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Summary: A new cytotoxic dimeric steroidal alkaloid, 
ritterazine A, has been isolated from the tunicate, Rit- 
terella tokioka, and its structure elucidated by extensive 
spectroscopic analyses. 

Tunicates have proved to be a rich source of cytotoxic 
compound~,2 including such important agents as the 
didemnins3 and ecteina~cidins.~ In the course of our 
search for cytotoxic metabolites from Japanese marine 
invertebrates the lipophilic extract of the tunicate Rit- 
terella tokioka Kott, 1992 (family, Polyclinidae) showed 
promising activity. Bioassay-directed fractionation af- 
forded ritterazine A which exhibited cytotoxicity against 
P388 murine leukemia cells with an ICs0 value of 3.8 x 

Colonies of the tunicate (5.5 kg)5 collected off the Izu 
Peninsula, 100 km southwest of Tokyo, were extracted 
with ethanol and then acetone. The concentrated ex- 
tracts were partitioned between water and ethyl acetate; 
the organic phase was partitioned by a series of solvent 
systems: n-hexane/90% aqueous MeOH and CHzC12/60% 
aqueous MeOH. The active CHzClz fraction was repeat- 
edly fractionated by ODS and LH-20 chromatographies 
to afford ritterazine A as a colorless glassy solid (2.9 mg; 
5.3 x % wet weight).6 

Ritterazine A' (1) had a molecular fomula of CHH&O1o 
as established by HR-FABMS. The UV absorption at  287 
nm (E 8550) indicated the presence of a pyrazine ring: 
which was supported by four overlapping 13C NMR 
signals at 6 145-150.9 

The 'H NMR spectrum revealed sharp and well- 
dispersed signals equivalent to 76 protons, which in- 
cluded seven methyl singlets and two methyl doublets. 
The 13C NMR spectrum revealed a ketone (6 221.2)) two 
acetalhemiacetals (6 108.0, 119.81, four oxygenated 
quaternary carbons, four oxygenated methines, and an 
oxygenated methylene. In addition to pyrazine carbons, 
two sp2 carbon signals resonated at  6 121.2 (d) and 152.0 
( 6 ) .  

COSY coupling networks were interrupted by many 
quaternary carbons and overlapping signals. Therefore, 
construction of structural units was first carried out by 
using the well-separated methyl protons in the HMBC 
spectrum;1° the resulting units were further extended by 
analysis of COSY and HOHAHA data, which gave rise 
to  structural units a-f. Connection of these units and 

pg/mL. 
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before extraction. There were no concomitant hemichordates. 
( 5 )  Colonies were cleaned by removing macroepibionts and sands 

d f 

i 
OH : 

formation of ether rings were accomplished by HMBC 
experiments. Connection of units d and e needs a com- 
ment. In the HMBC spectrum the Me-18 signal at 6 1.30 
was correlated with carbons at  6 61.7 ((217)) 80.9 (C13), 
and 69.3 (C14), while long-range coupling between these 
methyl protons and a hydroxyl proton (6 5.28) was 
observed in the COSY spectrum; this placed a hydroxyl 
group at  C13. Connectivities between C14 and C15 and 
between C8 and C14 were implied from HMBC cross- 
peaks H15dC13 and H15j31C8, respectively. Location of 
a ketone ((212) between C11 and C14 was verified by 
HMBC crosspeaks H l l a ,  HllP, H15a, H15PIC12, and 
HlldC14. Connectivities of units a-c as well as units 
e and f were unexceptional, thereby completing two 
steroid moieties, one with a rearranged skeleton. At this 
point, we realized that the western hemisphere of the 
molecule composed of units a-c was identical with the 

(6) The &chloromethane phase was chromatographed on ODS with 
aqueous MeCN. Fractions eluted with MeCN/H20 (7:3) and MeCN/ 
HzO (9:l) were combined (1.424 g) and gel-filtered on LH-20 (MeOH) 
followed by ODS-MPLC (80% aq MeCN), gel-filtration on LH-20 
[hexane/CHzClz/MeOH (45:1)], ODS-MPLC (80% aqueous MeCN), 
ODS-HPLC (80% aqueous MeCN), gel-filtration on LH-20 [hexane/ 
C H C l a e O H  (8:1:1)], and ODS-HPLC (60% aqueous MeCN). 
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H-l'a 
H-l'B 
H-4'a 
H-4'P 
H-5' 
H-6'a 
H-6'P 
H-7' 

H-8' 
H-9' 
H- 1 l'a 
H-ll 'P 
H-12' 
12'-OH 

H-15' 

H-16' 

H-18' 
H-19' 
H-20' 
H-21' 

17'OH 

H-23'a 

H-24'a 

25'OH 
H-26'a 

H-23'B 

H-24'8 

H-26'B 
H-27' 

Table 1. NOE and H-C Long-Range Coupling by HMBC Spectrum of Ritterazine A 
left side right side 

no. 6 NOE HMBC no. 6 NOE HMBC 
H - l a  2.76 H9 c2 ,  c9 ,  c10, c19  
H-1B 2.91 H l l a , H l l B  c 2 ,  c5, c10, c19  

2.70 H9' 
3.17 H l l ' a  
3.02 H6'a 
2.81 H6'B 
1.88 H9', H7' 
2.22 H4'a, H7' 
1.77 H4'P 
4.07 H5', H 6 a ,  H15' 

2.43 H19' 
1.19 Hl'a, H5' 
2.17 Hl'j3, H12' 
1.87 H18' 
4.22 Hl l ' a ,  H16' 
4.66 

6.13 H7' 

5.25 
5.00 
1.34 
0.88 
2.22 
1.27 
2.50 
1.45 
1.86 
2.15 
3.64 
3.61 
4.01 
1.23 

H12', H26P 

Hll'B, H20' 
H8' 
H18', H23'a, H23'P 

H20' 
H20', H24'a 
H23'8, H24'B 
H24'a 

H26'B 
H16,  H26'a, H27 
H26'B 

C2', C9', c10', c19' 
CY, CY, c5', Clo', c19  
C3', c5', Clo'  
C3', c5' 
c19' 
C8' 
C7', C8' 

CY, CY, C14', C15' 

C 9 ,  C12', C13' 
CY, C12', C13' 
(317, c18' 
Cll ' ,  C12' 

C8', C13', C14', C16', C17' 

c14', c17' 
C13', C17' 
C W ,  C13', C14', C17' 
Cl', CY, c 9 ,  Clo'  
C13', C17', C21', C22', C23' 
c17', c20', c22' 
C22'. c24' 
c22'; c25' 

c23' 
C26' 
C22', c24', c25' 
C25' 
C24', C25', C26' 

corresponding portion of cephalostatin 7 (21,'' a cytotoxic 
metabolite of the hemichordate Cephalodiscus gilchristi, 

(7) 1: [ a ] ~  +112.0" (c 0.1, MeOH); UV (MeOH) A,, 287 ( 6  8580) 
and 308 sh nm; IR (film) 3420, 2970, 2940, 2880, 2360, 1770, 1730, 
1600, 1450, 1400, 1260, 1230, 1160, 1130, 1080, 1040, 990, 970, 960, 
940, 890, 870, and 820 cm-$ HR-FmMS (positive; glycerol matrix) 
m l z  913.5576 and 895.5408. corresuondine to the molecular formulas 

(C23), 33.2 (1224'1, 35.6 (C4' and 101, 35.9 ((34, 10' and W 3 7 . 4  (c24), 
38.4 (C6'), 40.0 (C5'), 40.6 (C8), 40.8 (C20), 40.9 (C11), 41.9 (c5), 42.9 
(C8'). 45.9 (Cl'). 46.7 ((21). 48.3 fC20'). 50.1 (c9). 51.2 (CY). 56.1 (C13'). 

152.0 (C14'), 221.2 (C12); 'H-NMR data in pyridine-& at 303 K 0.81 
(3H, s, H19), 0.88 (3H, s, HW),  0.98 (3H, d, J = 7.3 Hz, H21), 1.12 
(3H. s. H26). 1.19 (1H. ddd. J = 12.2. 10.9. 4.0 Hz. HY). 1.23 (3H. s. 
H2j'),'1.27 (3H, d, J = 6.9'Hz, H21'); 1.30(3H, s,'H18); 1.34 (3H; s; 
 HI^'), 1.36 (1H, m, H7a), 1.42 (3H, s, €3271, 1.45 UH, m, H6B), 1.45 
(lH, m, H23'/?), 1.62 (lH, m, H9), 1.65 (IH, m, H6a), 1.68 (lH, m, 
H24B). 1.74 (lH, m, H5). 1.77 (lH, dd, J = 12.7, 10.3 Hz, H6'B). 1.86 
(1H; m, H24'a), 1.87 (lH, m, Hll'B), 1.88 (lH, m, H57, 1.90 (lH, m, 
H23,9), 1.94 (lH, m, H23a), 2.01 (lH, dd, J = 11.3,3.5 Hz, H24a), 2.08 
(1H. m. H15a) 2.14 (1H. m. H11B). 2.15 (1H. m. H24'8). 2.17 (1H. m. 
Hlca ) ;  2.22 (lH, m, H6a);  2.22(1H, q, J ='6.9 Hz, H209, 2.24 (iH; 
m, H15p), 2.27 (lH, m, H7/3), 2.35 (lH, dd, J = 16.5, 6.3 Hz, Hl la ) ,  
2.40(1H,ddd,J=12.1,11.9,3.6Hz,H8),2.43(1H,dd, J=10.9,10.6 
Hz, HV), 2.50 (lH, ddd, J = 13.3, 13.1, 4.9 Hz, H23'a), 2.54 (lH, dq, 
J =  1.5,7.3Hz,H20),2.69(1H,dd, J=17.8 ,  12.7H~,H4B),2.70(lH, 
d, J = 16.8 Hz, Hl'a), 2.76 (lH, d, J = 16.4 Hz, Hla), 2.81 (lH, dd, J 
= 17.7, 13.0 Hz, H4'B), 2.85 (lH, dd, J = 9.3, 1.5 Hz, H17), 2.91 (lH, 
d, J = 16.4 Hz, H1,6), 2.97 (lH, dd, J = 17.8, 5.5 Hz, H4a), 3.02 (lH, 
dd, J =  17.7,5.1Hz,H4'a),3.17(1H,d, J =  16.8Hz,Hl'B),3.61 (lH, 
dd, J = 11.5, 2.6 Hz, H26'a), 3.64 (lH, br s, 25'OH), 4.01 (lH, d, J = 
11.5 Hz, H26'/3), 4.07 (lH, ddd, J = 10.6, 9.8, 5.6 Hz, HY), 4.22 (lH, 
ddd, J = 11.3, 4.8, 1.7 Hz, H12'), 4.66 (lH, br s, 12'OH), 4.89 (lH, br 
s, lYOH), 5.20 (lH, ddd, J = 9.3, 3.9, 2.9 Hz, H16), 5.25 (lH, d, J =  
1.9 Hz, HlU), 5.28 (lH, br 8, 130H), 6.02 (lH, br s, 7'OH), 6.13 (lH, 
dd, J = 1.9, 1.8 Hz, H15'). 

(8) Pretsch, E.; Simon, W.; Seibl, J.; Clerc, T. In Tables of Spectral 
Data for Structure Determination of Organic Compounds, 2nd English 
ed.; Fresenius, W., Huber, J. F. K., Pungor, E., Rechnitz, G. A., Simon, 
W., West, Th. S., Eds.; Springer-Verlag: Berlin, 1989; pp U5-Ul55. 

H-4a 
H-4P 
H-5 

H-6a 

H-7P 
H-8 
H-9 

H-6a 

H-7a 

H - l l a  
H-11j3 

13-OH 
H-15a 
H-15B 
H-16 
H-17 
H-18 
H-19 
H-20 
H-21 
H-23a 

H-24a 
H-23P 

H-24b 

2.97 
2.69 
1.74 
1.65 
1.45 
1.36 
2.27 
2.40 
1.62 
2.35 
2.14 

5.28 
2.08 
2.24 
5.20 
2.85 
1.30 
0.81 
2.54 
0.98 
1.94 
1.90 
2.01 
1.68 

H6a c3 ,  c 5 ,  c 1 0  
c3 ,  c5 ,  c10  
c10 

H6B 
H7a 
H4a, H7B 
H4B1 H7B 
H5, H15P 
H6a, H6B,130H 
130H, H19 C14 
H l a ,  H E a ,  H15B C1, C7, C10, C11, C19 

C8, C12, C14 
c9 ,  c10, c12  

HIP 
HIP 

H7B, H8, HMB, H20 
H9, H16 
H7a, H9,130H 
H15a 
H21 

H8 
130H 
H17 

C13, C17, C16, C18 
C12, C13, C17 
C8, C12, C14, C16 
C13, C22 
C15, C16, C18, C20, C21, C22 
C13, C14, C17 
c1, c5, c9 ,  c 1 0  
C13, C16, C17, C21, C22 
C17, C20, C22 
C24 

H24/3, H27 
H24a 

H-26 1.12 C24, C25, C27 

H-27 1.42 H24a C24, C25, C26 

except for the C7' substituent. With this in mind, we 
could connect the two steroid units through a tetrasub- 
stituted pyrazine ring,ln which satisfied the molecular 
formula. This structure was also in good agreement with 
our spectral data. However, the orientation of the two 
steroid units could not be determined on the basis of 
NMR data. The structure was drawn as in the case of 
cephalostatin 1, which had been secured by X-ray dif- 
fraction.13 

Relative stereochemistry of each steroid unit was 
deduced by 'H, 'H-coupling constants and NOESY data. 
H5, H8, and H9 were assigned as axial on the basis of 
large vicinal coupling constants. An intense NOESY 
cross peak between CH3-19 and H8 indicated that CH3- 
18 was axial. 13-OH revealed NOESY cross peaks with 
H8, H7P, and H20, allowing us to deduce the stereo- 
chemistry of ring D and C20. Stereochemistry of ring E 
was established on the basis of NOESY cross peaks CH3- 
21/H17, H16/H15a, H15&9, and H15PIH7a. 'H NMR 
data for the western hemisphere except H7' were almost 
superimposable on those of cephalostatin 7, thereby 
suggesting that the stereochemistry of the western 
hemisphere was identical with that of cephalostatin 7. 
H7' was assigned as axial on the basis of coupling 
constant analysis. Relative stereochemistry of the west- 
ern hemisphere was further substantiated by NOESY 
data. The absolute stereochemistry of the western 

(9) Breitmaier, E.; Voelter, W. Carbon 13 NMR Spectroscopy, 3rd 

(10) Bax, A.; Azolos, A.; Dinya, Z.; Sudo, K. J. Am. Chem. Soc. 1986, 

(11) Pettit, G. R.; Kamano, Y.; Inoue. M.; Dufresne, C.; Boyd, M. 
R.; Herald, D. L.; Schmidt, J. M.; Doubek, D. L.; Christie, N. D. J. 
Org. Chem. 1992,57, 429-431. 

(12) Assignments for C2, C3, C2', and C3' may be interchanged. 
(13) Pettit, G. R.; Inoue M.; Kamano, Y.; Herald, D. L.; Arm, C.; 

Dufresne, C.; Christie, N. D.; Schmidt, J. M.; Doubek, D. L.; Krupa, T. 
S. J. Am. Chem. SOC. 1988,110,2006-2007. 

ed.; VCH: New York, 1.990; pp 281-286. 

108, 8056-8063. 
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hemisphere of ritterazine A may be the same as for the 
well-established steroid n~c1eus.l~ 

Scheme 1. Proposed Biosynthetic Pathway of 
Ritterazine A(1) 

The biogenesis of the eastern hemisphere of the 
molecule is derivable from a 12-hydroxy-A14-steroid 

(14) Ritterazine A was very sensitive to acid. Attempts at  conversion 
to the ritterazine A-MTPA ester were unsuccessful. 

Communications 

skeleton as shown in Scheme 1. Isolation of closely 
related dimeric alkaloids from two different phyla poses 
a problem of the true origin. 
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