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Abstract: Ritterazines D-M (4-13) have been isolated from the tunicate Ritterella tokioka and their structures

elucidated by spectral data. Ritterazines D-M showed potent cytotoxicity against P388 murine leukemia cells with
IC50 values of 16, 3.5, 0.73, 0.73, 16, 14, 13, 9.5, 10, and 15 ng/mL, respectively.

Marine natural products are potential anticancer agents, some of which are now under preclinical studies.2
Although marine sponges have been most frequently studied,3 tunicates also proved to be an important source of
antitumor/cytotoxic metabolites? as examplified by the didemnins,3» 6 the ecteinascidins,”> 8 and the
pateliazoles.%> 10 In our continuing search for cytotoxic substances from Japanese marine invertebrates,! we
found potent activity in the lipophilic extract of the tunicate Ritterella tokioka (family Polyclinidae) collected off
the Izu Peninsula, from which we isolated ritterazines A (1), B (2), and C (3),11, 12 dimeric steroidal alkaloids
closely related to cephalostatins reported from the East African hemichordate Cephalodiscus gilchristi.13'18
Further fractionation of the extract of R. tokioka afforded 10 more related compounds, ritterazines D-M (4-13),
which is the subject of this paper.

Colonies of the tunicatel9 (8.2 kg) were extracted with EtOH. The combined extracts were concentrated

and partitioned between water and ethyl acetate The organic phase was fractionated by the Kupchan partitioning
procedure;20 most of the cytotoxicity against P388 murine leukemia cells was found in the CH2Cl) phase. The

CH2CI2 soluble material was repeatedly purified by ODS and Sephadex LH-20 chromatographies to yield
ritterazines D (4), E (5), F (6), G (7), H (8), 1 (9), ] (10), K (11), L (12), and M (13) (yields, 4.0, 2.8, 2.6,
2.2,1.2,4.4,28,6.2, 1.1, and 1.9 mg, respectively) as colorless glassy solids.

Ritterazine D (4) had the same molecular formula of C54H7¢N201( as ritterazine A as determined by
HR-FABMS. The UV spectrum?2! [Amax 286 nm (€ 9200)] suggested the presence of a pyrazine ring. This was
substantiated by 13C NMR signals at  148.6, 148.9, 148.9, and 149.0.22 The gross structure of ritterazine D
obtained by interpretation of DQF-COSY, HMQC,23 and HMBC24 data was identical with that of ritterazine
A1l Significant differences in IH and 13C NMR chemical shift values between the two compounds were
observed for signals around C20 in the eastern hemisphere; NMR data for the western hemisphere were
superimposable on each other.

The relative stereochemistry of 4 was determined by NOESY data. The NOESY spectrum of 4 exhibited
the same sets of cross peaks that were observed for the western hemisphere of 1. Therefore, the western
hemisphere of 4 had the relative stereochemistry identical with that of 1. With respect to the relative

stereochemistry of the eastem hemisphere, trans-fusion of rings A and B was deduced on the basis of 3¢
chemical shift of C19 at 11.1 ppm.26 NOESY cross peaks: 19-CH3/H8, 13-OH/HS, and H7a/H15p indicated

6707



6708 S. FUKUZAWA et al.

2R'= OH, R%= H, R®= H; 22R
OH ¢R'=OH, R?%=H, R®= H; 22§
7R'= OH, R%= H; A'%; 22§
8R!, R%= O, R= H; 22R
9R!, R%= O, R%= OH; 225

10 R'= OH, R2= OH; 22R
OH  11R'= H, R?= OH; 22R
12 R'= H, R?= H; 22R
13R'=H, R%= H; 22§
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14R stereochemistry, while NOESY cross peaks: 13-OH/H20 and H16/H17 demonstrated the same relative
stereochemistry in rings D and E as that of ritterazine A.

In our previous paper, stereochemistry at C22 in ritterazine A was arbitrarily chosen, because no cross
peak was observed between protons in rings E and F in the NOESY spectrum measured at 300 K in pyridine-ds.
When we realized that ritterazines A and D were isomeric at C22, we attempted to obtain better resolved NOESY

spectra of 1 and 4 under different measuring conditions, among which lowering of the temperature to 263 K in
pyridine-ds was most satisfactory. At this temperature, ritterazine A (1) gave a cross peak between 21-CH3 and

H23P suggesting 22R stereochemistry, whereas a cross peak between H20 and H23B in 4 was in agreement with
228 stereochemistry. (Figure 1)

=-= NOE  Riterazine D (4) Ritterazine A (1)

Figure 1. Comparison of NOESY data of 1 and 4.

Ritterazine E (5) had a molecular formula one CH2 unit larger than 4. The IH NMR spectrum of §
displayed one additional doublet methyl signal; the other signals were almost superimposable. Interpretation of
2D NMR data showed that ritterazine E was 24-methylritterazine D. The NOESY spectrum exhibited cross
peaks: 28-CH3/H23B and H23B/H20, which allowed assignment of 24S stereochemistry. The rest of the
molecule was identical with 4.

Ritterazine F (6) showed an (M+H)* ion at m/z 899.5764 in HR-FABMS, matching a molecular formula
of C54H79N209 (A -2.1 mmu). The gross structure of ritterazine F was the same as that of ritterazine B (2).

NMR data of the two compounds were different around C22 [6/2; &C 40.7/42.1 (C20); 16.3/14.7 (C21);
30.1/33.2 (C23): 3y 2.84/3.15 (H17); 2.29/2.01 (H20); 1.08/1.18 (H21), 1.87/2.12 (H23B)]. The NOESY
spectrum of 6 exhibited the same sets of cross peaks that were observed for 2 except for cross peaks between
protons in rings E and F. The stereochemistry of C22 was assigned on the basis of ROESY27. 28 data , which
gave a cross peak between H20 and H23p, suggesting 225 stereochemistry.29

Ritterazine G (7) had one more unsaturation than 6, as observed in HR-FABMS. The DQF-COSY,
HMQC, HMBC, and NOESY spectra of 7 exhibited the same sets of cross peaks that were observed for the
western hemispheres of 2 and 6. Except for the presence of the Al4 olefin, the NOESY spectrum of 7 exhibited
the same sets of cross peaks that were observed for ritterazine F (6). Assignment of the stereochemistry at C22
was made by measuring the ROESY spectrum in pyridine-ds at 300 K, which gave a cross peak between H20
and H23p, suggesting 225 stereochemistry.
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Table I. 13C NMR Data of Ritterazines D-M (pyridine-ds)
No. 4 S 6 7 3 9 10 11 12 13

1 466 t 465t 4611 462t 458t 456t 460t 460t 458t 450 ¢
2 1489 s 1490 s 1490 s 1490 s 1488 s 1489 s 1488 s 1486 s 1489 s 1489 s
3 1490 s 1489 s 1490 s 1483 s 1488 s 1489 s 1488 s 148.7 s 1490 s 1489 s
4 354t 355t 356t 358t 360t 3551t 357t 358t 355t 356t
5 416 d 417d 414 d 418d 411 d 413d 418d 417d 415d 415d
6 286t 286t 287t 284t 290t 281t 283t 282t 280t 281 ¢
7 305t 325t 314t 297t 314t 272t 290t 289 ¢ 294t 208 ¢
8 408 d 407d 324d 338d 481d 405d 340d 340t 337d 345d
9 503d 500d 456d 527d 479d 467d 530d 529d 526d 495d
10 357 s 356 s 359s 362s 358s 365s 361s 363s 365s 368 s
11 408 ¢ 408 ¢ 306t 309t 377t 372t 292t 292t 307t 293t
12 2201's 2207 s 720d 789 d 2145s 2135s 758d 756d 789d 763 d
13 80.0 s 800s 490 s S535s 578 s 625s 560s 560s 537s 529
14 705 s 708 s 473d 1520 s 492d 870 s 1550 s 1548 s 1579 s 1540 s
15 339 ¢ 338 ¢ 332t 1209d 325t 386t 1202 s 1200d 1200d 119.0 d
16 800d 802d 784d 850d 77.7d 792d 939d 937d 854d 869d
17 605d 605d 569d 562d 522d S531d 933s 933 s 566d 544d
18 237q 237q 140q 138q 194q 151 q 127q 130q 138q 188 ¢
19 1.1 q 108q 11.7q 118q 119q 113q 116q 11.7q 11.7q 115¢q
20 384 d 37.7d 407d 421d 411d 421d 482d 484 d 449d 450d
21 147q 147q 163q 144q 170q 150g 8.0 q 82q 142q 145¢
22 1207 s 1186 s 1178 s 1179 s 1175 s 117.8 s 108.0 s 1079 s 1073 s 107.1 s
23 328t 410 ¢ 301 ¢ 338t 331t 329t 274t 277t 275t 215t
24 379t 416d 370t 378t 374t 373t 333t 333t 331t 3341t
25 814s B835s 810s 826s 8l2s 817s 658s 657s 662s 660 s
26 303 q 233q 297q 2879 289q 283q 704t 702t 700t 7021t
27 285 q 296q 284q 303q 303q 300q 269q 270q 268q 268¢
28 140 g

I 460t 468 ¢t 459t 460 ¢ 460t 456t 460t 458 t 458 t
2" 1486 s 1489 s 1489 s 1483 s 1485 s 1486 s 148.8 s 1489 s 1489 s
3 1489 s 1490 s 1489 s 1490 s 1485 s 1486 s 1488 s 149.0 s 1489 s
4' 354t 355t 356t 357t 360t 353t 3571t 355t 356t
s 400d 400d 398d 400d 402d 397d 400d 415d 415d
6 383 ¢t 387t 382¢ 385t 386t 381t 3841 280 t 281t
7 693d 696d 690d 696d 695d 693d 695d 288t 2871t
g 427 d 438d 426d 429d 43.1d 425d 4284d 338d 337d
9 513d S1td 51.1d 513d 512d S511d S51lid 526 d 526d
10 360s 358 s 359s 359 s 361s 359s 359 s 365 s 363 s
11 290t 290t 290t 293 ¢ 294 ¢t 289t 292t 290 ¢+ 289t
12' 755d 758d 758d 758d 756d 759d 7584d 758 d 758 d
13 562 s 560s 560s 560s S560s 561s 560s 568 s 56.1 s
14 1517 s 1513 s 1516 s 1516 s 151.6 s 1516 s 1518 s 1550 s 1550 s
15 121.0d 1202 d 1214 d 121.7d 1209 d 121.0d 1213 d 1190 d 1207 d
16' 936d 940d 941d 938d 939d 940d 9424 940d 93.7d
17 935 s 932s 9325 932 s 931 s 933 s 933 s 933 s 931 s
18 126 q 124 q 123 q 125q 129q 122q 127 ¢ 128 q 125 g
19 118q 11.7q 116q 118q 122q 115q 116¢q 117 q 115 ¢
20 481 d 481 d 480d 481d 484 d 479d 4824d 482 d 482 d
21 82 ¢q 78 q 79 q 8.0 q 84 q 78 q 8.0 q 78 g 79 q
22" 108.0 s 108.0 s 108.0 s 108.0 s 1080 s 108.0 s 108.0 s 1082 s 108.0 s
23 273t 274t 273t 276t 277t 271t 274t 275t 2715t
24 335 ¢ 332t 332t 335t 335+t 331t 3331t 335t 331t
25' 656 s 656s 658 s 6595 657s 657 s 658 s 660 s 665 s
26' 700t 702t 702t 702¢c¢ 702t 702t 704t 700t 7021t
27 268 q 2679 268q 270q 272q 266q 269q 268 q 268 g

A ketone signal (8 214.5) was exhibited in the 13¢ NMR spectrum of ritterazine H (8). NMR data of the
western hemisphere of 8 were identical with those of 2. The ketone was placed at C12, which was evident from
HMBC cross peaks between C12 and H11a, H11f, H14, H17, and H18. The NOESY spectrum revealed that
the relative stereochemistry of 8 was identical with that of 2.
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Table II. 'H NMR Data of Ritterazines D-M (eastern hemisphere)
No. 4 5 6 7 8 9 10 11 12 13
lo 27242 272d¢ 272dl 264 df 260 42 267 d' 266 X 267 " 267 & 2.64 d”
B 287dd 287df 317dm 300 d5 297 ' 3.05dm 303 & 313 di" 313 ¢8 3.0 94
40 290m 590 ddg 295 ddt 292 ddt 2.89ddC 2.94dd® 293ddZ  292ddi" 291ddt"  2.91dde”

B 27M 557 ddh 268 dd© 267 ddU 261df 2.66dd® 267ddd" 267 m 266 m 265 m
S 164m 164 m 15 m 161lm 148 m 164 m 163 m 163m 164 m 164 m
60 147m 148 m 146 m 154 m 142m 156 m 154m 155 m 15 m 155 m
6b 116m 115m 121m 127m 120m 126m 127m 127m 128 m 128 m
70 132m 137m 105m 133 m 100m 1.17m 136 m 135m 138 m 15 m
B 234m 234 m 140m 18lm 140 m 242 m 175m 175m 18 m 186 m
8 235m 235m 16lm 216m 195 m 209 m 209 m 209 m 214m 223 m
9 160m 132 m 134 m 092m 162m 143 m 098 m ggggyek” 1.00 m 177 m
o 23746 237 m 207 m 210 m 2454¢¢ 254qdfF 215m 213m 213 m 191 m
1B 215m 21Sm 167 m 188 m  op Lo 18lm 182 m 190 m 177 m
12 360 m 348 4qv 4.19dd®" 419 ddl" 352dqv” 403 m
14 228 m 2.52 dg'

150 209m 210 m 18 m 555s 124m 167497 560s 560s 563brs 561 brs
156 234m 237 m 20l m 173 m 20545

16 527Tm 530dddi 4.48ddP 5.27brd% 431ddh 479 ddt S18's 518 s 525 4a¥" 546 brd
17 298m 298 m 284 m 309 gx 323 ddi 3.74dd" 3.18dd%" 332dde”

18 1.44 s 145 1.26 s 132 s 121 s 1.50 s 133 s 133 s 132 s 1.23 s

S

19 073s 073s 069s 076s 070s 076s 077s 078s 077s 080 s
20 30Im 300 m 229 m 327 qgY 208 dff 290dq" 222 4" 221gM" 211dgr" 208 m
21 q14dd 114 d 108dd 125d% 094 dK 109 d¥ 129 8 129 d" 138 oY 12340
23a 1I6dm 174 m 175 m 168 m 175 m 162 m 256ddde” 2.50ddd°®” 2.57dddZ’ 2.56 dddi”
238 202m 215m 187 m 212m 185 m 199 m 1s0m 158 m 164 m leédm
m 167m 167m 167 m 188

m

S

24a 162m 244 m 1.87 m 188 m 1.86 m 1.90 m
24 200 m 205 m 203 197 m 217 m 217 m 2.18 m 218 m 220 m
2600 142s 1.02 s 120 s 1.19 1.14 s 117 s 362brdf” 3.62brdP” 3.75dd2"  3.72dd”
2P 401 d&" 402 dd" 408 db” 405 dK”
27 120 s 139 s 144 5 146 s 1.36 s 141 s 1.23 s 122 s 1.26 s 1.24 s
28 0.82 dk

120H 472brs 472 s

130H 6.01s 6.00 s

170H 5.10 s 5.08 s

250H

a.J=16.0Hz, b. J=16.0 Hz, c. J= 165, 6.3 Hz, d. J= 6.5 Hz, e. J= 16.5 Hz, f. J= 16.5 Hz, g. J= 17.0, 5.0 Hz, h. J= 17.0,
125 He, 1. J=9.3,3.9, 29 Hz, j. J= 6.0 Hz, k. J= 7.0 Hz, 1. J= 17.0 Hz, m. J= 17.0 Hz, n. J=15.0, 5.5 Hz, 0. /= 15.0,
125 Hz, p. /=7.0, 6.5 Hz, q. J= 7.0 Hz, r. J= 17.5 Hz, 5. J= 17.5 Hz, t. J= 18.0, 5.0 Hz, u. J= 18.0, 11.0 Hz, v. J= 11.5,
45Hz, w. J=8.0Hz, x. J=8.0 Hz, y. J= 8.0, 7.0 Hz, 2. /= 7.0 Hz, 2. J= 16.0 Hz, b'. J=16.0 Hz, ¢. J=17.5, 5.5 Hz, d.
J=175,11.0Hz,¢. J=13.0,45 Hz, f. J= 13.0, 120 Hz, g. /= 13.5 Hz, h". J= 7.0, 7.0 Hz, i". J= 7.5, 7.0 Hz, j. J= 1.5,
7.0Hz, k. J=7.0 Hz, I'. /= 16.5 Hz, m'. J= 16.5 Hz, n". /= 15.0, 5.6 Hz, 0. J= 15.0, 11.4 Hz, p'. J=13.5, 40 Hz, ¢". J=
13.5,13.5 Hz, 1. J= 15.0, 7.5 Hz, 8. J= 15.0 Hz, t. J=8.0, 7.5 Hz, v J= 9.0, 8.0 Hz, v'. J= 9.0, 7.0 Hz, w'. J= 7.0 Hz,
x.J=170Hz, y'. J= 170 Hz, 2. J=17.5, 5.0 Hz, a". J= 17.5, 12.0 Hz, b". J= 11.5, 4.5 Hz, ¢". J= 6.5 Hz, d". J=6.5 Hz,
e". J=14.0,13.0, 45 Hz, f". J= 11.5 Hz, g". J= 11.5 Hz, h". J= 16.5 Hz, i". J= 16.5 Hz, j". J= 1.5, 5.5 Hz, k". J= 12.5,
11.5,4.0 Hz, I". J= 11.2, 4.6 Hz, m". J= 6.5 Hz, n". J= 6.5 Hz, 0". J= 13.5, 13.0, 4.5 Hz, p". J= 11.0 Hz, q". J= 11.0 Hgz,
r".J=16.5 Hz, s". J=16.5 Hz, t". /= 17.5, 5.5 Hz, u". J= 11.0, 4.5 Hz, v". J= 8.0, 1.2 Hz, w". J= 8.5, 8.0 Hz, x". J= 8.5,
7.5 Hz, y".J=7.5 Hz, 2". J= 13.0, 13.0, 5.0 Hz, a". J= 11.0, 2.0 Hz, b". J= 11.0 Hz, ¢". J= 17.0 Hz, d". J= 17.0 Hz, ¢"".
J=12.0, 50 Hz, f". /= 8.0 Hz, g J=8.5, 8.0 Hz, h™. J= 7.0 Hz, i". J= 7.0 Hz, j". J= 11.5, 2.0 Hz, k™. J= 11.5 Hz,

Ritterazine I (9) had one more oxygen atom than 8. The gross structure of ritterazine I was identical with
that of 8 except for the presence of 14-OH, which was implied by the 13C NMR chemical shift of C14 at 87.0
ppm. The NOESY spectrum of 9 exhibited the same sets of cross peaks as those observed for 8, except for
protons on rings E and F. A cross peak between H20 and H23B in the ROESY spectrum suggested 228
stereochemistry.
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Table I1l. 1H NMR Data of Ritterazines D-M (western hemisphere)
No. 4 5 6 7 ] 9 10 12 13
Too  268d2 268 d 268 ¢ 268 dd 263 dP' 268 @' 269dMm" 267 dX  2.66 d&
B 31sdb 315d 3154 315 d® 31149 315 40" 316 a0 313 &Y 302 dh”
4o 301m 300 gdi 298 dd¥ 298 ddf 295 dd” 299 ddC" 3.00 dd®" 2.94ddZ’  2.88 ddi”

B 2Tm 909 gdk 277 ddY 277 dd€ 274 doS 277 ddd 278 daP” 266 m 266 m
5 187m 188 m 18 m 18 m 18 m 18 m 18 m 164 m 164 m
6 221m 221m 220m 220m 216m 22Im 22lm 15 m 155 m
6B 176m 176 m 175m 176m 170m 175 m 176m 128 m 128 m
70, 406m 407 m  406m 406qdah 402 M 4064dqe’ 406 m 137 m 136 m
7B 175 m 176 m
§  28m 242 qd 241 da¥ 242 dd' 237 ddt 242 ddf' 242 da@" 209 m 209 m
9 1.1I8m 117 m 117 m 1.17 m 1.14 m 1.09 m 1.17 m 0.99 m 097 m
e 216m 218m 218m 212m 213m 209 m 217m 213m 213m
113 187m 18 m 187 m 18 m 18 m 18 m 18 m 18 m 187 m

127 421m  4214dm 421dd* 421dd  4.17ddY 421 d€ 421ddT 4.19dd?”  4.19 ddi’
15 614s 625s 618s 613s 609s 614s 614s  S61s 5.85 s
16 526s 526s 526s S26s 522s 5265 526 s 519 s 5.19 s
18 133s 133 s 133s 133 s 129s 133 s 134s 133 s 133 s
199 08s 08 s 084 s 08 s 080s 08 s 08 s 078 s 0.77 s
200 222¢° 222 q" 221 qY 222 gK 217 qV 222 g0 222.a8" 221 gb" 221 ¢k
2 1264 126 d© 126 d2 126 dU 122 d%' 126 d¢i" 127 4 129 d¢” 129 dI”
230 251ddd® 251dddP 2.51ddd? 2.51ddd™ 246dddX 2.50ddd 2.51 ddd!" 2.56dddd” 2.56 ddd™
2B 145m 145 m 146 m 146m 140 m 145m 145m 159 m 15 m
24'a 187 m 1.8 m 187 m 1.87 m 141 m 1.98 m 1.86 m 190 m .87 m
248 216m 216 m 215m 212m 212m 216m 216m 219m 218 m
26 361brdf 361 add 3.61ddY  3.61dd" 356 ddY 361 ddK' 3.62brdV” 3.62dd€” 362 ddb

401d8 401 d 401 & 401 d° 396 dZ 401 d" 401 a¥" 402 ¢ 402 @7

27 1.22s 122 s 122 s 1.22 s 1.18 s 1.22 s 123 s 123 s 1.23 s
1220H 469 s 4.70 brs

170H 5.06 s 5.06 s 5.08 s 5.03 s 507 s 5.06 s 511 s 511 s
250H  362s

a.J=150Hz,b.J=150Hz,c.J=7.0Hz,d. J=7.0 Hz,e. /= 13.3, 13.1,49 Hz, f. J=11.0 Hz, g. /= 11.0 Hz, h.
J=16.5Hz,i.J= 16.5 Hz, j. J= 16.0, 5.0 Hz, k. J= 16.0, 12.5 Hz, L. J=11.5, 10.5 Hz, m. /= 11.0, 4.0 Hz, n. J=
7.0 Hz, 0. J=7.0 Hz, p. J= 14.0, 13.5, 5.0 Hz, q. J= 12.0, 2.0 Hz, r. J= 12.0 Hz, 5. J= 16.5 Hz, t. J= 16.5 Hz, u. J=
17.5,5.5 Hz, v. J=17.5, 10.5 Hz, w. J=10.0, 9.0 Hz, x. J= 10.5, 4.0 Hz, y. /= 6.5 Hz, z. /= 6.5 Hz, a’. J= 14.0,
13.0,4.5Hz, b'. /= 11.5, 20 Hz, ¢ J=11.5 Hz, d'. J=17.0 Hz, ¢'. J= 17.0 Hz, f. J=17.5, 5.5 Hz, g. J=17.5,
11.5 Hz, h'. J=10.0, 10.0, 4.0 Hz, i". J=11.0, 10.0 Hz, j. J=11.0, 4.5 Hz, k. J= 7.0 Hz, I'. J= 7.0 Hz, m". J=
13.5,13.0, 4.0 Hz, n". J=11.5, 2.0 Hz, 0". J= 11.5 Hz, p. J= 16.5 Hz, q. J= 16.5 Hz, 1. J= 117.5, 5.5 Hz, §'. J=
175, 11.0 Hz, t. /= 11.5, 10.5 Hz, v'. J= 11.0, 4.5 Hz, v'. J= 7.0 Hz, w'. J= 7.0 Hz, x". J= 13.5, 12.5, 5.0 Hz, y".
J=115,2.0Hz, 2. J=11.5 Hz, a". J=17.0 Hz, b". J=17.0 Hz, ¢". J= 18.0, 5.0 Hz, d". /= 18.0, 12.4 Hz, ¢". J=
11.0,10.0, 4.5 Hz, f". /= 9.8, 9.5 Hz, g". J= 11.0, 4.5 Hz, h". J= 7.0 Hz, i". J= 7.0 Hz, j". J= 13.0, 12.0, 4.5 Hz,
k".J=11.5,2.0 Hz, I". J= 11.5 Hz, m". J= 17.0 Hz, n". J= 17.0 Hz, 0". J= 18.0, 5.5 Hz, p". J=18.0, 12.5 Hz, q".
J=11.0, 10.0 Hz, 1. /= 11.0, 4.5 Hz, s". J= 7.0 Hz, t". J= 7.0 Hz, u". J= 13.5, 13.5, 4.5 Hz, v". J= 11.5 Hz, w". J=
11.5 Hz, x". J=16.5 Hz, y". J= 16.5 Hz, 2. J= 18.0, 6.0 Hz, a". J= 11.5, 4.5 Hz, b™. J=7.0 Hz, ¢". J= 7.0 Hz, d".
J=13.0,13.0, 5.0 Hz, e™. /= 11.0, 2.0 Hz, f". J= 11.0 Hz, g". J= 17.0 Hz, h". J=17.0 Hz, i"". J= 110, 5.0 Hz,
J".J=11.5,4.5 Hz, k. J=7.0 Hz, I". J= 7.0 Hz, m"". J= 13.5, 13.0, 5.0 Hz, n"". J= 11.0, 2.0 Hz, 0™". J= 11.0 Hz,

Ritterazine J (10) was most highly oxygenated as revealed by a molecular formula of C54H76N2011.
The structure including stereochemistry of the western hemisphere of 10 was the same as that of 2. The eastern
hemisphere had the identical structure with the western hemisphere, except for C7 which bore no hydroxyl
group.

The 1H NMR spectrum of ritterazine K (11) was simple as compared with those of other ritterazines. It
exhibited only NMR signals identical with those of the eastern hemisphere of 10, thus suggesting a symmetrical
nature. The molecular formula of C54H76N201( as established by HR-FABMS, was also consistent with the

dimeric structure. The relative stereochemistry of 11 was the same as that of the eastern hemisphere of 10,



Steroidal alkaloids from Ritterella tokioka 6713

which was substantiated by NOESY data. Interestingly, the structure of the steroid unit of 11 was the same as
that of the western hemisphere of cephalostatin 7. 15

Ritterazine L (12) had one less oxygen than ritterazine K, as revealed by HR-FABMS. The structure
including stereochemistry of 12 was determined to be 17-deoxyritterazine K (11) on the basis of 2D NMR data.

Ritterazine M (13) was isomeric with 12. Its NMR data were different from those of 12 in signals
around C22; signals in the rest of the molecule were superimposable. The difference between the two
compounds turmed out to be the stereochemistry at C22. A ROESY cross peak between H21 and H23a
suggested 225 stereochemistry for 13.

Due to the paucity of material, neither absolute stereochemistry nor the orientation of the steroid units with
respect to the pyrazine ring was determined for compounds 4-13. However, it is likely that they share common
structural features with ritterazines B and C, whose structures were unambiguously determined. 12

Cytotoxic activity of ritterazines is summarized in Table 1v.30 Ritterazines B (2), F (6), and G (7) which
have 5/5 and 5/6 spiroketal rings were most cytotoxic irrespective of C22 stereochemistry or presence of Al4
oleﬁn,31 while oxidation of the OH-12 to a ketone (ritterazines H and I) resulted in a considerable decrease in
cytotoxic activity. Ritterazines A (1), D (4), and E (5), which have rearranged steroid skeletons, have similar
activity as the 12-keto derivatives. In these compounds stereochemistry at C22 or methylation at C24 do not
affect cytotoxic activity. Ritterazine J (10), in which C26 is oxidized and accordingly possesses two 5/6
spiroketal groups, is less active than 6. Since 10-13 have similar activity, the hydroxyl groups at C7 and C17
are not important for cytotoxic activity. Further investigation of the structure-activity relationships of the

ritterazines is in progress.

Table I'V. Cytotoxicity against P388 of all ritterazines with IC5( values (ng/mL)

Ritterazine A (1) 3.5 Ritterazine H (8) 16
Ritterazine B (2) 0.15 Ritterazine 1 (9) 14
Ritterazine C (3) 92 Ritterazine J (10) 13
Ritterazine D (4) 16 Ritterazine K (11) 9.5
Ritterazine E (5) 3.5 Ritterazine L (12) 10
Ritterazine F (6) 0.73 Ritterazine M (13) 15
Ritterazine G (7) 0.73 adriamycin (control) 15

Experimental Section

General Procedure. 1H and 13C NMR spectra were recorded on either a Bruker ARX-500. a Bruker
AM-600, or a JEOL ALPHA-500 NMR spectrometer. Optical rotation was determined with a JASCO DIP-371
digital polarimeter. Mass spectra were measured on a JEOL SX 102 mass spectrometer. IR spectra were
recorded on a JASCO FT/IR-5300 spectrophotometer. UV spectra were recorded on a Shimadzu UV-160
spectrophotometer. P388 murine leukemia cells were incubated with a TABAI BNA-111 CO2 incubator. UV
absorbance for the determination of cytotoxic activity was measured at 550 nm on a Shimadzu CS-9300PC dual
wavelength flying spot scanning densitometer.

Cytotoxicity Assay. P388 murine leukemia cells (JCRB17) were cultured in RPMI 1640 medium
(Nissui Pharm. Co., Tokyo) supplemented with 100 pg/mL of kanamycin (Nacalai Tesque Inc., Kyoto) . 10%
of fetal bovine serum (Lot 11152276, Hyclone Laboratories, Inc., Logan, UT), and 10 pM/mL of 2-



6714 S. FUKUZAWA et al.

hydroxyethyl disulfide (Nacalai Tesque Inc., Kyoto) at 37°C under an atmosphere of 5% CO7. To each well of
96-well microplates which contained 100 pL of tumor cell suspension of 1 x 104 cells/mL, 100 UL of test
solution (sample dissolved in RPMI 1640 medium) was added and the plates were incubated for 96 h. After
addition of 50 mL of 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2H tetrazolium bromide (MTT) saline solution
(1 mg/mL) to each well the plates were incubated for 3 h under the same conditions. The mixtures were
centrifuged and the supematants were removed. The precipitates obtained were dissolved in DMSO, and
absorbance at 550 nm was measured with a dual wavelength flying spot scanning densitometer.

Extraction and Isolation. Specimens of Ritterella tokioka were collected off the Izu Peninsula in
August 1994 and kept frozen until processed. The thawed samples were freed from macro-epibionts, sand, and
other debris before extraction. The cleaned animals (8.2 kg) were homogenized in a Waring Blendor and
extracted with ethanol (10 L x 4). The combined extracts were concentrated and partitioned between water (2 L)
and ethyl acetate (1.5 L x 3). The ethyl acetate-soluble portion (18.0 g) was partitioned between H2O/MeOH
(1:9) and n-hexane, and to the aqueous MeOH phase was added water to adjust the MeOH concentration to 60%.
The mixture was extracted with CH2Cl2. Each fraction was monitored for cyotoxicity against P388 murine
leukemia cells. The active CH2Cl?2 layer (7.80 g) was subjected to flash chromatography on ODS (5 x 10 cm)
with MeCN/H20 (5:5), MeCN/H20 (7:3), MeCN/H20 (9:1), MeOH, and MeOH/CHCI3/H20 (7:3:0.5).
Praction eluted with MeCN/H20 (7:3) (1.424 g) was gel-filtered on Sephadex LH-20 (6 x 80 cm) with
CeH14/CH2CI12/MeOH (4:5:1). The active fractions were combined and purified by ODS-HPLC (2 x 25 cm)
with MeCN/H20 (6:4) to give ritterazines D (4), E (5), F (6), G (7), H (8), 1 (9), J (10), K (11), L (12), and
M (13) (yields, 4.0, 2.8, 2.6, 2.2, 1.2, 4.4, 2.8, 6.2, 1.1, and 1.9 mg, respectively) as colorless glassy solids.
4: [a]D +81.4° (¢ 0.1, MeOH); UV (MeOH) Amax 286 (€ 9200), and 304 (sh) nm; IR (film) 3460, 2980, 2940,
2890, 2370, 2340, 1740, 1460, 1400, 1130, 1040, 1000, and 900 cm"1; HR-FABMS (positive) m/z 913.5633
(C54H77N2010, A +5.5 mmu); 13C NMR data in pyridine-ds at 300 K, see Table I; |H NMR data in pyridine-
ds at 293 K, see Tables I and 111
S: [a]D +70.8° (¢ 0.1, MeOH); UV (MeOH) Amax 288 (¢ 10100), and 307 (sh) nm; IR (film) 3440, 2960,
2920, 2870, 2350, 2320, 1730, 1710, 1600, 1460, 1400, 1140, 1030, 960, and 880 cm-!; HR-FABMS
(positive) m/z 927.5724 (C55H79N2010, A -1.1 mmu); !3C NMR data in pyridine-ds5 at 300 K, see Table I;
1H NMR data in pyridine-ds at 293 K, see Tables II and I1L.

6: [a]D +59.0° (c 0.1, MeOH); UV (MeOH) Amax 288 (€ 7910), and 306 (sh) nm; IR (film) 3470, 2960, 2920,
2860, 2350, 2340, 1700, 1600, 1460, 1400, 1220, 1140, 1040, and 880 cm~1; HR-FABMS (positive) m/z
899.5764 (C54H79N209, A -2.1 mmu); 13C NMR data in pyridine-ds at 300 K, see Table I; TH NMR data in
pyridine-ds at 293 K, see Tables I and III.

7: [a]D +91.4° (¢ 0.1, MeOH); UV (MeOH) Amax 288 (g 11200), and 306 (sh) nm; IR (film) 3450, 2960,
2930, 2870, 2360, 2340, 1730, 1600, 1450, 1400, 1230, 1140, 1040, 1000, and 880 cm-!; HR-FABMS
(positive) m/z 897.5598 (C54H77N209, A -3.1 mmu); 13C NMR data in pyridine-ds at 300 K, see Table I; |H
NMR data in pyridine-ds at 293 K, see Tables II and II1.

8: [a]D +96.0° (¢ 0.1, MeOH); UV (MeOH) Amax 287 (€ 8920), and 306 (sh) nm; IR (film) 3460, 2960, 2920,
2860, 2350, 2320, 1700, 1590, 1450, 1400, 1360, 1230, 1130, 1040, and 880 cm™!; HR-FABMS (positive)
miz 8975591 (C54H77N209, A -3.8 mmu); 13C NMR data in pyridine-ds at 300 K, see Table I, |H NMR
data in pyridine-ds at 293 K, see Tables II and III.
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9: [a]D +74.5° (¢ 0.1, MeOH); UV (MeOH) Amax 286 (€ 9120), and 306 (sh) nm; IR (film) 3460, 2960, 2920,
2860, 1700, 1450, 1400, 1300, 1230, 1110, 1040, and 880 cm-!; HR-FABMS (positive) m/z 913.5663
(C54H77N2010, A +8.5 mmu); 13C NMR data in pyridine-d5 at 300 K, see Table I; IH NMR data in pyridine-
ds at 293 K, see Tables II and I11.

10: [a]D +66.1° (¢ 0.1, MeOH); UV (MeOH) Amax 289 (¢ 8420), and 308 (sh) nm; IR (film) 3450, 2960,
2920, 2880, 2360, 2320, 1730, 1700, 1450, 1400, 1300, 1230, 1110, 1060, 1040, 990, 970, 940, 880, and
850 cm-1; HR-FABMS (positive) m/z 929.5471 (C54H77N2011, A -5.6 mmu); 13C NMR data in pyridine-ds
at 300 K, see Table I; H NMR data in pyridine-ds at 293 K, see Tables II and IIL.

11: {a]D +74.0° (¢ 0.1, MeOH); UV (MeOH) Amax 288 (¢ 7100), and 306 (sh) nm; IR (film) 3480, 2960,
2930, 2870, 2360, 2320, 1700, 1450, 1400, 1300, 1230, 1200, 1140, 1110, 1060, 1040, 990, 960, 940, 880,
and 850 cm-l; HR-FABMS (positive) m/z  913.5532 (C54H77N2010, A -4.7 mmu); 13C NMR data in
pyridine-ds at 300 K, see Table I; 1H NMR data in pyridine-ds at 293 K, see Table IL.

12: [a]D +85.5° (¢ 0.1, MeOH); UV (MeOH) Amax 288 (¢ 11000), and 307 (sh) nm; IR (film) 3440, 2960,
2920, 2860, 2360, 2320, 1600, 1450, 1400, 1230, 1040, 940, 880, and 850 cm"1; HR-FABMS (positive) m/z
897.5598 (C54H77N209, A -3.1 mmu); 13C NMR data in pyridine-d5 at 300 K, ssee Table I; IH NMR data in
pyridine-ds at 293 K, see Tables 1I and III.

13: [a]D +95.1° (¢ 0.1, MeOH); UV (MeOH) Amax 289 (€ 11900), and 306 (sh) nm; IR (film) 3460, 2960,
2920, 2860, 2360, 2300, 1700, 1460, 1400, 1040, 940, 880, and 850 cm-l; HR-FABMS (positive) m/z
897.5591 (C54H77N209, A -3.8 mmu); 13C NMR data in pyridine-ds at 300 K, see Table I; IH NMR data in
pyridine-ds at 293 K, see Tables II and 1.
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