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TOLYTOXIN AND NEW SCYTOPHYCINS FROM 
THREE SPECIES OF SCYTONEMA 

SHMUEL CARMELI, RICHARD E. MOORE,* and GRE&RY M.L. PATTERSON 

Department of Chemistry, Uniwsity of Hawaii, Honohdrr, Hawaii 96822 

hsTRAn.-Tolytoxin 111, the major cytotoxin associated with Srytamra mirabife strain 
BY-8- 1, Sqtonrma brrrmanirum strain DO-4- 1 and Sqytonema ocellatrrm strains DD-8- 1, FF-65- 1, 
and FF-66-3, has been shown to be 6-hydroxy-7-0-methylscytophycin B. Minor amounts of 
three other new cytotoxic scytophycins, 6-hydroxyscytophycin B [2],  19-Odemethylscytophy- 
cin C 131, and 6-hydroxy-7-0-methylsc7ytophycin E [4], have also been isolated from these 
cyanophytes. The gross structures and stereochemistry are based on nmr and cd analysis and on 
comparison with scytophycins A-E. 

Tolytoxin, a potent cytotoxin and fungicide, was first isolated from a terrestrial 
blue-green alga Tolypothrix conglutinata var. colorata Ghose found at Fanning Island in 
1977 (1). Inadequate material from the 1977 field collection and our failure to culture 
tolytoxin-producing T .  conglutinata precluded its structure elucidation at that time. 
The closely-related scytophycins A-E, which were subsequently isolated from a cul- 
tured terrestrial blue-green alga Scytonema pseuhhfmanni Bharadwaja (strain BC- 1-2; 
ATCC 53 141) as a result of our screening program to discover new anticancer drugs 
from this phylum of prokaryotic microorganisms (2,3), were the first compounds in 
this class of acetogenic macrolides to be fully characterized (4 ,5) .  Scytophycins A and B 
were strongly cytotoxic (IC,,'s against KB, a human nasopharyngeal carcinoma cell 
line, 1 ng/ml), but exhibited only moderate activity against intraperitoneally im- 
planted P-388 lymphocytic leukemia and Lewis lung carcinoma and no activity against 
intraperitoneally implanted B l 6  melanoma in mice (4,6). These compounds were also 
strongly antifungal and proved to be effective against some phytopathogenic fungi (6). 
Scytophycins C-E were less cytotoxic (KB IC,,'s 10-100 ng/ml) and less fungicidal. In 
this paper we discuss the total structure determination of tolytoxin E11 and three new 
scytophycins 2-4 from three other cultured cytotoxic and fungicidal species of 
Scytonemataceae: Scytonema mirabile (Dillwyn) Bornet (strain BY-8- l), Scytonema bur- 
manicurn Skuja (strain DO-4-1), and Scytonema ocellatum Lyngbye ex Bornet & Flahault 
(strains DD-8-1, FF-65-1, and FF-66-3). 

RESULTS AND DISCUSSION 

A cultured sample of each strain of alga was freeze-dried and extracted with 70% 
aqueous EtOH, and the extract was then subjected to reversed-phase chromatography 
to obtain compounds 1-4. The molecular weights and elemental compositions of the 
four compounds were determined by fabms. Their uv spectra were, like those of 
scytophycins A-E, typical ofdienoate esters (A max 261 nm, E 22,000-28,000). In ad- 
dition, their cd curves (positive peak at 268 nm and negative peaks at 297 and 226 nm) 
were also very similar to those of scytophycins A-E, strongly suggesting that the abso- 
lute stereochemistry of compounds 1-4 was the same as that for scytophycins A-E. 
Two-dimensional nmr experiments, particularly inverse-detected heteronuclear corre- 
lation spectroscopy (HMQC and HMBC), homonuclear COSY, and hypercomplex 
phase sensitive NOESY experiments, were very useful for determining the gross struc- 
tures, including the relative stereochemistry of each compound. The 'H- and "C-nmr 
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1 R,=OH, R2=Me 

5 R,=H,R,=H 
2 R,=OH,RZ=H 

3 R = R = R = R -  
1 2 3 4-H 

4 R,=R,=OH, R2=R4=Me 
6 R,=R,=H, R3=OH, R,=Me 

spectra of 1 4  were complex, since the signals for the protons and carbons in or around 
the ene-N-methylformamide unit were found to be doubled in a 2: 1 ratio (A = major 
conformer and B = minor conformer), as they were for scytophycins A-E (4,5), due to 
restricted rotation around the N-formyl bond. 

TOLYTOXIN E l l . - O n  the basis of data available at the time the structures of 
scytophycins A-E were determined, tolytoxin initially appeared to be 6-methoxy- 
scytophycin B ( 5 ) .  An HMBC experiment, however, subsequently showed that toly- 
toxin was 6-hydroxy-7-0-methylscytophycin B. Three-bond correlations of H-7 (3.48 
ppm) with the carbon of the methoxyl on C-7 (60.33 ppm) and the methoxy protons 
(3.56 ppm) with C-7 (82.67 ppm) were consistent only with 1 for the gross structure of 
tolytoxin. Comparison of the coupling constants and nOe’s between various protons in 
the C-4 to C- 10 segments of tolytoxin and scytophycin B E51 indicated that the relative 
stereochemistry in this region was the same for both compounds. The proton on C-6 in 
tolytoxin (2.48 ppm) showed similar coupling (9.4 Hz) to H-5 and H-7 and also an 
nOe to the methyl group on C-4 (1.90 ppm), as did H-6 in scytophycin B, which 
showed 9.3 and 10.2 Hz coupling to H-5 and H-7, respectively, and an nOe to the Me 
on C-4. Furthermore, H-5 showed an nOe to H-7 in both compounds. These results 
clearly pointed to similar conformations for the C-4 to C-7 segments in 1 and 5 and 
thus to an anti relationship of H-6 to both H-5 and H-7 in tolytoxin. The two com- 
pounds exhibited similar coupling constants and nOe connectivities between other pro- 
tons in the C-4 to C- 10 segment (Table 1). The dihydropyran ring (C-9 to C- 13) in both 
compounds appeared to be identical by nmr analysis. Moreover, comparable scalar and 
nonscalar couplings between various protons in the C-13 to C-20 segments strongly 
suggested that their stereochemistries and conformations were the same. The confor- 
mation implied by the nmr data for the C- 13 to C-20 segment was the one where H- 13 
and H-14, H-14’and H-15, H-15 and theCH,oftheepoxide, theOonC-16andH- 
17, H-17andH-18’, H-18andH-19, H-19and theMeon20,andH-20andH-21dl 
have transoid relationships (dihedral angles of about 1809; this is essentially identical 
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with the conformation suggested for the C- 13 to C-20 segment in scytophycin C by X- 
ray analysis (5). 

6-HYDROXYSCYTOPHYCIN B [2].-This compound was slightly more polar than 
tolytoxin. When the 'H- and I3C-nmr data for 2 and tolytoxin were compared (Table 
1, Experimental), the lack of the 7-OMe signals was the only appreciable difference in 
the spectra of 2. Comparison of the coupling constants between the various protons in 
the C-4 to C-9 segments in 1 and 2 suggested that H-6 and H-7 have the same anti re- 
lationship in the two compounds. The 'H and I3C chemical shifts and the 'H-'H nOe's 
for the rest of the molecule essentially matched those of scytophycin B and tolytoxin, 
suggesting that 2 had the same overall stereochemistry and conformation. 

19-O-DEMETHMXYToPHYCIN C [3].-"he chemical shifts and J values for the 
C- 1 to C- 13 and the C-2 1 to NCHO segments of 3 were similar to those for scytophycin 
B. The C- 13 to C-2 1 spin system showed chemical shifts and coupling constants which 
were consistent with a scytophycin-C-type structure. The H- 14 signal showed a large 
coupling (10.0 Hz) with H-13 and a small coupling (1.5 Hz) with H-15; however, H- 
14' showed a small coupling (2.0 Hz) with H- 13 and a larger one (8.2 Hz) with H-15. 
In turn H-15 showed small coupling (1.7 Hz) to H-16. The H-16 signal was coupled 
alsowith themethylsignalat0.83ppm(6.7 Hz)andH-17(8.0Hz). BothC-15 andC- 
17 showed three-bond correlations (HMBC) with methoxyl protons (3.28 and 3.34 
ppm, respectively), suggesting that the C- 1 to C-17 segment of 3 was the same as that 
for scytophycin C. Further inspection indicated that H- 18 showed large coupling to H- 
17 (10.2 Hz) and small coupling with H-19 and that H-18' showed small coupling 
with H-17 (2.7 Hz) and medium-sized coupling with H-19 (6.0 Hz). Because H-19 
was coupled (2.0 Hz) to an exchangeable proton at 3.35 pprn and also coupled to H-20 
(< 1 Hz), a hydroxyl had to be on C- 19 instead of a methoxyl. H-20 was coupled to a 
methyl signal at 0.92 pprn (7.3 Hz) and to H-2 1 ( 10.4 Hz). Compound 3 was therefore 
19-0-demethylscytophycin C. 

6 - H Y D R O X Y - 7 - O - M E T H Y O P H Y C I N  E [4].-The nmr data ( l3C chemical 
shifts, 'H chemical shifts and coupling constants, and 'H-'H nOe's) for the C-1 to C- 
13 segment of 6-hydroxy-7-0-methylscytophycin E and tolytoxin were found to be vir- 
tually identical, and this allowed us to assign the same gross structure and 
stereochemistry for the C-1 to C-13 unit in the two compounds. The same argument 
could be applied to the side chain (C-2 1 to N-CHO). The C- 14 to C-20 segment, on the 
other hand, was found to be different in both structure and conformation from that of 
tolytoxin. The substituent on C-16 was found to be a hydroxymethyl group, the same 
one that is on C-16 in scytophycin E [6]. Compound 6 was isolated as a minor con- 
stituent along with 4. The same arguments used below to assign the relative 
stereochemistry in the C- 14 to C-20 segment of4 could be applied to the same unit in 6 ,  
as both compounds showed the same 'H and 13C chemical shifts and 'H-'H coupling 
constants. A 10.3 Hz coupling constant and nOe between H-13 and H-14 suggested 
that a small dihedral angle (at or near 09 exists between these protons. Because H- 15 
showed a large coupling (8.9 Hz) with H-14' and small couplings (< 1 Hz) with H-14 
and H- 16, along with nOe's to H- 13, H- 16 and the methoxyl groups on C- 15 and C- 
17, the resulting pattern of scalar and nonscalar couplings suggested that a large dihe- 
dral angle (around 180") was present between H-14' and H-15, and that dihedral an- 
gles of about 60-80" existed between H-14 and H-15 and between H-15 and H-16. 
The proposed stereochemistry was further supported by an nOe between H-14' and 
CH' on 16, suggesting that both atoms point to the p-face of the molecule. The large 
coupling (9.8 Hz) between H- 16 and H- 17 and the nOe between H- 16 and the OMe on 
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C- 17 indicated an anti relationship between H- 16 and H- 17. The medium-sized cou- 
pling constants (4.4-4.9 Hz) between H-17 and the protons on C-18 and between the 
latter protons and H- 19 suggested a conformation in which H- 17 and H- 19 were each 
gauche to both H-18 and -18'. Finally H-20 showed small ( < l . O  Hz) and large (9.9 
Hz) couplings with H-19 and H-21, respectively, as well as significant nOe's with the 
methoxyls on C- 17 and C- 19. Moreover, the methyl protons on C-20 showed appreci- 
able nOe's with H-2 1 and the OMe on C- 19. These data suggested the presence of a 
skew conformation around the C- 19 to C-20 bond, where a dihedral angle of about 90" 
existed between H- 19 and H-20 and dihedral angles of about 30" existed between C- 18 
and H-20, between the methoxyl group on C-19 and the methyl group on C-20, and 
between H-19 and C-21. Furthermore the C-20 to C-21 bond appeared to have a 
staggered conformation where H-20 was anti to H-2 1, C- 19 was anti to C-22, and the 
methyl group on C-20 was gauche to H-21. This analysis indicated that the relative 
stereochemistry of the C- 14 to C-2 1 segment was the same as that for scytophycin C but 
that the conformation of C- 17 to C- 19 was different. 

EXPERIMENTAL 
SPECTRAL maYsIs.-Nmr spectra were determined on a GN-OMEGA instrument operating at 

500 MHz for 'H and 125 MHz for I3C. 'H chemical shifts are referenced in Me2CO-d6 to the residual 
Me,CO-d, signal (2.04 ppm), and "C chemical shifts are referenced in Me2CO-d6 to the solvent signal 
(206.0 ppm). Homonuclear 'H connectivities were determined by using the COSY experiment. 
Homonuclear 'H noe's were obtained by hypercomplex phase sensitive NOESY experiments using a 3 sec 
recycling delay and 500 msec mixing period. Heteronuclear 1H-13C connectivities were determined by 
HhQC and HMBC experiments (7,8). Ir spectra were measured in CH2C12. Uv and cd spectra were re- 
corded in MeOH at 25'. Mass spectra were determined in either theei or fab mode with a VG Analytical 70 
SE instrument; high resolution mass measurements were obtained in the ei mode. 

CULWRE CONDITIONS.-~ aerial form of S. mirabile was isolated from an algal sample collected 
from a shingled roof of an abandoned home on the slopes of Mt. Tantalus, Oahu, Hawaii, and designated 
strain number BY-8- 1. An epidaphic form of S. buwnanicum was isolated from an algal sample collected at 
Moon Beach, Okinawa (strain DO-4- 1). Epidaphic forms of S.  ocellatum were isolated from algal samples 
collected at the University of Guam Marine Laboratory (strain DD-8-1), Columbia, Missouri (strain FF- 
65-I), and South Pasture Pond, Shawnee, Illinois (strain FF-66-3). Clonal cultures were prepared by re- 
peated subcul~e on solidified media. Each alga was cultured in 20 liter glass bottles containing a modified 
inorganic medium, designated A3M, as previously described for HapalosiphonfontinafiJ (9). Prior to auto- 
claving, the pH of the medium was adjusted to 7.0 with NaOH. Cultures were illuminated continuously 
at an incident intensity of 300 peinstein*rn-'.s-' from banks of cool-white fluorescent tubes, aerated at a 
rate of 1 liter per min with a mixture of 0.5% CO, in air, and maintained at an incubation temperature of 
24 2 1'. Each alga was harvested by filtration, after 30-45 days for BY-8-1, 37-39 days for DD-8-1, 28- 
32 days for DO-4- 1, 28-35 days for FF-65- 1, and 30 days for FF-66-3. Yields of lyophilized cells averaged 
0.125 g/liter ofculture for BY-8-1, 0.059glliter for DD-8-1, 0.220 g/liter for DO-4-1, 0.167 glliter for 
FF-65-1, and 0.374 glliter for FF-66-3. 

ISoL&TIoN.-Freezedried algae (BY-8- 1,  82 g for batch 1 and 40 g for batch 2; Do-4- 1,49 g; FF- 
66-3, 50 g; FF-65-1, 1 g) were extracted with 3 X 3-liter portions of EtOH-H20 (7:3) (24 h for each ex- 
traction). The total extract (BY-8-1, 38.4 g for batch 1 and 14.0 g for batch 2; DO-4-1, 6.2 g; FF-66-3, 
9.4 g; FF-65-1, 0.164 g) was flash chromatographed on an RP-18 column (30 ml, YMC-GEL, ODS 
120A); batch 1 of BY-8-1, however, was chromatographed in five portions. The chromatogram of each 
algal extract was developed with 100 ml of each of the following solvents: H20 ,  H,O-MeOH (1: 1, 1:3, 
and 1:9), MeOH, MeCN, and EtOAc. Seven fractions (100 ml) were collected. 

BY-8-1 .-Fraction 3 from flash chromatography of the batch 1 extract on the RP-18 column was 
subjected to gel filtration on Sephadex LH-20 (150 ml dry gel) using CH2C12-MeOH (1:l). Tolytoxin 
emerged from the column in the 200-275 ml fraction and was further purified on a preparative C- 18 hplc 
column (YhfC AM-343-5 ODs, 12011, 20 X 300 mm) using MeOH-H20 (3: 1) as the eluent (6 mumin). 
The separation was monitored by uv at 254 run. Tolytoxin 111 (42.3 mg, 0.05% ofdry cells) had an Rt of 
54 min. 

Batch 2 was fractionated in a different way. Fractions 3 and 4 from rhe RP- 18 column [H,O-MeOH 
(1:3 and 1:9) 713 mgl were separated on a preparative C-18 hplc column (Alltech Econosphere RP-18, 
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1 0 ~ ,  22 X 250 mm) using H,O-MeOH (15)  as the eluent (5  d m i n ) .  The separation was monitored by 
uvat 254 nm. Fourteenfractions werecollected. ’H-nmranalysisoffourofthefractionsindicated thepres- 
enceofscytophycin-likecompounds: Rt 37.5 min(20.4mg), Rt41.5 min(30.5 mg), Rt48.0min(94.2 
mg), and Rt 61.0 min(l3.1 mg). FurtherpurificationbfthesefractionsonapreparativeC-18 hplccolumn 
(YMC Mi-343-5 ODs, 120A, 20 X 300 mm) using MeCN-MeOH-H,O (2: 1: 1) as the eluent (6 mYmin) 
afforded 6-hydroxyscytophycin B 121 (0.5 mg, 27.5 min), 6-hydroxy-7-0-methylscytophycin E [3] (3.6 
mg, 32.0 min), tolytoxin [I] (30.5 mg, 38.0 min), and scytophycin B 151 (0.6 mg, 41.5 min), respec- 
tively. 

00-4-1 .-Fraction 3 from the RP-18 column [H20-MeOH (1:3) 15 1.1 mg] was further fraction- 
ated by preparative reversed-phase hplc with H,O-MeOH (1:3) as described above. Sewn fractions were 
collected: Rt 30.5 min(2.7 mg), 34.5 (2.4), 37.5 (6.7),41.5 (16.6),48.0(73. l), 61.5 (10.0), and92.5 
(3.5). These fractions were further purified by reversed-phase hplc with MeCN-MeOH-H,O (2: 1: 1) as de- 
scribed above to give 6-hydroxyscytophycin B I21 (2.9 mg) from fraction 3, 6-hydroxy-7-0- 
methylscytophycin E 131 (13.0 mg) from fraction 4, scytophycin E 161 4.3 mg, Rt 35.0 min), and toly- 
toxin [I] (50.0 mg) from fraction five, and 19-0demethylxytophycin B 141 (0.7 mg, Rt 39.8 min) and 
scytophycin B 151 (1.0 mg) from fraction 6. 

FF-66-3.-Fraction 3 from the RP-18 column [H,O-MeOH (1:3) 421.4 mg] was separated by pre- 
parative reversed-phase hplc as described above to give 6-hydroxy-7-0-methylscytophycin E 131 (18.0 
mg), tolytoxin [l] (161 mg), and 19-0demethylscytophycin B 141 (4.2 mg). 

FF-65-1 .-Fractions 3 and 4 from the RP-18 column [H20-MeOH (1:3 and 1:9) 30.5 mg] were 
separated by preparative reversed-phase hplc as described above to give tolytoxin 111 (3.8 mg). The hplc 
profile was identical with that of FF-66-3. 

Freezedried DD8- 1 (790 mg) was extracted with EtOH-H,O (7:3) to give 135 mg of extract. A sus- 
pension of 92.3 mg of the extract in H 2 0  was introduced onto a reversed-phase BondElut C-18 column, 
and the column was washed with 5-ml portions of H20 ,  H,O-MeOH (1: l), MeOH, and MeOH-CH2C12 
(1: 1). Analysis indicated that all of the cytotoxic activity was in the MeOH fraction (5.0 mg). Nmr and 
hplc analysis indicated that tolytoxin was the major component in the MeOH fraction. 

T O L ~ O X I N  Ill.-Amorphous solid: cd (EtOH) 181m7 -400, 181268 + 1700, 101226 -3000; uv 
(EtOH) 261 nm(~27,000);ir(CH,C1,)3450,3130, 1692, 1660, 1240, 1115cm-’;fabms(glycerol)m/z 
[M+K]+888.6,(M+Na]+872.6, [MH-H20]+832.6;eimsm/z(rel. int.)[M-MeOH]+817(0.1), 
[M-MeOH-H20]+ 799 (0.3), 93 (100); hreims m/z 817.4878 (C45H,,N0,z, 9.8 mmu error), 
799.4792 (C45H69NOllr 7.9 m u  error). 

+ 1500, [8],,6 -2920; uv(EtOH)261 n m ( ~  23,800); ir(CH2C12)3400, 3170, 1690, 1660, 1240, 1115 
~-HYDROXYSMOPHYCIN B [2].-White amorphous solid: cd (EtOH) -550, 

Em-’; fabms (thioglyceroUTFA) m/z [M + K]+ 858.5, [M + Li]+ 842.4, [MH - H20)+ 818.4; ‘H n m r  
6 (multiplicity,] in Hz, assignment; a s ) :  5.87 (d, 15.9, H-2; 4-Me), 7.64 (d, 15.9, H-3; H-5 and 17- 
OMc), 1.93 (br d, 1.0,4-Mc; on H-3, 6), 5.93 (br d, 10.0, H-5; H-3, H-7, and 17-0Me),4.17 (dd, 10.0 
and 8.9, H-6; 4-Me and H a ) ,  3.77 (ddd, 8.9, 10.9, and 1.0, H-7; H-5, H-8, and H-9), 1.26 (ddd, 
-13.9, 10.9,and1.5,H-8;H-8’), 1.61(ddd,-13.9,9.9,andl.O,H-8’;H-7,H-8,andH-13),4.57 
(dm, 9.9, H-9; H-7, H-8, H-IO, and 17-OMc), 5.64 (dddd, 10.5, 2.7, 2.3, and 1.5, H-10; H-8, H-9, 
andH-Il), 5.79(ddt, 10.5, 5.3.and2.2, H-1l;H-IO, H-12,andH-12’), 1.90(m,H-12andH-l2’;H- 
11 and H-13), 3.36(m, H-13; H-8’, H-12, H-12’, H-14, H-14‘, H-IS, and H-17), 1.53 (dd, 5 . 5  and 
5.0, H-14 and H-14’; H-13, H-IS, and H-16’), 3.89 (t, 5.0, €4-15; H-14, H-14’, and H-19), 3.35 (s, 
15-OMe), 2.68(d, 5.0, HofCHH’onC-16;H-18), 2.70(d, 5.0,HtofCHH’onC-16;H-14), 3.76(dd, 
10.3and4.0, H-17; H-13, H-18, H-19,andH-20), 3.27(s, 17-OMe; H-S, H-9,andH-18’), 1.46(ddd, 
-13.9,9.9, and4.0, H-18; H-16, H-17, and H-18’), 1.94(m, H-18’; H-18and 17-0Mc), 3.30(ddd, 
9.9, 4.0, and 1.0, H-19; H-IS, H-17, and H-21), 3.17 (5, 19-OMe), 2.08(ddq, 10.0,7.0, and 1.0, H- 
20; H-17, 20-0Me, and 17-OMc), 0.85 (d, 7.0, 20-Me; H-20), 5.21 (dd, 1O.Oand 1.0, H-21; H-19, H- 
22, 19-OMe, 20-Me, 23-0H, and Hfl), 1.95 (ddq, 9.9,6.9, and 1.0, H-22; H-21), 0.87 (d, 6.9,22-Me; 
H-24), 3.03 (ddd, 9.9, 4.4, and 2.0, H-23; H-22, 22-Mc, and 24-Me), 4.00 (d, 4.4, 23-OH; H-21), 
1.69 (m, H-24; H-26’, 22-Me, and24-Me), 0.97 (d, 6.4.24-Me; H-24and H-26), 1.38(m, H-25; H-24, 
H-25, and H-26), 1.74 (m, H-25’; H-24, H-25, and H-26). 2.55 and 2.57 (m, H-26 and H-26’; H-25, 
H-25’, H-28, 24-Mc, and 28-Me). 2.75 (dq, 9.5 and 6.5, H-28; H-26, H-26’, and 28-Mc), 0.90 (d, 6.5, 
28-Me; H-26, H-28, and H-jlA), 3.27 (dd, 9.5 and 2.5, H-29; H-30A and 30-Me), 3.29 (s, 29-OMe), 
2.46 (ddq, 8.9, 2.5, and 7.0, H-30A; H-29,28-Me, and 30-Mr), 2.52 (m, H-30B). 1.13 (d, 7.0,30-Me; 
H-29and H-jOA), 5.10(dd, 13.9and8.9, H-31A;N-MeA), 5.16(dd, 14.4and8.9, H-31B;N-MeB), 
6.77 (d, 13.9, H-32A; NCHO A), 7.09 (d, 14.4, H-32B), 2.97 (br s, N-Me A; H-31 A), 3.09 (br s, N- 
Me B; HJ l  B and NCHO E), 8.34 (s, N-CHO A; H-32 A), 8.10 (s, N-CHO B; Me on N B);  I3C nmr 6, 
(multiplicity, position) 169.27 (s, C-11, 117.84 (d, C-2), 151.65 (d, C-3), 136.91 (s, C4), 12.64 (q, 4- 
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Me), 141.36(d, C-5), 72.21 (d, C-6), 72.67 (d, C-71, 37.45 (t, C-8),70.64(d, C-91, 131.36(d, C-W,  
125.27 (d, C-II), 31.98 (t, C-12), 66.98 (d, C-13), 36.45 (t, C-141, 78.32 (d, C-151, 57.55 (q, 15- 
OMe), 61.35 (s, C-16),46.96 (t, CH, on C-16). 76.27 (d, C-17), 53.80 (q, 17-OMeh 28.21 (t, C-W,  
77.56 (d, C-19), 57.74 (q, 19-OMe), 38.23 (d, C-20), 9.30 (q, 20-Me), 76.95 (d, C-2 11, 38.04 (4 C- 
22), 9.30 (q, 22-Me), 76.61 (d, C-23), 33.93 (d, C-24), 18.29 (q, 24-Me), 22.83 (t, C-25), 42.15 (t, C- 
26), 213.97 (s, C-27), 49.53 (d, C-281, 13.68 (q, 28-Me), 88.38 (d, C-29), 61.19 (q, 29-OMe), 38.42 
(d, C-30A), 38.07 (d, C-30B), 19.65 (q, 30-Me), 111.21 (d, C-jlA), 113.25 (d, C-31B), 130.25 (d, C- 
3 2 ~ ) ,  125.56(d, C-32B), 27.24(q,N-MeA), 33.04(q,N-MeB), 162.90(d,N-CHOA), 161.65(d, N- 
CHO B). 

~~-O-DE~"YL~CYTOPHYCIN C [f.-White amorphous solid: cd (EtOH) [81,, -380, I812- 
+ 1500, [8]226 -2600;uv(EtOH)261 n m ( ~  21,900); ir(CH2C12)3400, 3170, 1690, 1660, 1240, 1115 
cm-'; fabms (thioglyceroYTFA) nrlz W+K]+ 830.5, [M+Na]+ 814.5, W+Li l+  798.6, 
[MH- H,O]+ 774.5; 'H nmr 6 (multiplicity,] in Hz, assignment) 5.73 (d, 15.8, H-2), 7.47 (d, 15.8, 
H-3), 1.82 (br s, 4-Me), 6.07 (dd, 10.2 and 5.0, H-5), 2.48 (ddd, - 16.2, 10.2, and 10.0, H-6), 2.52 

1.8,H-8), 1.74(ddd,-14.7,9.8,and1.2,H-8'),4.50(dm,9.8,H-9),5.65(ddt, 10.5,2.9,and1.7, 
H-IO), 5.74(ddt, 10.5, 2.1,and4.0,H-ll) ,  1.85(m,H-12andH-12'),3.29(m,H-13), 1.55(ddd, 

3.28 (s, 15-OMe), 1.85 (ddq, 8.0, 1.7, and 6.7, H-16), 0.83 (d, 6.7, 16-Me), 3.36 (ddd, 10.2,8.0, and 
2.7,H-17), 3.34(s, 17-0me), 1.75(ddd, -14.2, 10.2,and 1.5,H-18), 1.85(ddd, -14.2, 6.0,and 
2.7,H-18'),4.19(brddd,6.0,2.0,and1.5,H-19),3.35(brd,2.0,19-OH),1.90(ddq, 10.4,1.0,-d 
7.3, H-20), 0.92 (d, 7.3,20-Me), 5.12 (br d, 10.4, H-2 l), 1.95 (ddq, 9.9, 1.0, and 6.9, H-22hO.84 (d, 
6.9, 22-Me), 3.03 (ddd, 9.9,4.4, and 2.0, H-23), 4.35 (d, 4.4,23-OH), 1.69 (m, H-24), 0.97 (d, 6.4, 
24-Me), 1.38 (m, H-25), 1.76 (m, H-25'), 2.50 (m, H-26), 2.55 (m, H-26'), 2.75 (dq, 9.5 and 6.5, H- 
28), 0.92 (d, 6.5, 28-Me), 3.27 (dd, 9.5 and 2.5, H-29), 3.30 (5, 29-OMeh 2.46 (ddq, 8.9, 2.5, and 
7.0, H-30A), 2.25 (m, H-30B), 1.13 (d, 7.0,30-Me), 5.11 (dd, 13.9 and 8.9, H-31A), 5.18 (dd, 14.4 
and 8.9, H-3 IB), 6.78 (d, 13.9, H-32A), 7.09 (d, 14.4, H-32B), 2.98 (br s, N-Me A), 3.10 (br s, N-Me 
B), 8.35 (5, N-CHOA), 8.09(s, N-CHOB); 13C nmr &(multiplicity, position) 169.89 (s, C-1); 116.54 
(d, C-2), 150.83 (d, C-3), 135.01(s, C-4), 12.31 (q, 4-Me), 139.37 (d, C-5h 39.46(t, C-6),68.17(d, C- 

39.25 (t. C-14). 77.92 (d, C-15), 56.58 (q, 15-OMe), 40.28 (d, C-161, 9.27 (q, 16-Me), 82.50 (d, C- 
17), 56.08 (q, 17-OMe), 35.78 (t, C-18), 65.88 (d, C-19h43.14 (d, C-20), 9.41 (q, 20-Meh 76.97 (d, 
C-21), 38.07(d, C-22), 9.32(q, 22-Me), 76.49(d, C-23), 33.97(d, C-24), 18.39(q, 24-Me), 22.78(t, 
C-25), 42.18 (t, C-26), 214.07 (s, C-27), 49.54 (d, C-28). 13.67 (q, 28-Me), 88.34 (d, C-29), 61.17 (9, 
29-OMe), 38.42 (d, C-3OA). 38.23 (d, C-30B), 19.67 (q, 30-Me), 111.14 (d, C-31A), 113.21 (d, C- 
3 1 ~ ) ,  130.24 (d, C-32A), 125.52 (d, C-32B), 27.22 (q, N-Me A), 33.04 (q, N-Me B), 162.88 (d, N- 

~ - H Y D R O X Y - ~ - O - ~ ~ E T H O P H Y C I N  E {41.-White amorphous solid: cd (EtOH) (8129, 
-3200; uv (EtOH) 261 nm (e 27,900); ir (CH,Cl,) 3400, 3180, 1690, 

1665, 1240, 1125cm- ;fabms(glycerol)m/z{M+K]+890.6, {M+Na}+874.6, [MH-H20]+834.5 
[MH-2H20]+816.6; 'Hnmr6(multiplic~ty,/inHz, assignment;nOe's)5.83(d, 15.8, H-2;4-Meand 
17-OMe). 7.57(d, 15.8, H-3; H-5, H-19, and17-OMe), 1.86(brd, 1.0,4-Me;H-2, H-6,and 17-OMe), 
6.02 (br d, 8.9, H-5; H-3, H-6, and H-7), 4.39 (t, 8.9, H-6; H-S,4-Me, and 7-OMe), 4.16 (ba, OH on 
C-6), 3.42 (ddd, 11.0, 8.9, and 2.0, H-7; H-5, H-S', and H-9). 3.57 (s, 7-OMe; H-6 and 4-Me), 1.30 

H-13). 4.40 (dm, 9.5, H-9; H-7 and H-8), 5.66 (ddt, 10.3, 2.8, and 1.7, H- 10; H-9 and H-I I), 5.76 
(dddd, 10.3, 5.4, 2.9,and2.5,H-ll ;H-I0),  1.87(m,H-12;CH'on16andH-13), 1.91(m,H-12'), 
3.26(brddd, 10.3,8.9, and3.4, H-13;H-B1andH-12), 1.75(brdd, -13.8and 10.3, H-14; 15-OM& 
1.88(m,H-14'), 3.87(brd, 8.9, H-15;H-13, H-16, 15-OMe,and17-OMr), 3.36(s, 15-OMe;H-ldand 
H-IS), 1.5 1 (br dd, 9.8 and 2.4, H-16; H-IS, 17-OMe. and 19-OMe), 3.70 (br d, 11.7, CH onC-16; H- 
12, H-16, and CH' on 16), 3.77 (dd, 11.7 and 2.4, CH' on C-16; H-I6 and CH on 16), 3.67 (ddd, 9.8, 
4.9, and 4.4, H-17; H-18 and H-18'), 3.39 (s, 17-OMe; H-3, H-15, H-16, and H-20), 1.98 (m, H-18 
andH-18';H-17), 3.72(brt,4.9,H-19;H-3, H-21, 17-OMc,andI9-OMe),3.14(s, 19-OMe;H-16, H- 
19, H-20, H-21, 20-Me), 2.04 (ddq, 9.9, 1.0, and 6.9, H-20; 17-OMe, Ig-OMe, and 20-Me), 0.94 (d, 
6.9, 20-Me; H-20, H-21, and 19-0Me), 5.15 (dd, 9.9 and 0.9, H-21; H-19, H-22, H-23, 19-OMe, 23- 
OH, 20-Me, and H,O), 1.97 (ddq, 9.9,0.9, and 6.9, H-22; H-21 and 22-Me), 0.84 (d, 6.9,22-Me; H-22 
and H-23), 3.07 (ddd, 9.9,4.0, and 1.9, H-23; H-21 and H-ZS'), 4.09 (d, 4.0, 23-OH; H-21,22-Mc, 
and 24-Me), 1.68 (dddq, 9.9,4.0, 1.9, and 6.9, H-24), 0.97 (d, 6.9, 24-Me; H-23 and H-26), 1.37 (m, 
H-25; H-25'and24-Me), 1.75(m,H-25';H-23, H-2S, H-26,22-Me,and24-Me),2.50and2.55(m,H- 
26andH-26';H-25, H-28, and24-Me), 2.76(dq, 9.4and6.9, H-28; H-26', 29-OMe, and28-Mc), 0.90 

(ddd, - 16.2, 5.0, and 3.1, H-6'), 4.04 (ddt, 3.1, 1.2, and 10.0, H-7), 1.20 (ddd, - 14.7, 10.0, and 

-14.7, 10.0,and 1.5, H-14), 1,66(ddd, -14.7, 8.2,and2.0, H-14'), 3.60(dt, 8.2-d 1.7, H-15), 

7), 40.63 (t, C-8), 70.33 (d, C-9), 131.67 (d, C-IO), 125.50(d, C-ll), 32.43 (t, C-12), 65.03(d, C-13), 

CHO A), 161.64 (d, N-CHO B). 

-350, C81268 +2400, 

(ddd, -13.8, ll.O,and3.0,H-8;H-8'andH-9), 1.57(ddd, -13.8,9.5,and2.O,H-8';H-7, H-8,and 
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(d, 6.9,28-Me; H-28, H-29, H-30A, and H-jOB), 3.28 (dd, 9.4, and 2.9, H-29; H-28, H-3OA, H-30B, 
28-Mc, and 30-Me), 3.30 (s, 29-OMe; H-29), 2.46 (dq, 2.9 and 7.4, H-30A; H-29,28-Mc, and 30-&), 
2.47(dq, 2.9and7.4, H-30B;28-Meand30-Me), 1.13(d, 7.4,30-Me;H-29, H-3OA,andH-30B), 5.10 
(dd, 14.3 and9.3, H-31A; N-McA), 5.15 (dd, 14.7 and9.3, H-31B), 6.76(d, 14.3, H-32A;N-CHOA), 
7.09 (d, 14.7, H-32B), 2.97 (s, N-Me A; H-31 A), 3.09 (s, N-Me B; N-CHO B), 8.35 (s, N-CHO A; H- 
32 A), 8.10 (s, N-CHO B; Me on N B); I3C nmr 6,  (multiplicity, position) 169.06(s, C-l), 117.77 (d, C- 
2), 15 1.37 (d, C-3), 135.05 (s, CA), 12.72 (q,4-Me), 142.70 (d, C-5), 72.38 (d, C-6), 82.62 (d, C-7), 
60.5 1 (q, 7-OMe), 36.33 (t, C-8). 70.4 1 (d, C-9), 130.98 (d, C-IO), 124.86 (d, C- 1 I), 32.27 (t, C- 121, 
65.45 (d, C-13), 38.91 (t, C-14), 79.51 (d, C-15), 57.01 (9, U-OMe), 47.61 (d, C-16). 59.67 (t, 
CH20HonC-16), 78.28(d, C-17), 55.76(q, 17-OMe), 33.93(t,C-18), 76.80(d, C-19), 58.77(q, 19- 
OMe), 42.69 (d, C-20), 9.76 (q, 20-Me), 77.19 (d, C-2 l), 38.56 (d, C-22), 9.22 (9, 22-Me), 76.5 1 (d, 
C-23). 34.05 (d, C-24). 18.28 (q, 24-Me). 22.76 (t, C-25), 42.11 (t. C-26), 2 13.97 (s, C-27), 49.5 1 (d, 
C-28), 13.65 (q, 28-Me), 88.33 (d, C-29), 61.12 (q, 29-OMe), 38.20 (d, C-30A), 38.42 (d, C-30B), 
19.60 (q, 30-Me), 11 1.17 (d, C-3 lA), 113.22 (d, C-31B), 130.19 (d, C-32A), 125.5 1 (d, C-32B), 27.21 
(q, N-Me A), 33.00 (9, N-Me B), 162.82 (d, N-CHO A), 161.57 (d, N-CHO B). 

DETERMINATION OF BIOLOGICAL. ACTIVITY.-htitumOr activity was determined in vitro using 
the KB (ATCC CCL 17; human epidermoid carcinoma of the nasopharynx) and LoVo (ATCC C U  229; 
human colon adenocarcinoma) cell lines (lo).' The algal extracts [EtOH-H,O (7:3)1 showed MICs of 
0.05-1 pglml and 0.5-10 pglml against KB and LoVo, respectively. The pure compounds 1 4  and 6 
showed MICs of 1-5 nglml and 10-50 nglml against KB and LoVo, respectively. Antifungal activity was 
determined using an agar diffusion assay (1 1) and the test organisms Aspngillw oryzcu (Ao), C& dbi- 
cum (Ca), Penicillium notatum (Pn), Saccbmvwtycru ccrcvisiru (Sc), and Tricb@bytm mentappbytu (Tm) (strains 
from the teaching collections held by the Botany and Microbiology Departments, University of Hawaii). 
The algal extracts generally showed 20-30 mm zones of inhibition against Ao, Ca, Pn, and Scat 250 ~ g /  
disk, but only trace activity against Tm at this concentration. Compounds 1 4  exhibited antifungal activ- 
ity against Ao, Ca, Pn, and Sc, but MICs were not determined; it is expected that the activities will be 
comparable with those determined for scytophycins A and B (5,6). 
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