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r by* t he Nati onal

Cancer Institute. The Governnment has certain rights in
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*frommarine life, such as sea whips, sea fans and soft corals. Mire

particularly, the present invention relatek to such naturally occurring
mari ne products and anal o

euni cel l an class. 15 2. ﬁéﬂfﬁﬁééﬁgﬂﬂﬁﬁﬁﬁtﬂé@aﬁas been and

ne core of the

continues to be a great deal of interest in iso- |ating pharmacol ogically
active compounds from mari ne sources. Nunmerous useful conpounds have been

i sol ated from mari ne or gani s BAGOGROAND r@F MHEINVENTEONact eria to conpl ex

pl ants and ani mal s.

sinpl e conpounds to extrenely conpl éx conpounds wth the range of

uti 'Tﬁiﬁ IRV SN Wi Hﬂd%ewttfterS}(@th?/ﬁﬁé@ﬁjpo@%fdfe?@anfea

phar macol ogigal
whi ps and soft corals

ave been an especially fertile source o

whi ch are 25 ¥er @ABDISO0; abiwardedi bg. the National Cancer Institute. The

10

15

20

25

30

Government has certain rights in this invention.

1. Field of the Invention

The presentinventionrelates generally to pharmacologically active
compounds which are isolated from marine life, such as sea whips, sea
fans and soft corals. More particularly, the present invention relétes to
such natgrally occurring marine products and analogs thereof which

include aiditerpene core of .the eunicellan class.

2. Deécrigtion of Related Art

There has been and continues to be a great deal of interest in iso-

lating pharmacologically active compounds from marine sources.

Numerous useful compounds have been isolated from marine organisms

ranging from simple bacteria to complex plants and animals. The
compounds themselves also range from relafively simple compounds to
extremely complex compounds with the range of pharmacological utility
also being quite large and varied. Sea fans, sea whips and soft corals
have been an especially fertile source of compounds which are
pharmacologically actiﬁe.

Eunicellin is a naturally occurring marine compound which was
first isolated from the gorgonian Euhicel/a stricta in 1968 (O. Kennard,
D.G. Watson, L. Riva de Sanservierine, B. Tursch, R. Bosmans, C.
Djerassi, Tetrahedron Lett. 1968, 2879-2883)._ Eunicellin is a diterpene

compound which has the following chemical structure

The conpounds thensel ves al so range fromrel atively

conmpounds



Eunicetflin is a naturall y occurring marine corrpound whi ch was first

|soI ated fromthe gorgonian Eunicella stricta in 1968 (0. Kennard, D.G
watson, L. Riva de Sanservierine, B. Tursch, R Bosmans, C. D erassi,
Tetrahedron Lett. 1968, 2879-2883). Eunicel linis a diter pene 30 corrpound
whi ch has the follow ng chem cal structure 2 AcO [err] No bioactivity
"for eunicellin has been reported. Another_naturally occurring narine
conmpound is Sarcodictyin A. 10 Sarcodict9in Awas first isolated in the
| ate 1980's from the nediterranean stolonifer Sarcodi ctyon roseum (M

D Anbrosio, A Querriero, F. Pietra, ¢Q cni m Acta 1987, 70,2019-20257;
-and M D Anbrosio, A Querriero, F. Pig '
chemi cal structure of Sarcodictyin A
Sarcodi ctyin A has been reported. 25

coral Al cyonium val di vae in o
5 AcO

AcO

No bioactivity for eunicellin has been reporfed.
Another naturally occurring marine compound is Sarcodictyin A.
10 Sarcodictyl;n A was first isolated in the late 1980’s from the
mediterranéan stolonifer Sqrcodictyon roseum (M. D'Ambrosio, A.
Guerriero, 'F. Pietra, Helv. Chim. Acta 1987,°70,2019-20257; and M.
D’Ambrosio, A. Guerriero, F. Pietra, ibid. 1988,71, 964-976). The
chemical structure of Sarcodictyin A is
15

20 | : :

No bioactivity for Sarcodictyin A has been reported.

25 The valdivones are a group of marine compounds which were
initially isolated from the South African soft coral Alcyonium valdivae in
1993 (Y. Lin, C.A. Bewley, D.J. Faulkner, Tetrahedron 1993, 49, 7977-
7984). Valdivone A and Valdivone B are two examples of this type of
compound. The chemical formulas for these two compounds are
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1993 (*Y. Lin, C.A Bew ey, D.J. Faul kner, Tetrahedron 1993,49, 7977- 7984).
Val di vone A and Val di vone B are two exarrpl es of this type of conpound. The
chiemical formulas for these two conpounds are 30 3 5 0 Vvaldivone A 15 0O
Val di vone B 20 Bot h Val di vone A and Val di vone B have been shown to possess
anti- inflamatory activity. The above nentioned conpounds are a few

* eXanpl es of the many different types of terials which have been isol at ed

as aresult of the many scientific efforts to recover useful chemcals from
marine life. 25 Thesefefforts continue today and will continue into the
future as new cheni cal conpounds are isol ated, id —gOkhd found to be
phar macol ogi cal ly useful. SUMVARY OF THE | NVENTI ON
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Valdivone A

10
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Valdivone B

20 Both Valdivone A and Valdivone B have been shown to possess anti-
inflammatory activity.

The above mentioned compounds are a few examples of the many
different tybes of materials which have been isolated as a result of the
many scientific efforts to recover useful chemicals from marine life.

25 These efforts continue today and will continue into the future as new
chemical compounds are isolated, identified and found to be

pharmacologically useful.

SUMMARY OF THE INVENTION

30 In accordance with the present invention a new compound has

been isolated from the _lndian Ocean soft coral Eleutherobia cf. albiflora.



30 * In accordance with the present invention a new conpound has been
isolated fromthe Indian Ccean soft- coral Eleutherobia cf. albiflora. 4
E- albiflora is a red-colored cnidarian relatives of which are | ocated

t hroughout the world in | ocations such as Western Australia, the Pacific
and I ndian Cceans. The isol ated conpound has been given the nanme :
"El eut herobin" 5 and has been found to haye the foll ow ng chem cal formula:
OH [err] El eutherobin has been tested for pharmacol ogical activity and 1 5

found to be arg.ehipfbiafs @ytad-esioted Asnidafiamtralatives dhevhichsard locatedt i on,
anal ogs of el eutherobin are disclosed which have the general fornula: [err]

25 where Rl dhiowghouttheyedgddn legatians syctsasiWastae Axgtralianthe Paciiccar bon
atonms. These closely.r t anal ogs are al so expected to exhibit cylotoxic
activity. The %Mﬁ@ﬁ%‘%&d and nany ot her features and attendant
advantages of the prigs &tlatedVédrnpolndinds estngivehetheatame dEicutherolin”

5 and has been found to have the following chemical formula:

OH |
CHy— /=N ==\ OCHs o%/w
\2\/\(0.,,, o # ] Vo
O o

10

. ',,/

Eleutherobin has been tested for pharmacological activity and
15 found to be an effective cytotoxin.
As a feature of the present invention, analogs of eleutherobin are

disclosed which have the general formula:

. OR,
/N ==\ OCHz o

CH3—N OR,
20 N CH
\/l\/\n/o"f/ © ) 2\0 OAc

O

. ',,/ \\\‘.

~

25 where R, and R, are hydrogen or acyl residues having from 1 to 6
carbon atoms. These closely related analogs are also expected to
exhibit cy‘iotoxic activity.

The above described and many othéf features and attendant
advantagés of the present invention will become better understood by

30 reference to the following detailed description when taken in conjunction

with the accompanying drawings.



.30 reference to the follow ng detail ed description when taken in
“conjunction with the acconpanyi ng draw ngs. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is the formula for el eutherobin showi ng the atom | abel s.
FIG 2 is the formula for: el eutherobin showing the '"H NVR 5 chem cal shifts
at 500 MHz in chloroformf[err]. FIG 3 is the formula for el eutherobin
showi ng the 13C NWR chemical shifts at 5@ MHz in chloroform[err]. 10

FIG 4 is a structural diagramshow ng the nuclear Overhauser enhancenent

(NOE) correl ations of theBRIEFIPESCRIPEON OF THENDRAWINGS 500 MHz in
chloroform[err]. EIG 5 is a schematic diagramof an exenplary separation
scheme 1 5 for is&lI@tildg thedormeia irmelertharebiyshewing ahgmscnbhmfs_-eo
DESCRI PTI ON OF THE | NVENTI ON The present invention is based on the

di scovery of a specific glycosylated diterpene which was initially isolated
from El eut herobi a FlG. 20 is ahlei foromala for alduthémbini showirey-thel tHelMR
cnidarian which is located in Western Australia off the North Wst Cape

near Exnou?h. chemicy) shitsatRQQ Mirz ip shiprofemithen gi ven tHe nane

"El eut her obi n" and has _

FIG. 3 is the formula for eleutherobin showing the *C NMR

chemical shifts at 50 MHz in chloroform-d,.

10 FIG. 4 is a structural diagram showing the nuclear Overhauser
enhancement (NOE) correlations of the terpene core of eleutherobin at
500 MHz in chloroform-d,.

FIG: 5 is a schematic diagram of an exémplary separation scheme

15 for isolatilig eleutherobin from Eleutherobia spp.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is based on the discovery of a specific
glycosylated diterpene which was initially isolated from Eleutherobia cf.
20 albiflora. E. albiflora is a red-colored cnidarian which is located in
Western Australia off the North West Ca.pe near Exmouth. The
glycosylated diterpene has been given the name "Eleutherobin” and has

been identified as having the following formula: *

25 : ' OH

30



. been-identified as having the follow ng formula: 25

OH 6 The nol ecul ar fornula of el eutherobin as determ ned by high

r'esol uti on FAB mass spectronmetry (HRFABMS) is [err] indicating 13 degrees
of unsaturation. As in the case of other natural products, the intensity of
the nol ecul ar ion peak was small, while on adding 5 sodium a strong signal
corresponding to the [M+ Na] + ion was tected. The physical and
spectroscopi ¢ data for el eutherobin are t forth in TABLES 1-4. 1 0

15 e TerryThe seSeiy, @?Mé’ﬁfnéﬁﬂﬁh%ﬁﬁé%§ér?£ﬁr8ﬁ Cv%a%(“ o
(c=3.0, net hanesdlutiBhARBmMasespbcrahitrBHRIRBVIS) is C. HyfN g,
(-4.8ppm IR (Nadl, neatzigev = 3360 cnferr], 2960, 28227 %886, 1722, 1657

1450, 1372, 121@demesa§ of_ gasatupation. \As jmthesase pf gther naturglpegductspo nm
(3.824). the intensity of the molecular ion peak was small, while on adding

5 sodium, a strong signal corresponding to the [M+Na]* ion was
detected.
The physical and spectroscopic data ﬁ"‘:r eleutherobin are set forth
in TABLES 1-4. |

10 TABLE 1

J

Eleutherobin

yield: 15 mg from 150 g freeze dried soft coral (0.01 %)

TLC: R+ 0.33 (chloroform/methanol {9:1))

[a]D%® = -49.3° (c=3.0, methanol)

HRFABMS: [CyzH,sN,0,,Nal* calc. 679.3207 obs. 679.3174 (-4.8ppm)
IR (NaCl, neat): v = 3360 cm™, 2960, 2922, 2856, 1722, 1657, 1450, 1372,
1243, 1152, 1055.

UV (methanol): A, (log &) = 290 nm (3.824).

15

20




45

el eut herobi n | abel”

c —

acquired at'an effective / = 8 Hz

TABLE2 NWVR spectral data for 13C NVR[ err]
[err]H NIVRb HVBC correl ations[err] 5 1 34. 3(d)

* 3.796(m . nhone 2 137. 4(d) , 5.56(d, 9.2Hz)
G4, G 14 C15 3 132.8(s) 4 115.9(s) 5 131. 0(d)

6.12(d, 5.9 Hz) G4, GCGo, G710 6 133. 7(d)

" 6.09(d, 5.9 Hz) G4, G5, CG77 89.9(s) 8 81.5(d)
4.82(d, 7.7 Hz) Go6, G7, G116, CG29, C1T1 31.5(t)
1.39(m CG1, CG7 1. 61( MTABLE 2 G1, CG8 C10 15
10 38.7(d) 2. 61 (m none 11 134.2(s) 12
121. 3(d) .

1.98(m none 2. 3NMH spectral data for eleuthernbine 20 14
42. 4(d 11,2 ne 15 i
3. 88E d? 12 4 —)EbE' F%%TkMR’Q’ r\J Ar C. !r‘ NMEQ l?&ejct cgfrglationsc
5 1 34.3(d) - 3.96(m) none
2 137.4(d) 5.56(d, 9.2H2) C-4, C-14, C-15
3 132.8(s) [
4 |115.9(s) _
5 131.0(d) 6.12(d, 5.9 Hz) Cc-4, C-6, C-7
10 6 133.7(d) 6.09(d, 5.9 Hz) C-4, C-5, C-7
7 89.9(s)
8 81.5(d) 4.82(d, 7.7 Hz) c-6, C-7, C-16, C-29, C-1’
9 31.5(t) 1.39(m) c-1, C-7
1.61(m) Cc-1,C-8, C-10
15 10 38.7(d) 2.61(m) none
11 | 134.2(s) I
12 121.3(d) 5.28(m) c-17
13 24.5(t) 1.98(m) none
. 2.32(mj} none
20 14 42.4(d) 1.23(m) none
15 69.1{t) . 3.88(d, 12.4 H2) C-2, C-3,C-4, C-1"
4.31(d, 12.4 H2) c-2, C-3, C-1"
16 24.3(q) 1.45(s) c-7,C-8
. 17 | 21.9(q) 1.52(s) c-11, C-12 (
25 18 29.1(d) 1.57(m) none
19 20.5(q) -0.97(d, 6.5 Hz) C-14, C-18, C-20
20 22.2(q) - 0.93(d, 6.5 Hz) C-14, C-18, C-19
21 49.6(q) 3.22(s) c-4
1’ 166.7(s) .
30 2' 115.9(d) 6.57(d, 15.5 Hz) c-1, C-4
3 136.4(d) 7.55(d, 15.5 Hz) -1’, C-2', C-4’, C-b'
4’ 138.4(s)
5’ 122.9(d) 7.10(s) c-4,C7
7' 139.5(d) 7.48(s) c-4’, C-5’
35 9’ 33.6(q) 3.72(s) Cc-5', C-7'
1" 93.4(d) 4.91(d, 3.7 Hz) c-3", C-5"
2" 71.8(d) 4.99(dd, 9.8, 3.7 Hz) | C-3", C-1”
3" 68.1(d) 4.03(dd, 9.8, 3.7 Hz) c-2"
4" 69.5(d) 3.99(m) c-3"
40 5" ;62.1(1) 3.70(d, 11.9 Hz) c-1", C-3"
3.83(d, 11.9 Ha) c-1"
™ 171.4(s)
2" | 21.0(q) 2.11(s) c-1"
a — acquired at 50 MHz in CDCI,
b — acquired at 500 MHz in CDCI,




4.31 (d, 12.4 Hz) C2 C3, C1" 16 24. 3(q) 1. 45(s)

C7, C8 17 21.9(q) 1.52(s) C-11, G 12 25

- 18 29.1 (d) 1.57(m) . none 19 20. 5(q)
0.97(d, 6.5 Hz) C-14, C 18, G20 20 22.2(q) 0.93(d,
6.5 Hz) C- 14, C18, CG19 21 49.6(q) 3.22(s)

"G4 1 166. 7(s) 30 2' 115. 9(gl) 6.57(d, 15.5 Hz)
Gl G4 3 136. 4(d) 7.55(d, 15.5 Hz) cG1r, G2, G4,
C5 4 138. 4(s) 5" 122. 9(d) TABLE 37. 10(s) C 4,
c7 7 139. 5(d) 7.48(s) C 4, C5 35 9'
33.6(q) 3 B Co., -/ 1 .4(d)

4.91 (d, 3.7 Hz) ~ C- 3" Tabje of NMR spectrahdaty {gy eleutherobin 4199(dd, 9.8,
3.7 Hz)  C3", G1 3] 10ei®B 1(9} nMR 4.03(@dr 9-8 3. f Hz) C2"
4" . 69. 5§_,d) 390 E-34—40 5" 62. 1
(1) 3.70(djl 11.9] B4y ~ C-pssgig 3" 3.83(d, 11.9fHz)
cG1" 1" 171.4(s) f2"2 | 138.20(q) 5.40(d, 9.2H2)1( s) G 1"
a - acquired at 50 3i nj &B%03
4 ]1116.0
5 | 130.8 6.08(d, 5.5 Hz)
10 6 | 133.9 6.27(d, 5.5 Hz)
7 | 895
8 |80.9 4.66(d, 5.7 Hz)
9 {307 1.32(m)
_ 1.48(m)
15 10 | 385 2.44(m)
11 | 1339
12 | 1211 5.28(m)
13 | 23.9 1.95(m)
' 2.27{m)
20 14 | 42.2 , 1.23(m) .
15 | 67.8 3.77(d, 12.0 Hz)
4.17(d, 12.0 Hz)
16 | 23.9 1.37(s) ft
17 | 216 ' 1.47(s)
25 18 | 28.9 1.46(m)
19 | 20.2 0.93(d, 4.5 Hz)
20 | 22.1 0.92(d, 4.5 Hz)
21 | 493 . 3.09(s)
1 | 166.3 .
30 2 | 1138 6.35(d, 11.0 Hz)
3 | 138.1 7.53(d, 11.0 Hz)
4' |137.3 )
5 | 125.0 : 7.57(s)
7° | 140.2 7.69(s)
35 9 [ 34.2 3.66(s)
1" ]| 93.2 | 4.70(d, 3.4 Hz2) |
2" ]70.9 4.82(dd, 9.7, 3.4 H2)
3" | 66.2 : 3.78(dd, 9.7, 3.4 Hz)
4" 1685 3.76(m)
40 5* | 63.2 3.44(dd, 12.0, 2.3 Hz)
3.60 (d, 12.0 Hz)
1~ | 170.1
2* {210 2.01(s)
= acquired at 50 MHz in DMSO-d;
45 = acquired at DMSO-d, |




45 b - acquired at 500 vMHz in CDClI 3 c - acquired at an effective J
=8 Hz 8 TABLE 3 Table of NWR spectral data for eleutherobin |abel
13C NWR ' [err]H NMR 5 1 34.5
3.89(m 2 135.2 5.40(d, 9.3 Hz) 3 133.0 4 116.0 5
.130.8 6.08(d, 5.5 Hz) 10 6 133.9 6.27(d,
5.5 Hz) 7 89.5 8 80.9 4.66(d, 5.7 Hz) 9 30.7
1.32(m 1.48(m 1 5 10 3% 5 2.44(m 11 133.9 12
121.1 5.28(nj 13 23.9 TABLE 4 1.95(m
‘ Table of proton-proton correlations for eleutherobin
I (600 MHz, chioroform-d,, J = 8 Hz)
“ fabel 1H NMR COSY correlations - NOESY correlations
5 | 1 3.96(m) H-2, H-10 H-1, H-2, H-8, H-10, H:14, H-19
2 6.56(d, 9.3 Hz) H-1 H-1, H-138, H-14" .
5 6.12(d, 5.8 Hz) H-6 H-6, H-158, H-21
6 6.09(d, 5.8 Hz) H-6 H-16, H-2"
8 | 4.82(d, 7.7 H2) H-9a H-1, H-10, H-16
9 1.39(m) H-8, H-98, H-10 H-98
1.61({m) H-9a '} H-9q, H-10
10 | 2.61(m) H-1, H-90 H-1, H-8, H-18, H-19
12 | 5.28(m) H-13a, H-17 H-13a, H-138, H-17
10 13 | 1.98{m) H-12, H-138, H-17 |- H-12, H-138, H-20
_ 2.32(m) H-13a, H-14, H-17 | H-2, H-13a, H-14
14 | 1.23(m} H-1, H-138, H-17 H-1
15 | 3.88(d, 12.4 Ha2) H-158 H-2, H-158, H-1"
4.31(d, 12.4 Hz) H-15a H-15a
16 | 1.45(s) none H-6, H-8, H-21
17 | 1.52(s) H-12, H-138, B-138 | H-1, H-12, H-17, H-19
18 | 1.57{m) H-14, H-19, H-20 | H-10, H-14, H-19, H-20

19 0.97(d, 6.5 Hz) H-18 “H-10

20 0.93(d, 6.5 Hz) H-18 H-98, H-13a, H-14
15 21 3.22(s) none H-8, H-186

2’ 6.567(d, 15.5 Hz) H-3’ H-3’

3’ 7.55(d, 15.5 Hz) H-2’ H-2°

5’ 7.10(s) none H-9'

7 7.48(s) none none

9 3.72(s) none none .

1" 4.91(d, 3.7 Hz) H-2" H-2, H-15a, H-2"

2" 4.99(dd, 9.8, 3.7 Hz) H-1", H-3" H-1", H-3"

3" 4.03(dd, 9.8, 3.7 Hz) H-2", H-4" H-2"

4 3.99(m) H-3 H-5"a, H-5"8, H-19
20 5" 3.70(d, 11.9 H2) H-4", H-5"8 H-4"a, H-5"8

3.83(d, 11.9 H2) H-4", H-5"a H-4", H-5"a

2" 2.11(s) none none

25
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2.27(m 20 14 42.2 1.23(m 15 67.8

3.77(d, 12.0 Hz) 4.17(d, 12.0 Hz) 16 23.9 1.37(s) 17 21.6
- 1.%47(s) 25 18 28.9 - 1.46(m 19  20.2
0.93(d, 4.5 Hz) 20 22.1 0.92(d, 4.5 Hz) 21 49.3
3.09(s) 1' 166.3 30 2" 113.8 6.35(d, 11.0 Hz) 3
" 138.1 | 7.53(d, 11.0 Hz) 4 137.3 5° 125.0 7.57(s) 7'
140. 2 7.69(s) 35 910 34,2 3.66(s) 1"
7 0ss ek P ool o DA Py )

= 63.2 chlorofon?m-ddl,(émi injlgl\'ll%o-%b)?bé@usé-o@%v@ql’apﬁ%gosiaﬁéls in the 13C
NMR spectrum. The chemical shifts discussed below in the following
are with reference to chloroform-d,. Due to the presence of two
5 carbonyl and 11 other olefinic carbon atoms, one of the nitrogen atoms
is part of a double bond while the other one is aliphatic, resulting in
eight double bonds and thereby a pentacyclic molecule. - The
distortionless enhanced polarization transfer (DEPT) spectrum shows 7
quaternary, 17 tertiary, 4 secondary, and 7 primary carbon atoms,
10 counting for 46 hydrogen atoms. The remaining.two protons are
attached to heteroatoms. The chemical shifts for 'H NMR and '3C NMR
are set forth in FIGS. 2 and 3, respectively.

Except for the signal at § = 5.28 ppm, all olefinic signals show
simple spin systems. An ag,B-unsaturated carbonyl moiety is indicated

15 by the chemical shifts of the two coupling (J/ = 15.5 Hz) protons -
showing resonance at § = 6.57 ppm and § = 7.55 ppm and by the
corresponding *C NMR chemical shifts at § = 115.9 ppm and § =
136.4 ppm. The signals at§ = 6.09 ppm and at § = 6.12 ppm couple
with each other (J = 5.9 Hz) and result from protons attached to a Z-
20 configuration double bond embedded in a ring. The doubletatd = 5.56
ppm corresponds to a proton attached to a trisubstituted double bond
and couples with an aliphatic methine proton. The other olefinic protons
atd = 7.10 ppm and at § = 7.48 ppm show singlet resonances. The
- variety of.signals bétween é = 3.70 ppm and § = 5.00 ppm, together
25 with the fact that 8 oxygen atoms in addition to the carbonyl oxygen
atoms are‘ present, indicatesl that the molecule contains a sugar moiety.
This is further confirmed by the '*C NMR spectrum which shows six
resonances between 6 = 60 ppm and § = 100 ppm, including acetal
carbon at § = 93.4 ppm. The singlets at 6 = 3.22 ppmand at § =
30 3.72 ppm result from a m'éthylated tertiary nitrogen and a methoxy
group. The '3C NMR spectrum in DMSO-d ;hows two different signals



1 170.1 2"  21.0 ©2.01 (s) a = acquired at 50 M in

DVMSO-[err] 45 b = acquired at DMSO-[err] 9 TABLE 4 Tabl e of
~ proton-proton correlations for el eutherobin (500 MHz, chloroformd,, J = 8
Hz) | abel 1H NWVR COSY correl ations NCESY .
correlations 5 1 3. 96(n) H-2, H 10

"H1, H2, HS8, H10, H 14, H19 5. 56(1q 9.3 _ H1

H1, H13[err], H14 5 612(d 5.8 Hz) H-6

Zl_ég?d H-72% gz)at 9 919(1q’q=g9%pm olefinic CH) and I_a'_'cf = 166%_&;%@9 , age@(m

H8, H9[err], darbBn) whered$ /i Ehlotoforil¥,, those signals are obbﬂapping atd =
H9a, H10 10  2.61(m 141, K 9a H 1, H 8,
H 18, H 19 12 11%.%ppm H 13a, H 17 H 13a,

H 17

H13[err], H17 1 0 The §Q’(‘%ﬂtu“°n S5 e%mheroblnljpl_aégs’ti\g_llfﬂya ﬁﬁtéﬁs'{'gzﬁ

H 12, H13[err], H 20
H13a, H 145 NMR spectroscopy, including correlation spectroscopy (COSY), hetero-

nuclear multiple bond quantum coherence (HMQC) and heteronuclear

multiple bond correlation (HMBC) methods. The structure is secured by

more than 60 HMBC correlations, observed in two different solvents

(chloroform-d, and DMSO-dg). The assignment of the two olefinic

10 protons showing signals at § = 6.09 ppm and at 6 = 6.12 ppm is

possible because of an HMBC correlation between H-8 and C-6. The

position of the oxygen bridge between C-4 and C-7 forming the dihydro-

furan moiety can unambiguously be concluded from the HMBC and

COSY correlations established part of thé structure, from the sum

15 formula, iand from the chemical shifts shown by C-4 (6 = 115.9 ppm)

and by C-7 (6 = 89.9 ppm). The connections between the diterpene

"core and the urocanic acid and pentosopyranose units are established

via HMBC correlations between H-8 and C-1’ resp. H-15a, H-15b and C-

1". The 2"-position of the acetoxy group is established by the chemical

20 shift of H-2" {6 = 4.99 ppm) and C-2" (6§ = 71.8 ppm) as well as by

the HMBC correlation between H-2" and the carbony! atom C-1"”. The
atom labels for eleutherobin are set forth in FIG. 1.

Eleutherobin features five carbon-carbon double bonds, one of

which is part of an N-methyl imidazole ring. The E-configuration of the

25 double bond between C-2' and C-3’ can be concluded from the coupling

constants of the attached protons (J =- 15.6 Hz) and from the

wavelength of the UV absorption (A = 290 nm, methanol) of eleu-

therobin (1). A Z-conformation urocanic acid would have a maximum

UV absorption at about a A 270 nm). The trisubstituted double bond

30 between C-2 and C-3 must have a Z-configuration for steric reasons.



14 .41.23(m H1, H13[err], H17 H1 15  3.88(d,

12. 4 Hz) H 15[ err] H2, H15err], H1" 4.31(d, 12.4
- Hz2) H 15a H 15a 16 1. 45(s) none
H6 HS8 H21 17 1.52(s) H 12, H13[err], H13[err]
H1, H12, H17, H19 18 1.57(m H 14, H 19, H 20
"H10, H14, H 19, H20 19 0.97(d, 6.5 Hﬁk H 18
H 10 20 093(d 6.5 Hz) H 18 H-99 H-13a H-141
g. 57(d, 15 5 Hil}hus (s%l)uctui_er_ was also conflrme'aeby I\IQ% cogrelatlgnso-gf J)esighgvy_&)
H 2 in FIG. 4-+2' &' 7.10(s) i none
H9 7 7.48(s) none none 9 3.72(5s)
none Elg@mrqu mayobe preparediby various routeg including: (1)
H 2, H 15a, H- 9
H 3" 3 %}étlog féénb%qigyf E/gygliebeE_%pecnes suo#a%l_‘{:'@utlyrob/a ffég( TT)
H- 3" 5 alblflora ah‘di”.:' &f. Grdyil @) rédudttidi® anrl glycosylation of sarcodiétyird 1. 9
Hz) &e H4"a, H5"[err] 3.83(d, 11.9 Hz)
H 4", H5" a and (81 total pygthesjs from gomy@g'yonal starting materlalsnone
none 25 30

An exemplary procedure for isolating eleutherobin from one of the
Eleutherobia species located in Western Australia is set forth
schematically in FIG. 5. The isolation proceci'ure is an eight step protocol

10  which in_vblves using conventional separation procedures to isolate
eleutherobin from a freeze dried sample of the animal {(WA92033). In
step 1, the freeze dried sample is extracted sequentially with methanol,
trimethyl pentane and dichloromethane/methanol(1:1). In step 2, the
extract (WA92033E3) is subjected to solvent partitioning in

15 methanol/trimethyl pentane. In step 3, the methanol fraction from step
2 (WA92033E3/M) is further solvent partitioned in butanol/water. In
step 4, the butanol fraction from step 3 (WA92033E3/M/Bu) is
subjected to a further solvent partition in dichloromethane/methanol/
water. In step 5, the dichloromethane/methanol fraction from step 4

20 (WA92033E3/M/Bu/MC-M) is subjected to size exclusion column
chromatography using a Sephadex LH-20 column with methanol solvent.
In step 6, the third fraction (L3) isolated in step 5 is subjected to another
solven't_ portion using trimethyl pentane/methanol. In step 7, the
methanol fraction from step 6 {(WA92033E3/M/Bu/MC-M/L3/M) is sub-

25 jected to silica gel column chromatography using chloroform/methanol
(10:1) eluent. In step 8, the third fraction from step 7 is'subjected to
reverse-phase high pressure column chromatograph using a reversed-
phase C-18 column and methanol/water (9:1) as the eluent. The second
fraction (R,) eluted in step 8 is eleutherobin. As indicated in FIG. 5, the

30 amount of eleutherobin recovered from 150 grams of freeze dried animal

will be on the order of 23 mg.



10 Twe sets of NWR spectra are presented in the above Tables (in
‘chloroform[err] and in DVMSO-[err])- because of overlapping signals in the
13C NWR spectrum The chemical shifts discussed,belowin the follow ng are
with reference to chloroform[err]. Due to the presence of two 5 carbonyl
and 11 other olefinic carbon atons, one of the nitrogen atons is part of a
doubl e bond while the other one is ali phalté resulting in eight double
bonds and thereby a pentacyclic nol-ecul e. The distortionl ess enhanced

pol arizat i on transt g ERERIL SAESLEUIL WU cbrMiRLRARBIORA Al FAIAALH, 4

secondary, and 7 prinary Carfon 3 cou Rydrogen at ons.

The remal ni ng fhed quast oot Weeterht mmtthmnbat eth@at:ﬁms of TBemolue carwahl fts
for "H NVR and 13C NVR are set forth in and 3, respectlvelé/%i Except
]

for the signal emmelafvsnmabdwl\gﬁro% éﬂﬂrWé\% 83&) aresiavlas tors) @/b

t A h
zzzme(r:rzl sEi ?tg rﬁtlrpﬁ 5‘1‘?& gl’l ng é’tyige@'.cg ﬁzﬁhgt“élglrﬁzﬂaggdoe]v#ﬁ'gq%ggoﬁance
at 6 = 6.57% ppmoamle@ by Utﬁﬁombm-larldiuhmnt h€he oAlcysparidnnGehds SdFormdiam cal

shifts at [err] =11 5.9 mand [err] = 136.4 ppm The signals at [err] =
6. 09 ppm and al Elewtherobia. @9"}0}3’#}0 Bu)ﬂ'l"é" \R‘Fﬁ”@&@ﬁso‘t’hfw Jﬂg"“s.iper‘ﬁ?s-and

result from prgleRcatd 6P ¢Re (S2t8 Marine Biological Laboratory, Vol. VI, No. 2,
pages 160-161, December, 1957.). The two species each contain

eleutherobin. The specimen most closely related to £. albiflora is red,
10 while the specimen similar to E. grayi is smaller, yellow in form. Both
animals were collected in the same area. Both specimens are cylindrical
colonies measuring approximately 50-60 mm in lenéth and 10 mm in
diameter. I The polyps over the capitulum are fully extended beyond the
slightly ra_ised calyces which are irregularly distributed at intervals of ca
15 1 mm. Each polyp is colorless and lacks spicules. The pinnules are
somewhat clavate in shape, terminating to a globose thickening; the
longest one located in the middle measures ca. 0.3 mm in length. The
exemplary animal which most closely resembles E. grayi (WA92-034)
possesses sclerites as short as 0.08 mm, which is in contrast to the

20 original specimens which possess sclerites measuring 0.18 mm.
Eleutherobin may also be prepared by ﬁrst' isolating sarcodictyin
A from Sarcodictyon roseum as described in the articles referenced in
the BACKGROUND OF THE INVENTION. The sarcodictyin is then
selectively reduced {me ester) and glycosylated in accordance with well
25 known procedures used to add an arabinopyranose unit to sarcodictyin
which results in the production of eleutherobin (Gaylord, Reduction With
Complex ;Metal Hydrides, /nterscience, NY;_ 1956, pp. 391-631; and
Fieser & Fieser, Advanced Organic Chemistry, Rheinhold, NY, 1961, pp.
933-937). Eleutherobin may also be synthesized by starting with other
30 known compounds that contain the same diterpene skeleton as

eleutherobin.




20 configuration double bond enbedded in a ring. The doublet at [err] =
"5.56 ppm corresponds to a proton attached to a trisubstituted double bond-
and couples with an aliphatic nethine proton. The other ol efinic protons at

6 = 7.10 ppmand at 6
signals between [err]

7.48 ppm show singl et resonances.

present, indicates that the nol ecul e contains a sugar noi

The variety of

3.70 ppmand [err] = 5.00 ppm together 25 with .
* the fact that 8 oxygen atons in additionqgo the carbonyl

oxygen atons are
ety. This is

further confirmed hphdhassrBinidRtipRaNss BoVER &ial6§9T efduthepsisindidang

between [err] = 60 ppmand 6 = 100 ppm includi ng acet al

carbon at 6 = 93.4

ppm The singklee foernuld:= 3. 22 ppmand at 6 = 30 3.72 ppmresult froma
nmet hyl ated tertiary nitrogen and a nethoxy group. The [err] C NVR spectrum

in DMBO-d6 shows two different signals at [err] = 113.8 ppm (olefinic

CH) and at [err] = 116.0 ppm (C, acetal carbon) whereas i

constitutibn
spect r oscopy,

chloroform[err], those signals are overlapping at 6 = 9 ppm The
of el.eutherobin was established byosy 2D 5 _NWR
i ncl ud{'?fl'qg ation spe ( PB2 nucl ear
to MXD., r g@tde| i pl e bond

mul tiple bond quantu
correlation (HVBC) nethods.

correl ati ons,

10

15

20

25

30

observed in two diffe

where R, and R, are H or acyl groups having from 1 to 6 carbon atoms.
These ester analogs of eleutherobin can be prepared by using
conventional synthesis procedures in which acyl groups are substituted
for the exi,éting hydrogen atoms present at the R, and R, positions in
eleutherob&n. The ester analégs where R, is methyl and R, is H or where
R, is H and R, is methyl are preferred.

Eleutherobin and the above described analogs are useful as
cytotoxic agents. The compounds are used in the same manner as other
known cytotoxic agents. They may be used alone or in combination
with suitable pharmaceutical carriers and othe? bioactivg materials. They
are used both jn vitro and /n vivo to kill a wide variety of cell types.
Eleutherobin and its analogs have been shown to be cytotoxic with
respect to cancer cells. For example, /n vitro toxicity of eleutherobin
was tested in the HCT116 human colon qarcinoma cell line and a
multidrug resistant subline, HCT116/VM46,lwhich overexpresses P-
glycoprotein and is over 100-fold resistant to taxol. Eleutherobin was
nearly as cytotoxic as taxol in the HCT116 cell line and was 52-fold
cross resistant in the HCT116/VM46 subline. The cytotoxicity of
eleutherobin was also tested in a human ovarian carcinoma cell line

A2780. Eleutherobin was also found to be cytotoxic with respect to the



(chl oroform[err] and DVBO d6). The assignnent of the two olefinic 10

protons showing signals at [err] = 6.09 ppmand at [err] = 6.12 ppmis

- possi bl e because of an HVMBC correl ation between H8 and C-6. The position

of the oxygen bridge between C-4 and C-7 form ng the di hydro- furan noiety

can unanbi guously be concluded fromthe HVBC and COSY correl ations

* established part of the structure, fromt sum 15 fornula, and fromthe
chem cal shifts shown by G4 (d = 115.9 pEﬁj and by C7 (6 = 89 9 ppm. The

connecti ons bet dlte ne core d the uro

pent osopyr anosé\%§e st Heéh'@a ﬁﬁm%ﬁ@éﬁ' n?sf@ﬁ/\é%sﬂB and
C 1 resp. H 1¢gah inFtABRE®d C 1". The 2"-position of the acetoxy group
is established by the chemcal 20 shift of H2" (6 = 4.99 ppm) and C 2"
([err] = 71.8 ppn) as well as by the HVBC correl ati on between H 2" and the
carbonyl atom C-1"'..The atom | abel s fog,gleqtherobin are set forth in FIG
1. El euthergbin features flve car bon carbon doubl e bonds, one of V\/m ch IS
part of an a—dlar ale—ana——tie—teconfiguraton——af—the—20C—doy 4bl e
bond bet ween 2' and' G- 3' Gtk bﬁofwm&wdadutﬁéreﬁrht/:tgemeowdol ng const antlls of
the attached pjjotons (Jsensitibe bndRgsistard HuramColoa and\Dslagargtdll Lidest he UV .
absorption (A ¥ 290 nm net hgnol ) of el eu- therobin 1( I). A Z-conf or matli on
urocani ¢ acid Would have a maki mim LM ab: nLnLL(')q‘FOHM about a A 270 nm § The
trisubstituted doubl e bond 30 befyopers C 2 andrﬁe’;}\,wgt have @a2780

Z-configurati offfor—sterTc TEaSonS:
paclitaxel {taxol) 4.6 5.37 (117)2 6.7

“ WHF P 92033 10.7 554.{(52) 13.7
ICytotoxicity was determined after 72 hour exposure by XTT assay.
2value in parenthesis is fold resistance relative to corresponding parent cell line.

15
Having thus described exemplary embodiments of the present

—

invention, it should be noted by those skilled in the art that the
disclosures herein are exemplary only and that various other alternations,
adaptations and modifications may be made within the scope of the
20 present invention. Accordingly, the present invention is not limited to

the specific embodiments as illustrated herein.



12 Thts structure was al so confirnmed by NOCE correlations as best shown in
'FIG 4. Elqutherobin may be:prepared by various routes including: (1)

isSol ation from various El eutherobia species such as El eutherobia cf. 5
albiflora and E. cf. grayi; (2) reduction and glycosylation of sarcodictyin
A, and (3) total synthesis fromconventional starting materials. An

exenpl ary procedure for isolating el euthegobin fromone of the El eutherobia
species |located in Western Australia is set forth schematically in FIG 5.
The isolation procedure is an eight stepapug ocol 10 which invol ves using
conventional separation procedures to Tsolate el eutherobin froma freeze
dried sanpl e Whahis Gldimeld i¥WA92033). In step 1, the freeze dried sanple is
extracted sequentially with nmethanol, trinmethyl pentane and

di chl oronet hane/ met hanol (1:1). In step 2, the extract (WA92033E3) is

subj ected to sol vent, pagbiiddaMaH)of Mdter aswiamsqshrddmbbmhdmuﬁg%el n
step 3, the nethanol fraction fromstep 2 (WA92033E3/M is further solvent
partitioneB i fotmaukanol /water. In step 4, the butanol fraction fromstep 3
(WA92033E3/ M Bu) is subjected to a further solvent partition in

di chl or onet hane/ net hanol / water. In step 5, the dichl oronethane/ nmet hanol
fraction fromstep 4 20 (WA92033E3/M Bu/ MC-M is subj ect ed to SI ze

excl usi on col um Ry

OCH
CHa_ /§N ° O%/
_ =\~
10 \/K/\n/
o

15 where R, and R, are hydrogen or an acyl group having from 1 to 6

carbon atoms.

2. A composition of matter according to claim 1 wherein R, is
hydrogen.
20

3. A composition of matter according to claim 1 wherein R, is

hydrogen.

4. A composition of matter according to claim 2 wherein R, is

25 hydrogen.

* c L M S *



chr opat ogr aphy using a Sephadex LH- 20 columm with nethanol solvent. In step
‘6, the third fraction (L3) isolated in step 5 is subjected to another

sol vent portion using trinethyl pentane/methanol. 1In step 7, the nethanol
fraction fromstep 6 (WA92033E3/ M Bu/ MC-ML3/M is sub- 25 jected to
silica gel colum chromatography using chl orof ornm net hanol (10:1) el uent.
I'n step 8, the third fraction fromstep 4+ s subjected to reverse-phase

hi gh pressure col um chromat ograph using a reversed- phase C1 8 colum and
met hanol /water (9: g) @«Snt\é”'l@\o@l' m@mwnf{@eoﬁ@mnﬁﬁreaééw§rpréfs@mr}a #£ladied in
step 8 is eleutherobin. As indicated in FIG 5, 30 "anmobunt of

el eut her obi n papstatien, fsaidn methegd eampfrisingeshe sjliepe@fatnenﬁngwsald ellon t he

are T ound of | HoRuiatc Wi 2 SRR aRePRF B CouliBLEH ARG Be T TRE, " Tuo

exenpl ary ani mals (WA92-033 and WA92-034) are simlar to E. al b|rora

(UWinom) and E. grayl, but not identical with the original descriptions 5

provi ded bp Utinoni (H Utinom, The Al cyonarian Genus | I'onel | a

(El eut herobia) from Japan with Descri ptions of Two New ppeci es.

Publ i cations of the Seto Mari ne Biologjc aBeHA

pages 160- 161, Dec&r_viberﬂ/TQ\BI ). The ft ies e
3" .

10

where R, and R, are hydrogen or an acyl group having from 1 to 6
carbon atoms for a sufficient time to kill one or more of said cells in said

15 cell population.

6. A method for killing one or more cells present in a cell

populatior! according to clai}n 5 wherein R, is hydrogen.

20 7. A method for killing one or more cells present in a cell

populatibn according to claim 5 wherein R, is hydrogen.

8. A method for killing one or mo"'re cells present in a cell
population according to claim 6 wherein R, is hydrogen.
25 '
9. A method for killing one or more cells present in a cell

population according to claim 5 wherein said cells are cancerous.

10. A method for killing one or more cells present in a cell
30 population according to claim 9 wherein said cells are human colon

carcinoma cells.

* c L M S *



el euthrer obi n. The ‘speci nen nost closely related to E. albiflora is red, 10
whil'e the specinmen simlar to E. grayl is snmaller, yellowin form Both
"animals were collected in the same area. Both specinens are cylindrical

col oni es neasuring approximately 50-60 mmin length and 10 nmin dianeter.
The pol yps over the capitulumare fully extended beyond the slightly raised
cal yces which are irregularly distributed %t intervals of ca 15 1 nm Each
polyp is colorless and | acks spicul es. g pi nnul es are somewhat clavate in
shape, termnating t A ARt firC t d ip the
m ddl e neasures ca. 8?3 mm i n g ﬂ?hkm¢h£%g§egFPQ&QQSEP%3#8§%ﬁ€ﬁ{%ban

cl osel y resenblpspufatign mcofﬁh@&wam)mp@wm&s satd eelld are hanwbladsn0. 08
nm which is in contrast to the 20 original specinens which possess

scl erites neasfArAHIOMA g El eut herobin may al so be prepared by first

i sol ating sarcodictyin A from Sarcodi ctyon roseum as described in the
articles referenced in the BACKGROUND OF THE | NVENTI ON. The sarcodictyin is
then sel ectibvely reduced (ne ester) and glycosylated in accordance with
wel | 25 known procedures used to add an arabi nopyranose unit to

sarcodi ctyin which rejults in the production of eleutherobin (Gylord,
Reduction Wth ConpleXd Metal Hydridés, Interscience, NY; 1956, pp. 391-531;
and Fi eser & Fieser, Advanced O ganic Chem stry, Rheinhold, NY, 1961, pp.
933-937). Eleutherobln may al so be synthesized by starting with other 30
known conmpounds that contain the sane diterpene skel eton as el eut herobin.

) O



14 The . present invedtion al so covers anal ogs of el eutherobin having the
“formula: [err] 1 O where [err] and [err] are H or acyl groups having from1
t°0 6 carbon atons. These ester anal ogs of el eutherobin c
usi ng conventional synthesis procedures in which acyl gr
substituted 1 5 for the exi ting hydrogen atons present
[err] positions in el eutherobin. The est anal ogs wher
and R2 is Hor where [err] is H and [errféis met hyl are preferred.

El eut herobi n and the above descri bed anal ogs are useful as cytotoxic
agents. the conpounds are used in the same manner as other 20 known
cytotoxi ¢ agents. They mELUFEHEBOBINIAND ANALOGS THEBEOEN with suitabl e
pharmaceutical carriers and other bioactive materials. They are used both

invitroand in vivo to kill a wide variety of cell types. El eutherobin and
its anal ogs have been shown ApsPrRACH OFOKHE MWSOLOSYRECt to cancer cells.
For exanple, in vitro toxicity of eleutherobin 25 was tested in the HCT1

16 human cBl on car Elewtharabit fis a|gixecqmdafadrmmmenagmh@b|msathe suigcturel HCT1
16/ VMA6, whi cp oveir expresses P-

OH
10 ot ) X O%/OH
3 CH
\%‘l\/\ro'l” o / 2\0 OAc
: ) y,

Eleutherobin is a cytotoxic agent which is toxic to carcinoma

15

cancer cells. Analogs of eleutherobin are also disclosed.

' ' Sheet Has Been Tlaced

Tl llll Il



" glycoprotein and is over 1 00-fold resistant to taxol. El eutherobin was
mearly as cytotoxic as taxol in the HCT1 16 cell line and was 52-fold cross
resistant in the HCT1 16/ VMi6 subline.q/Bhe cytotoxicity of 30 el eutherobin
was al so tested in a human ovari an carc/ noma cell |ine A2780. El eut herobin
was al so found to be cytotoxic with respect to the 15 A2780 cell line.:
The results of the above cytotoxicity assays are set forth in TABLE 5.
TABLE 5 5 In vitro Cytotoxicity of Eleutherobin Against Taxol Sensitive and

Resi stant Human Col on and Ovarian Cell Line4 HCT116 HCT116/ VA6
A2780 1 0 pacl i t-axel (taxol) 4,6 OH 5.37 (117)2

6.7 WHF P 92033 10. 7. & gﬂs 13. 7

[err] Cytot OXI ci ty" wag det erni g ure by XTT assay.

2Val ue in H‘T%é“ eshs is,fold ? gi" correspondi ng parent
cell Iine.

t hu

qe

enfb di ments of the present
invention, it shgul &

_4.89 (in DMSO)
' 3.709H .
7.48 0.3.83.13.99

“ OH 4.79 (in DMSO)

FIG. 2



: digcfosures herei n ar.e exenplary only and that various other alternations,
adapt ati ons and nodi fications may be made within the scope of the 20
present invention. Accordingly, the present invention is not limted to the
specific enbodinments as illustrated her?n. 16 CLAIM5S What is O ai ned

I.s: 1. A conposition of matter conprising a conpound having the 5 formul a:
OR, [err] 15 where [err] and [err] are hydrogen or an acyl group having
from1l to 6 carbon atonms. 2. A conposition of matter according to claim1l
wherein [err] is hydrogen. 20 3. A conposition of matter according to claim
1 wherein R2 is hydrogen. 4. A conposition of matter according to claim?2
wherein R2 is 25 hydrogen. :

1395 .
Ha%s N/§N 24.3
3 __]138.4 115.9 . .
122.9 Z Nfies.7'(81:5
136.4
O 35" <137,
134 \N34.3 /205
21.9 29.1
| 1213 245 222

1, :
4
L]
[

- "OArabinose

FIG. 4
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17 5. Anmethod for killing one or nore cells present in a cell population,
said nethod conprising the step of treating said cell population with a
suf ficient anobunt a compound having the fornula: [err] where [err] and
[err] are hydrogen or an acyl group h®8ing from1l to 6 carbon atons for a

sufficient tine to kill one or nore of said cells in said 1 5 cell '
popul ation. 6 A nethod for killing one or nore cells present in a cel

popul atiorf according to claim5 wherein [err] is hydrogen. 20 7. A
met hod for killing one or nore cells present in a cell population according ---
to claim5 wherein R2 is hydrogen. 8. A nethod for killing one or nore -
cells present in a cell population according to claim6 wherein R2 is

hydrogen. 25 9. A nethod. for killing one or nore cells present in a cel

popul ati on according to claim5 whefein said cells are cancerous. 10. A

met hod for killing one or norleeelditsEeprescatuidy ja cell 30 popul ation

according to claim9 wherein o fpen2 ! n col on carci noma cells. S
. 2x 350 ml methanol C o

1x 200 ml trimethy! pentane
2x 350 ml dichloromethane/methanol (1:1)

WAQ92033E3
(14.4 @)

1=

2 | methanol/trimethyl pentang

WAS033E3/T WAS2033E3/M
(2.9 g, 1/256)

3 butanol (Bul/water {W)
?| wasz033e3mmw .
WA92033E3/M/Bu (8.1 g, 1/256) I

4

dichloromethane(MC)/methanol/water (7:13:10)

WA92033E3/MIBUIMC-M : WAQ2033E3/M/Bu/M-W
(2.4 g) (1.0 g)

LH-20, methanol

kn

-

WAS2033E3/M/Bu/MC-M :
L1 L2 L4
6 . trimethyl pentane/methanol
WAS2033E3/M/Bulup/,3/T WA92033E3/M/Bulup/LIIM
(100 mq) {608 mg)

2 l Si0, column, chloroform/methano! (10:1)

WA92033E3/M/Bulup/L.I/M/
Cc3
: {41.8 mq)
C1 Cla c2 . =1/64K ca
{201.7 mg} {59.1 mg) {255.8 mg} /
{49.9 mg)
8 C-18 column,

methanol/water (S:1)

WA92033E3/M/Bulup/L3IMIC3/

r1 R2 n3 :
{4.2 my) 20.3 mg {12.7 mq)

cleutherobin

FIG. 5



11111111 111111 111111111111111 18 11. A method for killing one or nore
.cells present in a cell population accordi ng to claim9 erein said cells
-are human ovarian carcinoma cells. 5 REPLACEMENT SHEET

1o0.4 MR 195

19

ELUTHEROBIN AND ANALOGS THEREOF

ABSTRACT OF THE DISCLOSURE

5 Eleutherobin is a glycosylated diterpene which has the structui'al
formula: |
OH
/=N OH
i = / ey OAc
. ' o D

15 _
Eleutherobin is a cytotoxic agent which is toxic to carcinoma

cancer cells. Analogs of eleutherobin are also disclosed.

Fig.1




