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Palmerolide A NMR Data
Position | 3'H (ppm, mult, J(Hz)) e gHMBC
1 166.1
2 578 (1H, d, 15.2) 121.3 1,4
3 6.72 (1H, ddd, 5.0, 9.9, 15.2) 150.0 1,2,4,5
4 2.11 (2H, m) 32.6 2,3,5,6
5 a 1.30 (1H, m) 257 7
b 1.05 (1H, m) 6
6 a 1.50 (1H, ddd, 4.5, 8.2, 11.2) 38.5 5,78
b 1.30 (1H, m) 57,8
7 3.83 (1H, ddd, 4.4, 7.4,7.6) 74.5 5,9
8 5.55(1H,dd, 7.7, 15.5) 134.3 6,7,9,10
9 5.50 (1H,dd, 2.9, 15.5) 129.6 7,8, 10
10 4.15(1H, br s) 69.9
11 449 (1H, dd, 2.2, 5.0, 10.5) 732 9, 10, 12/13, CONH,
12 a 1.59 (1H, m) 30.1 12/13
b 0.98 (1H, m) 11,1213
13 1.96 (2H, m) 30.1 12/13, 14, 15
14 5.42 (1H, ddd, 4.7, 10.1, 14.6) 132.7 12/13, 16
15 6.05 (1H, dd, 11.1, 14.6) 128.4 12/13, 16, 17
16 5.60(1H, d, 11.4) 127.1 14, 15, 18, 25
17 132.3
18 a 2.17 (1H, dd, 1.3, 13.2) 43.9 16, 17,19, 25
b 2.00 (1H,dd, 11.2,13.2) 16,17, 19, 20, 25
19 4.85(1H, ddd, 1.3, 7.4, 11.2) 758 1, 17,18, 20,21, 26
20 2.69 (1H, gdd, 6.5,7.4,9.6) 373 18,19,21,22,26
21 5.14(1H, d, 9.6) 130.5 1 9,20, 23,26,27
22 133.3
23 5.85(1H,d, 14.2) 117.2 21,22,24,25
24 6.86 (1H, dd, 10.1, 14.2) 122.9 22,23, 1
25 1.62 (3H, s) 13.3 21,22,23
26 0.90 (3H, d, 6.5) 17.7 19, 20,21
27 1.71 3H, s) 16.9 16,17, 18
r 163.9
2 5.70 (1H, brs, 1.0) 118.8 1,3,4,%
3’ 152.5
4 1.83 (3H, s) 27.7 1,2,3,5
5 2.13 (3H, s) 20.4 1°,2,3, 4
CONH; | 6.49 (2H, br) 157.3
24-NH |9.84(1H,d, 10.1) 23,24, 1
10-OH | 5.18(1H,d, 4.9) 9,10, 11
7-O0H | 4.69(1H,d, 3.9) 6,7,8

FI1G. 2
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PALMEROLIDE A
Panel/Ceall Line Parcant Growth
-8 -7 -6 -5 -4
Leukemia
CCRF-CEM 74 56 B2 57 52
HLBO(TRO 69 Fis) 66 42 17
K-562 70 55 51 21 8
MOLT4 39 45 36 36 18
RPMi-B226 44 44 48 32 41
SR 34 30 28 25 24
Non-Small Cell Lung Cancer
AB4Y/ATCC 85 54 52 25 -83
EKVX 127 116 103 58 -90
HOP-82 N/A N/A N/A N/A NIA
HOP-82 78 72 70 66 -3
NCi-H226 N/A N/A N/A NIA N/A
NCi-H23 N/A N/A N/A N/A N/A
NCI-H322M N/A N/A N/A N/A N/A
NCI-460 B2 83 83 13 =30
NCI-HH22 110 108 B8 25 60
Colon Cancer
£OLO 205 58 57 61 29 -39
HCC-2098 53 -4 -8 -59 -39
HCY-118 &1 45 51 11 =100
HCT-156 a0 B8 82 32 59
HT29 94 65 68 12 -34
KM12 83 46 45 2 42
SW-820 70 ae 78 35 ~33
CNS Cancer
SF-268 93 g3 44 13 82
SF-295 81 55 41 -G .78
SF-530 100 67 £6 61 -8
SNB-19 123 135 130 85 43
SNB-T5 40 23 29 ~13 .
U251 83 78 58 34 -70

FIG. 4A
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PALMEROLIDE A
Panel/Cell Line Percent Growth
-8 -7 -6 -5 -4
Melanoma
LOC MV 53 4y 37 17 44
Mi4 -20 ~54 -85 81 -87
SK-MEL-2 52 85 55 ~% 82
SK-MEL-28 131 118 108 18 -29
SK-MEL-5 56 80 42 4 T0
UACC-257 83 44 20 -4 -80
UACC-82 2 -29 -11 -38 -8
Ovarian Cancer
JGROWV 50 849 50 56 B2
OVCAR-3 72 5 28 -~ By <)
OVCAR-4 a7 a8 a8 79 -at
OVCAR-5 70 76 65 853 -89
OVCAR-B 105 100 93 26 -80
SKOV-3 121 110 103 a0 -B9
Ranal Cancer
786-0 124 113 104 40 -B88
A438 N/A N/A N/A N/A N/A
ACHN 107 114 72 42 -58
CAKI-1 o 83 44 20 87
RFX 393 . -8 2% &7 -35
SN12C 100 83 83 57 -51
TK-10 82 76 56 -30 -76
LO-31 a3 86 87 21 -85
Prostate Cancer
PC-3 76 79 T2 48 1
DL-145 NIA N/A NIA N/A NFA
Breast Cancer
MCF7 17 24 -18 -78 -948
NCHADR-RES 180 99 85 39 54
MOAMB-231ATCC 85 79 78 23 -T2
HS 5787 NIA NIA MNIA N/& NfA
MDA-MB-435 a0 84 g2 N -80
BT-048 a7 53 58 11 -78
T-47D 140 a5 138 499 38

FIG. 4B
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Palmerolide C NMR Data
Position 3'H (ppm, mult, J(Hz)) e gHMBC
1 165.32
2 5.73(1H, d, 15.5) 121.33 1,4
3 6.77 (1H, dt, 7.5, 15.5) 148.92 ,4,5
4 1.35(1H, m) 31.02 3,56
2.13 (1H, m) 31.02 2
5 1.89 (1H, m) 31.42 6,7
1.98 (1H, m) 31.42 7
6 5.54 (1H, m) 131.22 5,7, 8
7 5.58 (1H, m) 1304 8
8 3.96(1H,dd, 1.8,5.6) 72.2 6,7
9 3.56 (1H, dd, 1.0, 6.6) 75.00 8,10
10 4.56 (1H, ddd, 2.2, 6.9, 10.7) 73.76 8, OCONH,
11 1.30 (1H, m) 27.94 10
1.49 (1H, m) 27.94
12 1.95 (1H, m) 30.27 10
1.54 (1H, m) 30.27 13, 14
13 1.90 (1H, m) 29.48 15
1.99 (1H, m) 29.48 14, 15
14 5.46 (1H, ddd, 4.7, 10.0, 14.8) 131.85 13, 15,16
15 6.08 (1H, dd, 11.2, 14.5) 126.52 13,14, 16
16 5.63(1H, d, 11.0) 128.21 14, 15, 27
17 131.56
18 2.07 (1H, m) 43.16 16,17, 19, 27
2.18 (1H, m) 43.16 16, 17,27
19 4.85 (1H, ddd, 2.0, 8.0, 11.2) 74.07 1,26
20 2.72 (1H, qdd, 7.0, 8.0, 10.0) 36.81 19,21,22, 26
21 5.15(1H,d,9.5,10.2) 129.84 9,20, 23, 26, 25
22 132.70
23 5.85(1H,d, 14.5) 116.55 21,22,24,25
24 6.85(1H, dd, 10.3, 13.8) 122.17 22,23, 1°
25 1.69 (3H, 5) 12.77 21,22,23
26 0.90(3H,d,7.2) 17.30 19, 20, 21
27 1.59(3H, s) 15.98 16,17, 18
r 163.16
2’ 5.68 (IH, brt, 1.0) 118.08 4,5
¥ 151.63
s 1.82 (3H, s) 27.15 2,3,5%
5 2.11(3H,s) 19.72 1°,2,3%, 4
OCONH;, 156.91
OCONH; | 6.37 (2H, br)
24-NH 9.85(1H,d, 11.5) 23,1
8-OH 4.62 (1H, d, 5.0) 7,89
9-OH 472 (1H,d, 5.0) 8,9, 10

FIG. 10
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PALMEROLIDE C
Panel/Cell Line Percent Growth
-8 -7 B -5 4
Leukemia
CCRF-CEM g8 86 60 24 “24
HLBO(TBO 101 92 64 1 -3
K-582 84 83 55 18 18
MOLT4 84 44 18 -B0 -8
RPMI-8226 88 45 & -32 -29
SR
Non-Small Cell Lung Cancer
AB49/ATCC 86 71 45 19 -11
EKVX 102 107 118 86 58
RHOP-62 1092 105 99 17 T4
HOP.G2 100 88 54 10 -B7
NCi-H226 104 102 115 89 -43
NCI-H23 29 88 70 -13 -82
NCi{-H3Z22M 103 102 111 65 -80
NCi-460 95 93 86 21
NCI-H522 a7 85 87 14 -33
Colon Cancer
COLO 206 a7 a0 78 8 2
HCC-2588 108 83 g2 <75 77
HCY-118 82 59 56 -25 -85
HCT-15 91 87 79 51 50
HY29 85 73 53 -3 3
KM12 100 100 85 21 =20
SW-820 85 85 81 14 -3
CNS Cancer
SF-268 101 107 106 598 48
SF-285 a7 55 -26 66 -89
SF.530 g9 103 113 12 71
SNB-19 82 15 108 &7 -13
SNE-75 86 56 19 16 -37
L1251 103 99 &8 21 -89

FIG. 11A
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PALMEROLIDE C
Panel/Cell Line Percent Growth
-8 -7 -6 -5 -4
Melanoma
LOX iMVI 106 103 78 -10 -4
M1i4 a5 55 -41 ~80 -85
SK-MEL-2 107 o8 74 7 46
SK-MFEL-28 93 a6 85 20 -23
SK-MEL-5 104 82 55 -655 48
UACC-257 as 72 44 22 -52
UACC-62 98 99 24 43 -56
Ovarian Cancer
IGROV1 88 61 77 a7 -42
OVCAR-3 104 a5 85 £56 -9
OVCAR4 88 o8 104 az -49
OVCAR-5 120 128 124 72 72
OVCAR-8 a7 87 24 29 -42
SK-0OV-3 a6 108 109 73 -9
Renal Cancer
788-0 96 4] 82 -10 88
A498 101 108 81 «5 -50
CAKL-1 74 4 -19 .56 83
RFX 393 72 62 &5 -14 ~40
SNi2C 95 04 87 48 -33
TK-10 101 1014 171 84 -55
U0-31 99 100 63 27 47
Prostate Cancer
PC-3 a5 88 84 -14 -88
DU-145 o8 101 80 52 £8
Breast Carncer
MCF7 100 94 47 ¢ 40
NCI/ADR-RES 108 107 109 54 58
MDA-MB-231/ATCC 100 106 72 15 40
HS 5787 92 91 81 KE -8
MDA-MB-435 86 76 67 55 -81
BT-548 85 104 97 52 43
T-47D o8 82 80 50 12

FIG. 11B
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Palmerolide D NMR Data
Position 'H (ppm. Mul, J (Hz)) e gHMBC

1 166.08

2 5.76 (1H, d, 15.8) 121.18 1,3,4

3 6.71 (1H, ddd) 150.02 1,2,4

4 2.11 (10, m) 33.04 2,3,5
2.15 (1H, m) 33.04 2,3

5 1.98 (1H, m) 30.08 3,4
1.30 (1H, m) 38.35 3,6

6 1.48 (1H, m) 38.35

7 3.82 (1H, m) 73.17 6,8,9

8 5.53 (1H, m) 134.21 7,9, 10

9 5.49 (1H, m) 129.56 7,8,11,12

10 4.15 (1H, m) 69.92 8,9,12

11 4.48 (1H, m) 75.82 9, 10,13 OCONH,

12 1.94 (1H, m) 30.04

13 1.94 (10, m) 30.04

14 5.41 (1H, m) 133.62 13,15, 16

15 6.04 (1H, dd, 11.6, 14) 126.95 14, 16

16 5.59 (1H, d, 12) 128.37 14, 15,25

17 132.24 15, 16, 18, 25

18 2.16 (1H, m) 43.87 16, 19, 25
2.00 (1H, m) 43.87 16, 19

19 4.84 (10, m) 74.50 17, 18, 20, 26

20 2.68 (1H, m) 37.28 18, 19, 21, 26

21 5.14 (11, d, 9.7) 130.67 19, 20, 26, 27

22 133.34 21, 23,27

23 5.86 (1H, d, 14.6) 117.47 21,24,27

24 6.85 (1H, dd, 10.4, 15) 122.65 22,23, 1

25 1.60 (3H, s) 16.84 15, 16, 18

26 0.89 (3H, d) 17.74 19, 20, 21

27 1.70 (3H, s) 13.34 21,23

1 163.49

2’ 5.81 (1H, s) 12027 1, 4.7

3 153.23

4’ 40.83 23,57

5 143.61

6 4.72 (2H, d) 112.57 4’8

7' 1.76 (3H, s) 24.76 203 4

8 1.61 (3H, s) 22.68 4.5 6

OCONH, 6.45 (2H, br) 157.41
24-NH 9.94 (1H, d, 10.3)

FIG. 14
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Palmerolide E NMR Data
Position | 'H (ppm. Mul, J (Hz)) Bc gHMBC
1 165.31
2 5.78 (1H, d, 15.7) 120.32 1,4
3 6.74 (1H, ddd) 149.74 1,4,5
4 2.11 (1H, m) 3237 2,3,5
2.14 (1H, m) 3237 2,3
5 1.30 (1H, m) 24.94 7
1.05 (1H, m) 24.94
6 1.49 (1H, m) 34.72 4,5,7
1.29 (1H, m) 34.72 5,7
7 3.81 (1H, m) 72.55 5,9
8 5.53 (1H, dd, 1.4, 8.1) 133.56 7,9, 10
9 5.49 (1H, d, 2.9) 12891 7,8, 10
10 4.12 (1H, m) 69.22 8,9, 11,12/13
11 447 (1H, ddd, 1.5,5.1,10.7) 75.13 9,10, 12/13, CONH?2
12 1.05 (2H, m) 29.39 10, 13
13 1.95 (2H, m) 29.39 12
14 5.42 (1H, ddd, 5.0, 10.0, 14.7) 132.18 12/13, 15, 16
15 6.05 (1H, dd, 10.8, 14.8) 126.30 12/13,17, 16
16 5.61 (1H, d, 10.6) 127.97 15, 14, 18,27
17 131.24
18 2.09 (1H, m) 42.94 16, 19, 20, 27
2.16 (1H, m) 42.94 16,17,19,27
19 5.02 (1H, ddd, 2.2, 7.6, 10.8) 72.49 1,17,20,21,26
20 2.94 (1H, qdd, 7.0, 7.6, 10.8) 37.43 18, 19, 21,22, 26
2 6.55 (1H, dd, 1.5, 10.2) 154.88 19, 22, 23,25, 26
22 138.88
23 9.41 (1H, s) 195.64 21,22,26
25 1.67 (3H, d, 1.2) 9.18 21,22,23
26 1.01 (3H, d, 7.3) 15.49 19,21, 20
27 1.63 (3H, 5) 16.13 16,17, 18
OCONH, 156.66
OCONH, 6.46 (2H, br)

FIG. 16
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PALMEROLIDE E
PaneliCell Line
-8 -7
Leukemia
CCRF-CEM N/A N/A
HLEO(TBO 75 87
K-562 65 61
MOLT-4 78 85
RPMI-8226 NIA N/A
SR 101 &6
Non-Smalt Cell Lung Cancer
AS49IATCG 41 44
EKVX a8 102
HOP-82 93 83
HOP-92 NJA N/A
NCI-H226 107 125
NCI-HZ23 % 85
NCI-H322M a3 97
NCI-480 99 g2
NCI-H522 92 80
Colon Cancer
COLO 205 63 62
HCC-2568 71 75
HCT-116 57 50
HCT-15 89 88
HT29 47 53
K12 99 98
SW-620 77 81
CNS Ceancer
5F-268 101 89
SF-285 32 20
SF-539 1G0 108
SNB-19 104 107
SNB-75 22 36
U251 107 103

US 9,394,270 B2
Percent Growth
-B -5 -4
N/A NIA N/A
a4 73 40
55 22 51
92 55 27
N/A N/A N/A
31 g 3
40 19 -44
103 a7 -40
90 -53 -78
N/A NfA N/A
131 108 27
77 -3¢ -84
90 70 -58
at 47 1
68 -28 29
38 E] B
62 65 -74
46 -66 -84
75 3 -83
37 3 4
a7 85 -32
82 6 2
101 71 -36
-5 57 62
105 40 86
100 18 -8
25 6 -28
101 43 -86
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PALMEROLIDE E
Panel/Cell Line Percent Growth
-8 -7 -6 -5 -4
Melanoma
LOX IMVI 109 106 110 22 52
M4 24 «28 57 -80 -82
SK-MEL-2 57 31 12 41 -51
SK-MEL-28 93 a6 79 -21 -28
SK-MEL-5 80 46 50 47 ~21
UACC-257 42 41 28 -41 -85
UACC-82 102 -4 22 -30 42
Cvarlan Cancer
IGROVY 75 44 48 11 -59
OVCAR-3 T7 85 70 51 4G
QVCAR4 117 122 110 A8 -20
OVCAR-5 122 133 128 70 -86
OVCAR-8 104 108 04 21 -18
SK-OV-3 104 107 104 54 -22
Renal Cancer
788-0 o4 a1 77 -28 -37
A498 g3 83 54 -38 -35
ACHN 102 106 84 34 ~100
CAKI-1 . 7 -18 -39 -T8
RFX 363 66 63 61 Y -12
SN12C a7 95 91 56 -1
TK-10 a8 o8 91 102 -5§
U0-31 i 73 58 -38 80
Prostate Cancer
PC-3 N/A N/A NJA NiA N/A
DU-145 99 105 102 58 48
Breast Cancer
MCF7 102 93 99 14 -35
NCHADR-RES 116 122 110 78 £1
MDA-MB-231/ATCC 103 82 75 8 -18
HS 678T 83 a2 87 18 -1
MDA-MB-435 75 74 58 -28 51
BT-548% a5 105 100 66 -32
T-470 85 74 g0 32 8

FIG. 17B
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Palmerolide B NMR Data
Position & 'H (ppm, mult, J (Hz)) ﬂ
1 168.2
2 5.70 (1H, d, 15) 122.3
3 6.74 (1H, ddd, 4.0, 11, 15) 150.7
4 2.14 (1H, m) 34.0
2.10 (1H, m)
5 1.34 (1H, m) 26.1
1.14 (1H, m)
6 1.08 (1H, m) 31.8
1.55 (1H, m)
7 4.57 (1H, m) 77.4
8 4.20 (1H, m) 72.1
9 5.72 (1H, m) 133.4
10 5.64 (1H, m) 131.0
11 4.64 (1H, m) 81.6
12 1.53 (1H, m) 36.6
1.79 (1H, m)
13 1.21 (1H, m) 30.9
1.96 (1H, m)
14 5.38 (1H, ddd, 4, 10.5, 14.5) 1333
15 6.01 (1H, dd, 10.5, 14.5) 128.0
16 5.57 (1H, d, 10.9) 129.8
17 132.8
18 2.15 (1H, m) 452
1.99 (1H, m)
19 4.82 (1H, m) 76.6
20 2.68 (1H, qdd, 5, 10, 10) 38.7
21 5.08 (1H, d, 10) 132.2
22 134.5
23 5.85(1H, d, 15) 119.6
24 6.86 (1H, d, 14.5) 122.7
25 1.58 (3H, s) 16.7
26 0.88 (3H, d, 6.5) 17.7
27 1.71 (3H, s) 13.2
I’ 166.7
2 5.64 (1H, br s) 118.9
3 154.9
4 1.81 (3H, s) 27.7
5 2.09 (3H, s) 20.4
OCONH, 159.9

FIG. 20
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Palmerolide F NMR Data
Position & 'H (ppm, mult. J (Hz)) ﬁ
1 167.4
2 5.77 (1H, d, 15.8) 120.2
3 6.71 (1H, ddd, 5.0,9.9, 15.2)  149.3
4 2.13 (2H, m) 322
5 1.31 (1H, m) 24.9
1.01 (1H, m) 249
6 1.48 (1H, m) 379
1.30 (1H, m) 379
7 3.82 (1H, br d) 72.8
8 5.54 (1H, dd, 7.7, 15.0) 1334
9 5.49 (1H, dd, 2.9, 15.6) 128.7
10 4.14 (1H, br s) 69.5
11 4.49 (1H, dd, 4.6, 10.2) 75.0
12 1.55 (1H, m) 29.3
0.98 (1H, m) 29.3
13 1.91 (2H, m) 29.3
14 5.41 (1H, ddd, 4.7, 10.1, 14.6) 131.9
15 6.04 (1H, dd, 11.1, 14.8) 126.3
16 5.60 (1H, d, 11.4) 127.7
17 132.3
18 2.13 (1H, dd, 1.3, 14.8) 432
1.99 (1H, dd, 10.5, 14.8) 432
19 4.86 (1H, ddd, 1.3, 8.2, 10.5) 73.7
20 2.68 (1H, qdd, 6.2, 8.2,9.7) 36.5
21 5.15(1H, d, 9.7) 130.1
22 131.5
23 5.87 (1H, d, 14.9) 116.9
24 6.77 (1H, dd, 10.0, 15.3) 121.8
25 1.69 (3H, s) 12.6
26 0.89 (3H, d, 6.2) 16.9
27 1.60 (3H, s) 16.1
1’ 165.2
2’ 2.92 (2H, s) 44 .4
3 139.8
4’ 4.82 (2H, m) 113.5
5 1.71 (3H, s) 224
OCONH; 156.5

24NH 9.94 (1H, d, 10.0)
10-0H 5.18 (1H, br d, 3.8)

7-OH

4.69 (1H, m)
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Palmerolide G NMR Data

Position & '"H (ppm, mult, J (Hz)) 8¢
1 165.4
2 5.75(1H, d, 14.4) 120.7
3 6.71 (1H, ddd, 5.0,9.9, 15.2) 149.6
4 2.06 (2H, m) 32.7
5 1.29 (1H, m) 252
1.02 (1H, m) 25.2

6 1.49 (1H, ddd, 4.5, 8.2, 11.2) 379
1.27 (1H, m) 379

7 3.82 (1H, m) 72.7
8 5.55(1H, dd, 7.7, 15.0) 133.8
9 5.47 (1H, dd, 2.9, 15.6) 129.1
10 413 (1H, brs) 69.5
11 4.48 (1H, dd, 4.6, 10.2) 75.4
12 1.54 (1H, m) 294
0.94 (1H, m) 29.7

13 1.90 (2H, m) 29.7
14 5.41 (1H, ddd, 4.7, 10.1, 14.6) 132.2
15 6.04 (1H, dd, 11.1, 14.8) 126.6
16 5.58 (1H,d, 11.4) 128.0
17 131.6
18 2.17 (1H, dd, 1.3, 14.8) 43.7
1.99 (1H, dd, 10.5, 14.8) 437

19 4.81 (1H, ddd, 1.3, 8.2, 10.5) 74.1
20 2.65 (1H, qdd, 6.2,8.2,9.7) 364
21 5.00 (1H, d, 9.7) 128.6
22 131.2
23 6.18 (1H, d, 14.4) 109.3
24 6.93 (1H, dd, 10.9, 14.3) 124.7
25 1.60 (3H, s) 16.4
26 0.89 (3H, d, 6.2) 17.5
27 1.77 (3H, s) 20.6
1’ 163.3
2’ 5.68 (1H, brs, 1.0) 118.1
3 152.5
4 1.83 (3H, s) 27.4
5 2.11 (3H, s) 199
OCONH; 156.7

24NH 9.84 (1H, d, 10.1)
10-0H 5.20 (1H, d, 4.9)

7-OH

4.74 (1H, d, 3.9)
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Palmerolide H NMR Data
Position & 'H (ppm, mult, ./ (Hz)) &
1 168.2
2 5.70 (1H, d, 15.5) 122.3
3 6.75 (1H, ddd, 4, 11.5, 15.7) 150.7
4 2.10 (1H, m) 339
2.14 (1H, m)
5 1.18 (1H, m) 26.1
1.32 (1H, m)
6 1.10 (1H, m) 31.8
1.56 (1H, m)
7 4.58 (1H, m) 77.5
8 4.20 (1H, m) 72.2
9 5.74 (1H, m) 132.3
10 5.63 (1H, m) 131.1
11 4.66 (1H, m) 81.7
12 1.55 (1H, m) 36.6
1.80 (1H, m)
13 1.21 (1H, m) 30.8
1.96 (1H, m)
14 5.38 (1H, m) 1334
15 6.02 (1H, dd, 10, 14.5) 128.1
16 5.57(H,d, 11.5) 129.7
17 133.0
18 2.00 (1H, m) 45.2
2.15 (1H, m)
19 4.84 (1H, m) 76.2
20 2.68 (1H, m) 38.7
21 5.09 (1H, d, 10) 132.3
22 134.5
23 5.87 (1H, d, 14.6) 119.7
24 6.87 (1H, d, 14.5) 122.8
25 1.59 (3H, s) 13.2
26 0.89 (3H, d, 6.7) 17.7
27 1.72 (3H, s) 16.6
1' 166.0
2! 5.76 (1H, s) 120.5
3 155.7
4 3.44 (2H, s) 421
5 144.6
6' 4.69 (2H, s) 112.6
7' 1.61 (3H, s) 224
' 1.76 (3H, s) 24.8
OCONH, 1599
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Palmerolide K NMR Data
Position & 'H (ppm., mult, J (Hz)) ﬂ HMBC
1 164.5
2 5.75(1H, d, 14.7) 120.7 1,4
3 6.81 (1H, m) 149.4 1,4,5
4 2.15 (1H, m) 30.7 2,3,5
2.13 (1H, m)
5 1.37 (1H, m) 279 3,4,6,7
1.34 (1H, m) 3
6 5.55 (1H, m) 130.6 7,8
7 5.55 (1H, m) 130.6 6,8
8 3.97 (1H, m) 72.0 6,7
9 3.57 (1H, m) 74.8 6,7,8,10,11
10 4.56 (1H, m) 73.4 9,11,12
11 1.34 (1H, m) 29.8 12
1.30 (1H, m) 12
12 1.54 (1H, m) 30.1 13,14
1.52 (1H, m) 14
13 1.97 (1H, m) 31.2 12, 14
1.92 (1H, m) 12, 14
14 5.48 (1H, m) 132.1 15
15 6.10 (1H, dd, 11.8, 14.7) 126.4 13
16 5.67(1H, d, 11.8) 128.3 17, 18, 25
17 130.1
18 2.18 (2H, m) 429 16,17, 19, 20, 26
19 5.04 (1H, q, 6.7) 72.5 1,17, 21,26
20 2.98 (1H, m) 37.3 19, 21, 22, 26
21 6.58 (1H, d, 10.3) 154.5 20, 23, 24, 26
22 138.4
23 9.41 (1H, s) 194.9 22,24
24 1.61 (3H, s) 15.6 16,17, 18
25 1.03 (3H, d, 6.7) 15.6 19, 20, 21
26 1.68 (3H, s) 8.6 21,22,23
OCONH; 156.7
OCONH; 6.36 (2H, br)
8-OH 4.62 9,7,8,9
9-OH 4.72 89,10

FIG. 24
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CYTOTOXIN COMPOUNDS AND METHODS
OF ISOLATION

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. applica-
tion Ser. No. 12/066,938, filed Aug. 28, 2008, now U.S. Pat.
No. 8,669,376, which is the National Stage of International
Application Number PCT/US2006/036484, filed Sep. 18,
2006, which claims the benefit of U.S. Provisional Applica-
tion Ser. No. 60/717,598, filed Sep. 16, 2005, and this appli-
cation is a continuation-in-part of U.S. application Ser. No.
10/906,386, filed Feb. 17, 2005, now U.S. Pat. No. 7,625,885,
which claims the benefit of U.S. Provisional Application Ser.
No. 60/521,073, filed Feb. 17, 2004, each of which is hereby
incorporated by reference in its entirety including any tables,
figures, or drawings.

GOVERNMENT SUPPORT

This invention was made with government support under
grant numbers OPP-9901076 and OPP-0125152 awarded by
the National Science Foundation. The government has certain
rights in the invention.

BACKGROUND OF THE INVENTION

One of the greatest efforts of modern medicine is the con-
trol and abatement of cellular proliferative disorders, such as
cancers. Considerable research has been conducted searching
for new biologically active compounds having useful activity
for specific cancers and the organisms which produce these
compounds. For example, certain marine soft corals have
shown to be a source of biologically active cytotoxins. Also,
compounds from sponges have proven effective against
lipoxygenase-mediated conditions in humans (See U.S. Pat.
No. 6,750,247).

Tunicates have proven to be an important source of bioac-
tive natural products. Among marine natural products that
have advanced as cancer treatments the ecteinascidins and
didemnins are derived from tunicates, and the eudistomins
have potent antiviral activity. As part of an ongoing study of
bioactivity among Antarctic marine invertebrates, the inven-
tors had the occasion to study the tunicate Syroicum adar-
eanum.

S. adareanum is a circumpolar tunicate common in the
shallow waters around Anvers island (64° 46'S, 64° 03'W) on
the Antarctic Peninsula from 15 to 796 meters depth. S. adar-
eanum colonies consist of large rounded or club-shaped
heads with the bottom stalk being wrinkled and leathery and
only slightly narrower than the head. S. adareanum colonies
can be up to eighteen centimeters high with a diameter of
twelve centimeters. S. adareanum colonies may comprise a
single head or, up to six heads can arise from a single stalk.

BRIEF SUMMARY OF THE INVENTION

The subject invention concerns extracts from S. adar-
eanum comprising Palmerolide A, Palmerolide B, Palm-
erolide C, Palmerolide D, Palmerolide E, Palmerolide F,
Palmerolide G, Palmerolide H, and/or Palmerolide K and
uses thereof. Compounds of the invention exhibit bioactivity
in field-based feeding-deterrent assays. Presented are novel,
isolated polyketides, Palmerolide A, Palmerolide B, Palm-
erolide C, Palmerolide D, Palmerolide E, Palmerolide F,
Palmerolide G, Palmerolide H, and Palmerolide K as the
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major natural product from extracts of S. adareanum. These
polyketides display selective cytotoxicity in the National
Cancer Institute (NCI) 60 cell line panel inhibiting, inter alia,
melanoma (UACC-64, .C,, 0.018 uM) with three orders of
magnitude greater sensitivity relative to other cell lines tested.

The present invention also concerns methods of treating a
subject with cancer, comprising administering to the subject
a therapeutically effective amount of at least one isolated
compound obtained from extracts of a Syroicum species. In
one embodiment, the Syroicum species is S. adareanum and
the isolated compound is a Palmerolide. In a specific embodi-
ment, the Palmerolide is chosen from Palmerolide A1, Palm-
erolide B, Palmerolide C, Palmerolide D, Palmerolide E,
Palmerolide F, Palmerolide G, Palmerolide H, and Palm-
erolide K.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a perspective view of the chemical formula
for Palmerolide A.

FIG. 2 shows a chart showing the NMR Data for Palm-
erolide A.

FIG. 3 shows selected ROE correlations relating the rela-
tive stereochemistry between C-11 and C-19.

FIG. 4A shows a chart showing the National Cancer Insti-
tute (NCI) Developmental Therapeutics Program In-Vitro
Testing Results for Palmerolide A.

FIG. 4B shows a continued chart, showing the National
Cancer Institute (NCI) Developmental Therapeutics Program
In-Vitro Testing Results for Palmerolide A.

FIG. 5 shows a graph showing National Cancer Institute
(NCI) Developmental Therapeutics Program Dose Response
Curves for all cell lines tested for Palmerolide A.

FIG. 6 shows a graph showing National Cancer Institute
(NCI) Developmental Therapeutics Program Dose Response
Curves for Melanoma cell lines tested for Palmerolide A.

FIG. 7 shows a graph showing National Cancer Institute
(NCI) Developmental Therapeutics Program Dose Response
Curves for Colon Cancer cell lines tested for Palmerolide A.

FIG. 8 shows a graph showing National Cancer Institute
(NCI) Developmental Therapeutics Program Dose Response
Curves for Renal Cancer cell lines tested for Palmerolide A.

FIG. 9 shows a perspective view of the chemical formula
for Palmerolide C.

FIG. 10 shows a chart showing the NMR Data for Palm-
erolide C.

FIG. 11 A shows a chart showing the National Cancer Insti-
tute (NCI) Developmental Therapeutics Program In-Vitro
Testing Results for Palmerolide C.

FIG. 11B shows a continued chart, showing the National
Cancer Institute (NCI) Developmental Therapeutics Program
In-Vitro Testing Results for Palmerolide C.

FIG. 12 shows a graph showing National Cancer Institute
(NCI) Developmental Therapeutics Program Dose Response
Curves for all cell lines tested for Palmerolide C.

FIG. 13 shows a perspective view of the chemical formula
for Palmerolide D.

FIG. 14 shows a chart showing the NMR Data for Palm-
erolide D.

FIG. 15 shows a perspective view of the chemical formula
for Palmerolide E.

FIG. 16 shows a chart showing the NMR Data for Palm-
erolide E.

FIG. 17 A shows a chart showing the National Cancer Insti-
tute (NCI) Developmental Therapeutics Program In-Vitro
Testing Results for Palmerolide E.
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FIG. 17B shows a continued chart, showing the National
Cancer Institute (NCI) Developmental Therapeutics Program
In-Vitro Testing Results for Palmerolide E.

FIG. 18 shows a graph showing National Cancer Institute
(NCI) Developmental Therapeutics Program Dose Response
Curves for all cell lines tested for Palmerolide E.

FIG. 19 shows the purification steps for isolating Palm-
erolides A-G.

FIG. 20 shows a chart showing the NMR Data for Palm-
erolide B.

FIG. 21 shows a chart showing the NMR Data for Palm-
erolide F.

FIG. 22 shows a chart showing the NMR Data for Palm-
erolide G.

FIG. 23 shows a chart showing the NMR Data for Palm-
erolide H.

FIG. 24 shows a chart showing the NMR Data for Palm-
erolide K.

DETAILED DISCLOSURE OF THE INVENTION

The subject invention concerns extracts from S. adar-
eanum comprising compounds, referred to herein as Palm-
erolides, and uses thereof. Palmerolides specifically exempli-
fied herein include Palmerolide A, Palmerolide B,
Palmerolide C, Palmerolide D, Palmerolide E, Palmerolide F,
Palmerolide G, Palmerolide H, and Palmerolide K. Com-
pounds of the invention exhibit bioactivity in field-based
feeding-deterrent assays. The subject compounds display
selective cytotoxicity in the National Cancer Institute (NCI)
60 cell line panel inhibiting, inter alia, melanoma cell lines.

Compounds of the present invention include those com-
pounds having the chemical structure shown in formula (I):

@

wherein:
=== =single or double bond

R! is carboxaldehyde, —CHCHNHC(O)-Alkyl, —OC-
Alkyl, —OC-aryl, —OC-amino, aryl, amino, -vinylamido,
arylamido, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryloxy,
alkylcarbonyl; alkoxycarbonyl, cycloalkylcarbonyl,
cycloalkoxycarbonyl, heteroalkyl, heterocycloalkyl, het-
eroaryl, arylcarbonyl, heteroarylcarbonyl, heterocycloalkyl-
carbonyl, aryloxycarbonyl, heteroaryloxycarbony, heterocy-
cloalkoxycarbonyl, a halogen, or —CHO, any of which can
be optionally substituted with H, alkyl, alkoxy, —OH,
—NO,, —NH,, —COOH, a halogen, or —CH3;

R? is, independently, OH, O-Acyl, carbamate, H, O-alkyl,
amino, —OSO;H, alkyl, alkoxy, cycloalkyl, cycloalkoxy,
aryloxy, alkylcarbonyl; alkoxycarbonyl, cycloalkylcarbonyl,
cycloalkoxycarbonyl, heteroalkyl, heterocycloalkyl, het-
eroaryl, arylcarbonyl, heteroarylcarbonyl, heterocycloalkyl-

10

15

20

25

30

35

40

45

50

55

60

65

4

carbonyl, aryloxycarbonyl, heteroaryloxycarbony, heterocy-
cloalkoxycarbonyl, a halogen, and/or oxo;

R? is H, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryloxy,
alkylcarbonyl; alkoxycarbonyl, cycloalkylcarbonyl,
cycloalkoxycarbonyl, heteroalkyl, heterocycloalkyl, het-
eroaryl, arylcarbonyl, heteroarylcarbonyl, heterocycloalkyl-
carbonyl, aryloxycarbonyl, heteroaryloxycarbony, heterocy-
cloalkoxycarbonyl, halogen, any of which can be optionally
substituted with alkyl, alkoxy, —OH, —NO,, —NH,,
—COOH, a halogen, and/or —CH3;

R* is, independently, H, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryloxy, alkylcarbonyl; alkoxycarbonyl,
cycloalkylcarbonyl, cycloalkoxycarbonyl, heteroalkyl, het-
erocycloalkyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
heterocycloalkylcarbonyl, aryloxycarbonyl, heteroaryloxy-
carbony, heterocycloalkoxycarbonyl, halogen, any of which
can be optionally substituted with alkyl, alkoxy, —OH,
—NO,, —NH,, —COOH, a halogen, and/or —CHs;
and isomers, racemates or racemic mixtures thereof, or phar-
maceutically acceptable salts or crystalline forms thereof.

In one embodiment, at least one R is —OC(NH,,)O.

In one embodiment, R? is methyl.

In one embodiment, at least one R* is methyl. In a further
embodiment, both R* are methyl.

In one embodiment, R is —CHCHNHC(O)CHC(CHS,)..

In one embodiment, R' is —CHCHNHC(O)CHC(CH,)
CH,C(CH;)CH..

In one embodiment, R' is —CHCH—NHC(O)CH,C
(CH,)CH,.

In one embodiment, R* is —CH—O.

In one embodiment, at least one R? is —OH.

In one embodiment, at least one R? is —OSO,H.

In one embodiment, at least two R? are —OH and at least
one R? is —OC(NH,)O, and optionally R® and R* are —CH,.

Compounds of the present invention include those com-
pounds having the chemical structure shown in formula (II):

an

wherein:
=== =single or double bond

R! is carboxaldehyde, —CHCHNHC(O)-Alkyl, —OC-
Alkyl, —OC-aryl, —OC-amino, aryl, amino, -vinylamido,
arylamido, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryloxy,
alkylcarbonyl; alkoxycarbonyl, cycloalkylcarbonyl,
cycloalkoxycarbonyl, heteroalkyl, heterocycloalkyl, het-
eroaryl, arylcarbonyl, heteroarylcarbonyl, heterocycloalkyl-
carbonyl, aryloxycarbonyl, heteroaryloxycarbony, heterocy-
cloalkoxycarbonyl, a halogen, or —CHO, any of which can
be optionally substituted with H, alkyl, alkoxy, —OH,
—NO,, —COOH, a halogen, or —CH;
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R? is, independently, OH, O-Acyl, carbamate, H, O-alkyl,
amino, —OSO,H, alkyl, alkoxy, cycloalkyl, cycloalkoxy,
aryloxy, alkylcarbonyl; alkoxycarbonyl, cycloalkylcarbonyl,
cycloalkoxycarbonyl, heteroalkyl, heterocycloalkyl, het-
eroaryl, arylcarbonyl, heteroarylcarbonyl, heterocycloalkyl-
carbonyl, aryloxycarbonyl, heteroaryloxycarbony, heterocy-
cloalkoxycarbonyl, a halogen, and/or oxo;

R? is H, alkyl, alkoxy, cycloalkyl, cycloalkoxy, aryloxy,
alkylcarbonyl; alkoxycarbonyl, cycloalkylcarbonyl,
cycloalkoxycarbonyl, heteroalkyl, heterocycloalkyl, het-
eroaryl, arylcarbonyl, heteroarylcarbonyl, heterocycloalkyl-
carbonyl, aryloxycarbonyl, heteroaryloxycarbony, heterocy-
cloalkoxycarbonyl, halogen, any of which can be optionally
substituted with alkyl, alkoxy, —OH, —NO,, —NH,,
—COOH, a halogen, and/or —CH3;

R* is, independently, II, alkyl, alkoxy, cycloalkyl,
cycloalkoxy, aryloxy, alkylcarbonyl; alkoxycarbonyl,
cycloalkylcarbonyl, cycloalkoxycarbonyl, heteroalkyl, het-
erocycloalkyl, heteroaryl, arylcarbonyl, heteroarylcarbonyl,
heterocycloalkylcarbonyl, aryloxycarbonyl, heteroaryloxy-
carbony, heterocycloalkoxycarbonyl, halogen, any of which
can be optionally substituted with alkyl, alkoxy, —OH,
—NO,, —NH,, —COOH, a halogen, and/or —CHs;
and isomers, racemates or racemic mixtures thereof, or phar-
maceutically acceptable salts or crystalline forms thereof.

In one embodiment, at least one R? is —OC(NH,)O.

In one embodiment, R? is methyl.

In one embodiment, at least one R* is methyl. In a further
embodiment, both R* are methyl.

In one embodiment, R* is —CHCHNHC(O)CHC(CH,),.

In one embodiment, R' is —CHCHNHC(O)CHC(CH,)
CH,C(CH;)CH,.

In one embodiment, R! is —CHCH—NHC(O)CH,C
(CH;)CH,

In one embodiment, R* is —CH—O.

In one embodiment, at least one R? is —OH.

In one embodiment, at least one R* is —OSO,H.

In one embodiment, at least two R* are —OH and at least
oneR?is —OC(NH,)O, and optionally R* and R* are —CH,.

In one embodiment, a composition (or an isomer, racemate
or racemic mixture thereof, or a pharmaceutically acceptable
salt or crystalline form thereof) is provided comprising an
isolated Palmerolide A compound of formula (III):

(1)

CH; O

In yet another embodiment the present invention provides
for a composition (or an isomer, racemate or racemic mixture
thereof, or a pharmaceutically acceptable salt or crystalline
form thereof) comprising an isolated Palmerolide C com-
pound of formula (IV):
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An additional embodiment the present invention provides
for a composition (or an isomer, racemate or racemic mixture
thereof, or a pharmaceutically acceptable salt or crystalline
form thereof) comprising an isolated Palmerolide D com-
pound of formula (V):

V)
HiC 7
H,C 0
OH
CH;
NH,

The present invention also provides for a composition (or
an isomer, racemate or racemic mixture thereof, or a pharma-
ceutically acceptable salt or crystalline form thereof) com-
prising an isolated Palmerolide E compound of formula VI:

VD

The present invention also provides for a composition (or
an isomer, racemate or racemic mixture thereof, or a pharma-
ceutically acceptable salt or crystalline form thereof) com-
prising an isolated Palmerolide B compound of formula VII:
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(VID)

The present invention also provides for a composition (or
an isomer, racemate or racemic mixture thereof, or a pharma-
ceutically acceptable salt or crystalline form thereof) com-
prising an isolated Palmerolide F compound of formula

(VIID): i

The present invention also provides for a composition (or
an isomer, racemate or racemic mixture thereof, or a pharma-
ceutically acceptable salt or crystalline form thereof) com-
prising an isolated Palmerolide G compound of formula (IX):

Ix)

CH;

The present invention also provides for a composition (or
an isomer, racemate or racemic mixture thereof, or a pharma-
ceutically acceptable salt or crystalline form thereof) com-
prising an isolated Palmerolide H compound of formula (X):

)
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The present invention also provides for a composition (or
an isomer, racemate or racemic mixture thereof, or a pharma-
ceutically acceptable salt or crystalline form thereof) com-
prising an isolated Palmerolide K compound of formula (XI):

XD

In preferred embodiments of the invention, the new com-
pounds are substantially pure; ideally containing at least 95%
of the compound as determined by established analytical
methods, acceptably containing at least 90% of the desired
compound, permissibly containing at least 75% of the com-
pound.

Also provided by the discoveries of the invention are new
pharmaceutical compositions between about 0.01% to 60%
by weight, preferably 0.1% to 50% by weight, and more
preferably 1% to 35% by weight based on the total weight of
the composition, of one of the new compounds of the inven-
tion, or a mixture of two or more such compounds, and one or
more pharmaceutically acceptable carriers or diluents.

Those skilled in the art will recognize that the Palmerolide
compounds disclosed herein can exist in several tautomeric
forms. All such tautomeric forms are considered as part of this
invention.

As used herein, alkyl means straight or branched chain,
saturated or mono- or polyunsaturated hydrocarbon groups
having from 1 to 20 carbon atoms and C,_, alkyl means
straight or branched chain alkyl groups containing from one
up to X carbon atoms, and includes alkyls, alkenyl, and alky-
nyls. For example, C, 4 alkyl means straight or branched
chain alkyl groups containing from 1 up to 6 carbon atoms.
Alkoxy means an alkyl-O— group in which the alkyl group is
as previously described. Cycloalkyl includes a nonaromatic
monocyclic or multicyclic ring system, including fused and
spiro rings, of from about three to about 10 carbon atoms. A
cyclic alkyl may optionally be partially unsaturated.
Cycloalkoxy means a cycloalkyl-O— group in which
cycloalkyl is as defined herein. Aryl means an aromatic
monocyclic or multicyclic carbocyclic ring system, including
fused and spiro rings, containing from about six to about 14
carbon atoms. Aryloxy means an aryl-O-group in which the
aryl group is as described herein. Alkylcarbonyl means a
RC(O)— group where R is an alkyl group as previously
described. Alkoxycarbonyl means an ROC(O)— group
where R is an alkyl group as previously described. Cycloalky-
Icarbonyl means an RC(O)— group where R is a cycloalkyl
group as previously described. Cycloalkoxycarbonyl means
an ROC(O)— group where R is a cycloalkyl group as previ-
ously described.



US 9,394,270 B2

9

Heteroalkyl means a straight or branched-chain having
from one to 20 carbon atoms and one or more heteroatoms
selected from nitrogen, oxygen, or sulphur, wherein the nitro-
gen and sulphur atoms may optionally be oxidized, i.e., in the
form of an N-oxide or an S-oxide. Heterocycloalkyl means a
monocyclic or multicyclic ring system (which may be satu-
rated or partially unsaturated), including fused and spiro
rings, of about five to about 10 elements wherein one or more
of the elements in the ring system is an element other than
carbon and is selected from nitrogen, oxygen, silicon, or
sulphur atoms. Heteroaryl means a five to about a 14-mem-
bered aromatic monocyclic or multicyclic hydrocarbon ring
system, including fused and spiro rings, in which one or more
of the elements in the ring system is an element other than
carbon and is selected from nitrogen, oxygen, silicon, or
sulphur and wherein an N atom may be in the form of an
N-oxide. Arylcarbonyl means an aryl-CO— group in which
the aryl group is as described herein. Heteroarylcarbonyl
means a heteroaryl-CO— group in which the heteroaryl
group is as described herein and heterocycloalkylcarbonyl
means a heterocycloalkyl-CO— group in which the hetero-
cycloalkyl group is as described herein. Aryloxycarbonyl
means an ROC(O)— group where R is an aryl group as
previously described. Heteroaryloxycarbonyl means an ROC
(O)— group where R is a heteroaryl group as previously
described. Heterocycloalkoxy means a heterocycloalkyl-O—
group in which the heterocycloalkyl group is as previously
described. Heterocycloalkoxycarbonyl means an ROC(O)—
group where R is a heterocycloalkyl group as previously
described.

Examples of saturated alkyl groups include, but are not
limited to, methyl, ethyl, N-propyl, isopropyl, N-butyl, tert-
butyl, isobutyl, sec-butyl, N-pentyl, N-hexyl, N-heptyl, and
N-octyl. An unsaturated alkyl group is one having one or
more double or triple bonds. Unsaturated alkyl groups
include, for example, ethenyl, propenyl, butenyl, hexenyl,
vinyl, 2-propynyl, 2-isopentenyl, 2-butadienyl, ethynyl,
1-propynyl, 3-propynyl, and 3-butynyl. Cycloalkyl groups
include, for example, cyclopentyl, cyclohexyl, 1-cyclohex-
enyl, 3-cyclohexenyl, and cycloheptyl. Heterocycloalkyl
groups include, for example, 1-piperidinyl, 2-piperidinyl,
3-piperidinyl, 3-morpholinyl, 4-morpholinyl, tetrahydrofu-
ran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahy-
drothien-3-yl, 1-piperazinyl, 2-piperazinyl, and 1,4-diazabi-
cyclooctane. Aryl groups include, for example, phenyl,
indenyl, biphenyl, 1-naphthyl, 2-naphthyl, anthracenyl, and
phenanthracenyl. Heteroaryl groups include, for example,
1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, furyl, thienyl, imidazolyl,
oxazolyl, thiazolyl, pyrazolyl, pyridyl, indolyl, quinolinyl,
isoquinolinyl, benzoquinolinyl, carbazolyl, and diaza-
phenanthrenyl.

As used herein, halogen means the elements fluorine (F),
chlorine (Cl), bromine (Br), and iodine (I).

As used herein, oxo refers to compounds containing an
oxygen atom, —O, doubly bonded to carbon or another ele-
ment. The term embraces aldehydes, carboxylic acids,
ketones, sulfonic acids, amides, and esters.

The subject invention also concerns kits, comprising in one
or more containers a compound or composition of the inven-
tion. In a specific embodiment, a kit of the invention com-
prises one or more of a Palmerolide A, Palmerolide B, Palm-
erolide C, Palmerolide D, Palmerolide E, Palmerolide F,
Palmerolide G, Palmerolide H, and Palmerolide K. In one
embodiment, a kit further comprises a pharmaceutically
acceptable carrier, such as a diluent. In another embodiment,
a kit further comprises an antitumor or anticancer compound.

15

20

25

30

40

45

50

55

60

65

10

The subject invention also concerns methods for inhibiting
a vacuolar adenosine triphosphatase (V-ATPase) enzyme,
comprising contacting or exposing a V-ATPase to an effective
amount of a compound or composition of the present inven-
tion sufficient to inhibit activity or block function of the
V-ATPase. In one embodiment, the compound or composi-
tion comprises one or more Palmerolides selected from Palm-
erolide A, Palmerolide B, Palmerolide C, Palmerolide D,
Palmerolide E, Palmerolide F, Palmerolide G, Palmerolide H,
and Palmerolide K.

The subject invention also concerns methods for inhibiting
orkilling a cancer cell, comprising contacting the cell with an
effective amount of a compound or composition of the inven-
tion. In one embodiment, the compound or composition com-
prises one or more Palmerolides selected from Palmerolide A,
Palmerolide B, Palmerolide C, Palmerolide D, Palmerolide E,
Palmerolide F, Palmerolide G, Palmerolide H, and Palm-
erolide K. Types of cancer cells that can be inhibited or killed
according to the present invention include, but are not limited
to cancer and/or tumor cells of bone, breast, kidney, mouth,
larynx, esophagus, stomach, testis, cervix, head, neck, colon,
ovary, lung, bladder, skin (e.g., melanoma), liver, muscle,
pancreas, prostate, blood cells (including lymphocytes), and
brain.

The subject invention also concerns methods for treating a
condition associated with abnormal expression or overex-
pression of a V-ATPase enzyme comprising administering to
a person or animal having the condition and in need of treat-
ment of an effective amount of a compound or composition of
the present invention. Conditions that can be treated accord-
ing to the present invention include, but are not limited to, cell
proliferation disorders, such as cancer; diabetes; pancreatitis;
and osteoporosis. In one embodiment, the compound or com-
position comprises one or more Palmerolides selected from
Palmerolide A, Palmerolide B, Palmerolide C, Palmerolide
D, Palmerolide E, Palmerolide F, Palmerolide G, Palmerolide
H, and Palmerolide K.

The present invention also provides methods of treating a
person or animal with cancer or an oncological disorder. In
one embodiment, a method comprises administering to the
person or animal a therapeutically effective amount of at least
one isolated compound obtained from extracts of a Synoicum
species. The animal can be, but is not limited to, a mammal,
such as primate (monkey, chimpanzee, ape, etc.), dog, cat,
cow, pig, or horse, or other animals having an oncological
disorder. Methods of the invention can optionally include
identifying a person or animal who is or may be in need of
treatment of cancer or an oncological disorder. In one
embodiment, the Synoicum species is S. adareanum and the
isolated compound is a Palmerolide. In a specific embodi-
ment, the Palmerolide is chosen from Palmerolide A, Palm-
erolide B, Palmerolide C, Palmerolide D, Palmerolide E,
Palmerolide F, Palmerolide G, Palmerolide H, and Palm-
erolide K. Types of cancer that can be treated according to the
present invention include, but are not limited to cancer and/or
tumors of the bone, breast, kidney, mouth, larynx, esophagus,
stomach, testis, cervix, head, neck, colon, ovary, lung, blad-
der, skin (e.g., melanoma), liver, muscle, pancreas, prostate,
blood cells (including lymphocytes), and brain. For the treat-
ment of oncological disorders, the compounds and composi-
tions of this invention can be administered to a patient in need
of treatment in combination with other antitumor or antican-
cer substances or with radiation and/or photodynamic therapy
or with surgical treatment to remove a tumor. These other
substances or radiation treatments may be given at the same
as or at different times from the compounds or compositions
of this invention. For example, the compounds or composi-
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tions of the present invention can be used in combination with
mitotic inhibitors such as taxol or vinblastine, alkylating
agents such as cyclophosamide or ifostamide, antimetabo-
lites such as S-fluorouracil or hydroxyurea, DNA intercala-
tors such as adriamycin or bleomycin, topoisomerase inhibi-
tors such as etoposide or camptothecin, antiangiogenic agents
such as angiostatin, antiestrogens such as tamoxifen, and/or
other anti-cancer drugs or antibodies, such as, for example,
GLEEVEC (Novartis Pharmaceuticals Corporation) and
HERCEPTIN (Genentech, Inc.), respectively.

The subject invention also concerns methods for isolating
and purifying a compound of the present invention. In one
embodiment, the method comprises subjecting a Synoicum
tunicate to solvent extraction; removing said solvent to pro-
vide an extract; and fractionating said extract to isolate said
Palmerolide.

The subject invention also concerns methods for synthe-
sizing a compound of the present invention.

“Pharmaceutically acceptable carrier” refers to any carrier,
diluent, excipient, wetting agent, buffering agent, suspending
agent, lubricating agent, adjuvant, vehicle, delivery system,
emulsifier, disintegrant, absorbent, preservative, surfactant,
colorant, flavorant, or sweetener, preferably non-toxic, that
would be suitable for use in a pharmaceutical composition.

“Pharmaceutically acceptable equivalent” includes, with-
out limitation, pharmaceutically acceptable salt or crystalline
forms, hydrates, metabolites, prodrugs, and isosteres. Many
pharmaceutically acceptable equivalents are expected to have
the same or similar in vitro or in vivo activity as the com-
pounds of the invention.

“Pharmaceutically acceptable salt or crystalline form”
refers to a salt of the inventive compounds which possesses
the desired pharmacological activity and which is neither
biologically nor otherwise undesirable. The salt can be
formed with acids that include, without limitation, acetate,
adipate, alginate, aspartate, benzoate, benzenesulfonate,
bisulfate butyrate, citrate, camphorate, camphorsulfonate,
cyclopentanepropionate,  digluconate,  dodecylsulfate,
ethanesulfonate, fumarate, glucoheptanoate, glycerophos-
phate, hemisulfate, heptanoate, hexanoate, hydrochloride,
hydrobromide, hydroiodide, 2-hydroxyethane-sulfonate, lac-
tate, maleate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, oxalate, thiocyanate, tosylate, and undecanoate.
Examples of a base salt include ammonium salts, alkali metal
salts such as sodium and potassium salts, alkaline earth metal
salts such as calcium and magnesium salts, salts with organic
bases such as dicyclohexylamine salts, N-methyl-D-glucam-
ine, and salts with amino acids such as arginine and lysine.
The basic nitrogen-containing groups can be quarternized
with agents including lower alkyl halides such as methyl,
ethyl, propyl, and butyl chlorides, bromides, and iodides;
dialkyl sulfates such as dimethyl, diethyl, dibutyl, and diamyl
sulfates; long chain halides such as decyl, lauryl, myristyl,
and stearyl chlorides, bromides, and iodides; and aralkyl
halides such as benzyl and phenethyl bromides.

“Prodrug” refers to a derivative of the inventive com-
pounds that undergoes biotransformation, such as by metabo-
lism, before exhibiting a pharmacological effect. The prodrug
is formulated with the objective of improved chemical stabil-
ity, improved patient acceptance and compliance, improved
bioavailability, prolonged duration of action, improved organ
selectivity, improved formulation (for example, increased
hydrosolubility), and/or decreased side effects (for example,
toxicity). The prodrug can be readily prepared from the inven-
tive compounds using methods known in the art, such as those
described by Burger’s Medicinal Chemistry and Drug Chem-
istry, Fifth Ed., Vol. 1, pp. 172-178, 949-982 (1995).
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“Palmerolide,” as used herein, refers to a multi-membered
macrocyclic polyketide bearing carbonate and amide func-
tionality. In one embodiment, the Palmerolide is isolated
from the tunicate Syroicum adareanum; collected from the
vicinity of Palmer Station on the Antarctic Peninsula.

“Polyketides,” as used herein, refers to any natural com-
pound containing alternating carbonyl and methylene groups
(‘p-polyketones’), derived from repeated condensation of
acetyl coenzyme A.

“Macrocycle,” as use herein, refers to a large molecule
arranged in a circle with various semi-compounds attached at
various points. The point of attachment and the nature of the
sub-molecule determine the nature and physiological effect
of the compound which contains it.

“Macrolide,” as used herein, refers to a class of antibiotics
characterized by molecules made up of large-ring lactones.

“Qlefin,” as used herein, is synonymous with “alkene” and
refers to an acyclic hydrocarbon containing one or more
double bonds.

As used herein, “a clinical response” is the response of a
cell proliferative disorder, such as melanoma, colon, and
renal cancer, to treatment with novel compounds disclosed
herein. Criteria for determining a response to therapy are
widely accepted and enable comparisons of the efficacy alter-
native treatments (see Slapak and Kufe, Principles of Cancer
Therapy, in Harrison’s Principles of Internal Medicine, 13
edition, eds. Isselbacher et al., McGraw-Hill, Inc. 1994). A
complete response (or complete remission) is the disappear-
ance of all detectable malignant disease. A partial response is
an approximately 50 percent decrease in the product of the
greatest perpendicular diameters of one or more lesions.
There can be no increase in size of any lesion or the appear-
ance of new lesions. Progressive disease means at least an
approximately 25 percent increase in the product of the great-
est perpendicular diameter of one lesion or tumor or the
appearance of new lesions or tumors. The response to treat-
ment is evaluated after the subjects had completed therapy.

A “pharmaceutical composition” of the invention is formu-
lated to be compatible with its intended route of administra-
tion. Examples of routes of administration include parenteral,
e.g., intravenous, intradermal, subcutaneous, oral or nasal
(e.g., inhalation), transdermal (topical), transmucosal, and
rectal administration. Solutions or suspensions used for
parenteral, intradermal, or subcutaneous application can
include the following components: a sterile diluent such as
water for injection, saline solution, fixed oils, polyethylene
glycols, glycerine, propylene glycol, or other synthetic sol-
vents; antibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodium bisul-
fate; chelating agents such as ethylenediaminetetraacetic
acid; buffers such as acetates, citrates, or phosphates; and
agents for the adjustment of tonicity such as sodium chloride
or dextrose. pH can be adjusted with acids or bases, such as
hydrochloric acid or sodium hydroxide. The parenteral prepa-
ration can be enclosed in ampoules, disposable syringes, or
multiple dose vials made of glass or plastic.

Pharmaceutical compositions suitable for injectable use
include sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For
intravenous administration, suitable carriers include physi-
ological saline, bacteriostatic water, or phosphate buffered
saline (PBS). In all cases, the composition must be sterile and
should be fluid to the extent that easy syringability exists. It
must be stable under the conditions of manufacture and stor-
age and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be
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a solvent or dispersion medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene gly-
col, and liquid polyetheylene glycol, and the like), and suit-
able mixtures thereof. The proper fluidity can be maintained,
for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dis-
persion, and by the use of surfactants. Prevention of the action
of microorganisms can be achieved by various antibacterial
and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol or sorbitol, and/or
sodium chloride in the composition. Prolonged absorption of
the injectable compositions can be brought about by includ-
ing in the composition an agent which delays absorption, for
example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporat-
ing the active compound in the required amount in an appro-
priate solvent with one or a combination of ingredients enu-
merated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the
active compound into a sterile vehicle which contains a basic
dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred meth-
ods of preparation are vacuum drying and freeze-drying
which yields a powder of the active ingredient plus any addi-
tional desired ingredient from a previously sterile-filtered
solution thereof.

Oral compositions generally include an inert diluent or an
edible carrier. They can be enclosed in gelatin capsules or
compressed into tablets. For the purpose of oral therapeutic
administration, the active compound can be incorporated
with excipients and used in the form of tablets, troches, or
capsules. Oral compositions can also be prepared using a fluid
carrier for use as a mouthwash, wherein the compound in the
fluid carrier is applied orally and swished and expectorated or
swallowed. Pharmaceutically compatible binding agents,
and/or adjuvant materials can be included as part of the com-
position. The tablets, pills, capsules, troches and the like can
contain any of the following ingredients, or compounds of a
similar nature: a binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel,
or corn starch; a lubricant such as magnesium stearate or
Sterotes; a glidant such as colloidal silicon dioxide; a sweet-
ening agent such as sucrose or saccharin; or a flavoring agent
such as peppermint, methyl salicylate, or orange flavoring.
For administration by inhalation, the compounds are deliv-
ered in the form of an aerosol spray from pressured container
or dispenser which contains a suitable propellant, e.g., a gas
such as carbon dioxide, or a nebulizer.

Systemic administration can also be by transmucosal or
transdermal means. For transmucosal or transdermal admin-
istration, penetrants appropriate to the barrier to be permeated
are used in the formulation. Such penetrants are generally
known in the art, and include, for example, for transmucosal
administration, detergents, bile salts, and fusidic acid deriva-
tives. Transmucosal administration can be accomplished
through the use of nasal sprays or suppositories. For trans-
dermal administration, the active compounds are formulated
into ointments, salves, gels, or creams as generally known in
the art. The compounds can also be prepared in the form of
suppositories (e.g., with conventional suppository bases such
as cocoa butter and other glycerides) or retention enemas for
rectal delivery.
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In one embodiment, the active compounds are prepared
with carriers that will protect the compound against rapid
elimination from the body, such as a controlled release for-
mulation, including implants and microencapsulated delivery
systems. Biodegradable, biocompatible polymers can be
used, such as ethylene vinyl acetate, polyanhydrides, polyg-
lycolic acid, collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be appar-
ent to those skilled in the art. The materials can also be
obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including
liposomes targeted to infected cells with monoclonal antibod-
ies to viral antigens) can also be used as pharmaceutically
acceptable carriers. These can be prepared according to meth-
ods known to those skilled in the art.

Compounds and compositions of the invention can be
delivered to a cell either through direct contact with the cell or
via a carrier means. Carrier means for delivering composi-
tions to cells are known in the art and include, for example,
encapsulating the compound or composition in a liposome
moiety. Another means for delivery of a compound of the
invention to a cell comprises attaching the compound to a
protein or nucleic acid that is targeted for delivery to the target
cell. US. Pat. No. 6,960,648 and Published U.S. Patent
Application Nos. 20030032594 disclose amino acid
sequences that can be coupled to another compound and that
allows the compound to be translocated across biological
membranes. Published U.S. Patent Application No.
20020035243 also describes compositions for transporting
biological moieties across cell membranes for intracellular
delivery. Compounds and compositions can also be incorpo-
rated into polymers, examples of which include poly (D-L
lactide-co-glycolide) polymer for intracranial tumors; poly
[bis(p-carboxyphenoxy) propane:sebacic acid] in a 20:80
molar ratio (as used in GLIADEL); chondroitin; chitin; and
chitosan.

It will be appreciated by those skilled in the art that com-
pounds of the invention may contain one or more asymmetri-
cally substituted carbon atoms which can give rise to stereoi-
somers. All such stereoisomers, including enantiomers, and
diastereoisomers and mixtures, including racemic mixtures
thereof, are contemplated within the scope of the present
invention.

A “therapeutically effective amount” is the amount of a
Palmerolide of the invention, including Palmerolides A, B, C,
D, E, F, G, H, and K, or any combination thereof necessary to
provide a therapeutically effective amount of the correspond-
ing compound in vivo. The amount of the compound must be
effective to achieve a response, including but not limited to
total prevention of (e.g., protection against and complete
cure) and to improved survival rate or more rapid recovery, or
improvement or elimination of symptoms associated with a
cellular proliferative disease or other indicators as are
selected as appropriate measures by those skilled in the art. In
accordance with the present invention, a suitable single dose
size is a dose that is capable of preventing or alleviating
(reducing or eliminating) a symptom in a patient when
administered one or more times over a suitable time period.
One of skill in the art can readily determine appropriate single
dose sizes for systemic administration based on the size of a
mammal and the route of administration.

EXAMPLE 1
Hollow Fiber Assay for Preliminary In Vivo Testing

The Biological Testing Branch of the Developmental
Therapeutics Program has adopted a preliminary in vivo
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screening tool for assessing the potential anticancer activity
of' compounds identified by the large scale in vitro cell screen.
This hollow fiber based assay has been in use since June,
1995.

Each compound is tested against a standard panel of 12
human tumor cell lines including NCI-H23, NCI-H522,
MDA-MB-231, MDA-MB-435, SW-620 COLO 205, LOX
IMVI, UACC-62, OVCAR-3, OVCAR 5, U251 and SF-295.
The cell lines are cultivated in RPMI-1640 containing 10%
FBS and 2 mM glutamine. On the day preceding hollow fiber
preparation the cells are given a supplementation of fresh
medium to maintain log phase growth. For fiber preparation
the cells are harvested by standard trypsinization technique
and resuspended at the desired cell density (varies by cell line
between 2-10x10° cells/ml). The cell suspension is flushed
into 1 mm L.D. polyvinylidene hollow fibers with a molecular
weight exclusion of 500,000 Da. The hollow fibers are heat-
sealed at 2 cm intervals and the samples generated from these
seals are placed into tissue culture medium and incubated at
37° C. in 5% CO, for 24-48 hours prior to implantation. A
total of 3 different tumor lines are prepared for each experi-
ment so that each mouse receives 3 intraperitoneal implants
(1 of each tumor line) and 3 subcutaneous implants (1 of each
tumor line).

On the day of implantation, samples of each tumor cell line
are quantitated for viable cell mass by a stable endpoint MTT
assay so that the time zero (0) cell mass is known. Thus, the
cytostatic and cytocidal capacities of the test compound can
be assessed. Mice are treated with experimental agents start-
ing on day 3 or 4 following fiber implantation and continuing
once daily for a total of 4 doses. Each agent is assessed by
intraperitoneal injection at 2 dose levels with 3 mice/dose/
experiment. Vehicle controls consist of 6 mice receiving the
compound diluent only. The fibers are collected from the
mice on the day following the fourth compound treatment and
subjected to the stable endpoint MTT assay. The optical den-
sity of each sample is determined spectrophotometrically at
540 nm and the mean of each treatment group is calculated.
The percent net cell growth in each treatment group is calcu-
lated and compared to the percent net cell growth in the
vehicle treated controls. Each compound is assessed in a total
of 4 experiments (3 cell lines/experimentx4 experiments=12
cell lines).

Compounds are selected for further testing (for example,
time/dose exposure studies preliminary pharmacology stud-
ies, subcutaneous xenograft efficacy studies) on the basis of
several hollow fiber assay criteria. These include: (1) a reduc-
tion in net cell growth of 50% or greater in 10 of the 48
possible test combinations (12 cell linesx2 sitesx2 compound
doses); (2) a reduction in net cell growth of 50% or greater in
a minimum of 4 of the 24 distant site combinations (intrap-
eritoneal drug/subcutaneous culture); and/or (3) cell kill of 1
ormore cell lines in either implant site (reduction in the viable
cell mass below the level present at the start of the experi-
ment).

To simplify evaluation, a point system has been adopted
which allows rapid viewing of the activity of a given com-
pound. For this, a value of 2 is assigned for each compound
dose which results in a 50% or greater reduction in viable cell
mass. The intraperitoneal and subcutaneous samples are
scored separately so that criteria (1) and (2) can be evaluated.
Compounds with a combined IP+SC score 20, a SC score 8,
oranet cell kill of one or more cell lines can be considered for
further studies. The maximum possible score for an agent is
96 (12 cell linesx2 sitesx2 dose levelsx2 [score]). These
criteria were statistically validated by comparing the activity
outcomes of >80 randomly selected compounds in the hollow
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fiber assay and in xenograft testing. This comparison indi-
cated that there was a very low probability of missing a
xenograft active compound if the hollow fiber assay were
used as the initial in viva screening tool. Because ofthe design
of'the hollow fiber assay, the results of individual cell lines are
not reported since the statistical power of the assay is based on
the impact of a compound against the entire panel of cells. In
addition to the hollow fiber results, other factors (for example,
unique structure, mechanism of action, etc.) may result in
referral of a compound for further studies without the com-
pound meeting these hollow fiber assay criteria.

EXAMPLE 11
Palmerolide Isolation

Extracts from S. adareanum, Palmerolide A, Palmerolide
C, Palmerolide D, and Palmerolide E displayed bioactivity in
field-based feeding-deterrent assays, leading the inventors to
investigate the chemical nature of the activity. Presented are
novel, isolated polyketides, Palmerolide A, Palmerolide C,
Palmerolide D, and Palmerolide E as the major natural prod-
uct from extracts of S. adareanum. These polyketides display
selective cytotoxicity in the National Cancer Institute (NCI)
60 cell line panel inhibiting, inter alia, melanoma (UACC-64,
LCs, 0.018 uM) with three orders of magnitude greater sen-
sitivity relative to other cell lines tested.

In a similar manner, Palmerolides A-H, and K have been
isolated to date using our standard protocols for fractionation
of lipophilic natural products. Freeze-dried biomass was
exhaustively extracted with dichloromethane/methanol 1:1
(3x) and the combined extract concentrated to dryness. The
extract was applied to a silica gel column packed in 100%
hexanes. Elution of two column volumes of hexanes as two
fractions was followed by a step gradient of two column
volumes of 1:9, 2:8, 4:6, 8:2 ethyl acetate/hexanes, 100%
ethyl acetate, and finally 5%, 10% and 20% MeOH/ethyl
acetate, collecting each column volume as a fraction.
Repeated high pressure liquid chromatography (HPLC;
Waters YMC 5p, ODS 10 mmx30 mm using varying amounts
water in MeCN, depending on the isolate) resulted in purifi-
cation of five palmerolides. (see FIG. 19). Additional palm-
erolide metabolites can be isolated from the more polar frac-
tions of the lipophilic extract. For example, further
fractionation of the ethyl acetate/methanol eluting fractions
from flash chromatography of the lipophilic extract has
resulted in three more polar palmerolides (based on inspec-
tion of the "H NMR spectrum, these palmerolides are more
highly hydroxylated). Bioassays as described herein, and
other known in the art, can confirm the bioactivity of any of
these isolates.

More polar palmerolides or other melanoma-bioactive
compounds present in the hydrophilic extracts can be frac-
tionated by reversed phase vacuum chromatography. C-18
modified silica gel is packed, in water, in a vacuum funnel,
then the extract applied and two bed volumes of water, 1:9,
2:8, 4:6, 8:2 methanol/water, then 100% methanol pulled
through under vacuum, collecting one fraction per bed vol-
ume. Alternatively, polar constituents can be adsorbed onto
polystyrene resins (HP-20 or XAD) and eluted with a similar
gradient profile of methanol or acetone. Chromatographic
fractions thus obtained are then concentrated and bioassayed.
Subsequent or alternative chromatographic steps can be per-
formed as is well known in the art, utilizing the same station-
ary phase described above, over a more narrow solvent gra-
dient, or by another stationary phase, such as gel permeation
(LH-20 or G-10), as necessary to achieve purification.
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Final purification of bioactive isolates is by HPLC. Sepa-
rations on HPLC utilize any number of stationary phases
based on the chromatographic behavior of the isolate. Typi-
cally, reversed-phase (C-18, phenyl) columns work well with
non-polar compounds, normal-phase with compounds of
moderate polarity, and the variety of other bonded-phase
(amino, cyano, diol) columns work with compounds having
character similar to the packing. However, the use of
reversed-phase HPLC on the separations of even the most
polar organic compounds is not uncommon. We have had
considerable success using polymeric stationary phase C-18
(YMC and/or Waters), which accommodate pure water and/
or buffer solvents, so that even the most polar metabolites
(amino acids, nucleosides) can be separated by reversed
phase HPLC. Our HPLC instruments are equipped with both
mass-sensitive (differential refractive index (RI) and/or
evaporative light scattering (ELSD)) and ultraviolet detectors
in series. Dual detection is important because the RI or ELSD
detectors, while relatively insensitive, have a response pro-
portional to quantity. The ultraviolet detector is highly sensi-
tive, but the response is variable depending on the extinction
coefficient of the chromophore. This HPLC instrumentation
includes analytical, semi-preparative and preparative capa-
bilities (four instruments, 0.1 mL/min to 300 ml./min) and
our LC/MS can be integrated with any of the instruments to
add MS (total ion chromatogram, TIC) detection when nec-
essary, with the added advantage of securing mass spectral
profiles of the isolates.

Although we have HPLC instrumentation for preparative
isolation of palmerolides, this methodology has certain draw-
backs which can be overcome by using centrifugal counter-
current chromatography (CCC) or centrifugal partition chro-
matography (CPC) well known in the art. CCC and CPC have
the advantage of being based on the partition of the analyte
between two immiscible phases, a physical property that
lends itself to higher recovery than adsorption chromatogra-
phy. Instrumentation available today includes multiple vol-
ume rotors (both techniques utilize a rotary-induced gravity
gradient) for developmental through preparative scale sepa-
rations. Foucault et al. achieved an effective purification of a
polyketide macrolide (amphotericin B) using a water/DMSO/
THF system which works as a good starting point for palm-
erolide purification. (Foucault, A. P. et al., 1993).

EXAMPLE III
Palmerolide A

Palmerolide A was isolated as a white solid from the 1:1
methanol/ethyl acetate fraction eluting from silica gel chro-
matography of the crude lipophilic (1:1 methanol/dichlo-
romethane) extract. Mass spectroscopic analysis provided a
molecular formula of C;;H,N,O, (HRFABMS m/z
585.3539, A0.1 mmu for [M*+1]). The C-1 to C-24 carbon
backbone of palmerolide A could be unambiguously assigned
based on 'H-'*C connectivity assignments from gHMBC
spectra. The macrocycle was completed by observation of a
correlation between the C-19 (8 73.69) methine to the C-1
ester carbonyl. Hydroxy methines at C-7 and C-10 were con-
clusively assigned based on observation of coupling of the
hydroxyl protons in both the gHMBC and COSY spectra: in
the gHMBC spectrum, the hydroxy protons correlated to the
respective a- and p-carbons, while in the COSY spectrum
correlations were observed between the hydroxyl protons and
the hydroxy methine protons. An isopentenoyl amide, estab-
lished by 2D NMR analysis, completed the gross structure
with the exception of CO,NH, remaining unassigned from
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the molecular formula. This remaining carbon was correlated
with the proton on the oxygen-bearing C-11 (8 75.25), but no
further connectivity was evident. The last remaining valence
must be occupied by the —NH,, resulting in a carbamoyl
group at C-11 and completing the planar structure of palm-
erolide A.

Stereochemical analysis found all disubstituted olefins to
bear the E configuration based on their large coupling con-
stants (>14 Hz). The trisubstituted olefin at C-16 was also
assigned as E based on observation of a correlation in the
ROESY spectrum of H-16 to H,-18 and of H-15 to H;-25.
Similarly, the C-21 olefin could be assigned the E configura-
tion based on ROESY correlations of H-24 to H;-27, of H-23
to H;-27 and H-21, and of H,-27 to H-20 and H,-26. (R)- and
(S)-MTPA esters* of palmerolide A demonstrated both C-7
and C-10 to bear the R configuration. Configurational analy-
sis*? of the C-10/C-11 fragment identified a gauche relation-
ship between H-10 and H-11 based on the small *J,, /5.1,
observed between the vicinal protons and the large *J -, for
both the H-10/C-12 and the H-11/C-9 relationships Further
support for the conformation was found in %I, ,, and

2T e 0/z2.11» both of which were large and negative, defining
the absolute stereochemistry of C-11 as R. Similarly, configu-
rational analysis of the C-19/C-20 system suggested an anti
relationship of the respective protons based on the large
Ter1o/r200 S0l *Tes1 10, T eng/zr1o a0d I ig/zr.20, 38
well as the large 2J ., o,7.20- The relative position of C-18 in
this fragment was secured by the observation of ROESY
correlations between H,-18 and H-20 as well as H,-18 and
H;-26 while no ROESY correlation was observed between
H,-18 and H-21, requiring the relative configuration 19R*,
20S*. The NMR data for Palmerolide A can be found in FIG.
2.

The four olefins in the macrocycle constrain the flexibility
often found in macrolides, facilitating stereochemical analy-
sis by NOE studies. Further analysis of the ROESY spectrum
revealed the macrolide to adopt two largely planar sides of a
tear-drop shaped cycle, one side consisting of C-1 through
C-6, the other C-11 through C-19, with C-7 through C-10
providing a curvilinear connection. In particular, H-19,
H;-27, H-15 and H,-13 (see FIG. 3) are sequentially corre-
lated in the ROESY spectrum, as are H;-26, H,-18, H-16,
H-14 and H-12, defining the periphery of the top and bottom
face of the western hemisphere. H-11 correlates only to the
top series of protons, a result consistent only with C-19 and
C-11 both adopting the R configuration.

Tunicates are not well known as producers of type I
polyketides, though the patellazoles and iejimalides are sig-
nificant, bioactive, representatives. Palmerolide A is unusual
in bearing a small macrocycle, with 20 members, compared to
24 in the patellazoles and iejimalides, and a vinyl amide, a
feature more commonly associated with cyanophyte-derived
macrolides such as tolytoxin. Palmerolide A displays cyto-
toxicity toward several other melanoma cell lines, FIG. 2,
[M14(LCs, 0.076 uM), SK-MEL-5 (6.8 uM) and LOX IMV1
(9.8 uM)] as well as the previously mentioned UACC-62.
Besides melanoma, FIG. 3, one colon cancer cell line (HCC-
2998, 6.5 uM), FIG. 4A, and one renal cancer cell line (RXF
393, 6.5 uM), FIG. 4B, Palmerolide A was largely devoid of
cytotoxicity (LC5,>10 uM), representing a selectivity index
among tested cell lines of 10° for the most sensitive cells.
Significantly, Palmerolide A is COMPARE.-negative against
the NCI database, suggestive of a previously un-described
mechanism of action.

FIGS. 4A and 4B, indicate the National Cancer Institutes
Developmental Therapeutics Program In-Vitro Testing
Results for Palmerolide A. FIG. 5 shows the National Cancer
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Institute (NCI) Developmental Therapeutics Program Dose
Response Curves for all cell lines tested for Palmerolide A. In
comparison, individual results are shown for Melanoma
(FIG. 6), Colon Cancer (FIG. 7) and Renal Cancer (FIG. 8).

EXAMPLE IV
Cytotoxicity of Palmerolide C
Palmerolide C, shown below and in FIG. 9, has the chemi-
cal formula C;;H,,N,O, (for NMR data see FIG. 10). NCI
cytotoxicity is shown in FIG. 11A and FIG. 11B. NCI Dose
Response Curves for all cell lines are presented in FIG. 12.
EXAMPLE V
Cytotoxicity of Palmerolide d
Palmerolide D, shown below and in FI1G. 13, has the chemi-

cal formula C;H;;N,O,. Palmerolide D NMR Data is shown
in FIG. 14.

H,C 0

CH;

EXAMPLE VI
Cytotoxicity of Palmerolide E

Palmerolide E, shown below and in FIG. 15, has the chemi-
cal formula C,,H;,NO, (for NMR data see FIG. 16). NCI
cytotoxicity is shown in FIG. 17A and FIG. 17B. NCI Dose
Response Curves for all cell lines are presented in FIG. 18.

EXAMPLE VII

Bioassay

Established cell lines (WACC-62, SK-MEL-5 and MK 14,
which are all sensitive to palmerolide A) have been obtained
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from the NCI Standard protocols for cell culture are used.
UACC-62 (Amundson et al. 2000) and MEL14 (Lin et al.,
2003) Cells will be grown in RPMI 1640 medium supple-
mented with 10% fetal bovine serum and glutamine and
treated with antibiotics (100 units/mL penicillin, 100 mg/mL
streptomycin) in a humidified atmosphere of 95% air with 5%
CO, at37°C.

SK-MEL-5 (Miracco et al., 2003). Cells are grown in
Eagle’s minimal essential medium with Earle’s BSS,
adjusted to contain 1.5 g/L. sodium bicarbonate, 0.1 mM
non-essential amino acids and 1.0 mM sodium pyruvate in a
humidified atmosphere of 95% air with 5% CO, at 37° C.

Our bioassays use a 96-well format MTT-based (Vogt et
al., 2004) method for the quantification of cell growth inhi-
bition or cell lethality caused by palmerolides and their
derivatives. In this assay, metabolically active cells cleave
methylthiazol tetrazolium (MTT), which is yellow, to form a
purple formazan pigment with a concomitant ultraviolet shift
which can be quantified using a plate reader monitoring
absorbance at 540 nm.

EXAMPLE VIII
Structure Elucidation of Bioactive Metabolites

Upon isolation of a metabolite, it is important to establish
the identity of the isolate (dereplication). Inspection of the *H
NMR spectrum, in conjunction with mass spectral informa-
tion from LC/MS and/or ESIMS, can often lead to identifi-
cation of previously described compounds. Database search
and retrieval of marine natural product data greatly assists in
dereplication; databases of marine natural products produced
by Drs. J. Blunt and M. Munro (Blunt, J. W.; Munro, M. H. G.
MarinLit University of Canterbury, Christchurch, New
Zealand, ver 12.4, 2004) and mass spectral libraries from
NIST and Wiley are available in this regard. New compounds
are subjected to thorough spectroscopic analysis, as
described in the Preliminary Data section for Palmerolide A.

Contemporary spectroscopic methods are employed for
structure determination of new isolates (Crews et al., 1998;
Silverstein et al., 1998). One-dimensional proton and carbon
NMR spectroscopy, in conjunction with mass spectral analy-
sis (from LC/MS or electrospray ionization (ESI) or matrix
assisted laser desorption ionization (MALDI) mass spec-
trometers) can secure assignment of the molecular formula of
a new compound. Two- and three-bond proton-proton con-
nectivity can be established using a combination of two-
dimensional NMR techniques such as COSY (Aue et al.,
1976), or extended spin systems with TOCSY (Braunsch-
weiler et al., 1983). Proton-carbon connectivity can be estab-
lished using HMQC or HSQC (Bax et al., 1986a; Boden-
hausen et al., 1980) (one bond) and HMBC (Bax et al., 1986b)
(two or three bond). These NMR experiments are most often
acquired in gradient (Maudsley et al., 1978; Ruiz-Cabello et
al., 1992) mode for maximal sensitivity, using solvent sup-
pression where necessary. If sufficient material is available,
carbon-carbon connectivity can be established by obtaining
the 2D-INADEQUATE spectrum (Bax et al., 1980); the direct
measure of 1>*C-'3C couplings enable significant portions of
the structure to be readily assessed. Stereochemical assign-
ments in conformationally constrained systems are based on
coupling constant data and the results of nuclear Overhauser
enhancement or NOESY (Crews et al., 1998; Silverstein et
al., 1998) techniques where possible, or by derivatization or
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degradation. Stereochemical analysis of flexible systems (lin-
ear or large ring) can be achieved using Murata’s method
(Murata et al., 1999) of analyzing *1,,,, and **J,,, derived
from decoupling and/or ECOSY (Griesinger et al., 1985)
(*J o) or J-resolved HMBC (Furihata et al. 1999) (**J ),
respectively. In the event that spectroscopic methods are not
definitive, chemical derivatization and/or degradation tech-
niques can be employed to further clarify the structure or
crystals can be grown to facilitate X-ray crystallographic
analysis (Yoshida et al., 1995; Ankisetty et al., 2004).

EXAMPLE IX

Degradative Studies 15

The palmerolides provide ample functionalization for deg-
radative studies. Reductive ozonolysis of palmerolides A, D,
and/or E will lead to three hexane polyols (11-13, Scheme 1).
Stereochemical conformation of C-7 in these palmerolides is
achieved by comparison of the optical rotation of 11 to that of
authentic (R,+)-1,2,6-trihydroxyhexane (Wu et al., 2000).

Positions C-10 and C-11 can be verified by comparison to
tetra-ol 12, a compound not reported in the chemical litera-
ture. Tetra-ol 12 can be readily prepared from p-galactose
(Scheme 2) based on a scheme modeled after the preparation
of a similar compound (Zhu et al., 2001). Periodate cleavage
of'the p-galactose 1,3-acetaldehyde acetal (16) (Dolder et al.,
1990), followed by homologation via a Wittig reaction,
hydrogenation (Zhu et al., 2001) and hydrolysis will provide
the desired 12 for comparison.

30

Scheme 1: Degradation studies (ozonolysis) of palmerolides A (1), D (8) and E (9).
e}

11

9

1) O3

OH R ———
2) NaBH,, NaOH
12
(€]
0 NH,

Palmerolide A
(1, R: CH=CHNH-isopentenoyl)
Palmerolide D
(8, Rt CH=CHNH—COCH(CH;3)CH,C(CH,)CHj3)
Palmerolide E
(9, R: CHO)

55

Scheme 2: Synthetic procedures for preparation of
(2R,3R)-1,2,3,6-tetrahydroxyhexane (12)

60
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D-Galactose (15)

-continued
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CHO  Nal0y11,0
e
16
(Ph);PCH,CH,OH
(TMS),NLi
OH H,/Pd, MeOH
—_—
H;0"
18
HO,,

HO
KOs

(2R,3R)-1,2,3,6-
Tetrahydroxyhexane (12)

The stereocenters at positions C-19 and C-20 can be con-
firmed by comparison of compound 13 to a synthetic sample
derived via a previously published route (Scheme 3) (Ohi et
al.,, 1999). Chiral induction in the published route was

jas)
o
[@] 111N
jus)
]
jus)

11
OH

HO
OH

OH
12

OH
13

achieved by Sharpless epoxidation of 6-methyl-2,6-hepten-
1-01(19), which was treated with methy! lithium to introduce
the methyl group on the opposite face from the alcohol. The
published procedure used 1-diethyltartrate (L-DET) to
achieve the 2S,3S isomer; the subject preparation requires the
2R,3R isomer, so one begins with p-diethyltartrate (p-DET).
Protected as the acetaldehyde acetal 22, the C-6 alcohol can
be oxidized to the ketone which can be homologated via
Wittig reaction, yielding compound 23, which lacks only
deprotection to make the comparison sample 21.
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Scheme 3.
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HO/\/\/\{ ; HOW i HO/Y\/\K
19 20 21
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OH OH
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(@) O
13 22 23

i) Ti(O-i-Pr)4 (0.2 eq), D-DET (0.3 eq), t-BuOOH. ii) CuCN, MeLi, Et,0. iii) 11, TsOH. iv) Swern oxidation (Mancuso et al., 1981) v) PhyPCHj;, BuLi. vi) TsOH, H,O.

Degradation studies of palmerolides B (6) and C (7) can
similarly provide polyols (Scheme 4 and 5). It is expected that
C-19 and C-20 stereochemistry will be the same in all the
palmerolides, so the ozonolysis products from palmerolides 39
B and C will provide the same product (13) containing those
stereocenters. For palmerolide B, two new degradation prod-
ucts (24, 25) result. Both enantiomers of 24 are known, from
D- and 1-glutamic acid (Brunner et al., 1989; Larcheveque et 40
al., 1984), providing a chiroptical comparison once our
assignment has been made. Product 25, with its terminal triol
function, is accessible via Scheme 2 techniques, optionally
beginning with an alternate sugar, as necessary, and homolo- +
gation with a C; Wittig reagent derived from 3-bromopro-

panol.

Scheme 4. Ozonolysis of palmerolide B (6).

(¢]
HO/\/\(\OH
R
OH
24
. g Reductive oH
"""" Ozonolysis
HO OH
OH
24 OH 25

Palmerolide B (6)
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Scheme 5. Ozonolysis of palmerolide C (7).
Reductive
o Ozonolysis
OH
o) NH,
2 \”/
(6]
Palmerolide C (7)
OH
HO
OH
OH OH
26
Penta-ol 26, derived from reductive ozonolysis of palm- 3° EXAMPLE X
erolide C (7) (Scheme 5), is prepared from a precursor chosen
from the pool of Cs sugars (Scheme 6), as appropriate to Structure-Activity Studies of Palmerolides
address the stereochemistry determined spectroscopically. ) ) o S
35 The palmerolides exert their melanoma activity by inhibi-
tion of vacuolar adenosine triphosphatases (V-ATPases).
Seheme 6 These are multi-protein trans-membrane enzymes respon-
=SS sible for translocation of protons out of the cytoplasm, result-
OH OH ing in pH regulation of intracellular compartments, a critical
40 function for homeostasis (Sun-Wadaa et al., 2004). They are
HO i . . ; : .
CHO —» ubiquitous in eukaryotic cells and found occasionally in
prokaryotes. The two domains of the enzyme are each com-
OH posed of roughly half a dozen subunits and ultimately com-
27 prise a 20-protein assemblage. The V,, domain, which is
OR OR 45 imbedded in the membrane, is the locus of proton transfer
while the sub-membrane V,; domain bears catalytic (ATP to
RO ii ADP) activity (Nishi et al., 2002). In addition to pH regula-
CHO — . . . .
tion, V-ATPases play a role in endocytosis, membrane fusion
OR (Morel et al., 2003), bone resorption (Nomiyama et al., 2005)
28: R = ethylethoxy 50 and other functions which are not simply functions of acidity
OR OR (Nishi etal., 2002). However, they may have specialized roles
in cancer-regulatory pathways involved in cell growth, difter-
RO NN i, iv entiation (Martinez-Zaguilan etal., 1993) angiogenesis (Mar-
OH 26 tinez-Zaguilan et al., 1999a), multidrug-resistance (Lauren-
OR 55 cotetal., 1995; Raghunand et al., 1999; Martinez-Zaguilan et

29: R = ethylethoxy

i) Ethyl vinyl ether, PPTS, CH,Cl,.
i) Phi3PCH,CH,CH,OH, (TMS),NLi.
iii) Hy/Pd.

iv) INHCI, 1t.

Schemes 1 through 6 summarize our degradative structure
proofs of palmerolide A-G stereochemistry. As new palm-
erolides are isolated they can be treated accordingly to con-
firm all stereochemical assignments.

60

65

al., 1999b; Sennoune et al., 2004) and metastasis (Martinez-
Zaguilan et al., 1998).

Structural studies on V-ATPases which may lead to a better
understanding of ligand/receptor interactions include NMR
studies of the F subunit (Jones et al., 2001) and more recent
X-ray data (Murata et al., 2005) on the K ring subunit of
prokaryotic V-type Na*-ATPase, which is homologous to the
c/c'/c" ring of eukaryotic H* V-ATPases. The significance of
this X-ray data is that known inhibitors of H* V-ATPases bind
the ¢ subunit (Pali et al., 2004; Huss et al., 2002), holding the
promise of X-ray data on ligand/receptor binding of an inhibi-
tor.
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V-ATPases have been implicated in a number of disease
states, including type 1 diabetes (Myers et al., 2003a; Myers
et al., 2003b), osteoporosis (Nomiyama et al., 2005; Sun-
dquist et al., 1990) and several cancers (Sennoune et al.,
2004) such as cervical (Ellegaard et al., 1975), breast (Mar-
tinez-Zaguilan et al., 1999b) and melanoma (Martinez-
Zaguilan et al., 1998). Metastatic breast cancer cells have
been demonstrated to show significant increases in the num-
ber of V-ATPase enzymes on their plasma membranes (Mar-
tinez-Zaguilan et al., 1993; Sennoune et al., 2004). Cancer
cells require low pH cytoplasm and depend largely on V-AT-
Pases to maintain that acidity (Martinez-Zaguilan et al., 1993;
Raghunand et al., 1999)

Bafilomycin A, (4, FIG. 3) is the prototypical V-ATPase
inhibitor (Zhang et al., 1994) although its binding and speci-
ficity are not nearly as great as more recently discovered
inhibitors such as salicylihalamides (vis 5) (Erickson et al.,
1997; Boyd et al., 2001) oximidines (Kim et al., 1999),
lobatamides (McKee et al., 1998; Shen et al., 2002) and
palmerolides. Besides bafilomycins, the concanamycins
(Huss et al., 2002), are similarly configured macrocycles
while the poecillastrins and chondropsins (Xie et al., 2004)
are considerably larger macrolides comprised of, in addition
to a lactone linkage, a lactam linkage.

Q)

o, Yy

Bafilomycin A
®

Salicylihalamide A

V-ATPase inhibitors are poised to become a new target of
cancer intervention (Chene et al., 2003; Beutler et al., 2003).
Key discoveries leading to first-in-class drugs, such as taxol
was for inhibition of tubulin depolymerization (Horwitz et al.,
2004), ultimately lead to a proliferation of drugs for the
indication and greatly enhance treatment options. Histone
deacetylase (HDAC) inhibitors (Arts et al., 2003) are simi-
larly undergoing a serge in interest as the Food and Drug
Administration (FDA) has recently approved several Investi-
gational New Drug (IND) applications. Among several potent
V-ATPase inhibitors now known it is expected that one will
soon emerge as a model to move forward for IND approval.

The subject functional group manipulation approach
begins with the ‘Rule of 5’ principles elaborated by Lipinski
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etal., 2001 to address Absorption, Distribution, Metabolism,
Excretion and Toxicity (ADMET) issues. Among Lipinski’s
Rules, palmerolides already hold up well: there are 5 or fewer
H-bond donors, M Log P is approximately 1.8 to 2.76 (cal-
culated using SimulationsPlus, Inc. (Lancaster, Calif.)
ADMET Predictor software) and there are less than 10
H-bond acceptors. The molecular weights are a bit high,
spanning the mid-500’s to 610; palmerolide E is the only
member less than 500, but it lacks the vinyl amide required for
V-ATPase activity. Refining our approach with ADMET Pre-
dictor, it is clear that solubility and permeability are areas to
focus derivatization studies and the two appear to track in
opposing trends. Thus, solubility improves with the addition
of polar functional groups while permeability improves with
removal of polar functional groups. Reconciliation of this
dichotomy will take place in the biological evaluation: com-
pounds prepared according to teachings herein can be evalu-
ated for melanoma and/or V-ATPase activity, as described
above, and those retaining sufficient bioactivity (sub-milli-
molar) and displaying promising ADMET properties (based
on evaluation by ADMET Predictor) can be subjected to the
hollow fiber and/or xenograph assays.

Loss of the C-24 amide results in reduced activity and one
alternate arrangement of the C-6 through C-12 hydroxyla-
tion/olefination pattern also results in similarly reduced activ-
ity, proven by the palmerolides C (7) and E (9), which have
undergone NCI 60 cell line bioassay. Other palmerolides can
be similarly assayed.

For chemical derivatization studies, the palmerolide gross
structure will be divided into three areas of interest: (1) the
C-24 terminus and the associated vinyl amide (SAR1 region,
Scheme 7); (2) the hydroxylation/olefination juxtaposition at
C-7 through C-12 (SAR2 region, Scheme 7); and (3) the
group of olefins, which can be manipulated chemically.

Scheme 7: Natural product diversity based on structure-activity profile

Palmerolide A

Derivatization studies can be conducted to increase polar
groups in each region, to decrease polar groups in each
region, and to make modifications without changing the num-
ber of polar groups. Permutations of polar group manipula-
tions on different parts of the core structure lead to other
possible modifications. As biological data accumulates, one
selects the desired bioactivity profiles (potency and ADMET
Predictor properties), rather than merely generating large
numbers of derivatives. Described below are manipulations
focused by area as well as manipulations to add, remove, or
leave unchanged, the number of polar groups.

i. The SAR1 Region

The region designated as SAR1 can be evaluated by at least
four natural products. Palmerolides A (1), D (8), E (9) and F
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(10) differ only in the nature of the terminus of the palm-
erolide parent chain. Synthetic modifications to be introduced
to further probe the C-24 terminus can include the following
chain terminating groups:

Retention of Polar Functional Groups:

Non-Conjugated:

30
O
)I\ A
" NET Y
31
O
)k 24
NET O
32
O
M <
NET O
33
O
)\M)J\ S
5 N7 N
Conjugated:
34
O
24
NE X
35
O
24
~ NE N
36
O
24
~ NE O
37
O
24
Y NE O
38
O
/\)I\ <
A NE X
Reduction in the Number of Polar Groups:
39
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-continued
40
24
HO
41
24
AcO
Addition of Polar Functional Groups:
Non-Conjugated:
42
(€]
HO 24
NE X
(6]
43
(€]
N 24
’ NE O
(6]
Conjugated:
44
(€]
HO 24
X NE X
(6]
45
(€]

HZNY\)‘\ NI x
O

Preparation of derivatives 30 to 45 can be accomplished by
the copper-catalyzed vinyl amidation reaction (Scheme 8)
(Shen et al., 2000). High yields of stereocontrolled E vinyl
amide analogues of palmerolides can be prepared by coupling
of the desired amide with a vinyl iodide 46 using copper (I)
thiophenecarboxylate (CuTC) as catalyst.

24

o~

6
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-continued

30-45
i CuTC, N,N'-dimethyl-ethylenediamine, K,CO;3, 50° C., R"CONH,.
ii: HF»pyridine/pyridine.

The necessary E-vinyl iodide 46 can be prepared in one of
two ways. The most direct route involves chromium-cata-
lyzed (Takai olefination, Takai et al., 1986) homologation of
tri-t-butylsilyl-protected palmerolide E (vis 47, Scheme 9).
Note that since functionalization of the palmerolides is not
unlike that of discodermolide (Gunasekera et al., 1990), their
stability to conditions described herein can be verified by
synthetic procedures applied to discodermolide as are well
known in the art (Paterson et al., 2001; Smith et al., 2000).

Scheme 9.

Palmerolide E
9):R=H
47:R =TBS
(¢]
O

46

i: TBSCI, imidazole.
ii: CHI;, CrCl,, THEF, 0° C.

Alternately, vinyl iodide 46 can be prepared from Palm-
erolide A; while more steps are involved, this may be desired
since Palmerolide A is more predominant in the tunicate.
Thus, palmerolide A can be suitably protected (Scheme 10)to
differentiate the C-7 and C-10 oxygen functions from the
C-11 oxygen function, then the amide selectively hydrolyzed
(Eaton et al., 1988) and the resultant phthalimide hydrolyzed
to produce aldehyde 48. Aldehyde 48 is amenable to direct
conversion to the vinyl iodide using Danishefsky’s method
(Di Grandi et al., 1993), the latter of which produces a vinyl

10

32

iodide directly from a ketone. The thermodynamically E
vinyl iodide (49) results. The Carbamate hydrolyzes under
the conditions employed; the p-methoxybenzyl ether (PMBO
(C=NH)CCl;, PPTS) (Nakajima et al., 1988) protecting
group is used for that position, to distinguish it in future
procedures from the C-7 and C-10 oxygenated functions.

Scheme 10.
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Palmerolide A(1)
e}

OHC

49

i) TBSCI, imidazole.

i1) tetrachlorophtalic anhydride, A.
iii) a. hydrazine, b. TsOH/H,0.
iv) hydrazine.

v) I, DBU

If the Danishefsky method (Scheme 9) is undesirable, one
can employ degradation of the aldehyde (48) to the protected
palmerolide E (47, R=PMB) via Baeyer-Villiger oxidation,
hydrolysis of the resultant formyl ester, then Dess-Martin
oxidation (Dess et al., 1991) to the aldehyde (Scheme 11).
Intermediate 47 can then be elaborated into the desired vinyl
iodide 46 as shown in Scheme 9. Note that Baeyer-Villiger
reagents such as those employing Lewis-acid catalysis of
trimethylsilylperoxide can often be accomplished in the pres-
ence of olefins without fear of epoxidation (Brink et al.,
2004).
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Scheme 11.

47:R=PMB
i) Baeyer-Villiger (Nakajima et al., 1988)
i) TsOH/H,O.
iii) DMP, NaHCO3

Palmerolide analogues 39-41 can be prepared from the
Wittig reaction of protected palmerolide E (47) with methyl
triphenyl-phosphonium  bromide/Bulli  (yielding 39),
NaBH,/CoCl, reduction of hydroxymethyl derivative 48
(yielding 40) or acetylation of 40 (yielding 41).

ii. SAR2 Region

The C-7 to C-12 SAR2 region can be probed by natural
products including palmerolides A (1), B (6) and C (7), which
differ only in the SAR2 region. Palmerolide C is less potent
than palmerolide A. Further synthetic derivatizations can
assess the role of the alcohol groups based on modification of
template 51 by retention, reduction and addition of polar
functional groups. Alternate modifications are readily
obtained.

G

SAR2 Modification Template 1
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34

Retention of Polar Functional Groups:

Rl R2 RS
52: p-OH Bn o CONI,
53: o p-OH Bn CONI,
54: p-OH Bn p-OH Bn CONH,
55: H H H
56: H H p-OH Bn
56A:  (CH,),CHCHNHCO o CONI,
56B:  (CH,),CHCHNHCO (CH,),CHCHNHCO CONI,
Reduction of Polar Functional Groups:
R Ry Ry
57: Me H CONH,
58: H Me CONH,
59: Me Me CONH,
60: H H Me
61: — H CONH,
62: H — CONH,
63: CONI, o CONH,
64: o CONI, CONH,
65: CONI, CONI, CONH,

(66)

SAR2 Modification Template 2

Addition of Polar Functional Groups (Template 2):

R, R, Rs
67: CONH, H CONH,
68: H CONH, CONH,
69: CONH, CONH, CONH,

Preparation of Derivatives 52-69:

Reactionat C-7 precedes reaction at C-10 (Diyabalanage et
al., 2006). Thus C-7 mono-derivatized compounds will be
prepared directly. C-10 mono-derivatives will be prepared by
a protection/deprotection of C-7 (tri-t-butylsilyl ether)
sequence. The des-carbamato (55) reaction is described in
Scheme 10; suitably protected C-7 and C-10 alcohols will
provide access to modification of C-11. Carbamates can be
interchanged among C-7, C-10 and C-11 (C1;CC(O)NCHO,
then K,CO;) (Kocovsky 1986) if warranted by bioactivity
profiles of the acetates 63-65). Valine esters 62 and 63 are
modeled after the similar valaciclovir prodrug, which dem-
onstrated significantly improved pharmacodynamic proper-
ties (Guglielmo et al., 2004). Compounds 67 to 69 can be
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prepared from osmimum tetroxide dihydroxylation of 63-65
(forming diastereomeric products such that two products
from each of 63 to 65 will result, after separation).

iii. Role of the Olefins

Finally, evaluation of the role of the olefin functions takes
advantage of selective hydrogenation catalysts. Perhydroge-
nation, resulting in 70, is achieved by treating Palmerolide A
with H,, Pd/C, while nickel boride provides a selective hydro-
genation of disubstituted olefins (71) (Choi et al., 1996).
Selective reduction of the olefin involved in the o, -unsatur-
ated carbonyls (vis 72) can be achieved with 10% Pd/C and
ammonium formate (Ram etal., 1992). Selective reduction of
the lone non-conjugated olefin (73) can be achieved by a
number of hydrogenation techniques, such as with the boro-
hydride exchange resin/Ni,B catalyst (Yoon 1996). These
derivatives of palmerolide A, in addition to other palmerolide
natural products, which would yield different hydrogenation
products, provide evidence as to the role of olefins in the
bioactivity profiles of the palmerolides.

70

10

25

36

-continued

73

Ko NH,

iv. Combinations of Derivatization

Modifications described for SAR1, SAR2 and/or hydroge-
nation can readily be combined if desired by bioactivity pro-
files and/or ADMET Predictor simulations.

The total synthesis of natural products is a major tool in the
determination of the unambiguous structure of a compound.
Total synthesis also serves as a successful strategy for the
formation of analogues of the natural product by simple varia-
tion of starting materials or reactions in the synthetic scheme.
Our proposed synthetic studies toward the palmerolides
detail a convergent approach whereby each component can be
varied to provide analogues inspired by X-ray co-crystalliza-
tion studies with V-ATPase and by computational predictions
using ADMET. The synthesis will also be used to confirm the
structure and absolute stereochemistry of the palmerolides.
This is especially important for less abundant palmerolides
such as palmerolide D, E, and F due to the trace quantities that
can be isolated.

The synthesis is loosely based upon fragments that could
be obtained from the degradation studies (shown earlier)
using the reductive ozonolysis of palmerolide A. With the
degradative studies in mind we devised a retrosynthetic
analysis of palmerolide A (Scheme 12). Our retrosynthesis
divides the molecule into 3 major segments. The macrocylcic
core of palmerolide A should be easily formed by a ring-
closing metathesis of the precursor 76 (Grubbs et al., 1995).
The metathesis precursor 76 could be formed from the esteri-
fication of alcohol 77 with 78. Fragments 79 and 80 could
reasonably be coupling partners for a Heck reaction to pro-
duce the desired alcohol fragment 77 (Harris et al., 1996).
Amide 80 could be inserted into the C-21 side chain by means
of a copper-catalyzed amidation reaction directly related to
work the Co—PI helped develop (Shen et al., 2000; Klapars
et al., 2001; Jiang et al., 2003). The vinyl iodide 82 required
for the amidation reaction could be synthesized by employing
the Takai olefination of the corresponding aldehyde precur-
sor. (Takai et al., 1986) The C-22 double bond could, in turn,
be formed by using the Schlosser modification of the Wittig
reaction. (Schlosser et al., 1966) This should lead to selective
formation of the (E)-alkene. The stereochemistry of C-20 and
C-21 could be established by means of the highly predictive
diastereoselective aldol reaction that was developed by
Evans. (Evans etal., 1981) The chiral diol 79 could, in turn, be
prepared enantioselectively using the Sharpless asymmetric
dihydroxylation (Jacobsen et al., 1988). The asymmetric
dihydroxylation could also be employed to form the chiral
alcohol fragment 78. This leads to the enantioselective for-
mation of the chiral secondary alcohol on C-8. The vinylo-
gous ester in fragment 78 may be prepared by a Horner-
Wadsworth-Emmons olefination reaction (Stocksdale et al.,
1998).
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Scheme 12. Retrosynthetic analysis of palmerolide A (1)

mnQ

The synthesis of palmerolide A begins with the construc- 55 ity (Jacobsen et al., 1988). It should be noted at this point that

tion of fragment 79. Commercially available alkynyl alcohol
85 (Scheme 13) is protected as the TBDPS ether by treating
the alcohol with imidazole and TBDPS-CI in a known proce-
dure (Hanessian et al., 1975). Treatment of alkyne 86 with
paraformaldehyde and n-Buli results in the previously
known formation of propargylic alcohol 87 (Nicolaou et al.,
1989). The treatment of 87 with Red-Al (Sodium bis(2-meth-
oxyethoxy)aluminium hydride) should result in the formation
of the known E-substituted allylic alcohol 88. Asymmetric
dihydroxylation of 88 with Sharpless conditions should lead
to the formation of desired diol 89 with high enantioselectiv-

60

65

the Sharpless asymmetric aminohydroxylation could be
employed at this stage of the synthesis (Li et al., 1996). This
would lead to the formation of an enantiopure 1,2-amino
alcohol. The amide nucleophile generally prefers the less
hindered carbon of the alkene. Based upon that observation,
the protected amine should be installed on C-11 of palm-
erolide A. This aminohydroxylation route could provide an
aza variant of palmerolides. The two secondary alcohol
groups of compound 89 can be selectively protected as an
acetonide upon treatment with acetone and TsOH (Coe et al.,
1989). This would protect the two secondary alcohols in favor
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of the primary alcohol due to the thermodynamic stability of
the product. At this point, the primary alcohol in 90 can be
protected with a TIPS group (Cunico et al., 1980). The
acetonide could then be opened with FeCl; and SiO, in chlo-
roform (Kim et al., 1986). This should open the acetonide and
not affect the silyl protected alcohols. The secondary alcohol
on C-12 can now be protected with TBS-Cl and imidazole.
(Corey etal., 1972) The C-12 alcohol protection should be the
major product due to the bulk of the TIPS protecting that is
present on the C-10 hydroxyl group. The C-11 alcohol can
now be protected with MOM-CI, NaH in THF (Kluge et al.,
1972). The ability to protect all of the hydroxyl groups with
different protecting groups is vital to this study because it
allows for our main goal, the derivatization of palmerolide A.
The aldehyde 92 can be prepared by selectively deprotecting
the TBDPS group followed by oxidation with Dess-Martin
periodinane (Dess et al., 1983). The aldehyde can then be
converted to vinyliodide 93 via Takai olefination (Jiang et al.,
2003). This olefination procedure forms the (E)-vinyl iodide
selectively. This vinyl iodide would have the correct stere-
ochemistry required for the Heck reaction later in the syn-
thetic route.

40

The next major step in the synthesis of palmerolide A is the
preparation of fragment 78 from the retrosynthesis. The syn-
thesis of 78 begins with the oxidation of 94 (Scheme 14) with
Dess-Martin periodinane (Dess et al., 1983). Sharpless asym-
metric dihydroxylation of the alkene would lead to the enan-
tioselective formation of diol 95 (Jacobsen et al., 1988). The
primary alcohol would be selectively protected with TBDPS-
Cl and imidazole (Hanessian et al., 1975). The secondary
hydroxyl group can be converted to SEM ether 96 with SEM-
Cl and DIPEA in dichloromethane (Lipshutz et al., 1980).
The formation of 97 can be accomplished by a Horner-Wad-
sworth-Emmons olefination reaction (Stocksdale et al.,
1998). This would be followed by the deprotection of the
TBDPS group with 5 N NaOH in EtOH and oxidation of the
alcohol with Dess-Martin periodinane, giving compound 98
(Dess et al., 1983). Petassis olefination of the aldehyde func-
tional group would give olefin 99 (Petassis et al., 1990).
Reduction of the ester functional group in compound 99 with
DIBAL would give aldehyde 100 (Sunazuka et al., 2000).
Oxidation of the aldehyde under Jones oxidation conditions
would lead to the formation of carboxylic acid 101 (Bowden
et al., 1946). Compound 101 could be used directly to form
the ester bond later in the synthesis. However, conversion of
the acid to the acid chloride with oxalyl chloride 102 would
lead to a milder esterification.

Scheme 13.
on
OH i OTBDPS ii OTBDPS i iv
I — | —
85 86
oH
87
OTBDPS OTBDPS
88 89
v, Vil
OTIPS OTIPS OTIPS on
Oln.,, 10
vii, viii,
X, Xi ix
-~ 0 B
OTBDPS OTBDPS
92 91 90

93

i) TBDPSCI, imidazole, DMF.

ii) BuLi, (CH,0),, THF.

iii) Red-Al, Et,O.

iv) AD-mix 3, t-BuOH/H,0.

v) Acetone, TsOH.

vi) TIPS—Cl, pyridine.

vii) FeCls/Si0,, CHCl3.

viii) TBS—Cl, imidazole, DMF.
ix) MOM-CI, NaH, THF.

x) 5N NaOH, EtOH.

xi) Dess-Martin periodinane, DMC.
xii) CHIs, CrCl,, THF, 0° C.



US 9,394,270 B2

Scheme 14.
HO NP b O\/\/\/\ i, iv 0. v
A EiL N . oH A > OTBDPS — =
o4
OH OSEM
95 9
EtO
Y\/\/\:/\OTBDPS
0 HSEM
97
vi, Viil
@) EtO EtO.
\/\/\/\z/\ o W i Y\/\/\:/\O
: -— : -— :
OSEM 0 OSEM 0 OSEM
100 99 98

:/é
/

o]
2]
[es]
<

¢}

i) Dess-Martin periodinane, DCM.

ii) AD-mix B, t-BuOH/H,O.

iii) TBDPS—CI, imidazole, DMF.

iv) SEM-CI, DIPEA, DCM.

v) Triethylphosphonoacetate, KHMDS, 18-crown-6, toluene.
vi) 5N NaOH, EtOH.

vii) Dess-Martin periodinane.

viii) Cp,Ti(Me,), THF, reflux.

ix) DIBAL-H, Et,O.

x) NaClO,, NaH,PO,, 2-methyl-2-butene, t-BuOH.
xi) (COCl),, Benzene.

The last fragment of the molecule that needs to be prepared
is the C-17 through C-25 amide side chain. The first step
(Scheme 15) in the synthesis of this fragment is the PDC
oxidation of the commercially available geraneol, to yield
103. (Reiter et al., 2003). The use of Evans diastereoselective
Aldol condensation at this point would allow for the forma-
tion of the 104 (Evans et al., 1981). This Evans methodology
has proven to be one of the most dependable tools available to
a synthetic chemist for the formation of syn-selective Aldol
products. The R group of the oxazolidinone can be varied in
order to obtain the product with the highest diastereomeric
excess. Protection of the alcohol in compound 104 leads to
the formation of 105 (Lipshutz et al., 1980). The oxazolidi-
none auxiliary will then be removed by exposure of 105 to
NaOMe in MeOH to lead to the formation of ester 106 (Evans

50

55

60

65

CIW

OSEM
102

etal., 1981). The reduction of ester 106 with LiATH, followed
by subsequent bromination with PPh; and Br, should lead to
the formation of bromide 107 (Wiley et al., 1964). The use of
the Schlosser variant of the Wittig reaction of 107 with 108
should lead to the exclusive formation of (E)-alkene 109
(Schlosser et al., 1966). Compound 109 could then be sub-
jected to the synthetic sequence in Scheme 16 followed by
deprotection of the acetal. This would allow for the synthesis
of palmerolide E. Deprotection of the acetal followed by
Takai olefination would lead to compound 110 (Takai et al.,
1986; Hagiwara et al., 1987). Copper-catalyzed coupling of
the vinyl iodide with the necessary amide would provide 111
(Shen et al., 2000; Klapars et al., 2001; Jiang et al., 2003).
Variation of the amide employed in this coupling could lead to
the synthesis palmerolides D and F.
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Scheme 15.

104

103

SEM

iMe)

A X

§
\:/\"/
oo

111

105 106 107
(@]
O\')k vi
!
108
OSEM
: Vi,
7 Vi
- -—————
110 109

i) a) BiyBOTE, DIPEA, DCM, 0° C. then add 103, -78 to 0° C. b) MeOH/30% H>O;. ii) imidazole, SEM-C1, DMF. iii) NaOMe, MeOH, 0° C. iv) LiAlHy, Et,O.
v) PPhs, Bry, Triglyme. vi) PPhs, PhLi, LiBr, Et;O, toluene, then add 108. vii) PPTS, acetone, HyO, A. viii) CHI3, CrClp, THF, 0° C.

ix) amide, CuTC, N,N'-dimethyl-ethylenediamine, K,CO3, 50° C.

The final stages of the synthesis of palmerolide A would
begin (Scheme 16) with a Heck coupling of vinyl iodide 93
and alkene 111, which should result in the formation of diene
112 (Harris et al., 1996). Deprotection of the TIPS group
followed by subsequent Petasses olefination would provide
compound 113 (Petassis et al., 1990). We are favoring the use
of Petassis olefination due to the methods ability to tolerate
the presence of the functional groups present in compound
112. Deprotection of the SEM group in compound 113 fol-
lowed by subsequent esterification with compound 101
should lead to the formation of 114 (Schlessinger et al.,
1986). Ring-closing metathesis of 114 using the second-gen-
eration Grubbs catalyst could lead to the formation of mac-
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rocycle 115 (Grubbs et al., 1995). It has been observed that
the metathesis reaction has been used successfully to close a
macrocycle in the synthesis of natural products with struc-
tural similarities to palmerolide A. For example, the RCM
approach in the epothilone family of natural products tends to
favor the formation of the (E)-double-bond (Meng et al.,
1997). Formation of carbamate 116 may be accomplished by
treatment of 115 with isocyanic acid and CuCl (Duggan et al.,
1989). The final step in the synthesis of palmerolide A is the
global deprotection of the remaining protecting groups with
MgBr, and BuSH in Et,O (Kim et al., 1991). This is a mild
deprotection procedure that should not open the lactone or
cleave the carbamate functional groups present.

Scheme 16.

SEM

9
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48

-continued

1) Pd(PPh3)4, Et3N, DMF.

ii) 40% KOH, MeOH, reflux.

iii) CpyTi(Mey), Toluene.

iv) TFA, DCM, 0° C.

v) NaH, DMF, 101.

vi) Grubb’s second generation catalyst, Toluene, A.
vii) AcOH, H,0O, THF.

viii) HNCO, CuCl, DMF.

ix) MgBr,, Et;O, BuSH, 1t.

It should be understood that the examples and embodi-
ments described herein are for illustrative purposes only and
that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and the scope
of the appended claims. In addition, any elements or limita-
tions of any invention or embodiment thereof disclosed
herein can be combined with any and/or all other elements or
limitations (individually or in any combination) or any other
invention or embodiment thereof disclosed herein, and all
such combinations are contemplated with the scope of the
invention without limitation thereto.
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We claim:
1. A method for inhibiting a V-ATPase enzyme, said
method comprising contacting or exposing said V-AlPase

54

enzyme to an amount of a Palmerolide compound or a com-
position comprising a Palmerolide compound of
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and isomers, racemates or racemic mixtures thereof, and
pharmaceutically acceptable salts or crystalline forms
thereof;, and

wherein said Palmerolide compound is effective to inhibit
activity or block function of said V-ATPase.

23 2. The method according to claim 1, wherein said com-
pound has the structure:
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3. The method of claim 1, wherein said Palmerolide com-
pound is Palmerolide A

4. The method of claim 1, wherein said Palmerolide com-
pound is Palmerolide C

Qin
Z,
b

5. The method of claim 1, wherein said Palmerolide com-
pound is Palmerolide D

H;C
ILC 0

CH;

6. The method of claim 1, wherein said Palmerolide com-
pound is Palmerolide E

7. The method of claim 1, wherein said Palmerolide com-
pound is Palmerolide F

58
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8. The method of claim 1, wherein said Palmerolide com-
pound is Palmerolide G

15

20

25 fo)
H;C /

30 CH;3

9. A method for treating a condition associated with abnor-
mal expression or overexpression of aV-ATPase enzyme, said
method comprising administering to a person or animal in
need of treatment of an effective amount of a Palmerolide
compound or a composition comprising a Palmerolide com-
pound of
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10. The method according to claim 9, wherein said com-
pound has the structure:
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15. The method of claim 9, wherein said Palmerolide com-
pound is Palmerolide D
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LENGY
25
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CH;
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16. The method of claim 9, wherein said Palmerolide com-
pound is Palmerolide E

35

11. The method according to claim 9, wherein said condi-
tion is type 1 diabetes, osteoporosis, pancreatitis, or a cell
proliferation disorder selected from the group consisting of 40
leukemia, non-small cell lung cancer, colon cancer, a central
nervous system (CNS) cancer, melanoma, ovarian cancer,

renal cancer, prostate cancer and breast cancer.
45

12. The method according to claim 9, wherein said condi-
tion is melanoma.

13. The method of claim 9, wherein said Palmerolide com-

pound is Palmerolide A 50 17.The method of claim 9, wherein said Palmerolide com-
pound is Palmerolide F

55
H3CWN # r
CH, O
60
65
14. The method of claim 9, wherein said Palmerolide com- 18. The method of claim 9, wherein said Palmerolide com-

pound is Palmerolide C pound is Palmerolide G
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19. A method for treating a person or animal having a
cancerous or oncological disorder, wherein said cancerous or
oncological disorder is leukemia, non-small cell lung cancer,
colon cancer, a central nervous system (CNS) cancer, mela-
noma, ovarian cancer, renal cancer, prostate cancer, or breast
cancer, said method comprising administering to said person
or animal a therapeutically effective amount of a Palmerolide
compound or a composition comprising a Palmerolide com-
pound of
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21. The method according to claim 19, wherein said disor-
der is a cancer or tumor of the brain.

25 22.The method according to claim 19, wherein said disor-
der is melanoma.

23. The method of claim 19, wherein said Palmerolide

compound is Palmerolide A
30

35

and isomers, racemates or racemic mixtures thereof, and
pharmaceutically acceptable salts or crystalline forms
thereof.

20. The method according to claim 19, wherein said com- 40
pound has the structure:

24. The method of claim 19, wherein said Palmerolide
compound is Palmerolide C

50
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25. The method of claim 19, wherein said Palmerolide
compound is Palmerolide D
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26. The method of claim 19, wherein said Palmerolide
compound is Palmerolide E 15 28. The method of claim 19, wherein said Palmerolide
compound is Palmerolide G

20
25 o)
HiC 2
CH
30 3

27. The method of claim 19, wherein said Palmerolide
compound is Palmerolide F I T S



	Cytotoxin compounds and methods of isolation
	Recommended Citation

	US000009394270B220160719

