx
ER7l fle RoE Qg

4. 3. 298

4. 3. 1. A1849 A4F R /F71EFY 3539 15FFA2vETY Y

Soft coral Alcyonium gracillmum®] A{L AAXE 3] 4 25-30 mollA 3
H91d 14, 79 % '929 119)e] d3 SCUBA tho]fe] 2#A ojFo] oo
o] AlB AFH o= FA YEx BEIJY. IFRAFTYU AE(YF 4 kg)EF
A2 WA 432 =2 F A 2 methylene chloride 2 LE 713t A2
o] A] 48417 WA o] 2 £Q4L AUy o] FAFEL A vEER Fo] &
ol AA FA=FEES] F 922 go] do] FHdt

o] 2F&%EE PYF flash chromatography® #81%7] $3 n-hexaned
ethylacetate?] E%9(100% n-hexanel.2R-E 100% ethylacetate?}*]), acetone,
methanolg€ ¢AWZ §EAHY. ol¥A dold 139 FY(fraction, fx)& 27}
49E AAT ¥ 'H NMRE 24% 29 ¥v e 2% gAEdel fx-2(10%
ethylacetate/n-hexane: 0030 g), fx-3(15% ethylacetate/ n-hexane: 1.56 g),
fx~5(40% ethylacetate/n-hexane: 1.02 g) 3 fx-6(50% ethylacetate/n-hexane: 0.91
o Z2FHo] hZe] W Art VB9 fxelE A HFYE F3I| EAs=
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Table 4-9. Antiviral activity of compounds 91-18-1 ~ -3

T pg/ml
Toxicity | Antiviral activity(EC50)| Selectivity index
Sample ¥ &
CcCs0 HSV-1 HSv-2 HSV-1 HSV-2
91-18-1 39.87 >39.87 >39.87 <1 ¢!
91-18-2 7.58 >7.58 >7.58 161 a
91-18-3 7.99 >7.59 >7.59 < <1
Acyclovir | 2250 B 3.89 >166,67 >64.27| JlELE
Ara-C 7.7 0.7 0.8l 11.00 9.51 | 7}EGE

Table 4-10, Antiviral activity of compounds 91-18-1 ~ -3

9] ug/ml
Antiviral activity(EC50)
Sample 8 =
AD-169 Davis
91-18-1 23.7 Q3.7
91-18-2 3.7 3.7
91-18-3 7.2 7.7
Ganciclovir 0.37 0.37 JEE
PFA 19.3 57.7 IEUE
- AD-169 and Davis are strains of human cytomegalovirus
Table 4-11. P388 activity of compounds 91-18-1 ~ -3
Tl pg/ml
sample P388(EC50) Bl fryd
91-18-1 >100
91-18-2 8.11
91-18-3 79.4
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¥3 2 223 A, AW R steroids?t 58 HAHER oA}

a2&AE azagEadyd o8 8¢ fx-29F 3& ©A] gravity column
chromatography(3 x 15 cm)Z #2871 913t} 10%(500 mlb), 15%(250 ml¥ 57
o] Boll) 20%(G00 ml) R 25%(500 ml) ethylacetate/hexane, 100% ethylacetate
(500 ml), 23 methanol(500 mD)E A hE £FANA EF 10749 EHe=
o] o o]EL tiAl HPLCE EHAH.

4. 3. 2. 91-18-1¢] £

Gravity column chromatography® #2l& fx-5(80 mg), 6(50 mg) R 7(40
mg)& RolA 12% ethylacetate/ hexaneel 5|3l spartan filter(Aldrich) 2 o 3%
Fo] of $9& g &uE &FYe2 A3 YMC silica columng o] 3%
HPLC(RI detector, 2.5 ml/min)o} 4 retention time 21.6 #o} Y& peak® R-F
3 o]AL A reversed phase Cis column® AR§3te] thA] HPLCES 91-18-1
o] &4 A 30 mg Ao} A Hacetonitrile, 25 ml/min, retention time 255 £). mp.
181-183°.

[dlp -207°(c 0.5, CHCls)i UV(CHiCN) Amax 228 nm{e 11500); HRCIMS:
M’+H obsd 413.3048, calcd 413.3056(Cx7Ha103); LREIMS:m/z(relative intensity)
412(4), 397(9), 354(6), 343(8), 298(45), 283(15), 269(27), 177(8), 139(100), 122(9);
IR(KBr) 2030, 2870, 1690, 1450, 1380, 1260, 1170, 1135, 990, cm} 'H
NMR(CDCls, 500 MHz) & 7.12(1H, d, 103, H-1), 584(1H, d, 10.3, H-2), 4.45(1H,
ddd, 75, 7.4, 7.2, H-16), 2.36(1H, dd, 176, 142, H-48), 2.21(1H, dd, 176, 3.9
H-4a), 2.08(1H, m, H-20), 1.87-2.01(5H, m), 1.60-1.81(6H, m), 1.36-1.50(3H, m),
1.34(3H, s, H-26/27), 1.12-1.26(3H, m), 1.17(3H, s, H-27/26), 1.01(3H, s, H~-19),
0.96(3H, d, 7.3, H-21), 0.93-1.03(2H, m), 0.80(3H, s, H-18); BC NMR(CDCls, 125
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MHz) & 200.15(C, C-3), 15815(CH, C-1), 127.39(CH, C-2), 11987(C, C-22),
82.04(C, C-25), 80.36(CH, C-16), 61.79(CH, C-17), 55.99(CH, C-14), 49.93(CH,
C-9), 44.22(CH, C-5), 40.96(CHz, C-4), 40.74(C, C-13), 39.79(CH., C-12), 39.03(C,
C-10), 38.37(CH, C-20), 37.05(CH:, C-23), 35.26(CH, C-8), 33.66(CHz, C-24),
31.70(CHz, C-7), 3142(CHz, C-15), 30.22(CHs, C-26), 28.45(CHs, C-27), 27.51(CHp,
C-6), 21.02(CHz, C-11), 1647(CH3 C-18), 14.66(CH;, C-21), 13.06(CHs, C-19).

4. 3. 3. 91-18-29] £+

153G ZzviEagEE EE§ fx-5(501 mg)E 35% ethylacetate/
hexaneol] 350]3. spartan filter(Aldrich)® <33 3o o] &9%& HPLC(YMC
silica column, RI detector, 25 ml/min)2 ¥32]3}4 retention time 11.6 ¥ 12
£ peakE E 2.3 o3& reversed phase Cis column® A83lo oA HPLCZ ¥
23t 91-18-271 &3 Al 30 mg Yol tHacetonitrile, 2 ml/min, retention time
204 ). mp. 43-45°,

[alp -3.8°%(c 05, CHCl): UV{(CH:CN)Amax 225 nmfe 11100); HRCIMS:
M™+NHs'~ H20 obsd 4143357, caled 414.3372(CzHuNO2); LREIMS:m/z(relative
intensity) 414(1), 396(18), 353(100), 298(6), 283(45), 269(83), 149(5), 121(6);
IR(KBr) 3450, 2950, 2930, 2870, 1680, 1450, 1380, 1260, 1170, 990 cm™; 'H
NMR(CDCl;, 500 MHz} & 7.11(1H, d, 103, H-1), 584(1H, brd, 10.3, H-2),
458(1H, ddd, 85, 7.3, 6.3, H-16), 2.34(1H, dd, 176, 14.3, H-48), 2.20(1H, dd, 17.6,
3.9 H-4a), 2.04(1H, m, H-20), 1.97(1H, ddd, 122, 7.3, 5.1, H-15), 1.89(1H, m,
H-5), 1.75-1.82(2H, m), 1.74-1.60(5H, m), 1.52(1H, m, H-25), 1.38-1.48(3H, m),
1.36-1.29(2H, m), 1.26(1H, m, H-15), 1.11-1.21(2H, m), 1.02(3H, 4, 7.3, H-21),
1.00(3H, s, H-19), 093-1.02(2H, m), 0.88(3H, d, 6.4, H-26/27), 0.87(3H, d, 64,
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H-26/27), 081 (3H, s, H-18) ; *C NMR(CDCls, 125 MHz) & 200.10(C, C-3),
158.21(CH, C-1), 127.37(CH, C-2), 1104%C, C-22), 81.10(CH, C-16), 62.67(CH,
C-17), 56.01(CH, C-14), 4991(CH, C-9), 44.19(CH, C-5), 4099(C, C-13),
40.89(CHz, C-4), 39.78(CH;, C-12), 39.60(CH, C-20), 38.99(C, C-10), 36.87(CHo,
C-23), 35.26(CH, C-8), 3251(CH;, C-24), 31.60(CH:, C-7), 3140(CH:;, C-15),
28.28(CH, C-25), 27.46(CHz, C-6), 22.55(CHs, C-26), 22.43(CHs, C-27), 20.94(CHg,
C-11), 16.51(CHs, C-18), 1548(CHs, C-21), 13.03(CHs, C-19)

4. 3. 4, 91-18-3¢] £4]

A&7 mAzvEaSNE B2Ed x-6(450 mg)eE 45% ethylacetate/
hexaneol] *°]3 spartan filter(Aldrich)® 3% Fo] o] $9E& HPLC(YMC
silica column, RI detector, 2.5 ml/min)& #2359 retention time 192 £ 2
= peak® R o]R-& reversed phase Cis columng A}-83te ©HA| HPLCE &
7] 8te] 91-18-3°] 537 34 mg ¥l A acetonitrile, 2 ml/min, retention time
182 ¥). mp. 123-125°.

[alp ~10.2%c 0.5, CHCla); UV{(CH3CN) Amax 236 nm(e 13000); HRCIMS:
M'+H obsd 4133054, calcd 413.3056(CzHa03); LREIMS:m/z(relative intensity)
412(0.2), 410(2), 394(48), 351(42), 267(26), 248(100), 171(10), 165(48), 121(11),
115(8); IR(KBr) 3450, 2950, 2870, 1665, 1625, 1450, 1380, 1250, 1070, 890 cm; 'H
NMR(CDCls, 500 MHz) & 7.04(1H, d, 10.0, H-1), 6.02(1H, dd, 10.0, 1.7, H-2),
6.07(1H, brs, H-4), 459(1H, q, 7.3, H-16), 2.48(1H, ddd, 129, 12.9, 4.9, H-68),
2.36(1H, ddd, 129, 33, 3.3, H-6a), 2.06(1H, m, H-20), 1.94-2.03(ZH, m),
1.76-1.85(3H), 1.62-1.72(4H, m), 154(1H, septet, 6.7, H-25), 1.28-1.38(3H, m),
1.24(3H, s, H-19), 0.98-1.21(4H, m), 1.03(3H, 4, 7.5, H-21), 0.90(6H, d, 6.5, H-26,
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27), 087(3H, s, H-18),; *C NMR(CDCl;, 125 MHz) & 186.30(C, C-3), 168.90(C,
C-5), 15568(CH, C-1), 127.53(CH, C-2), 12390(CH, C-4), 11054(C, C-22),
80.99(CH, C-16), 6259(CH, C-17), 5515(CH, C-14), 52.34(CH, C-9), 43.55(C,
C-10), 41.01(C, C-13), 39.90(CH, C-20), 39.37(CHs C-12), 36.92(CH; C-23),
35.16(CH, C-8), 33.71(CH;, C-7), 32.77(CHs, C-6), 32.53(CHz, C-24), 31.91(CH_,
C-15), 28.33(CH, C-25), 22.60(CHs, C-26), 2247(CHs, C-27), 2266(CHs, C-11),
18.75(CHs, C-19), 15.48(CHs, C-21), 16.40(CHs, C-18)

4. 3. 5. 91-18-49°] &g

Gravity column chromatography® #2% x-3(130 mg)& 8% ethylacetate/
hexaneol] *9°]i spartan filter{Aldrich)® 3% Fo] o] LA L LvjE £
o2 AMEsled HPLCE #8§ ZAIA(YMC silica column, RI detector, 2.5
ml/min) retention time 198 A °Fte] B¢EE I HE 91-18-47F Aol A
2.9] o]R-& reversed phase Cis coumng ©|§%¢ oA HPLC# A3 &% &
o] 6 mg Aoj# tHacetonitrile, 3 ml/min, retention time 286 ¥). mp. 52-53.

{alp +34.0°(c 0.5, CHCl3); UV(CH2CN) Mmax 224 nm(e 10600); HREIMS: M*
obsd 396.3034, calcd 396.3028(CxH«02): LREIMS:m/z(relative intensity) 396(100),
340(10), 292(7), 268(8), 191(7), 149(7), 110(9); IR(KBr) 2930, 2870, 1680, 1630,
1445, 1260, 1170, 785 cm™; 'H NMR(CDCls, 500 MHz) & 7.16(1H, d, 10.0, H-1),
5.86(1H, brd, 10.0, H-2), 391(1H, d4d, 10.6, 1.7, H-18), 3.31(1H, d, 10.6, H-18),
237(1H, dd, 176, 142, H-48), 222(1H, dd, 17.6, 3.9, H-4a), 2.00-2.15(4H, m),
1.93(1H, m, H-5), 1.83(1H, m), 1.67-1.75(2H, m), 1.59(3H, s, H-21), 1.54-1.63(2H,
m), 1.52(1H, m, H-25), 1.41~-1.50(2H, m), 1.28-1.40(6H, m), 1.07(1H, m), 1.00(3H,
s, H-19), 0.98(1H, m), 0.95(1H, m), 0.8%(6H, d, 64, H-26, -27); *C NMR(CDCl,
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125 MHz) & 200.13(C, C-3), 188.33(CH, C-1), 146.15(C, C-22), 127.41(CH, C-2),
106,04(C, C-20), 63.80(CHz, C-18), 54.34(CH, C-14), 50.15(CH, C-9), 47.70(CH,
C-17), 4431(CH, C-5), 4118(C, C-13), 4096(CHz, C-4), 39.11{C, C-10),
36.81(CHz, C-12), 35.58(CH, C-8), 31.66(CHz, C-23), 31.54(CH., C-7), 30.59(CH,
C-24), 27.90(CHs, C-25/-16), 27.90(CH, C-16/-25), 27.49(CHz, C-6), 24.20(CHo,
C-15), 2258(CHs, C-26/-27), 22.57(CHs, C-27/-26), 20.83(CHz, C-11), 16.79(CHs,
C-21), 12.99{(CHs, C-19)

4. 3. 6. 91-18-59] £4¢

Gravity column chromatography® &% fx~4(110 mg)E& 9% ethylacetate/
hexaned *=¢]i spartan filter(Aldrich)® 3% Fof o] &4L& L fvjg &
Yo g A}LEld YMC silica columng ©| 8% HPLC(RI detector, 2.5 ml/min)ell
A retention time 20 ¥ Yo +& peakE® X2 ©|AE v}A] reversed phase Cis
column® ARg3dte] ©A] HPLCSIY 91-18-57F «3A 10 mg AAH
(acetonitrile, 2 ml/min, retention time 26.4 %). mp. 55-57°

[alp +22.4°%c 0.5, CHCls); UV(CHiCN) Amax 229 nm(e 10600); HREIMS: M’
obsd 398.3161, caled 398.3185(CzHe02); LREIMS:m/z{relative intensity) 398(100),
383(7), 342(11), 327(23), 299(31), 271(61), 245(8), 22%(8), 161(9, 122(25) 99(23),
81(17); IR(KBr) 2930, 2870, 1710, 1690, 1450, 1370, 1265, 780 cm’; 'H
NMR(CDCls, 500 MHz) ¢ 7.13(1H, d, 10.3, H-1), 5.85(1H, d, 10.3, H-2), 2.52(1H,
dg, 10.3, 6.8, H-20), 2.45(1H, ddd, 17.1, 9.3, 64, H-23), 2.36(1H, dd, 17.6, 14.2,
H-43), 2.35(1H, ddad, 17.1, 9.3, 6.3, H-23), 2.21(1H, dd, 17.6, 3.9, H-4a), 1.98(1H,
ddd, 126, 34, 34, H-128), 192(1H, m, H-5), 157-1.77(5H, m), 153(1H, m,
H-25), 1.38-1.49(6H, m), 1.30(1H, ddd, 12.6, 126, 34, H-12a), 1.10(3H, d, 6.8,
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H-21), 1.09-1.17(3H, m), 0.92-107(2H, m), 1.01(3H, s, H-19), 0.89(6H, d, 6.8,
H-26, 27), 0.72(3H, s, H-18); ®C NMR(CDCL, 125 MHz) & 214.83(C, C-22),
200.19(C, C-3), 15819(CH, C-1), 127.40(CH, C-2), 55.69(CH, C-14), 52.05(CH,
C-17), 49.88(CH, C-9), 4940(CH, C-20), 44.22(CH, C-5), 42.84(C, C-13),
40.96(CH,, C-4), 39.72(CHz, C-23/-12), 3958(CH; C-12/-23), 3884(C, C-10),
3563(CH, C-8), 32.39(CHz, C-24), 31.23(CHz, C-7), 27.70(CH, C-25), 27.58(CH,
C-6/-16), 2751(CHz, C-16/-6), 24.31(CH,, C-15), 22.41(CHs, C-26), 22.37(CHj,
C-27), 21.18(CHz, C~11), 1655(CHs, C-21), 12.99(CHs, C-19), 12.42(CHs, C-18)

4, 3. 7. 91-18-65} 91-18-79] ¥4

Gravity column chromatography® 8% £x-2(170 mg)& 7% ethylacetate/
hexaned] 35¢]3L spartan filter(Aldrich)2 <3¢ o] o] £4& 2L £9& &
Sgoz ALg3te] HPLCZ #3333 AI}(YMC Cis silica column, RI detector, 2
ml/min) retention time 205 FlA <79 E¢E8 T I pregna-20-ene-3-
one(=91-18-7)¢] 2 mg ¥ Feovl 23 &A ¢4 pregna-1,20-diene-3-one
(=91-18-6)°¢] 80 mg Lo HT. ELEES 3 $1i= pregna-20-ene-3-one
(=91-18-7)2 reversed phase Cis columng ©]§3% HPLCZ t}lA E:&% d3} 1
mgo] €434 Yo) A (acetonitrile, 3 mi/min, retention time 21 ).

Pregna-1,20-diene-3~one: mp. 126-127.; [alp +35.4°@c 0.5, CHClL); UV
(CHCN) Amax 228 nm(e 12000); LREIMS:m/z(relative intensity) 298(74), 283(100),
270(12), 229(31), 177(20), 163(19), 134(24), 122(60), 107(22); IR(KBr) 2920, 2850,
1685, 1630, 1440, 1380, 1270, 1010, 930 cm™; 'H NMR(CDCls, 500 MHz) 8
7.15(1H, d, 10.3, H-1), 5.85(1H, d, 10.3, H-2), 5.76(1H, ddd, 17.1, 10.3, 7.3, H-20),
499(1H, dd, 10.3,1.0, H-21), 4.96(1H, ddd, 17.1, 1.0, 1.0, H-21), 2.37(1H, dd, 1786,
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142, H-48), 2.22(1H, dd, 17.6, 39, H-4a), 1.98(1H, m, H-17), 1.92(1H, m, H-5),
1.65-1.84(5H, m), 158(1H, m, H-16), 149(1H, m, H-16), 1.37-1.45(3H, m),
120(1H, m, H-15), 1.06-1.13(2H, m, H-12,-14), 1.02(3H, s, H-19), 0.93-1.05(2H,
m, H-7, -9), 063(3H, s, H-18); “C NMR(CDCl, 125 MHz) & 200.09(C, C-3),
15845(CH, C-1), 13946(CH, C-20), 127.26(CH, C-2), 11464(CH, C-21),
55.45(CH, C-14), 55.19(CH, C-17), 50.17(CH, C-9), 4428(CH, C-5), 4361(C,
C-13), 4091(CHa, C-4), 39.00(C, C-10), 37.26(CH, C-12), 35.70(CH, C-8),
31.33(CHz, C-7), 27.55(CHz, C-6), 27.11(CHz, C-16), 24.59(CHz, C-15), 20.75(CHy,
C-11), 12.99(CHs, C-19), 12.97(CHs, C-18)

Pregna-20-ene-3-one: mp. 113-115° [alp +125%c 0.2, CHCls); UV(CHsCN)
nﬁ roa; LREIMS:m/z(relative intensity) 300(100), 285(36), 272(16), 231(51),
217(10), 163(10), 121(12); IR(KBr) 2040, 2850, 1715, 1640, 1440, 1250, 910, 685
cem™: 'H NMR(CDCls, 500 MHz) & 5.75(1H, ddd, 169, 10.7, 7.6, H-20), 497(1H,
dd, 107, 22, H-21), 496(1H, ddd, 169, 1.0, 1.0, H-21), 2.38(1H, ddd, 156, 137,
6.4, H-28), 2.29(1H, brddd, 15.6, 54, 2.9, H-20), 2.27(1H, dd, 14.9, 147, H-48),
208(1H, dad, 149, 39, 22, H-4a), 202(1H, ddd, 15.1, 6.4, 2.0, H-1a), 1.96(1H, m,
H-17), 1.79(1H, m, H-16), 1.64-1.75(3H, m), 1.47-1.60(3H, m), 1.42(1H, m, H-11),
1.25-1.31(4H, m), 1.1901H, m, H~15), 1.01(3H, s, H-19), 0.98-1.10(2H, m, H-12,
-14), 094(1H, m, H-9), 0.76(1H, ddd, 127, 103, 44), 061(3H, s, H-18); “C
NMR(CDCls, 125 MHz) & 212.15(C, C-3), 139.74(CH, C-20), 11455(CHs, C-21),
55.44(CH, C-14), 55.38(CH, C-17), 54.09(CH, C-9), 46.78(CH, C-5), 44.73(CHe,
C-4), 4361(C, C-13), 3862(CHz, C-1), 38.19(CHz, C-2), 37.44(CH, C-12), 35.77(C,
C-10), 3552(CH, C-8), 31.82(CHz; C-7), 2895(CHz; C-6), 27.20(CH:; C-16),
24.79(CHa,, C-15), 21.05(CHz, C-11), 12.94(CHs, C-18), 11.50(CHs, C-19)
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Fig. 4-15. Carbon NMR spectrum of compound 91-18-2.
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Fig. 4-26. Proton NMR spectrum of compound 91-18-4.
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Fig. 4-41. Carbon NMR spectrum of compound 91-18-6.
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Al 5 & Hydroidse] thAIE A

5 1. @7 w3

Hydroids(3] =2}, class Hydrozoa)= & €83 soa|ge] glod A5, sy
T4 tEo ZEEEEPhylum)E FASE FL4¢ BEFTold. st AJE 3
#HA dF= 499 vusie A7st ojFojd Fe Fx 4 Fo Basid
hydroids®] JFE & At A=A Heofo] U4 g HAAoY, 28 7
FEE Azt HEH dEo HAE J4HA A7V RE HYHEF A B
o] o]Fo] o oY YREL I E3 soft corals, gorgonianss Anthozoa
3o BEA FFHoUt

AF AL ATAA olg AE] YA HAUA o[ f2E HAAA Y} Bo)d
o thFe] PAERE PASA gEds Ax FEE 4E9S ME F @Oy
7+E 2 olfE Y dREo FANES sz, AU FEYFFo B AN
HAMEdS ATE 7)ol FET 49 zFEAL AUJ} dieE Py Hoj
. 2@t olge HEAARd W A7 92 wsto FAE o) YeE
BojuE, proteindl SA4EZT AFHAADL. 18y A2 B F9 BF hydroids
of ¥ ATZ} anthozoans} PHAVIAEZ ol AE 94X E53 YA2AL
Fat & FHedol EoE Aol ¥HA Hydrozoad Bateirs AAE d79
ZEA7E AAA = .

QAAAN @Y 20 <F9 hAHEZDS 4% RW aromatic polyketides, 8
-carbonline#] 8] alkaloids, unusual phospholipids, polyhydroxy steroidsS |1} ol &
T polyketides& A9 th& FAFEL o HAYYBERE &3] YAHE 2235
°[*|A hydroids®] Z£3 WAIERZ Ryl E SId&ckFig. 5-1)
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O OH OCH X

garveatin A: X =0
B:X=H»

2-hydroxygarvin A

O OH
Meo,c_§H
o

annulin A

garvalone A

o OH OR O
&
o =

garveatin C: R = Me

D:R=H
CH Q
I I ] CO,Me
O CMa
O

garvin A quinone

) o OH
0
o
0

annulin B

garvaione B

aromatic polyketides isolated from Garveia annulata

Fig. 5-1. Metabolites of hydroids.
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i OH OH O 7 Br N

N
“. — N o
H
2 1
o _ R R

i R R'=Et, R®=H,

2 1 2
R'=Me, R=H, and
R'=Et,R? = Br
{Agalophenia pluma)

{Garvela annulata)

OR?
HO-—EH o
+

o

R' = CygHgg, R? = Me,

R‘ = C14H29, R2 = Me, and

R! = CH=CHC4Hpg, RZ = H
(Solanderia secunda)

ACO H4
R'=1%2=H, R® = OAc, R* =\NY
RS v .

R!' =R%=H, R? = OAc, R* a\/\)H/
), o

Ho\\‘ R1 H1=R2=OAC, R3=H, R4=N
(Eudendrium glomeratum)

AcO,,

RZ

R'=R*=0Ac, R?=R% = Hand
R'=R*=H R®=R%- OAc
(E. glomeratum)

Fig. 5-1. continued.
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Hydroids®) tAIE A3 S5 ¢ 212 anthraquinoned ¢] polyketidesE2M <&
& Ya dY YEEREHE Hr] =F AR4E 143 ex3AE REIT A
OB 1 4X ¥uF Ba FxHo2% thFsht British Columbiadl] Aj4] 3=
O $Eo AusBERasonZ hydroidsd HEEQ AEAR B = 9
2]-go] wrh

B AFoME AFEe ARE 28 A hydroid Solanderia secundas ©H%
Ao F7125E80 A BAFAT A5t FHIA o ANEE LAH
ol AFAte] EFARAT 2 olfE Sl AFF vish Zo] hydroidse] AAE
of W@ Aol W4 Wdsinz JHPAEE HEsn AEZY F+&F R 722
He HAUYBAE AT oA FLE 7idz BEEAY] Wit

5. 2. Solanderia secunda®} HALEA

27 yaty AZEd &3t AESG diadrE R AAXA AgsHelA
hydroid Solanderia secunda % 10 kg& Qs At S. secundas ¥ W&} &3
QF Al 7+ &3 BAHE FFEEEFY dFHvelrh FFS 2 gorgonians
g} o}F FAMEY VA FHEL B4zFdm Rt o FEL A Hel7t 20
- 40 cmAEEZA BA]2(fan) EFE S Jdon ¥ 2H4E Ha Ao 2
ZHe] WHZAol gorgoninolgti V& $E chitinRY IJIHol g HAA
gorgonians$} 7-¥ ¥}

YERBRD ABE 2544 AZAA FES AAY F dichloromethane
& olgstd $71ERE 233 fuit JAFTFEVE AASYUY. S AAY
Fo] F= BFEL silica flash chromatographyE 3t & 78 EHo= Yy F
ol HPLC(silica normal phase$} Cis reversed phase)& ©]-&3d 25 079 &3
& st (Fig. 5-2).
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91-10-1 and -2 (epimer) 91-10-3 and -4 (epimer)

91-10-5 and -6 (epimer) 91-10-7 and -8 (epimer)
O
O
/7
HO
HO — AcO
91-10-9 91-10-10 and -11 (epimer)

Fig. 5-2. Cyclopropanc—)containin g C,, fatty acid lactones isolated from
the hydroid Solanderia secunda.
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A FUAES] ZA(moderate polarity)E H FUAHEZQ 91-10-19]
viscous liquid®) #elz 2FHUTE o] EA9 “C NMRAME EF 2279
signalse] 2 A UHFig. 5-5). ¢1EF & 176574 eI quarternary carbon
esteric carbonyl carbone.Z A= o8 olefinic regiondd & 123.03, 131.67,
133.16, 134.019] el 4709} methine carbonsS 2719 double bonds® &EAE =
el =% 3709 oxygen-bearing methine carbons(d 71.42, 74.60, 81.47), 3}
9] methyl carbon(d 14.05) R 1171¢] methylene carbons?} DEPT @) 2|3t
A At

91-10-1¢] “C NMRAe|M Sol¢ L carbonyl carbong Adsae
quarternary carbon¢] givte Al o] A& 91-10-1°] long-chain fatty acidAl €
9 BAUYL quiy Aoz HYFHUD. = W3] upfield regiond] 374
methylene ¥ methine resonances(d 23.04, 21.43, 7.88)7F ¥AHA=H ol=
cyclopropane ring®] &48& JehgE Aolrl, 'H NMR E£% BC NMRe] 483+
A7 signalE< JEIATHFig. 5-4). & olefinic region® oxygen-bearing proton
regiondl ZtZt 4709t 370¢] proton resonances?t WA EH U} Upfield regiond] =
terminal methyl protons{ 8 0.88)3 cyclopropane protons®.2 AZGHE 4749
proton peaks ©]#]d] & protonse LAHA gt & 20 ~ 3.0 regiond| 674
9} protons®] @ZAF A= ol carbonyl group® a-protons$} double bondel
allylic positiono] A3t AEZ HAHAY.

91-10-18] F&%& 'H COSY$} proton decouplinge] €13t dif-§ ZAHA
}(Fig. 5-6). WA terminal methylZ2 %€ A|&3 271¢] double bond, 371
oxygen-bearing methines(8 4.18, 3.64, 4.09), 1719} cyclopropane ring ¥ 1719
carbony! group& E 3= 22709 carbonsSZ ©]Fo]F long chainc] AAHU
t},

91-10-1°+= 270¢] double bonds?t A&} ojEF C-169] AR double
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bond= C-17(8 5.30)¢l vicinal coupling constants(10.7 Hz)2%-¥] Z configuration
€ 4ol WA 28y proton signals7te] overlappinge] A¥ C-12 double
bond®| geometry:= coupling constantZ f5¥ 4 Y4t} o] EAE 4] o
& C-11, -149] protons& irradiation¥ 23 C-129 C-13 protonss] coupling
pattern®] Z}Z doublet® ®}H12 9 coupling constant: 156 HzZ T U3¢t}
w}#kA] C-12¢] double bond geochemistty= E configuration € & 4 it}

Cyclopropane ringol <&A|3l= % asymmetric carbon centers(C-8, -10)9)
stereochemistry< asymmetric centers®l] dA¥E protonsztY couplipg patterno]
Y7 B en2 C-9 methylene protons®] coupling constants® B} 25
t}. Cyclopropane ring|4¢] protonzt4] coupling costants™ Jeem ~ Juuns ~ 5
Hz, Jas ~ 8 Hzolth. B2 C-83 C-109] A& wide] cisol® C-99) 5
protons®] A H<1 coupling constants- 22} 15 Hz(5, 5, 5% 21 Hz(8, 8 5)&
HEhfolorstny w2 &<l wldo] transel® coupling constants® 25 18
Hz(8, 5, 5)& ‘ehjo]oF g,

234 91-10-19) 'H NMR4S] & 0607 06841 $1X¥ C-9 protonsE <]
coupling constants:= 2}Zt 19.6 Hz(8.8, 54, 54 Hz)$ 196 Hz(88, 54, 54 Hz)=
Al A A coupling constants®] Fo|v} 7S] coupling constantsg] Z7] BE
C-83 C-109) $th#Q) Wlgo] transd & BW3 = yeis.

o] Ed9 FzFAAA YN Fe& EAE 3709 oxygen-bearing
methines(C-7, -11, 14)¢} carboxylic group(C-1)=¢] @30t} o]So] As
A8 lactoneo|\t ethers] HelE ojF: fIEx L& free hydroxy groupdd
carboxylic acidZ &A&= A 8 E Hdst7 939 91-10-1L pyridine& )
oA acetic anhydride?} ¥wr-gAlZl A3} diacetate?] 91-10-100] I LB FAZ o
o] A vH(Fig. 5-2).

91-10-10¢] 'H NMR¥# COSYA# @ o] 87L& 91-10-1¢ C-117 C-14
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hydroxy 717} acetylation¥o] 84 @ ZRe]8 C-7 methine proton chemical shift,
coupling pattern coupling constantsS14 o}%A W3t HUATHFig. 5-41, ~43).
o] A¥AH}E 91-10-19] AoiA C-13 C-7°] oxygen bridgesl] &3t M=
250 gigE AL 9uaiyd, ojgkge] 91-10-12 8-membered ring2 7}
Cz fatty acid lactones©® F&7t WH3E ZAAHATHFig. 5-2). 91-10-13%
91-10-10¢] &2 NMR assignments Table 5-1 R 5-67% Zt}(Fig. 5-4 ~
-9, -41 ~ -43).

SAlE 29 91-10-27F $Y% HPLCRAGA 254 o] 8d9 'H
NMR % “C NMR data: 91-10-13} ¥4 #Alateh(Fig 5-10, 5-11). 'H COSY
o o8 oj2olA FEENS AAL 91-10-13 FTLI 94X functional group®]
A= AL B FYH(Fig. 5-12). % C-8 ~ C-119) carbons R protons
o] B33 dlolete] ko] olHE vEMWTHTable 5-2). 2¥¥ C-9 protonse
coupling pattern©] muiltiplet® YEha C-83 -99] configurationg #U¥ 4+ §
7] dEd o] EAE #HAsy] $Astd 91-10-2€ pyridine &¥ilA acetic
anhydrides} w&Aj7) B} diacetate F=3¢1 91-10-110] Ao Reow A(Ho
2 C-9 protons®] Z+zZ} & chemical shifte]lA WEbG7] wWEe] coupling
constantsE AF¥aA < 4 UQx C-83% -99 configuration®] A 91-10-15}
2% cis-configurationd€ € & YN (Fig. 5-45). ° EZFF 91-10-19
diacetate - =4 ¢! 91-10-104] tid NMR assignments:= Table 5-6% 2t} o]
EAS0 83 volgtE F B4 nd ¥ JHR 243 AolHE qHY & U
RNHME C-11 proton?] coupling constants(91-10-10, Ji-u= 3.2, Ju-= 83, Ju-15=
15 91-10-11, Jo-u= 7.3, Ju-z= 547} B2d: Ho|n E4E C-8% -99 “C
NMR chemical shifts gto] @%om gz wA®ez C-8 ~ -139] ¢|&=
protons®] 'H NMR chemical shifts gtol @8t AL & + iU (Table
5-6). 222 ojn] AFF W FEHoL2Z FTUF A functional groupE
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Table 5-1. Proton and carbon NMR assignments for compounds 91-10-1 and -2

91-10-1 91-10-2
2
14 13C‘ 14 13C
1 176,57 s 176.55 s
2 |2.44(2H, m) 32,66 t (2.43(2H, m) 32.74 t
3 [1.85(2H, m) 29.02 t [1.86(2H, m) 28,07 t
4 (1.68(2H, m) 24.14 t |1.70(2H, m) 24.16 t
5 [1.53(2H, m) 26.44 t |1.53(2H, m) 26.49 t
6 [1.85(2H, m) 37.05 t [1.79(2H, m) 37.11 t
7 |4.09(1H, dt, 6.4, 7.8) 81.47 d |4.05(1H, dt, 6.4, 6.8) 81,58 d
8 [1.15(1H, m) 21.43 d |1.05(1H, m) 20,46 d
9 (0.68(1H, ddd, 8.8, 5.4, 5.4) | 7.88 t |0.71(2H, m) 8.96 t
0.60(1H, ddd, 8.3, 5.4, 5.4)
10|0.98(1H, =) 23.04 d |0.99(1H, m) 23.22 d
11{3.684(1H, dd, 7.8, 3.4) 74,60 d {3,66(1H, dd, 7.8, 4.9) 74.74 d
12|5.78(1H, m) 133,16 d |5.75(1H, m) {133.58 d
13{5.78(1H, m) 131,67 d |5.75(1H, m) 131.64 d
14/4.18(1H, dt, 4.4, 6.4) 71.42 d {4,16(1H, dt, 3.9, 6.3) 71.56 d
15{2.32(2H, m) 35.30 t |2.34(1H, ddd, 14.6, 7.8, 6.3)]| 35.32 ¢
2.28(1H, ddad, 14.6, 7.1, 6.3)

16]5.37(1H, dtt, 10.8, 7.3, 1.5)|124.03 d |5.37(1H, dtt, 10.7, 7.1, 1.5)[124.04 d
17|5.59(1H, dtt, 10.8, 7.3, 1.5)(134.01 d {5.57(1H, dtt, 10.7, 7.1, 1.5)|133.92 4
18{2. 05(2H, brdt, 6.8, 6.8) 27.43 t |2.05(2H, brdt, 7.3, 7.3) 27.43 t
19{1,34(2H, m) 29.27 t {1.36(2H, m) 29,26 t
20{1.28(2H, m) 31.49 t [1.29(2H, m) 31,49 t
21(1.28(2H, m) 22.54 t [1.29(2H, m) 22,54 t
22(0.88(3H, t, 7.1) 14.05 q [0.89(3H, t, 7.1) 14,04 q

& Proton and carbon NVR spectra were recorded in (UCl3 solution at 500 Miz. Chemical
shifts are reported in & values(ppm downfield from MesSi). J values are reported in
Hz, Carbon NMR spectra were obtained in (DCls solution at 125 Miz. Assignments are
aided by decoupling and COSY, and HMOC experiments, “
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FAA A A oj9} & EF doletde WaE ¢FAL 4 U7 A= 91-10-2
7} 91-10-1¢} C-11 epimergts ZE A& % UcH(Fig. 5-2).

A8 B2 91-10-37% 91-10-471 At o] E2E A 91-10-19]
U 91-10-2¢F $-AM% fatty acid lactones2 AZHAoH F2F Ao FE C-199
M2 double bond7t YEREEHE FolUtHFig. 5-16 ~ -21). °] EFELY T=
Al proton decoupling® H COSY NMR A 3ol o3t Fzx71 AR UcH(Fig.
5-16, -18, -19, -21). C-2 methylene2 228 Al&ste C-22 terminal methyl®]
o]2% RE correlatione] B¥3 =2ytch C-163 -19 double bond®} geometry
= 7}7} coupling constant(C-16, 91-10-3, J=10.7 Hz, 91-10-4, J=12.2 Hz; C-19,
91-10-3, 11.2 Hz, 91-10-4, 122 Hz)ol 934 Z-configuration®.2 ZA At
E C-129] 91X % double bond®) geometry: 91-10-3¢] ZAf-oie s}t w7t
2 double bond protonsZte] coupling constant(J=15.6 Hz)2%-€] E configuration}
o] we @out 91-10-49) A$olE o] ¥-&9 protons7t FHA 31l proton
decoupling2 @ ¢lste] FAHUL, tAHEZ 91-10-42 3 366(C-11°ln
419(C-14)9] protonsE irradiationdt®& ® C-13% C-12¢] protons7t ZZ
double doublet$l A& & 4 91929 coupling constanstsE 155 Hzth 232
2 C-12 geometry= E-configurationo.2 #<I=AcHFig. 5-2)(Table 5-2).
91-10-37 91-10-4%= 91-10-13F 91-10-2¢] A5 vpA7IAI=Z C-119) epimer
2 oAAY 91-10-13 91-10-3, ZF: 91-10-27 91-10-4 T
stereochemistry & Ze RS2 #ddH

T o2 §AFE A 91-10-5% 91-10-6°] FAMSE &= EEHUNLY o]
22594 'H NMR# ®C NMR data 9A] 91-10-10|1} 91-10-2¢} o}F A&
th(Fig. 5-22, -23, -26, -27). #4¥ Aol @& 'H NMR spectrumi¢] § 579
573014 vinyl protonsZ A4 HE peak’t FrHH o2 vEtoen] old FEde
Wiy BC NMR AME A o}(d 132.80d, 127.99d) o] BEHEL o|FEFo]
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Table 5-2. Pronton and carbon NMR assignments for compounds 91-10-3 and -4a

91-10-3 91-10-4

E
1H 13¢ 1H 13¢
1| 176.55 s 176.56 s
2 |2,44(2H, m) 32.70 t [2.43(2H, m) 32.75 t
3 |1.85(24, m) 29,05 t ]1.86(2H, m} 29.07 t
4 11,69(2H, m) 24.17 t |1.69(2H, m) 1 24,16 t
5 {1.55(2H, m) 26.47 t |1.53(2H, m) 26.49 t
6 11.85(2H, m) 37.07 t [1.79(24, m) 37.10 t
7 14.09(1H, dt, 6.4, 7.8) 81,46 d [4.05(1H, dt, 6.6, 7.5) 81.54 d
8 [1.16(1H, m) 21.44 d |1_06(1H, m) 20.47 d
9 [0.68(1H, ddd, 8.8, 5.4, 5.4) | 7.87 t |0.71(2H, m) 8.94 t
0.60(1H, ddd, 8.8, 5.4, 5.4)

10{0.99(1H, a) 23.04 d {0.99(1H, m) 23.21 d
11{3.65(1H, dd, 7.6, 4.4) 74.57 d |3,66(1H, dd, 8.0, 4.5) 74.71 d
12{5.77(1H, dd, 15.6, 4.4) 133,07 d {5.76(1H, m} 133,47 d
13|5.81(1H, dd, 15.6, 5.0} 131.80 4 [5.76(IH, m) 131.73 d
1414.20(1H, dt, 3.9, 6.6) 71.37 d [4.19(1H, dt, 4.2, 6.0) 71.50 d
15(2.36{2H, m) 35,30 t (2,35(2H, m) 35.30 t
16(5.41(1H, =) 124,44 d {5.41(1H, o) 124.41 d
1715.30(1H, dtt, 10.7, 7.3, 1,5){126.66 d |5.30(1H, dtt, 12.2, 7.5, 1.4)|126.60 d
18{2.81(2H, dd, 7.3, 7.3) 25.73 t (2.81(2H, dd, 7.3,7.3) 25.73 t
19]5.57(1H, dtt, 11.2, 7.3, 1.5)|131.92 d |5.56(1H, dtt, 12.2, 7.5, 1.4){131.90 d
20|5.41(1H, m) 132,29 d [5.41(1H, m) 132.32 d
21[2.07(2H, brdg, 7.6, 7.6) 20.60 t [2.07(2H, brdq, 7.0, 7.0) 20.60 t
22{0.98(3H, t, 7.6) 14,23 q [0.98(3H, t, 7.5) 14.24 q

& Pronton and carbon NMR spectra were recorded in CDCl3 solution at 500 MHz, Chemical
shifts are reported in & values(ppm downfield from MesSi). J values are reported in
Hz. Carbon NMR spectra were obtained in CDCl; solution at 125 Miz. Assignments for
91-10-3 and -4 are aided by comparison with 91-10-1 and -8 and COSY experiment. -
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3 o wold & 2% 3719 ©lFAHE 71Q fatty acid lactones@he AHEE &
& stk A#{F AAMHQ FEE proton decoupling® 'H COSY A gl 23t
AR ed 21 4% 91-10-59% 91-10-62 C-4, -12, -16°] °|FTZRR fatty
acid FrEAMEYe] #AHAUNFig. 5-22 ~ -24, -26 ~ -28). 91-10-59] 3} T
EAsteE C-49 olZFAY S geometryE AAS7] 98 C-6 methylene protons
(8 257)% irradiation® A3} C-5 proton(d 5.73)¢] pattern®] double doublet(J=
11.3, 7.2 Hz)2 wsagen oA C-4 bond9 geometry: Z configurationd ©|
w3 Ak 9i-10-5¢ 91-10-62) ¥ZdHolelE AAF] A3 »d 91-10-5%
91-10-6 9A] HE 1l-epimer@ Aoy} 91-10-5+= 91-10-13 €] 91-10-62
91-10-2¢} Zz} 54 ¥ stereochemistry & 2=} (Fig. 5-2)(Table 5-3).

S =AM E gE F=34 91-10-73 91-10-80] £ HIU o &
AL 9A £33 dolg: 91-10-1 ~ -63 o}F HAEIRLR FAF/ ol
o] FA%Y 7} BF 47 EAP¥oe HolAH(Fig. 5-30 ~ -36). 91-10-7°
i o|Z A configurationse] AAH UM, ZF ojF A geometry= C-163%
C-19¢] 7%l vicinal coupling constant(10.7%4 10.8 Hz)sl €84 Z configuration
olo] #FAENod E C-49 AH$dE C-6 methylene protonsE& irradiation3td
C-5 methine proton(d 5.74)¢] double doublet(J=11.2, 7.3 Hz)® W& HE= ALEH
€] 9Al Z configuration®.2 ARASHAUT. 28y} C-12 double bonde Aol
C-12, -13 protonse] WEl}E $1X|o) C-49} -59) protonse] HA 319 decoupling
o M= FAHF geometryE €7] B N7 WHES] 91-10-13% NMR datas
Hlxdte] E configurationo.2 dA&ct. 91-10-82 91-10-79] 1l-epimerE A
91-10-29} S Y% stereochemistryg& 749 1 epimerdl 91-10-7-& 91-10-13%
E Y3 stereochemistry& 2t} (Fig. 5-2){Table 5-4).

FAL R tM—%é?l 91-10-97} £a5%it} °C NMR AdAA & 709 esteric
carbonyl group(® 176.62), 27§9] double bonds(d 135.82, 133.55, 127.60, 124.42)
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Table 5-3. Proton and carbon NMR assignments for compounds 91-10-5 and -62

91-10-5 91-10-6
#
1H 13¢ . IH 13¢
1 176.88 s 176.99 s
2 |2.73(1H, ddd, 13.2, 5.9, 2,9) | 37,69 t |2.73(1H, ddd, 13.2, 5.9, 2.9) | 37.68 t
2.30(1H, m) 2.30(1H, m)
3 {2.84(1H, m) 24.41 t [2.86(1H, m) 24,38 t
2.12(1H, m) 2.12(14, m)
5.79(1H, m) 131,70 d |5.78(1H, m) 131.73 d
5.73(1H, m) 127,99 d |5.76(1H, m) 128,11 4
2.57(1H, ddd, 14.0, 10.3, 6,4)| 34.30 t {2.63(1H, ddd, 14.2, 10.5, 6.4){34.21 t
2.19(1H, ddd, 14.0, 8.1, 1.7) 2.26(1H, ddd, 14.2, 7.8, 1.5)
7 (4.01(1H, ddd, 10.3, 8.1, 1.7) | 80.76 d [4.05(1H, ddd, 10.3, 7.3, 1.0) | 80.87 d
1.02(1H, m) 19.73 d [1.14(IH, m) 20.56 d
9 (0,78(1H, ddd, 8.3, 5.4, 5.4) 9,02 t [0.74(1H, ddd, 8.8, 5.4, 4.9) 7.96 t
0.70(1H, ddd, 8.4, 5.4, 5.4) 0.60(IH, ddd, 8.3, 5.4, 5.3)
10|1.02(1H, =) 23.02 d {1,01(1H, m) 23.31 d
11|3.67(1H, dd, 6.3, 4.9) 74.74 d [3.66(1H, dd, 7.3, 4.4) 74.36 d
12/5.79(18, m) 133,91 d [5.78(1H, m) 133.09 d
13]5.79(1H, m) 132,80 d |5.78(1H, m) 132.72 d
14|4.17(1H, dt, 5.3, 6.8) 71.57 d [4.18(1H, dt, 5.5, 6.8) 71.42 d
1512.33(2H, m) 35.29 t [2.32(2H, m) 35.26 t
1615, 37(1H, brdt, 11.0, 7.1) 124.02 d |5.38(1H, brdt, 11.1, 6.8) 124.08 d
17|5.58(1H, brdt, 11.0, 7.3) 133.62 d (5.58(1H, brdt, 11.1, 7.3) 133.85 d
18{2.04(2H, dt, 7.3, 7.3) 27.82 t [2.05(2H, dt, 7.3, 7.3) 27.40 t
19]1.35(2H, m) 23,26 t |1.36(2H, m) 29.24 t
20{1,.29(2H, m) 31.50 t (1.28(2H, m) 31.47 d
211.29(2H, m) 22.53 t {1.28(2H, m) 22.51 t
22[0,89(3H, t, 7.1) 14.04 q [0.89(3H, t, 6.8) 14,02 q

& Proton and carbon NMR spectra were rec orded in CDCls solution at 500 MHz, Chemical
shifts are reported in & values(ppm downfield from Me4Si). J values are reported in Hz.
Carbon NMR spectra were obtained in CDClz solution at 125 Mz, Assignments are aided by

decoupling and COSY, and HMQC experiments. 591



Table 5-4. Proton and carbon NMR assignments for compounds 91-10-7 and -8

91-10-7 91-10-8
*
14 13¢ IH 13C

1 176.84 s 176.90 s
2 12.73(1H, ddd, 13.2, 5.9, 2.9) 37.70 t|2.74(1H, ddd, 13.7, 5.9, 2.9) | 37.71 t

2.30(1H, ddd, 13.2, 11.7, 4.9) 2.33(1H, ddd, 13.7, 4.9, 1.5)
3 |2.85(1H, o) 24.42 t|2.85(1H, m) | 24,42 ¢t

2.12(1H4, m) 2.12(1H, m)
4 |5.79(1H, m) 131.76 d|5.79(1H, m) 131,82 d

5, 74(1H, m) 127.99 d|5.74(1H, m) 128.10 d
6 [2.58(1H, ddd, 14.0, 10.2, 6.8, 1.3)| 34.31 t|2.57(1H, ddd, 14.0, 10.3, 6.4)) 34.23 ¢

2.19(1H, ddd, 14.0, 8.0, 1.9) 2.26(1H, ddad, 14.0, 7.8, 1.5)

4.01(1H, ddd, 10.2, 8.0, 1.9) 80.70 di4.01(1H, ddd, 10.0, 8.3, 1.9) | 80.79 d

1,03(1H, ) 19.76 d]1,14(1H, m) 20.60 d

0.78(1H, ddd, 8.1, 5.4, 5.3) 8.99 t|0.74(1H, ddd, 8.8, 5.1, 5.1) 7.97 t

0.70(1H, ddd, 8.1, 5.4, 5.3) 0.60(1H, ddd, 8.8, 5.1, 5.1)
10{1.03(1H, m) 23.49 d|1.01(1H, m) 23,32 d
113.67(1H, dd, 6.8, 4.9) 74,69 d|3.67(1H, dd, 7.8, 4.9) 74.37 d
12(5.79(1H, m) 133,50 d{5.79(1H, m) 133,03 d
13}5.79(1H, m) 132.83 d[5.79(1H, m) 132.71 d
14(4.19(1H, dt, 6.8, 5.1) 71.48 di4.20(1H, dt, 5.9, 4.9) 71.40 d
15{2.36(2H, m) 35.29 t(2. 33(2H, m) 35.30 t
16(5,41(1H, m) 124.39 d|5.41(1H, m) 124,47 d
17|5.29(1H, dtt, 10.8, 7.3, 1.5) 126.60 d|5.30(1H, dtt, 10.7, 6.8, 1.5) |126.66 d
18]2.81(2H, dd, 7.3, 7.3) 25.73 t12.81(2H, dd, 7.1, 7.1) 25.74 t
185.57(1H, dtt, 10.7, 7.3, 1.5) 131.93 d]5.57(14, dtt, 10.7, 7.3, 1.5) [131.82 d
20|5.41(1H, m) 132.30 d|{5.41(1H, m) 132,24 d
211{2.07(2H, brdq, 7.3, 7.6) 20.59 t|2.07(2H, brdg, 7.3, 7.3) 20,60 t
22[0.98(3H, t. 7.6) 14.24 q}0.98(34, t, 7.6) 14.23 q

a Proton and carbon MR spectra were rec orded in CDCl3 solution at 500 MHz. Chemical
shifts are reported in & values(ppm downfield from MesSi). J values are reported in Hz.
Carbon NMR spectra were obtained in CDCl; solution at 125 Mz, Assignments are aided by

decoupling and C0SY, and HMQC experiments, 205 —



2]l 3 7H¢] oxygen—bearing carbons(3 81.29, 75.10, 7420)8 EFHAH BF 227
9] carbon signalse] A H s E HMQC A8 98 proton-carbonzte] #
%3 correlation®] assign®@ol wlal § 12169 carbon signal® h&3t: § 0.713
0.899] proton signalst 91-10-9 HA ©& HEZAHMER "@AAZ F A
cyclopropane ring€ 7HAi U&E ¢ + UUHFig. 5-2, -37, -38, -40).
91-10-9¢] AA A HAFZEE 'H COSY AP o5t 24 = AcH(Fig, 5-39).
Fig. 5-29] AAE RAAHY o] EAL C-77 -139) alcoholic bond, C-14¢] esteric
bond R C-113} C-169 °}FE¥¢ 7+ fatty acid lactoneo] 2t A& ¢ 4= ¢l
. o] dAMEEE 91-10-10|1} 91-10-2¢ allyic rearrangment’t ¥ojut A H
Ao AL} o] B89 NMR assignments: Table 5-59 2},

°|€ Solanderia secunda®] HWAIEAEL 91-10-98 Adsdns ZF C-7,
=8, -10, -11, -14& TAN2 asymmetric centers§ FEAH o2 Zrw g} o]=2
C-8, -10% cyclopropanedl %3} centers®] A tH¥W|¥-L C-9 methylene protons®]
coupling constants2%-¥ trans® ZAAHUSY 1Yx] A asymmetric centers)
A e W&HA gt of BAEQ stereochemistry® ¥3817] $15) nOe
R NOESY H4¥& A=y 2y configuration® AT 5 Q&= HolEE A} of
2 H}. ©h& macrolidest} long-chain fatty acidsol Al £3] & 4 = A zo] &
A HAE A% AF4Fo2E NMR Aol 984 oS  long-chain
asymmetric centers®] YME A wjdey dHL Bty @ Aos yEt) wig
A p-biphenylcarboxylic acid ester FEME W5 X4 FATFREANEL A=
idelt}. AT NMR data® A48 A8 B 5U3 stereochemistry s 2=
T e 2F F 91-10-1, -3, -5, -72 91-10-2, -4, -6, 82 ¥ 4 glow
°f 2FELNE AZ ll-epimer A AL T 4 Ytk AF7A oA AL
fatty acid lactones®] stereochemistry:= o}2 ZA4d »l glo}

91-10-1 ~ -9 ¥ cyclopropane® 7} Cx fatty acid lactonesolth. =3
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Table 5-5. Proton and carbon NMR assignments for compounds 91-10-9=

91-10-9
"
14 13¢
i 176.62 s
2 2.44(2H, w) 32.69 t
3 1.87{(2H, m) 29.24 t
4 1.70(1H, m), 1.56(1H, m) 26.46 t
5 1.54(2H, m) 2415 t
6 1.82(2H, m) ' 37.13 t
7 4.12(1H, dt, 6.3, 7.6) 81.29 d
8 1.14(1H, m) 24.86 d
9 0.89(1H, ddd, 8.3, 5.4, 5.4) 12.16 t
0.71{1H, ddd, 8.3, 5.4, 5.4)

10 1.41(1H, m) 19.24 d
11 5.37(14, dd, 15.1, 8.3) 135.62 d
12 5.56(1H, dd, 15.1, 8.3) 127.60 d
13 3.92(1H, dd, 6.3, 6.3) 75.10 d
14 3.49(1H. ddd, 7.8, 6.0, 4.8) 74.28 d
15 2.25(2H, m) 31,07 t
16 5.42(1H, dtt, 9.8, 7.8, 1.5) 124.42 d
17 5.57(1H, dtt, 9.8, 7.3, 1.5) 133,55 d
18 2.04(2H, dt, 6.8, 7.1} 27.36 t
19 1.35(2H, m) 29.06 t
20 1.30(24, m) 31.50 t
21 1.27(2H, m) 22,62 ¢
22 0.89(3H, t, 6.8) 14.03 q

& Proton and carbon NMR spectra were recorded in CDCl3 solution at 500 MHz,
Chemical shifts are reported in & values{ppm downfield from MeSi). J values
are reported in Hz, Carbon NMR spectra were obtained in CICl3 solution at 125
MHz. Assignments are aided by decoupling and COSY, and HMIC experiments.
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Table 5-6. Proton and carbon NMR assignments for compounds 91-10-10 and -112

91-10-10 91-10-11
¥
i1H 13¢ - 1H 13¢
1 176.56 s 176.51 s
2 |2.43(2H, m) 32.89 t |2.42(2H, m) 32,86 t
3 [1.86(2H, m) 29.14 t |1.86(2H, brq, 6.0} 29.17 t
4 |1.70(1H, =), 1.56(1H, m) 24.19 t [1.69(1H, n), 1.55(1H, m) 24.21 t
5 [1.53(24, m) 26,57 t [1,52(2H, m) 26.58 t
6 {1.79(2H, m) 36,97 t |1.78(2H, brdt, 5.9, 6.1) 37.17 t
7 14.05(1H, dt, 5.4, 8.1) 81.16 d |4.08(1H, dt, 6.8, 7.1) 81,22 d
8 |1.21(1H, m) 21,69 d {1.04(1H, m) 20,57 df
9 |0.74(1H, ddd, 8.3, 5.4, 5.4) 8.39 t [0.74(1H, ddd, 8.3, 5.4, 5.4) 9.36 t
0.60(1H, ddd, 8.3, 5.4, 5.4) 0.70{1H, ddd, 8.3, 5.4, 5.4)
10{1.04(1H, m) 20.52 d [1.04(1H, m) 20.62 df
11{4.83(1H, ddd, 8.3, 3.2, 1,5) | 75.73 d |4.88(1H, dd, 7.3, 5.4) 75.46 d
12|5.69(1H, m} 130.57 d |5.64(1H, dd, 15.6, 5.4) 130.92 d
13{5. 71(1H, m) 129.50 d |5,68(1H, dd, 15.6, 5.4) 129,35 d
14)5,27(1H, m) 73.09 d |5.25(1H, m) 73.11 d
15[2.43(1H, m), 2.34(iH, m) 32,28 t |2.41(1H, m), 2.32(1H, m) 32.28 ¢
16/5.28(1H, dtt, 11,2, 7.3, 1.5)}123.17 d [5.28(1H, dtt, 10.7, 7.3, 1.5){123.18 d
17{5.51(1H, dtt, 11.2, 7.3, 1.5)}133.33 d |5.50(1H, dtt, 10.7, 7.3, 1.5){133.35 d
18}2.01(2H, brdt, 6.4, 7.8) 27.39 t {2.01(2H, brdt, 6.8, 7.3) 27.39 t
19(1.34(2H, =) 29,21 t [1.34(2H, m) 28,19 t
20{1.29(2H, m) 31,51 t |1.29(2H, m) 31.50 t
21(1.29(2H, m) 22,57 t {1.29(2H, m} 22,56 t
2210.89(34, t, 7.1) 14,07 q [0.89(3H, t, 6.8) 14,07 ¢
0AC 170.12 go 170.11 sz
2.07(3H, s)b 21.25 qd!2.06(3H, s)e 21.25 gt
176,12 so 170,09 se
2.05(3H, s)b 21.21 q4]2.05(3H, s} 21.23 qh

& Proton and carbon NMR spectra were recorded in CDClz solution at 500 M. Chemical
shifts are reported in § values(ppm downfield from MesSi). J values are reported in
Hz. Carbon NMR spectra were obtained in CDClz solution at 125 Mz, Assignments are
aided by COSY and HMIC experiments, ¢-i Assignments may be interchanged.
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ZA AT olEL 25 AEAY hydroidsE HEY AFFE] AERRE v
$ Eol3 HAEYL FAFHU. e FRFHSE HAMY cyclopropanyl fatty
acid lactones®] 4 £¢] red algae, sponges, mollusksS S.2%€ &2AH 9 g}
(Fig. 5-3)(Higgs & Mulheirn, 1981; Niwa et al. 1989, Nagle & Gerwick, 1990;
QOjika et ai, 1990).

o|5F ZXF [Laurencia hybridaZ%¥ F%9 tricyclic compound{}
hybridalactone2 A 9@ WA EAEL ZFE719 FHU g QAN M= A
o] Uz} o]=& EF phospholipids® ©|$E Cx arachidonic acidZ%E 719
2t} prostaglandins, leucotrieness prostancids& A &4 3= FHABA wWHdE =
AEo|n wrebA] phospolipase As, 5-lipoxygenase% arachidonic acid cascaded] #
Aste o] Ead W FAESG o duiE 2FEAE JEHIY olE
arachidonic acid9l*} 71 €% & E o] arachidonic acid cascadeo} st FEid
BE AYBAEE b ALt §IFE Aol

B a7 Fx7F dA4E 91-10-1 ~ 9% EF arachidonic acid]A] 7)€ 3}
A @k x BF3ti(chain length7t Cz), FAIR A FLE RE7E
td. 2#l22 olE Solanderia secunda®] YAEREC] OE Cxp fatty acid
lactones® 72 A VAHEE UehdAY oRE A3 FEIEG T3 AP
Ho| %= prostancids®} Aol Todt= Hid T A9H AHFALEE 3= A
2L 2949 ML AFdA AFFAG JFHRL e Eoko|tH(Fenical &
Faulkner, personal comm.). Wetd FZ2ZAA ZAYo| ARFHE R o] EA
N 2988 A2ANHT AHBAET 542 A

A€Hog B dFdA hydroid Solanderia secundaZR-6 2 5F 971¢] M E2&

cyclopropane-containing C» fatty acid lactones® #8331 FXRE AAAG
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hybridalactone constanolactones A and B (epimer)
{red alga Laurencia hybrida) (red alga Constantinea simplex)

PR

CH

halichondiactone (left) and nechalichondiactone {right}
{(sponge Halichondria okadai)

aplydilactone
{(mollusc Aplysia kurodai)

Fig. 5-3. CyCIOpropane-containg fatty acid lactones from marine organisms.
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5 3. A@uy
5 3. 1. A8 AA 2 frERe F&3 a&azvtE R

Hydroid Solanderia secunda®l AL AAE =8 T4 25-30 mol A 23’91
d 14, 79) 2 AERE d¢ AEs GirE 23 4 25-30 molA 1391
109) SCUBA tholgol 1314 olFo] Ao o Azt AP o& FA 8
A gA8 T YEad R@AHEU IEFRRFU ABREZFARE 5 k)€ FA
A7} methylene chloride 2 LE 7}ste] A2o4 48A17F AR Fo 2 &9& 4
HuUglem of HA-L oA utEGE Fo Aol AA frlE2FEES FE 107 ¢
o] Ao} Mt}

o) 2%%E & FF silica flash chromatography® #2137 ¥ n-hexanet
ethylacetate®] &9 (5% ethylacetate/n-hexane® Z8-€ 100% ethylacetate7}=]),
acetone, methanol® #M 2 £E5AZT. o¥A QoA 18712 £ Y(fraction, fx)
& Zt7t 448 AAT F 'H NMRE 34% 44 F9 e 23 dA=ZE
fx-12(55% ethylacetate/n-hexane: 100 mg), fx-13(60% ethylacetate/ n—hexane:
70 mg), fx-14(65% -ethylacetate/n-hexane: 170 mg), fx-15(70% ethylacetate/
n-hexane: 140 mg)% fx-16(100% ethylacetate: 130 mg)oll E§ =] AFo] ¥H
At 719 fxolE d2] AFPBA &3 SASe 2 R BES A, A
@ steroids7t E 3 ATt

5. 3. 2. 91-10-19] ¥3)

1&71 ZvEaSHE £ x-13(70 mg), ~14(170 me), -15(150 mg)

2 -16(130 mg)S 2}Z} 42%\} 50% water/acetonitriled)] ¥9°] 3L Maxi—clean Cig
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filter(Alltech)2 &} § Fo] 22 EFYL S&4v=2 AHLsted HPLC(YMC
reversed phase Cis column, RI detector)2 ¥&|3}'8 retention time 265 (2
ml/min)# 33.6 £(25 mi/min)e] 91-10-19] peak”} YElom zZ+ AlmollA &
¥ HAFE 224 mgol T},

'H NMR(CDCl;, 500 MHz) & 5.78(2H, m, H-12, -13), 559(1H, dtt, 108, 7.3,
15, H-17), 5.37(1H, dtt, 108, 7.3, 1.5, H-16), 418(1H, dt, 44, 64, H-14), 4.09(1H,
dt, 64, 78, H-7), 364(1H, dd, 78, 34, H-11), 244(2H, m, H-2), 2.32(2H, m,
H-15), 2.05(2H, brdt, 6.8, 68, H-18), 185(4H, m, H-3, -6), 1.68(1H, m, H-4),
153(3H, m, H-5, -5), 1L34(2H, m, H-19), 1.284H, m, H-20, -21), 1.15(1H, m,
H-8), 0.98(1H, m, H-10), 0.88(3H, t, 7.1, H-22), 0.68(1H, ddd, 8.8, 54, 54, H-9),
060(1H, ddd, 83, 54, 54, H-9); “C NMR(CDClL, 125 MHz) & 17657(C),
134.01(CH), 133.16(CH), 131.67(CH), 124.03(CH), 81.47(CH), 74.60(CH), 71.42(CH),
37.05(CH2), 35.30(CHz), 32.66(CHz), 31.49(CHy), 29.27(CHz), 29.02(CHy), 27.43(CHy),
26.44(CH»), 24.14(CH>), 23.04(CH), 22.54(CH>), 21.43(CH), 14.05(CHs), 7.88(CHz).

5. 3. 3. 91-10-2¢] &¥

A&Ed AzviEoLdvE 2@ fx-14(170 mg), fx-15(140 mg), L
fx-16(130 mg)& FZ 50% water/acetonitriled] 0|3 Maxi-clean Cis
filter(Alltech) 2 4§ Fo] L EFJE $&EvZ ALY HPLC(YMC
reversed phase Cis column, RI detector)® +#32]81'H retention time 29.0 (25
ml/min)e]  91-10-29] peak7} YEbgom 7z AlgellH Eal# AMFL 195 mg
o] A1ef, |

'H NMR(CDCl;, 500 MHz) & 5.75(2H, m, H-12, -13), 557(1H, dtt, 10.7, 7.1,
15, H-17), 537(1H, dtt, 107, 7.1, 1.5, H-16), 416(1H, dt, 39, 6.3, H-14), 4.05(1H,
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dt, 6.4, 6.8, H-7), 3.66(1H, dd, 7.8, 49, H-11), 243(2H, m, H-2), 2.34(1H, ddd,
146, 78, 63, H-15), 2.28(1H, ddd, 146, 7.1, 6.3, H-15), 205(2H, brdt, 7.3, 7.3,
H-18), 1.86(2H, m, H-3), 1.79(2H, m, H-6), L.70(2H, m, H-4), 1.53(2H, m, H-5),
1.36(2H, m, H-19), 1.29(4H, m, H-20, -21), 1L.05(1H, m, H-8), 0.99(1H, m, H-10),
089(3H, t 7.1, H-22), 0.71(2H, m, H-9) “C NMR(CDCls, 125 MHz) &
176.55(C), 133.92(CH), 13358(CH), 131.64(CH), i2404(CH), 81.58(CH), 74.74(CH),
71.56(CH), 37.11(CHy), 35.32(CHy), 32.74(CHa), 31.49(CHy), 29.26(CH), 29.07(CHy),
97 43(CHy), 26.49(CHy), 24.16(CH2), 23.22(CH), 22.54(CHa), 20.46(CH), 14.04(CHs),
8.96(CHz2).

5. 3. 4. 91-10-3¢] £&

aé&ger mzvieEnadyz 28 x-140170 mg), fx-15(140 mg), R
fx-16(130 mg)& ZtZ 50% water/acetonitriled] *3°]i Maxi-clean Cis
filter(Alltech)2 33 Foj £ EFYLE L& L2 A3 HPLC(YMC
reversed phase Cis column, RI detector)Z £E3 retention time 185 ¥(25
ml/min)el] 91-10-2¢] peak7} Ueltom zh AlgelA £ AAMFE 41 mgel
pe 4=

IH NMR(CDCls, 500 MHz) & 5.81(1H, dd, 156, 50, H-13), 5.77(1H, dd, 156,
44, H-12), 557(1H, dtt, 11.2, 7.3, 15, H-19), 541(2H, m, H-16, -20), 530(1H,
att, 107, 7.3, 1.5, H-17), 420(1H, dt, 3.9, 66, H-14), 409(1H, dt, 64, 7.6, H-7),
365(1H, dd, 7.6, 44, H-11), 2.81(2H, dd, 7.3, 7.3, H-18), 2.44(2H, m, H-2),
236(2H, m, H-15), 2.07(2H, brdq, 7.6, 7.6, H-21), 1.85(4H, m, H-3, -6), 1.69(2H,
m, H-4), 155(2H, m, H-5), 1.16(1H, m, H-8), 0.99(1H, m, H-10), 0.98(3H, t, 7.6,
H-22), 0.68(1H, ddd, 88, 54, 54, H-9), 060(1H, ddd, 88, 54, 54, H-9s °C
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NMR(CDCls, 125 MHz) & 17655(C), 133.07(CH), 132.29(CH), 131.92(CH),
131.80(CH), 126.66(CH), 124.44(CH), 81.46(CH), 7457(CH), 71.37(CH), 37.07(CHy),
35.30(CHz), 32.70(CHz2), 29.05(CHz), 26.47(CHz), 25.73(CH2), 24.17(CHz), 23.03(CH),
21.44(CH), 20.60(CHz), 14.23(CHs), 7.87(CHoa).

5. 3. 5. 91-10-4¢] &%

AE5RYG azvEaENE ¥ &x-15(140 mg), ¥ fx-16(130 mg)€ 2
50% water/acetonitriledl] %9¢]3 Maxi-clean Cis filter(Alltech)& 3§ Fo) &
EEYEe SEFLWME X889 HPLC(YMC reversed phase Ci column, RI
detector)Z £33 retention time 20 ¥(25 ml/min)dl 91-10-2¢] peak’} v}E}
wom Zk ARdA e AAMFLS 41 mgoldtt

'H NMR(CDCl, 500 MHz) & 576(1H, m, H-13), 576(1H, m, H-12),
556(1H, dtt, 122, 7.5, 14, H-19), 541(2H, m, H-16, -20), 530(1H, dtt, 12.2, 7.5,
14, H-17), 419(1H, dt, 42, 6.0, H-14), 4.05(1H, dt, 6.6, 7.5, H~7), 3.66(1H, dd,
8.0, 45, H-11), 2.81(2H, dd, 7.3, 7.3, H-18), 243(2H, m, H-2), 2.35(ZH, m, H-15),
207(2H, brdq, 7.0, 7.0, H-21), 1.86(2H, m, H-3), 1.79(2H, m, H-6), 1.69(2H, m,
H-4), 153(ZH, m, H-5), 1.06(1H, m, H-8), 0.93(1H, m, H-10), 0.98(3H, t, 7.5,
H-22), 0.71(2H, m, H-9); ¥C NMR(CDCls, 125 MHz) & 176.56(C), 133.47(CH),
132.32(CH), 131.90(CH), 13L73(CH), 126.60(CH), 124.41(CH), 81.54(CH),
74.71(CH), 71.50(CH), 37.10(CH2), 35.30(CH2), 32.75(CH2), 29.07(CH2), 26.49(CHb>),
25.73(CHz), 24.16(CHg), 23.21(CH), 21.44(CH), 20.47(CH>), 14.24(CHs), 8.94(CHb>).
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5. 3. 6. 91-10-52] ¥¢l

&2 azvEgagdys 2g§ x-12(100 mg), -13(70 mg) 2 -14(170
mg)E 27} 42% water/acetonitrilec] o] Maxi-clean Cis filter {Alltech)Z
HE Fo) e TYYEL £28vle ALEsted HPLC(YMC reversed phase Cis
column, RI detector, 2 ml/min)2 #2]5% retention time 28.8 £ 91-10-59]
peak7t WEbstom] 7 ARA TE@ AAFL 42 mgol AT

IH NMR(CDCls, 500 MHz) & 5.79(3H, m, H-4, -12, -13), 5.73(1H, m, H-5),
558(1H, brdt, 11.0, 7.3, H-17), 537(1H, brdt, 11.0, 7.1, H-16), 417(1H, dt, 53,
6.8, H-14), 401(1H, ddd, 103, 81, 1.7, H-7), 3.67(1H, brdd, 6.3, 49, H-11),
2.84(1H, m, H-3), 2.73(1H, ddd, 13.2, 59, 29, H-2), 257(1H, ddd, 14.0, 10.3, 64,
H-6), 2.30(1H, m, H-2), 233(2H, m, -15), 2.19(1H, ddd, 140, 81, 17, H-6),
2.12(1H, m, H-3), 2.04(2H, dt, 7.3, 7.3, H-18), 135(2H, m, H-19), 1.29(4H, m,
H-20, -21), 1.02(2H, m, H-8, -10), 0.89(3H, t, 7.1, H-22), 0.78(1H, ddd, 8.3, 5.4,
54, H-9), 0.70(1H, ddd, 84, 54, 54, H-9); BC NMR(CDCl;, 125 MHz) &
176.88(C, C-1), 133.91(CH, C-12), 133.62(CH, C-17), 132.80(CH, C-13), 13L.70(CH,
C-4), 12799(CH, C-5), 124.02(CH, C-16), 80.76(CH, C-7), 7474(CH, C-11),
7157(CH, C-14), 37.69(CHz, C-2), 35.20(CHz, C-15), 34.30(CHz, C-6), 31.50(CHo,
C-19), 29.26(CH;, C-20), 27.42(CH.;, C-18), 24.41(CHs, C-3), 2349(CH, C-8).
22.53(CHs, C-21), 19.73(CH, C-10), 14.04(CHs, C-22), 9.02(CHs, C-9).

5. 3. 7. 91-10-62] ¥

n&zte agvteadss 28 £x-10(130 mg)# -11(110 mg)E& TZ 43%
water/acetonitriledl] 39|31 Maxi-clean Cis filter (Alltech)2 &3 Fo] L &
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e $&§viZ 21889 HPLC(YMC reversed phase Cis column, RI detector,
3 mi/min)E %238 retention time 47.0 ¥ 91-10-62] peak’} YJE}; o9 =z}
AgdA E2d AAFLS 35 megoldot.

'H NMR(CDCls, 500 MHz) & 5.78(3H, m, H-4, -12, -13), 5.76(1H, m, H-5),
558(1H, brdt, 11.1, 7.3, H-17), 538(1H, brdt, 11.1, 6.8, H-16), 4.18(1H, dt, 55,
6.8, H-14), 405(1H, ddd, 103, 7.3, 10, H-7), 3.66(1H, brdd, 7.3, 44, H-11),
2.86(1H, m, H-3), 2.73(1H, ddd, 132, 59, 29, H-2), 263(1H, ddd, 142, 10.5, 64,
H-6), 230(1H, m, H-2), 232(2H, m, -15), 226(1H, ddd, 142, 7.8, 15 H-6),
212(1H, m, H-3), 205(2H, dt, 7.3, 7.3, H-18), 1.36(2H, m, H-19), 128(4H, m,
H-20, -21), 1.14(1H, m, H-8), 1.01(2H, m, H-10), 0.89(3H, t, 68, H-22), 0.74(1H,
ddd, 88, 54, 49, H-9), 0.60(1H, ddd, 83, 54, 53, H-9); “C NMR(CDCls, 125
MHz) & 176.99(C, C-1), 133.09(CH, C-12), 133.85(CH, C-17), 132.72(CH, C-13),
131.73(CH, C-4), 128.11(CH, C-5), 124.08(CH, C-16), 80.87(CH, C-7), 74.36(CH,
C-11), 7T1.42(CH, C-14), 37.69(CH; C-2), 3526(CH, C-3), 34.21(CH; C-6),
31.47(CHz, C-20), 29.24(CHs, C-19), 27.40(CH,, C-18), 24.38(CH, C-3), 23.31(CH,
C-10), 2251(CHz, C-21), 20.56(CH, C-8), 14.02(CHs, C-22), 7.96(CHz, C-9).

5. 3. 8. 91-10-7¢} ¥4

&3 AzvEafdE 2§ x-12(100 mg), -13(70 mg) ¥ -14(170
mg)E 42 42% water/acetonitriles] 9] 32 Maxi-clean Cis filter(Alltech)® o 3}
@ Fol ZE EFYE £FEWR AMEst] HPLC(YMC reversed phase Cis
column, RI detector, 2 ml/minm)E ¥-2]3}'H retention time 19.8 ¥l 91-10-79]
peak’} UYEICH 2t AgoA ¢ AAFLS 16 mgo| At

'H NMR(CDCL, 500 MHz) & 5.79(3H, m, H-4, -12, -13), 574(1H, m, H-5),
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557(1H, dtt, 10.7, 7.3, 1.5, H-19), 541(2H, m, H-16, -20), 529(1H, dtt, 10.8, 7.3,
15, H-17), 4.1%(1H, dt, 6.8, 5.1, H-14), 401(1H, ddd, 10.2, 7.8, 1.8, H-7), 3.67(1H,
dd, 6.8, 49, H-11), 285(1H, m, H-3), 281(2H, dd, 7.3, 7.3, H-18), 2.73(1H, ddd,
132, 59, 29, H-2), 258(1H, dddd, 14.0, 102, 68, 1.3, H-6), 2.36(2H, m, H-15),
2.30(1H, ddd, 13.2, 117, 49, H-2), 2.19(1H, ddd, 140, 80, 19, H-6), 2.12(1H, m,
H-3), 207(2H, brdg, 7.3, 7.6, H-21), 1.03(2H, m, H-8, -10), 0.98(3H, t, 7.6,
H-22), 0.78(1H, ddd, 8.1, 54, 53, H-9), 070 (1H, ddd, 81, 54, 54, H-9) Be
NMR(CDCls, 125 MHz) & 176.84(C), 13350(CH), 132.83(CH), 132.30(CH),
131.93(CH), 131.76(CH), 12799(CH), 12660(CH), 1243%(CH), 80.70(CH),
74.69(CH), 71.48(CH), 37.70(CHz), 35.29(CH2), 34.31(CH2), 25.73(CH2), 24.42(CHa),
23.49(CH), 20.59(CHz), 19.76(CH), 14.24(CHs), 8.99(CHo).

5. 3. 9. 91-10-8¢] £

p&zret 2aveEadss 22 fx-10(130 mg)d -11(110 mg)& Z}2} 43%
water/acetonitriledl] 0|3l Maxi-clean Cis filter(Alltech)2 o #J Fo T2 &
3ol g2z A8 3l HPLC(YMC reversed phase Cis column, RI detector,
3 ml/min)® %2313 retention time 325 ¥ 91-10-89) peak’} Y& ten Z
Ao A et AAFL 20 mgol A

'H NMR(CDCls, 500 MHz) & 5.79(3H, m, H-4, -12, -13), 5.74(1H, m, H-5),
557(1H, dtt, 107, 6.8, 1.5, H-17), 5.41{(2H, m, H-16, -20), 530(1H, dtt, 10.7, 6.8,
1.5, H-17), 420(1H, dt, 59, 49, H-14), 4.01(1H, ddd, 100, 8.3, 1.9, H-7), 367(1H,
dd, 7.8, 49, H-11), 2.85(1H, m, H~3), 2.81(2H, dd, 7.1, 7.1, H-18), 2.74(1H, ddd,
137, 59, 29, H-2), 257(1H, dddd, 140, 10.3, 64, H-6), 2.33(ZH, m, H-15),
2.33(1H, ddd, 137, 49, 1.5, H-2), 226(1H, ddd, 140, 7.8, 1.5 H-6), 212(1H, m,
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H-3), 2.07(2H, brdq, 7.3, 7.3, H-21), 1.14(1H, m, H~-8), 1.01(1H, m), 0.98(3H, t,
7.6, H-22), 0.74(1H, ddd, 88, 51, 5.1, H-9), 0.60 (1H, ddd, 88, 5.1, 5.1, H-9); ®C
NMR(CDCls, 126 MHz) & 176.90(C), 133.03(CH), 132.71(CH), 132.24(CH),
131.82(CH x 2), 128.10(CH), 12666(CH), 12447(CH), 80.79(CH), 74.37(CH),
7140CH), 37.71(CH2), 35.30(CHz2), 34.23(CHz), 25.74(CH3), 24.42(CH>), 23.32(CH),
20.60(CH, CHz2), 1423CHzy), 7.97(CHa).

5. 3. 10. 91-10-92] £3)

25 22vtEast2 2498 x-10(130 mg)3 -11(110 me)e 2}2; 43%
water/acetonitrile®] 59]3 Maxi-clean Cig filter(Alltech)2 <33 -?-"“. e E
%4 582 A48 HPLC(YMC reversed phase Cis column, RI detector,
3 mi/min)2 #2352 retention time 44.6 ¥ 91-10-9¢] peaks} UElyton 2t
AlgdA 288 AAFE 10 mgolirt.

'H NMR(CDCl, 500 MHz) & 557(1H, dtt, 9.8, 7.3, 1.5, H-17), 556(1H, dd,
15.1, 83, H-12), 542(1H, dtt, 9.8, 7.8, 15, H-16), 5.37(1H, dd, 151, 83, H-11),
4.12(1H, dt, 6.3, 7.6, H-7), 392(1H, dd, 6.3, 6.3, H-13), 349(1H, ddd, 7.8, 6.0, 4.8,
H-14), 244(2H, m, H-2), 2.25(2H, m, H-15), 2.04(2H, dt, 6.8, 7.1, H-18), 1.87(2H,
m, H-3), 182(2H, m, H-6), 1.70(1H, m, H-4), 1.56(1H, m, H-4), 1.54(2H, m,
H-5), 141(1H, m, H-10), 1.35(2H, m, H-19), 1.30(2H, m, H-20), 1.27CH, m,
H-21), 1.14(1H, m, H~8), 1.01(1H, m), 0.89(1H, ddd, 8.3, 54, 5.4, H-9), 0.89(3H., t,
6.8, H-22), 0.71(1H, ddd, 83, 54, 54, H-9%: “C NMR(CDCls, 125 MHz) &
176.62(C), 133.62(CH), 13355(CH), 127.60(CH), 124.42(CH), 81.29(CH), 75.10(CH),
7429(CH), 37.13(CH2), 32.69(CHa2), 31.50(CHz), 31.07(CHz), 29.24(CHz), 29.06(CHo),
27.36(CHa), 26.46(CH2), 24.86(CH), 24.15(CHz), 22.62(CHz), 19.24(CH), 14.03(CHy),
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12.16(CHz).

5. 3. 11. 91-10-10¢] ¥4

10 ml round-bottomed flaske} 91-10-1 15 mg, acetic anhydride 0.3 ml,
pyridine 05 mi& Ba 1A o A2(25 °C)ela A AT WEe #FE &
Q7] S15te] TLCE oj&dte] 3¢ 3 LEF9) spotd Bl ¥x A=
$ AAYE9 spoto] ZEA e wrh Rotavapor$t vacuum pumpE ©] 834
acetic anhydride$} pyridine® A|A 33 acetonitriled ‘&8I A8t
HPLC(YMC Cis reversed phase column, RI detector, 25 ml/mimZ ¥2& A
retention time 25.4%o1A4 91-10-10¢] 1.3 mg ¥°l 4.

'H NMR(CDCl;, 500 MHz) & 571(1H, m, H-13), 569(1H, m, H-12),
551(1H, dtt, 11.2, 7.3, 1.5, H-17), 528(1H, du, 11.2, 7.3, 15, H-16), 527(1H, m,
H-14), 483(1H, ddd, 83, 3.2, 15, H-11), 405(1H, dt, 54, 8.1, H-7), 2.43(3H, m,
H-2, -15), 2.34(1H, m, H-15), 2.07(3H, s, OAc), 205(3H, s, OAc), 2.01(2H, brdt,
6.4, 7.8, H-18), 1.86(2H, m, H-3), 1.79(2H, m, H-6), 1.70(1H, m, H-4), 1.56(1H,
m, H-4), 153(2H, m, H-5), 1.34(2H, m, H-19), 129(4H, m, H-20, -21), 1.21(1H,
m, H-10), 1.04(1H, m, H-8), 0.893H, t, 7.1, H-22), 0.74(1H, ddd, 83, 54, 54,
H-9), 060(1H, ddd, 8.3, 54, 54, H-9); °C NMR(CDCl;, 125 MHz) & 176.56(C),
170.12(C), 17012(C), 133.33(CH), 130.57(CH), 129.50(CH), 123.17(CH), 81.16(CH),
75.73(CH), 73.09(CH), 36.97(CH2), 32.89(CH»), 32.28(CH2), 31.51(CHa), 29.21(CHo),
20.14(CH2), 27.39(CHz), 2657(CHp, 2419(CH2), 2257(CH2), 21.69(CH),
21.25(0CHs), 21.21(OCH3), 20.52(CH), 14.07(CHs), 8.39(CHz).
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5. 3. 12. 91-10-11¢2} ¥4

10 ml round-bottomed flaskol 91-10-2 20 mg, acetic anhydride 0.3 ml,
pyridine 0.5 mi€ Y1 1A17F F¢ A2(25 °C)dlA utAlzt), w89 FH&
38l7] Y5t TLCE <83t SAY A7 SLEZDY spotd RHelA ¥ A=
+ A4 E9 spoto] Z3tAl e W Rotavapor$t vacuum pumpE ©]-&3}
acetic anhydride®} pyridine® AT acetonitriled JLEEVE ARt
HPLC(YMC Cig reversed phase column, RI detector, 25 ml/min)Z #&|§ 2
retention time 24.0%-9 4 91-10-11¢] 1.6 mg o} Hr}.

'H NMR(CDCl;, 500 MHz) 8 5.68(1H, dd, 156, 54, H-13), 5.64(1H, dd, 15,
54, H-12), 550(1H, dtt, 10.7, 7.3, 1.5, H-17), 528(1H, dtt, 10.7, 7.3, 1.5, H-16),
525(1H, m, H-14), 4.88(1H, dd, 7.3, 54, H-11), 4.06(1H, dt, 68, 7.1, H-7),
242(2H, m, H-2, -15), 241(1H, m, H-15), 2.32(1H, m, H-15), 2.06(3H, s, OAc),
2.05(3H, s, OAc), 2.01(2H, brdt, 6.8, 7.3, H~18), 1.78(2H, brdt, 59, 6.1, H-6),
1.69(1H, m, H-4), 155(1H, m, H-4), 152(2H, m, H-5), 1.34(2H, m, H-19),
1.29(4H, m, H-20, -21), 1.04(2H, m, H-8, -10), 0.89(3H, t, 6.8, H-22), 0.74(1H,
ddd, 83, 54, 54, H-9), 0.70(1H, ddd, 83, 54, 54, H-9); “C NMR(CDCL, 125
MHz) & 17651(C), 170.11(C), 170.09(C), 133.35(CH), 130.92(CH), 129.35(CH),
123.18(CH), 81.22(CH), 7546(CH), 73.11(CH), 37.17(CH2), 32.86(CHa2), 32.28(CHb),
31.50(CHz), 29.19(CHg), 29.17(CHz), 27.39(CH2), 26.58(CHz), 24.21(CHz2), 22.56(CHz),
21.25(0CH3), 21.23(OCH3), 20.62(CH), 20.57(CH), 14.07(CHzs), 9.36(CHb>).
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Fig. 5-27. Carbon NMR spectrum of compound 91-10-6.
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Fig. 5-38. Carbon NMR spectrum of compound 91-10-9.
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Fig. 5-42. Carbon NMR spectrum of compound 91-10-10.
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Cyanobacteria, Phaeophyta, Chordata (Ascidiacea)dl X 7} ¥=<©.9 Porifera (3]%
&%), Cnidaria, Echinodermatad| 4% ¥t 89} (Rinehart et al, 1981). <
o @7 E B MPFTENA 9 % (Sea Pharm Inc) FRAZ 239
HAEE, bryozoans, ascidiandlX 8 %71 HiE= Aoz Yebytt (Blunt et al,
1985). olg} #& AFEHE TR E o) P HE AN £ JEFANA
Frtolgja JiEe] Y HEX ] 2 AL ¢ F U Fulela HE
< HAS = in vitro AWIHAAN HNEEHE FAA HEF & 4 iges Ale
A mT o Pl JEH FRPFEE FAA FHEE Ao YA 4
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NH, NH,
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X 1)
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HO HO
HG HO
ara-A ara-C
0
CH
HN | 8
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HOCH,
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NH,
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HOCH,
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HO
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O
HN

5P

HOCH,
HO

HO

ara-U (spongouridine}

Fig. 6-1. Natural and synthetic bases with antiviral activity.
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2979 g23U g 8 £k dg Aol

dA7LA] ufelg Az AddE AL 92 BX ¥ed o FAME %
4F4Q AL ribivarin® acyclovirelth. Hzx9 Fulolgj2Alel AERAYL Uk
HAEE 53 AYTE HQAE AF JAls A= A3 LFE A7 A
Bergmann®] 9@ 3.2 24-F arabinoside bases A& 7|2 IJdN ¢AH
T unnatural nucleosided AE%3F Agod W@ Halel JFFH7 AF¥HEG
(Bergmann et al, 1957). ©l#3& A3 ara-A% ara-CY N#z  o]o]H}.
Bergmann®| €]3] spongothymidine, spongosine, spongouridineo] WA EE
Cryptotethya crypta 258 2218 o] d& #HFPYE94 = nucleosidert £8 5
71 A &8t Ara-A  (9-B-D-arabinofuranosyladenine)= A|%3]¢] gorgonian
Eunicella cavoliniol X 3'-0-acetyl %4 % spongouridine® ) WA=}
(Cimino et al, 1984). Ara-AE I olHd }gH o2 FAH gaA YUd B
el 1964d4) guolelx Fart Hx2 SHAHT ¥ 197080 Fitols AA]
# 0.8 Herpes encephalitis®] X8 AlLE Q) HddA ¢AP ojg 3 &ujo]
#Z nucleoside® RE2 3] A2 FEA AF =¥ @} AZT, ribivarin,
acyclovir®d & Hrth & okE o] Fulolg)AR|7t s urs Y k(Fig. 6-1.).

#HolA AFF unusual bases °lN % HAWVFEZHE T8 <, Fujoly
&, JAE, 249, BA9YA, oA 2B BAHT Yk o)EF B AT
FE 3] F4, Fulojeia A} kol 5L Fm e EIES soEd
otlie} B H(Fig. 6-2).

ME FAR 887 2E 713 $F S E acanthifolicin®} okadaic acidi 2}7)

g d7"HAAA A9 FAA RaHUY (Schmitz et al, 1981, Tachibana et al,

1981). Acanthifolicin® 7}2] B3¢ NAEE Pandaros acanthipliumol A 0| F3 8
o2 F2E EFoltt. Acanthifolicin® )@ bacteriadl Al WAE polyether
antibiotics® T3 o2 wi¢ FALSI 01} episulfider] & FA-¥ Ho|] B0l
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t}. Acanthifolicin® A EEAL in vitro P388, KB, 18]l L12104) 3l EDso7}.
Z}2} 0.000208 wg/mé, 0.0021 ug/me, 0.0039 pg/mioll @ om EAHF Y SA4L
in vivol A 0.14 pg/mlol ATt oPAAE acanthifolicin® in vivodl A S F% o8l
qAe FRAF FYaAs FBFHA FYOkadaic acidz EH G APy ad
%% Halichondria ckadai$ 7te]B3d A AFE H. melandociadl A £ = At
Schmitz9} Gopichand® GMXZd T AEXAFE FHE 3 okadaic acidE +
¥ 8t 3L Tsukitani®t Kikuchit® miced] W& F4& 4% A7 okadaic acid®
B stglt). Okadaic acid P388% L1210¢] th3te] EDso’t Z+ZF 0.0017 ug/me,
0.017 pg/meel] @® 3L KB celle okadaic acidel 2€l3ted 0.0025 pg/méNA 30 % <]
A dAE e 0.005 ug/mAME 80 % o] A HATE Miced] A= 012
mg/kg ©132 HEA HAde] veElton (LDs 0.192 mg/ke) HAFT=E ofstdA &
in vivo P388 A E#A7} GeERA] @ttt Okadaic acide 1¥F FolA &3] 2
A5+ dinoflagellate Prorocentrum limasl SAAAEY] W3 Hev scallop,
mussel 59l €3+ diarrhetic shellfish poisoning?e] QA<EZR = W& At} Diarrhetic
shellfish poisoning® oF71A71E FAAFNAL okadaic acid®] &A=
dinoflagellate®] Y%<%) Dinopysis acuminata® F3 @t}

Ao YA HASF Halichondria okadai®l £2F&ENA Z¥F in
vivo B16 melanoma A &E#7} @5 o] Hirata 5 600 ke?] A B8E At
SRHELS FAH3YY. 2 A3 8F 9 halichondrinsE #E8¢ vt (Hirata and
Uemura, 1986). ©] %14 halichondrin B> B16 melanomal A} ICs7} 0.093 ng/mé
g ol e &x4E ehidh Halichondrin BE in vivo Bl6 melanoma %
P388 leukemiaol] tHale] Mg A3} T/C 71 2442 244 % (5.0 pg/ke) ¥ 323 %
(10 pg/kg)e]l =22 ERE JeERiAT. 283 in vivo L1210 leukemia ol A}
T/C7t 375 % (100 pg/kg)ell SFr}.

H. okadaiolX] 27€ halichondrin® AT AAFAE FoAA dsfHE
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ol = FFF FHol WYt H okadai®l AFF40] mel halichondrin®] 3l ¥
37 B SuiE AHRStY NEBE FEF Wax #4449 A E2%H halinchondrin
o] o}lF MAM3IE FEHE Hog v|Rojrol HAFE] Bl wjAEe] ANF
HA7E obdrt Adddt. 52 wEolE H. okadaiZH¥ £¥ w &Aooy of
A JAT AFA= A2HA Y

# o= Kishi group ot 93} halichondrin B$} norhalichondrin B7} 3} %}3]
o2 @138 ¥y (Aicher et al, 1992) ¢2.& halichondrins® €7 R A%
o B JAHe] 4& e yYHT, ,

MA=A =N YD HAAEE Phakellia carteri®]) ZFFENH AF8 in
vitro P388 YM X540 BEHACt (EDw 0.74 pg/mé). In vitro P38 Ao )3}
o FAPEES FAY Z3 halichondrinsst A F=E 7H halistatin 1 0] &
g5t Halistatin 1 in vitro P3881M EDw’} 4 x 107 pe/meol @@ ow
NCI*l| 419 60 cell line antitumor screening panell A HF Glo7l 7 x 1070 Mol
GEte AT AXSAE 29, Halistatin 1 2 in vivo P38 A= A4F& 34F
G ERE B T/C 330 % (40 pg/ke)S FERAAT (Pettit et al,, 1993).

Tedanolide:= 7t B3¢ S|'HFE Tedania ignis 2%E 2 H macrolide?!
¥ ®E9 macrolide®} ©}&74-& lactone ring®] B4 I H 9 Tl o|Fo|AAgn
F0AA ringg A el (Schmitz et al, 1984). Tedanolider™ UAE
4ol Wi+ ¥t EDw?t in vitro KBAA 0.00025 pz/me, P388A 0.000016
pe/medl] @Rk AL in vivodlAe FFFPAL AFAE dix FFFeAG.
Tedanolide®] F o i FA4& 12~14 ug/keg °lA L9 in vivo P388IA T/C7}t
156 pg/ksoll Al 123 %ol Av}. Tedanclides M5 (daghd WaiAs A8 axs)
§1 51t

A ojr A" Theonella sp.8] ABEZ9 FEHEo] starfish egg assay 2
AESY HAAA 4FE 8o FEHAY. HHEAY F3 22 misakinolide A
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7F BEl A=Y (Sakai et al, 1986, Kato et al, 1987) in vitro P388, HCT-8,
A549, MDA-MB-231 (human breast adenocarcinoma)el] @alA ICs7t 2+2} 10, 4,
4, 05 ng/me e} Z¥Y FFolAUtt. 28I Candida albicansd) th3te] &FAF F3
7} el MIC 7} 5 pe/meRA ). In vive P388 dlA = T/C7F 145 % (0.5 mg/ke)
2R

QE=FdA AP AAFE Spongia sp.E in vitro P38 leukemiaZ &4
€ FH3 Z I spongistatinsE -2 &ACt (Pettit et al, 1993). Spongistatins®]
Alg FFE HE wela] 400 kg9l Spongia sp.2YH-E 434 mg €] spongistatin
2€ AUt Spongistatinst MEZF P9 macrolide EA 9l-$ e in vitro
gdaAE Vel NCI9) 60 human tumor cell line oA &2} YA FofA
Glo7t 25~35 x 1001 M o) @3s Z8% F¢EAE JYehiAth Spongistatin
19 tisise QAYHEE athymic mousedl] ©]4 3t in vivo AU EAE NCII
A AEF A+

#HHA quinones &+ hydroquinones, sesquiterpenes’t AEE mixed
biosynthetic products& BASE AL 18 E&X] goy of EHAEL TYft &
g &8-& 37] & olF F8sth. Dysidea avaraZ5-H F&4E avarol2 oA
doll &3t EJE2ME Hx2 UHE Aol Trans-fused decalin type®] ring
junctions X3}t drimaneEA S 7HA ©] €2L dZ3E quinonefF =A<
avarone® g7 EEEATt. Avarole AAE FAFA ¥ BPE ERY
mouse L5178y lymphoma cell linedl W& AEHAAE RAFYTY. o5& EJ
HIVE wpolejie] di@ Z8E4E vehdo] B2 F5& ¥t

Avarol B avaronedt #A}FF sesquiterpene hydroguinone % quinone¢)
arenarol® arenarone¢l EH 4N ANALY Dysidea arenariaZF-8 EeHAT}
Arenarol®} FZE W83lE diacetate FEA 9 XA FATZE B} i A

HAk, o8& EF MEEAHEL JEMANEHY quinone?] arenaroneo] W-$3E
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hydroquinone, arenarol®r} 10 A% HEFAo]l #Asgd. HAFG EZQ
isospongiaquinone®] Australiadll 4] NFA ¥ Fasciospongia rimosaZ%-€ ‘] HA
t}. o] B3 polyoma virusdll 7ZEH PV cultured cellsd] MEEAHE HY o
o] A3} dihydro =t 2423 AFHAEFT 454 As A4 (oxidative
phospholylation)dl ¥ 713 ZE& As) B4 713 Aoz Run.

Hippospongia metachromiaZ %€ ¥8¥ ilimaquinoned Tx& X4 AAQT
Z B st FAHALY o] EFo] sEutgd 3t o E EFE UEH
A7) wEe] ol AWMEL AHAH. o] EAL AMANED F¥o A &
Ad #E dxE dFEHA= EY Ao ¥Wd Avk Hdd ilimaquinone HIV
utolgl o] W JAAAZ w4 ZH AE7(= ©E FHIVA g< g2
Abde] B Ao

Okinawa©ll A} 13 & Hippospongia cf. metachromia®l A 225¥ 27¢] A=z
& prenylated quinoneE ¢l metachromins A€} B7l #£EHU. o] 2FEL F&
B 8% dHolEd 3N FAAHUNYG E o] EFEL L1210 HYH AX
(leukaemia cell)ol] wi3|jr FAPEE Bd B oz HHT Y@l &
(coronary vasodilating activity)& %o},

Aeroplysinin—- 1 &  Aplysina aerophoba, A. cavernicola, A. archeri,
Pseudoceratina crassa, Verongula rigida, Psammaplysilla purpurea 5o}~ £
¥  bromotyrosine XA o]vl. Bromotyrosine RX#E Aplysinidaest
Aplysinellidea®t 2] (Verongida®) A EE HUFEANA EFE. B39
Aplysing sp. 1A @] bromotyrosine #XAM7} FAHA FEL FIUF dojrt,
Aeroplysinin- I 2 KB, HL-5 HS-5 celld] Wdtqd MAESFE JYERRLH in
vivo L1210 ¢4 FFEAE Yehlley 2 RAFET BaHA ¥ (Minale
et al., 1976).

Aplysinopsine dAFE Aplysinopsis sp.8} Smenospongia echina*l A =&

- 291 -



£2]¥ typtophan #%=H o)t} (Hollenbeak and Schmitz, 1977). ¢]€ HHFE].
FEEA4 I in vivo P38 FLEAZT AEH (T/C 135 % at 02 mng/ke)
O FAAAMNEE 3% d aplysinopsine] £ H AT Aplysinopsin® in vitro
KB, P388, 173 LI210¢] dsisE @4l Aoy} (EDw 0.87 ue/ut, 38 e/,
3.7 pg/mé) in vivo P3880|\} in vivoe B16 melanomadl M= @& A7 elA] &9k
=3

3HZE  Aplysina archeri®4-¥]l bromotyrosine A Y49 fistularin 39}
11-ketofistularin 37} #2]H At} o} &L feline lerkemia virusel] W3t 22t EDso
22 1M, 42 pME eI ol Fmpol s A= AZT (3 -azido-3
-deoxythymidine) 2.v}& %3} 2" 3" -dideoxy cytidine (ddCyd)¥} #AHg A=
ojvf MEFAe] Wol APl U= &

New ZealandelA Al 8€ AWDFE Latrunculia spolX AT AESHE
Elo] A o2x Fv|7l 1 dibromotyrosine fX% A discorhabdine] #2] =
t} (Perry et al., 1986). Discorhabding in vitro P3889]A EDs~”} 0.03 ug/mé3it}.
Z ol bromotyrosine ¥ S = VerongidaZd) £33l A F oA SAEH U}
Discorhabdin® ¢ ¥F3 ¢l bromotyrosine FE=#¢ €3 & E3$ bromotyrosine
x4 o}7le=dh} AEj74A] Verongida ©]9)¢] siWEFE A bromotyrosine f-x
A7y 22" F4E o,

Az A A8t MNA Topsentia genitrixz=%-€]l 3702] bisindoled alkaloids
¢! Tosentin-A,-Bl3 -B27} £ HRr o€ EF ¢, oz EAE Y
B, #H  topsentins®] decarbonylation®Eo] #HAF Aoz FEHE=
nortopsentins?} Fte)B#9] A Spongosorites$} HalichondriaZ %€ 25Ut}
°|E& H|E gulolgX EHE glov FHE IFEAR sty BEIAEHE 5
B4 H(Sun, et al. 1991).

AFHolM AHE NAFE Crambe crambe=5El HSV-13t L1210 murine
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acanthifolicin

halichondrin B:R'=H,R%=H
C:R'=0OH, R%=H

halistatin | : R = H, R% = OH

MaQ

YT N}

tedanelide

Fig. 6-2. Cytotoxic and antiviral compounds isolated from sponges.
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OMa

OMe misakinolide A

spongistatin 1 : R’ = CI, R? = Ac
2:R'=H, R%=Ac
3:R'=ClL,R?=H

Fig. 6-2. continued.
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arenarol
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isospongiaquinone

OMa

metachromin A

Fig. 6-2. continued.
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discorhabdin A discorhabdin C

R! N

topsentin-A :R' = R® = H
-B1:R'=0OH,R%=H
-B2:R' = OH, R? = Br

discorhabdin D

Fig. 6-2. continued.
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RZ

NH,

CHz)n
O

crambescidin 816 : R' = R? = OH,n=13
830 :R'=R%=0OH,n=14
844:R'=R%=0H,n=15
800:R'=H,RZ2=OH,n=13

calyculin A:R'=CN,R2=H,R®=H
B:R'=H,R?=CN, R®=H
C:R'=CN,R%=H,R®= Me
D:R'=H, R% = CN, R® = Me

mycalamide A : R=0OH

COOH
onnamide A : R= :‘f\/\/\/\/lLN/\\/\/N

Fig. 6-2. continued.
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leukemia®l ¥ FAELA7T BE=E BHERS £ A% crambescidins 816,
830, 844, 800°] WojHr}. Crambescidins 816, 844, 8002 125 ug/welt 9] XA
HSV-12 ¢33 A8 %t} (Jares-Erijman et al, 1991).

desjde] S\NEE Discodermia calyx 914 #8® calyculin AE starfish
egg assayo] &8 AHUT (Kato et al, 1986). In vitro L1210 < dHAM =
LDx7} 175 ng/m 2 7343 245 JENAT In vive A= Ehrlich ascite®t
P388 leukemia WA T/C7t 242t 2458 %St 1444% (15 pe/ke)& ‘FERASITH
Calyculin A+ [*{] thymidine, -uridine, -leucine®] L1210 XU &F+E Ast:
Ro.2 wHAL). Calyculins B-DE L1210¢14 calyculin Ast vl4& Fxo] AE
£4& veErdidn

AdEHGoNA AFY AAFE Theonella sp. A VSV (Vesicular Stomatitis
Virus), HSV-1, A-59¢ Hglq 7§ anpolg| & A#A7} AEH BHAEHE F3
¥ A3 onnamide AE ¥ 3t (Sakemi et al, 1988). New ZealandolA] A3
@ HUEE Mycale spold 239 mycalamide AX Onnamide ASH FAME 7
ZE REIL QReH in vitrodlA Futelela a3E WERIUAY (Perry et al,
1986)

6. 3. Pachastrella sp. 8¢ Jaspis sp.8] AQE

B AgddMs 1Z¥e2 seuer 28 (AFE R ARE 9 209
F9] HUFEES APty 2FFE WA brine shrimpdl W FEE HA
st B AgAoe qAEEG (BgEAe] AR)9 XHEA brine shrimpl
A 542 @FFIJch Brine shrimpd] dig SAFA FAX SIS 248 4w
#AAE olv] g ukrt givk (Meyer et al., 1982). Brine shrimp 5434 43
£ Table 6-1¢] & 3Aqt.
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Table 6.1. Brine shrimp lethality of various sponges collected from the South Sea of Korea.

classification code number LCsn (Uug/ml)
Strongglyphora corticata 917-1 956
Spirastrella insignis 917-2 >1000
Spirastrella abata 917-3 589
Callyspongia conforderata 917-4 >1000
Suberites sp. 917-5 >1000
Cliona celata 917-6 521
Reniera sp. 91K-10 12
unidentified 91K-13 632
Paspailia hirsuta 91K-16 >1000
Pachastrella cribruna 91K-17 1748
Pachastrella sp. & Jaspissp. 91K-19 61
Asteropus simplex 91K-22 >1000
Myxilla productius 91K-14 >1000
Myxilla setoensis 91K-15 >1000
Ircinia sp. 91K-25 ' 125
Stelleta sp. 91K-26 >1000
unidentified 91K-27 297
unidentified 91K-29 >1000
Jaspis sp. 91K-31 >1000
Phakellia sp. 91K-33 >1000
unidentified 91K-34 637
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jaspamide {=jasplakinolide)

OH

R'R2 =0, and R' = OAc, RZ=H
{Jaspis stellifera)

Jaspis sp.
(Jaspis sp.) (Jaspis stellifera)
OHC\N S e O
| ¢
MaQ 0 MeO 0 o N
O
OH /
N A
jaspisamide A o N=
(Jaspis sp.) O
e
O OMe

pachastrelioside A
{Pachastreifa sp.)

Fig. 6-3. Natural products isolated from sponges of the genera Jaspis and Pachasirella.
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AA8 Ag2F AZE 944 AZPP AR 9K-19404 438 EAdo] #F
50 (LCs 61 pg/me) ©) X84 ot ¥HA4E EdFAgd A3t 91K-19
AL Pachastrella sp.B EBEFHUoY 2 Fo Al AE JAAE 3
Pachastrella sp.} Jaspis sp.¢l 34 E¥Ade] WAt 91K-199 Headd&
#BEHA 2749 M2 T2 FE §A3 & 5 Y0 AR 4L AFAWAT
=FHL HE 9 %9 Pachastrella sp.ot &9 €2 " o)A 8 jaspis sp.E
o] Fol A AT

Jaspis sp.ol @ AEATE ¥ZH Weol Holgle] FWF HE depsipeptide
9l jasplakinolide (jaspamides) (Zabriskie et al., 1986, Crews et al., 1986), B%A4

rir

¥ (iso)malabricane triterpenes (T'suda et al.,, 1991, Ravi et al.,, 1981), AIE 544
£ macrolided] jaspisamides (Kobayashi et al, 1993) %3 229 sterols
(stelliferasterol, jaspisterols, codisterol, crinosterol) $¢] X1 Heo| A} (Fig. 6-3).

Wt el Pachastrella sp.o] A3 AE&A7E E2 Hol A ¥olA saponinA]
4 9] pachastrelloside A (Hirota, 1990), 28]x 3#wulo]2]2A sesquiterpenet
(Rinehart, 1990)7} R.31=|o} l&ie]rt,

91K-192%-¥ 58 A=E84 8L E¥s= ARAPAA brine shrimp
assayS 83t 2t @AvY brine shrimpe] HE FJPAEE FAst AFYRA
AEe FAsAr AA® LEAEL 652 YN g en 91K-19-1 ~
-3% 3719 A EE Fe3HUH(Fig. 6-4).

6. 3. 1. 91K-19-1(pectenotoxin )¢ &4

3 91K-19-1& H#7i4vd 433 & o Addie dAHe=z IA
3 HolQh. 2329 NMR spectrum? 243171 93l chloroform-d, acetone-ds,
methanol-ds £ &9ldA 21z NMRE HoJE Z3 acetone-dsoll 4| peakse] ¥
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91K-19-1 (pectenotoxin |i)

OH OH

Br. Br

N

j i

g1K-19-2 (psammaplin A}

HN l

HO
O

—

91K-19-3 (2',3-didehydro-2',3"-dideoxyuridine)
Fig. 6-4. Structures of natural products isolated from the sponge sample 91K-19.
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7t 718 F:3%kt

24 '"H NMR spectrum® 2% 65 ppmo]A 1.0 ppmel @A signalBo] 1=
A £ 5o W2 functional group £¢] AU ESAEL ¢ F JdUden FA
macrolide®] 'H NMR spectral patterng QAAA71A svHFig. 6-6). °C NMR
spectrum?} A= & 47709 carbon signale] #AHo] dd FIFY EAFo| HE
€42 $4HJAN(Fig. 6-7).

91K-19-18] “C NMR spectrumoldl 5383 R 1097, 107.8, 97.8 ppmol
Al 3709] quaternary carbon &°] #&%@d Ao|t}. 832 ppm ~ 609 ppm ¥ 10
7Re] oxygenated carbon signalEd <d@X|e] AZH EW compound 1&
polycyclic ether type®| macrolided &3¢S AZAY F AL @A 379
Hydroxy signal o] 'H NMROIM uehd RE o &2 siwrasiglrl. 469
ppm ~ 331 ppmdl YENY= proton signal FolA] 117)¢] signalo] 832 ppm ~
60.9 ppme] 10719 oxygenated carboni correlatin® 2} (CH x 9, CH: x 1).
2.26 ppm ~ 148 ppm ¥9] proton signal & A93] AFslo] o) 7oz
A}, 25 7709 methyl signale]l #AHon o] F 4= quaternary carbondll
£€ methyl group (1.70, 1.26, 1.17, 1.16 ppm, singlet)oll 2.7 v A 374= CH
a9 2 methyl group (1.08, 0.96, 0.93 ppm, doublet)°] i}, ©)4+9] data$} COSY,
TOCSY 439 2439 2% 6719 L ET7ZRE 9% + AU

olg|g RETRYA IATE EIJRAE HE HF oln] gy B3
petenotoxin 9] T 433 dATE & 4 AU ¥ petenotoxin T & =
% F=8 (Diarrhetic Shellfish Poisoning)e] ¥8adz FwsHe] X-ray
crystrallographyell 93] =z FZ7} 853 v 1v (Yasumoto et al., 1985,
Murata et al., 1986).

B 1¥ pectenotoxin M2 “C NMR datas 91K-19-19) *C NMR dataZ v
2 AR} A RS E 5 AU 91K-19-12] FABMSE &% A3t m/z
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881.8914 [MNa']l | &3 m/z 859.0914 [MH'] ¢]-2¢] #<15 o} pectenotoxin I}
FAdEAY S AR (Fig. 6-8).

BRig =% 9&¥ pectenotoxin M4 'H ¥ “C NMR datazt €3]
assign HolglA] ¥or® olF A=A}t Petenotoxin II ¢} Iy 2 ¥C NMR
spectra "W$ BAsle] FAF assignment’t EA @t TOCSY, HETCOR,
Long-range HETCOR, Homonuclear J-resolved 2D experiments $& ©]-§3t] &
g assignment® Al X=3}%1th. Tetrahydrofuran ringd# tetrahydropyran ring& #|
2]8 pectenotoxin 1 #zte] W& @2ZAL 'H COSY, HETCOR, 283
TOCSY datzd]l oA 4A assign YD (Fig. 6-9, 6-10). EAE
tetrahydrofuran ring® tetrahydropyran ring9] methylene proton &°] & %€ ¢
A5 FRF A=W X FHE Z42e] methylene protong} splitting
pattern® coupling constants ¥ chemical shift¥ Homonuclear J-resolved 2D
experiment®l] 2|&sta] E4 3.

Quaternary carbond] 239 4701¢ methyl group (C-42, C-43, C-4, ®
C-46)& Ztzte] methyl protons®} H-13, H-17, H-26, H-28 #2| long-range
coupling® long-range HETCOR A #olA #&3] assign 3} AtH(Fig. 6-11).
Ketal?} hemiketal® ©]%3 9= quaternary carbons C-213 C-362 H-20/H-22
9l H-4033¢] long-range coupling®] 215+ assign S At 3709 oxygenated
quaternary carbons C-12, C-18, C-25% 22 WY Oo=Z assign HUY. C-12&
H~-42, H-11 ¥ 11-OH$} correlation® “Yehil e C-18& H-43, H-17, H-17’
9} correlation® B th C-25 H-44, H-287 correlation® E v H-2, H-4
H-5, H-8, H-9, H-19, H-20, H-23, H~24, H-26 R H-34 ¢ F3d ST proton
signal-& Homonuclear J-resolved 2D experimentell 2|3} chemical shift®} coupling
constant® A 9ch(Fig. 6-12). 11-OH$} 37-OHx H-11, 11-373 correlation-2
B ¢t} Methyl carbon C-428} C-44% CDChlA © 2 #2 o] assign°] HAU
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Table 6.2. IH- and 13C -nmr assignments of pectenotoxin I

position | 19C (125 Hz)d U5 (500 Mtz long-range 13C- TH | 3C(12s TH(500MHz)?
MHz)®
correlation
1 1726 s H-41 172.5
2 487 d  [224dd(9.2,7.0 47,7
3| 76.6 4 |3.45ddd (11.0,9.2,2.2) 75.7 3.39
4 302 ¢ 1.12 dd (3.9, 11.0); 1.49 dd (10.9, 2.2) 292
5 223 ¢ | 1.79dd(10.9,3.9); 1.51 4 (13.0, 9.7) 21.8
6 347 t [16lm 340
7 107.8 s 107.0
Ed 331 ¢ |246dd(12.7,7.0); 1.50dd (12.7, 5.1 32.4
9 225 ¢ |205m: 1.66m 21.9
10 813 d |4.27ddd (83,60,1.3) 80.1 422
11 7157 4 39640013 74.4 4.20
12 819 s H-42; H-11; 11-OH g1.6
13 444 ¢+ |288d(16.2); 1.92d(16.2) 43.6 295, 191
14 2135 5 2126
15 798 4 |374d(1B) 78.8 3.72
16 706 d  |4.19ddd(12.5, 3.5, 1.8) 70.8 4.22
17 366 ¢ [2.00dd (3.9, 3.5; .28 dd (125, 3.9 358
18 304 s H-17, H-17", H43 80.1
19 288 1 |221dd(13.0,8.2); 1.86 m 28.0
20 342 ¢ |1.88m; 1.58dd (10.0, 1.4) 33.5
21 109.7 s H-20; H-22 109.2
22 79.7 4 [381dd9.6,52) 78.5
23 299 ¢ l1202¢:1611(11.0) ‘292
24 379 t  ]1.39dd(5.3, 2.5 1.57dd (11.0, 5.3) 371
25 84.5 s H-26; H-44 84.3
26 509 ¢+ [1.64dd(13.5 4.9) 1.55dd (12.3, 11.0) 50.0
27 309 4 |260m 303 2.49
28 1408 4 |5.30d(10.0) 141.1 5,29
29 1309 s H-6 129.7
301 1353 d  {6.384d1(15.7, 1.8) 135.5 6.46
I 1222 4 {5384dd(15.7,3.0) 119.5 5.35
32 832 d |4.69q(3.0) 3.2 4.76
33 749 d  [543t(3.0) 73.6 5.50
34 33.9 ¢ [2.23ddd(13.0, 10.5, 3.0); 2.13 ddd {13.0, 6.0, 133
1.5)
35 826 d |4.46dd(10.5,6.0) 81.6 4.50
36 9738 s H-40 96.9
37 714 d }3.30dd (8.0, 1.7 711 3.40
38 303 4 [207m 292
39 279 t 1.20m; 1.63 m 26.9
40 60.9 ¢ |[3.96ddd{(13.1, 10,9, 2.5)%; 3.56 dd (10.9, 4.4) 50.8 4.00,3.76
41 155 ¢ {1.08d(7.0) 14.3 1.07
42 233 g {117s 23.3 1.20
43 263 g |L26s 25.9 1.40
14 268 g |Ll6s 26.3 1.16
45 237 g [0.96d(6.6) 23.4 0.92
46 126 ¢ |170s 12.4 1.68
47 179 g [0.93d(7.0) 173 1.01
11-0H 3.32s
36-0H 4.33 brs
37-QH 3.49 d (8.0)

a: Chemical shifts were reported relative to the residual solvent peaks in acetone-d (2.04 ppm, 29.8 ppm)

b: Chemizal shifts were reported relative to the residual solvent peaks in CDCly (7.26 ppm, 77 ppm)
¢: Coupling constants for this signal were not measured due to overlapping with solvent peak.
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th. o]Abe] pectenotoxin II 2] assignmenti= Table 6-2¢] A& &%,

6. 3. 2. 91K-19-2(psammaplin A)2} 53

91K-19-29) 'H NMR spectrum®  wj-$ r@stgith(Fig. 6-13). 3749
aromatic proton signale] 7.45, 7.13, 6.87 ppme} Z}zt vEMstew 764 ppmo] JE
v} signal- peak intensity7} AlZbe] Agel ulgl A HTH o2 mFo| o
proton& exchageable proton®. & &4 = At

o] &3¢ ®C NMR spectrumel A= % 11709] carbon signale] #EH AT
(Fig. 6~13). Coupling constant 8.5 Hz¢] (ortho coupling) 271¢] proton® coupling
constant 2.0 Hz®] (meta coupling) 1749 protono] WEAHEZ trisubstituted
aromatic ring®] A& 'H NMRAA A& 4 Ut

3.82 ppmel singlet2 2 JER}E 2712 protonse] TOCSY spectrumoi 4 37}
¢} aromatic proton® E% correlation® Rt} Fig. 6-14). 2822 3.82 ppm2}
proton< aromatic ring®l]l 9Z% methylene groupel &3t} 355 ppm (qaurtet,
7.0 Hz)3} 2.87 (triplet, 7.0 Hz)9) vehvE 212k 27014 9] proton Al E couple
o] giglen 2zt ©A] TOCSY spectrumol A 7.64 ppme] proton correlation
£ Jeruiith 7.64 ppm2 proton< OHY NHS -2 exchangeable proton¢! B
o)¢} correlation® YEMWE 355 ppmée proton®] HETCOReIA 39.1 ppm<
carbon@ correlation eI Y. 22122 391 ppme] carbong oxygeno] ol
nitrogend] §2% Aoz Rolorgit)t, 2.87 ppme protone HETCOR experiment
A 384 ppme carbondl cerrelation® R goeXrE 384 ppm9 carbon 9A
oxygen®] obd hetroatome] 928 HE & + AR (Fig. 6-19).

Long~-range HETCOR experimentoll A 3.82 ppm<® proton¥} carbonyl carbon

(1640 ppm) 2 153.3 ppme carbon¥ correlation® PG tHFig. 6-15). LB E
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°l-3e] d3tE FEA Fig. 6-59 & RETXRE 32AY § U o)A7 ne
TETER EUEAE @ A A AWEE Psemmaplysilla spAA ZAR
psammaplin A®} FZ& FH9 FAIYE & 4 UUTH (Quinoa and Crews, 1987).
B31¥ NMR data”t compound 91K-19-29] datas}l dAlsiglen EIMSIA X
psammaplin  A¢] FA4# YAFE molecular ion cluster® X o3 tHFig.

6-16).

6. 3. 3. 91K-19-3(2',3'-didhydro-2’,3'-dideoxyuridine) 2] %73

£ 91K-19-32 'H NMR spectrumo] Al 2 protonE°] 7.87~3.75 ppm
el A el Ao 5o Urh(Fig. 6-17). 7.87 ppm (doublet, 8.3 Hz)3# 552
ppm (doublet, 8.3 Hz)9| 27§ proton®| coupledtx U9 692, 6.43, 594, 4.85,
3.78/3.75 ppm2] protonE¢] X132 coupling® R}

BC NMR spectrumol A= & 9709} carbon® & 4 19100 271 2] carbonyl
carbons (1663 ppm, 1527 ppm)7} Yebch(Fig. 6-17). 'H NMR, “C NMR, 'H
COSY, HETCOR spcetra ¢] A A 3?1 pattern©} nucleoside &9 pattern® FA}2}
v TRt ribose ringe] 2° -3’ -proton¥} carbon®.® A HE signal So] d
©]4 2.2 downfield (136.1 ppm, 127.1 ppm)o] WEh} unsaturation @ HHAL =
Fe 4 AU (Fig. 6-18). Nucleosideo] #E Fd=Al 23 91K-19-3& o ol
A Aplysing sp.oAllA $AA 20 3 -didehydro-2’ 3’ -dideoxyuridine®} ¢ %
AJE & F AU (Kondo et al,, 1992).

6. 4. BB HAY

2 A89 ZEEE: brine shrimp assays] A 2 sgornz 2ag
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& (X)O

\;{N/\/x

H

X =N, S or other hetercatom

Fig. 6-5. Partial structures of compound 91K-19-2.
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2R84 WA E 499 GHESA (cytotoxicity)ol dste] SHHoz FAeY
. Brine shrimp toxicity$t MEF47e] AT FABAE olv] Rurt Heol ¢
o5 & HiuAe 23dM% FAE Rt B AXEAL dEhiE EREL
Fuol A FA{E FHtdle F5ot Borg ulolA g vy P
AA Y.

Pectenotoxin ¢ FEH e x F371 #AL¢ halichondrins, okadaic acid < 9
HAEZHES & deld Aldolsl psammaplin A$t & bromotyrosine A Q&3
¢l fistularin 3, 11-ketofistularin 3¢ WsiA= Fupolala F7F Rygoe] i,
a3 2° 3 -didehydro-2' 3’ ~deoxyuridine®} & A2 nucleosided] 2° 3
* —didehydro-2" ,3° -dideoxycytidine (ddeCyd), 2" ,3 -didehydro-2" ,3’
~dideoxythymidine (ddeThd)dll WA= Fvlolejx FH7} Ho] Ruse] U=
upojt,

6. 4. 1. Pectenotoxin [ (91K-19-1)8] Aja}§A

Pectenotoxin W ol WajAie 133 oz 357 AMNnYP 59 in vitro
FLEAE AASAY. In vitro FLET HL Purdue et YAENA Al s}
Koo AAZFY (HT-29), AY (A-549), #%¢% (MCF-Na 2 44 1§
GHEA et JAEAXE FASAY. SAATA o] UM GAEY dEA
pectenotoxin II7} LCso ¢ 1072~100 4g/me9] wj$ 728 AdAzHE Jehygl
t} (Table 6-3).

Table 6-3. Cytotoxicity of pectenotoxin II aganist human cancer

cell-lines’
cancer cell-lines pectenotoxin II adriamycin
HT-29 (colon) . 1.0 x 10-13 5.6 x 10-4
A -549(1ung) 2.4 x 10-13 3.1 x 10-4
MCF-7 (breast) 2.3 x 10-12 2.0 x 10-2

* LCs (50 % lethal concentration) ug/mé
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o] positive control® A} adriamycin (doxorubicin)o] W]&te] o 10°~
10 vl 729 aaAch GHAE 5S40 W 283t pectenotoxin 9] &}
7} @3] vAddgA 5284 2% A Aol wolR Y Yasumoto et al.
of & Rig who] W Fol P FALPAM T adriamycind] ¥ =4 o}
500 Ax2 ZsA vebdth In vitro FYEAS in vivo 54L& FFEHA ¥l
g $E= AT in vitrodl A9 pectenotoxin 12l GAE A EF= adramycin®l
dlate] 10°~10"7F A sle e ¢t@4d& (Therapeutic index) £.318] adriamycin
B} 45 7 Ut (Fo R adriamycin® LDsos B FAMAl 13~14 me/
kg, pectenotoxin M¢] LDsE 0.26 mg/kg ©} ).

Pectenotoxin [I& € AHAEF FgaA AA4E st uIFLETE
(NCDel Rl 604 7FX19] QA GH FE ciste] Fe] HAr) DA leukemia,
WQ, 2RY, FFHAAAY, AR, G4y, 43, A9AE, FEY £9 609
74X GAE ¥t HAo A 53 #AY, AFG, FFRAZAY, A8, G4, A
A g 59 2 MA gAEe digtd A9 dAAAE YA, P
A AT W BFAQ Gt 10°~10° M o 2EF 4L JeEhe
o Z+pAd A A AEZEY LCsx Aol o 100 vl AxolB2 AYHE 4=
oz B 4§ o I3 EdgdTFLdAE pectenotoxin o) W] 433 Fw
g AR BA AANLGAZE )43 Al WF in vivo FFEF AL Atz
At

Pectenotoxin 1 DNA-cleavage assay'} rat plasma membrane assayo]+]
BE 2 g 97 YeElR gttt 18 22 pectenotoxin 1= DNA A4 9]
v AEE e As-#Y wrEAdE AEA ¥ AR AZGEn).
Pectenotoxin I+ 28 FAHE #F89] ST AAEAA 2A S = polycylic ether £
A7 vtA7FA 2 jonophore &S & Ao] ofdrt FAHHIL U Pectenotoxin

o dsixde 57t 2959 oy o2 £ FRHT WE in vive ol F
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G419 AEA A& 38 AYe|rt. Pectenotoxin M) thalA aulole]x &
Hx Z2Asgoy EAHEL o= FulolglA FH FEHA Lokl

6. 4. 2. Psammaplin A(91K-19-2)9] AalgA

Psammaplin AT in vitro murine leukemia (P388)$} 1] # <t (A-549) A%

o thald AML v} Psammaplin Ad] 1§ i FYoA] 2559 o4

¥ A &35t JeElsT (Table 6-4).

Table 6-4. Cytotoxicity of psammaplin A aganist human cancer cell-lines”

cancer cell-lines pasmmaplin A 5-fluorouracil
P388 (murine leukemia) 0. 64 0.2
A-549 (lung cancer) 6.43
* LCso ug/mb

Psammaplin A% 22 bromotyrosine A4e] 3H§-E4) fistularin 3 SolA 3
ol A7t HAH R glorng o] g3¢ WHME FulojE A FHE ZA 3}
Atk HSV-13 HSV-2¢ tid) A4sQEd 27449 virus ZFANA &4 HE=
Futelel = E37t BEEHA YAt (Table 6-5).

Table 6-5. Antiviral activity of psammaplin A®

Psammaplin A ACVa Ara-C
HSV-1 > 6.5 1.3 1.49
HSV-2 > 6.5 4.5 9.79

* LCso pg/mé
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6. 4. 3. 2’ -3’ -didehydro-2" -3’ -dideoxyuridine(91K-19-3)] A= &/d

Unusual nucleoside §9 3utolels Edol disixes B A7 Hol e
o] ARAAF gupolgl A& AT hP-E-S unusual nucleoside Foll #E ATt &
AAX FE8E acyclovir, AZT, Ara-A $o| 2% unusual nucleoside 479 4t
Eeolo.

Unusual nucleoside ¥¢ 929 ddeThd (2" -3° -didehydro-2" -3’
-dideoxythymidine), ddeCyd (2° -3° -didehydro-2" -3’ —dideoxycytidine)<x
leukemia virus, sarcoma virus, HIV 5o #ulolgix &#7 gl Aoz IBA
v B APMA Fag 2° -3 -didehydro-2' -3’ -dideoxyuridine® ©°]=
2R3 F27 W$ FASEEZ Z0E AR Futolgix AL AASAY. 2
gl 7jde] o)RUAE 2° -3 -didehydro-2’ -3’ -dideoxyuridine &upol# =
w3e Uehix gkt HSV-13 HSV-2¢] dia] Futelelx AHXE AHSHA=
¥ LCso?t B5F 33 pg/mt o]dol ATt

6. 5. AP
6. 5. 1. 89 AR, 471529 % 9 flash chromatography
AW A8 91K-199] AL 19919 102 ARE 9o M= = 4
224 95-30 mm oA SCUBA tho|®e] 2}3te] o] FojAr) AW ABE dry ice
2 o]&3td =A WiEIgen 1 HedA £utEHo] ~20C oA RAHIJH. B

%3599 91K-198 (5 kg, wet weight) A o] A2eix MeOH : CHClz (1:1)
2 2259, o8 U A &Y £33 CHXCL3 o2 B85, 28
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CH:Cl3S U445 E53d 90 % aq. MeOHS 3 n-hexaneZ 2 & Thr| Rt}
S F99Y n-BuOHZF 22 F&3%vh cl8AsY FAPEEE dojd 43 F
¢ ¥ brine shrimpdll Wl SA4AME &4, 22 47 90 % ag. MeOHZ
d 7H& =4¢ 53 sl A2 YUEstEv) brine shrimpel] ©@& LCs (50
% lethal concentration) value: 7 ug/mRt. BAHoZ ZFEHE ZH$ LCxit
°'|.1000 pe/mt olstold feAe] e Ao AFIEH 1 NELE BEY LCx
7 ug/mee 438 AT FAHE 99

90 % aq. MeOH%2 C-18 reversed phase flash column®.2 3¢ o] &
ey, §&8vE H0 @ MeOH (1:3) — H:0 : MeOH (1:5) — HO : MeOH
(119) — MeOH <22 3igen wxwoz EwACY CH:XCLE columng
washing 3}t B5 8719 £3¥o] dojAEH 2 T4 fraction 2 (F-2)elA 7}
& 783 brine shrimp 540 d&FHA}H (LCx 0.1 ug/me). Fraction 1, 394 =
Z}7} LCso7t 04 ug/mé, 0.2 pg/mé ‘}EbyITH

6.5 2. AFE9 £

Brine shrimps] Widt9 718 &Aoo & fraction 2 (F-2)& Tt} Cl8
reversed phase preparative HPLC columng& $33lo 8719 8L o9} £5
€= HO : acetonitrile : MeOH (10:3:4)2.82 3}9t}, Fractions 3~69)4] brine
shrimp toxicity”} &% %129 major bandt fraction 58 % retention timed 42
min®| 1%, Fraction 5 (P-5)& t}A] Cl8 reversed phase semi-prerative HPLC
columng &334 compound 91K-19-1(pectenotoxin )& AA4Y Aoz o
At} Flash column chromatographyo] 2|8 ¢o}d¥ fraction 1 (F-1)& C-18
reversed phase vacuum flash HPLC column® $38F t}tA] C-18 reversed

phase HPLC columng %339 compound 91K-19-3(2'3'-didhydro-2’,3'~-
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dideoxyuridine)& FAY £ 22 Ad3lch Fraction 2 (F-2)& C-18 reversed
phase preparative HPLC columng E#3td 9 fraction 3 (P-3)& C-18
reversed phase HPLC column® @Al £33t compound 91K-19-2(psammaplin

A)E 43Ut

Pectenotoxin II: FABMS m/z 881.8(MNa"), £59.0(MH"), 'H and °C NMR;

Table 6-2.

Psammaplin A : low resolution EIMS (220eV) m/z 668/667/66/664/663
(MH"), 334/332 (5), 318/316 (2), 301/299 (1.5), 283/281 (2), 218/216 (19), 213/211
(99), 2017199 (14), 138/136 (9), 133 (12), 132 (100) ; 'H-NMR (500 MHz,
acetone-ds) 7.64 (NH, t, 55 Hz), 7.45 (H-2, d, 2.0 Hz), 7.13 (H-6, dd, 8.5 Hz, 2.0
Hz), 687 (H-5, d, 85 Hz), 3.82 (H-7, s), 355 (H-10, q, 7.0 Hz), 2.87 (H-11, t,
70 Hz) ; ®C-nmr (125 MHz, acetone-ds) 164.0 (C-9), 1533 (C-8), 153.1 (C~4),
1343 (C-2), 1305 (C-1), 1304 (C-6), 117.0 (C-5), 1100 (C-3), 39.1 (C-10), 384
(C-11), 284 (C-7).

2’ 3" -didehydro-2" ,3° -dideoxyuridine : 'H-nmr (500 MHz, acetone ds)
7.87 (H-6, d, 83 Hz), 692 (H-1" , m), 643 (H-2" , ddd, 5.7 Hz, 2.2 Hz, 2.1 Hz),
594 (H-3" , ddd, 5.7 Hz, 26 Hz, 16 Hz), 552 (H-5, d, 83 Hz), 485 (H-4" , m),
378 (H-5' , dd, 12.8 Hz, 3.1 Hz), 3.75 (H-5' , dd, 128 Hz, 3.0 Hz) ; “C-nmr
(125 MHz, methanol-d4) 1663 (C-4), 1527 (C-2), 1431 (C-6), 1361 (C-2" ),
127.1 (C-3’ ), 1025 (C-5), 91.3 (C-1" ), 89.1 (C-4" ), 639 (C-5" ).
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Fig. 6-8. FABMS spectrum of compound 91K-19-1.
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e 47 Lr:‘tli ~BASE - The 1S Date SByuten 1178871953 14:2%
SoopleELeCHAD D PACH 8
Ty TABG L) (‘}HIHHL.(I 1 T 218~ O3 to 136+ (225 to 238))=1.48d)
P 132 1392649
BEEITN
| : a
E OH
|i - Br
. ! w1y
L ave :
o 5 : e
e G oo itH NOH
j b
218
137 IV Y ’
ST o c
i . o i : 9 29
wblzed we g R ,*13,’},_.&,,#[ i I‘ 28l 299 34 31 31
T S 1 Avw o _g8e . .2%d _._____3_@9 3380
File:672 LAL-BASE - The MS Data System 268871993 14:58
Sample:EI+(22eV): Pach B
56?2’1?8 (2.969) COMBINE: (153 to 285)-(((123 to 137)+(2728 to 236))=1,d60)
11 @ 567 6
| 672
| "
666
YFS 664
659
4 671
M 2
|
; 663 sTa
| |
BI T T T T T 1
M,z 660 662 664 666 668 670 672

Fig. 6-16. EIMS spectrum of compound 91K-19-2,
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A7 A 8

£ d7e SudA ¢ RdEd g 45U A A2 98 v 23
of Miste 2FFEd AVTET AN LA YEZNEH JIES &3 7=
E 2R F AHABAHEE AN §87154S BHEE AL AFEER 39
oA 1A dEdE 59 A7 AT E 4% g 2480 date] A
A9 FHG FHATHG AEQ A 9 A7 E Y& v 2 Fo APYE
< FA 9 J1E A7 dE MAH 4, AF/79 AR, AAEH] FE
o AP4 T3 L AHAPA= FH 4 A% FAATHA A8 AFFIAL,

AIEY A7AH/E MFLR 3to A 23 QEdE= JEEY £8 ¢ 7=3
e T8 QTEEE 3o gt ddoAM AP 65 NBRZRE 209 AAE
€ 8 AHHY FEE ANSRY HFYEY £ 33 dxdE AdEd
TEY HAEA AT LA £3A5Y 4G {1 HAE Y 7
E£E €93 AT JEZ ARE FAst o} YAPAZE 2= AS
ERE 3.

€ 479 F8 A7AFHE 4939 gfH 2.

1ig AMTAH P& st "90d ojdo] Rnug Ae AP AL =4}
stal ol Zlx2stel YEWH EFY R YIAPP = wE databased WES
o E¥ 18009 @EE ol AQE F HHNE, FRFY B4, AYBAE o2
ol 98t 600 HEEDL HE3d T2 E4d ) BFew 88 2 7
AN, A8719 54, YA, AP 2 4¢4E d7aT 3 AdH
AEEE QAR ADE ATt olFolW &3 FA U@ BEFY gxE nF
stel FUel A APE AB A HAEY FF 7154H HABY 2H4 Qe
&g 715stA SRt
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2. @it Aol A oA Xl ARAYE T 97F 260 kg °1¥ e A
HZEA BEol AFHAYUTY. olEF 21F9 AFTEH 43F9 HAFEol Il
HEISG 93d 2H5HAT. A8 47125539 9 brine shrimp 54, ¥
ulo]@) 2, P388 W&, DNA-binding & A= TLC, ¥4 NMR%9 3
dH 24 et 4% FFEER AFE AR dEAq /I7EWME o &
o FAEIE FEF H FAHd wE B3I, silicat 94 vacuum flash
chromatography, silica @ %4 HPLC, Shphadex LH-20 5 v4& REd e o
g3te] MAEL AR o) HAAM v B ¥ FLBAIYESG NMR 5
g B FAEL 33U HAY AGES 2-D NMR 3439 24
zgstd F2E A4sgen] TR 2HE AAdEY YHFAERE SASA.

3. Gorgonian Acalycigorgia inermis2%~¥E] acalycixeniolide B% brine shrimp
o) 748t AL #+= 2719 xenicaned diterpencidsE 835t =¥ gorgonian
Acabaria undulata®5-€]l 4701¢] N &2¢ ceramided sphingolipids?t #&# 3. ]
B F2E E3A8 d43 A A4 dstd ARHAY. BT 28 A2
polyhydroxy steroids’t &Y4% Als2%E &5 A0

4. Soft coral Alcyomium gracilimumo. 25%€ 549 AERAE EFF 7744
steroids’} B AT. BHAE Ao &t o] €L furospirostan A €] ketals,
furostan#] ¢] hemiketals, encl-ether, pregnanes § 22 FZ7F FAARHAUY =T
hydroid Solanderia secunda®2%®-¥ 971¢] AEFe] FEFHU2H =RF
cyclopropane?] & 712 Cx fatty acid lactones 2.2 F&7F A4 HUH.

5. A Pachastrella sp.%t Jaspis sp.8] EHANZH-B ZEH AESKHS @<
macrolided] E72o] £ 53Ut NMRE £FAE A4 gstd o] 232 4T
# A #EQ pectenotoxin MYo] BHAT 7|2 HEEAHE 5H45 o] EFL
o 2 AXEA4s ggutelslx E9E L g WwHAen 8= H A
252 29393 BA in vivo AL F3F o]
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29% A== 8¥ bromotyrosined| A 2| dimeric alkaloid¢! psammaplin
A7} 82529 brine shrimps} W& AEHEAHE YT £ FAE AR
S EE unusual base9l 2',3'-didehydro-2’,3’'~dideoccyuridine®] £ =¢len &
Az ZNH EFAE AN g3 FR7 AU

6. FHEA Wt dhd AYste 638 AMTA FEZFEH 27719 H
Zo| EEHAT olE9g FxE vi¢ Y¥E9 terpencids, steroids, ceramides,
fatty acids, macrolide, alkaloids, modified base % 9 8I1F€ FE3Y. THXE
AL B o] EF v AEZRYC] WHH o UdFE brine shrimp F4, AXS
A B shipoleix F AHFAHAEE 2L gEo| HHEM

£ A7 A4 A5 vhe} Zo] Y HAE d7FE FEH A Y
A o]g 7t5Aol H& HolzA MAFdME ojul AFrd AAH FFAHU o
TE st glon BE d7AHE du vk a3y FUe ALE dF e §A4
AED v FAFHR WA AY Ae2 A FELE ¢A Esx Jdvh 2
gy, ¥ 479 d3e tgduE 298¢ AYEte dY AEE HAE A9
53], A48y AEL Aoz A FFAIL v EHES dFTEUH. ofEE &
ATAFAE FF9 1o AAHen FHAHY AY HAE A7E AF FLF V]
ZA82 B4E AcE Adr.
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