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Ab#~ract: Two ceramide l-sulfates I and 2 have been isolated from the Japanese Bryozoa Watersipora 
cucuUata as new potent inhibitors of a human DNA topoisomerase I. The gross structures of 1 and 2 
were determined by spectroscopic analysis, and their absolute stereochemistry was elucida~d by the 
optical data of degredafion products. © 1997 Elsevier Science Ltd. 

DNA topoisomerase I (topo I) is a nuclear enzyme that controls the topological state of DNA and is 

implicated in various genetic processes including replication, transcription, and recombination. 1 Since this 

enzyme has been recognized as a principal target of the anticancer drugs camptothecins, 2 topo I-targeted 

chemotherapy of human cancers has become of interest in recent years. 3 At present, the camptothecins are the 

major specific inhibitors of topo I and reports on other types of inhibitors from natural sources are limited. 4 In 

the course of our screening studies on new topo I inhibitors from marine organisms, 5 a group of ceramide 1- 

sulfates has been isolated as potent topo I inhibitors from the Japanese Bryozoa Watersipora cucullata. 

Ceramide 1-sulfates, though known as synthetic compounds, 6 have not yet been isolated as natural products. In 

this paper we describe the isolation and sU'uctural elucidation of two novel eeramide 1-sulfates. 
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The animal W. cucullata (5.9 kg, wet wt), collected in Aichi Prefecture, Japan, was extracted with 

MeOH. The MeOH extract was subjected to solvent partition to afford EtOAc, BuOH, and aqueous fractions. 

The BuOH fraction, which exhibited topo I inhibitory activity with an I(350 of 53 gg/mL, was chromatographed 

on Sephadex LH20 (CHCla/MeOH step gradient) and then silica gel (i. CHC13/acetone/MeOH step gradient; ii. 

toluene/EtOAc/MeOH step gradient) to give a mixture of ceramide 1-sulfates (IC50 = 2 gg/mL). The mixture 

was further separated by reversed-phase HPLC (90:6:4 MeOH/MeCN/H20, 20 mM NH4OAc, pH 7) to afford 

two ceramide 1-sulfates 1 and 2, which contained a slight amount of impurities. Each compound was 

rechromatographed by reversed-phase HPLC under similar conditions with pH 4.5 to give pure 1 (1.6 x 10-3% 

yield based on wet weight) and 2 (7.8 x 10-4% yield) as white powders. These compounds 1 and 2 showed the 

inhibitory activity against a human topo I with IC50s of 0.4 and 0.2 ~M, respectively. 7 

Ceramide 1-sulfate 1, [ot]25D +17 (c 0.064, MeOH), has the molecular formula of C34H65NOTS (free 

acid), which was determined by high-resolution negative FABMS [m/z 630.4415 (M-H)-, ,x +1.1 mmu]. We 
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T a b l e  1. N M R  Data  for Ceramide  l -Sul fa tes  1 and 2 in Methanol-d4.  

Position 1 2 

IHa 13cb 1H 13 C 

1 4.11 dd (10.3, 2.9) 67.6 t 4.12 br d (10.0) 67.6 t 
4.28 dd (10.3, 4.9) 4.28 dd (10.0, 3.8) 

2 4.00 m 54.0d 4.02 m 54.1 d 
3 4.12 m 72.6d 4.14 m 72.6d 
4 5.47 dd (15.3, 7.4) 131.0 d 5.50 dd (15.0, 7.0) 131.3 d 
5 5.74 br d (15.3) 134.5 d 5.75 dt (15.0, 6.4) 134.4 d 
6 2.06 br s 33.7 t c 2.10 m 33.5 t 
7 2.06 br s 33.3 t c 2.21 m 28.7 t 
8 5.42 br s 130.6d d 5.35 t (7.0) 130.3 d 
9 5.42 br s 131.9d d 135.2 s 
I0 1.98 m 33.6 t 6.03 d (15.5) 136.1 d 
11 1.2-1.4 m 30.3-33.0 t 5.55 dt (15.5, 7.0) 128.5 d 
12 1.2-1.4 m 30.3-33.0 t 2.07 m 33.9 t 
13 1.2-1.4 m 30.3-33.0 t 1.40 m 30.3-33.1 t 
14-16 1.2-1.4 m 30.3-33.0 t 1.2-1.4 m 30.3-33.1 t 
17 1.32 m 23.7 t 1.32 m 23.7 t 
18 0.90 t (6.6) 14.4 q 0.90 t (6.5) 14.4 q 
1' 177.1 s 177.1 s 
2' 3.98 dd (7.8, 3.7) 73.0 d 4.00 m 73.0 d 
3' 1.53, 1.69 m 35.7 t 1.55, 1.70 m 35.8 t 
4' 1.40 m 26.2 t 1.40 m 26.2 t 
5'-14' 1.2-1.4 m 30.3-33.0 t 1.2-1.4 m 30.3-33.1 t 
15' 1.32 m 23.7 t 1.2-1.4 m 30.3-33.1 t 
16' 0.90 t (6.6) 14.4 q 1.2-1.4 m 30.3-33.1 t 
17' 1.32 m 23.7 t 
18' 0.90 t (6.6) 14.4 q 
9-Me 1.71 s 12.8 q 

a Recorded at 400 MHz. Coupling constants in Hz are in parenthesis, b Recorded at 100 MHz. c,d Signals are interchangeable 
within the same superscripts. 

first a s s u m e d  the al ternat ive molecu la r  fo rmula  o f  C34H66NO7P for 1 because  o f  the c lose  va lues  o f  the exact  

mo lecu la r  we igh t s  b e t w e e n  two poss ib le  molecu la r  formulae .  However ,  the p resence  o f  a su l fur  a tom was  

evident ly  demons t r a t ed  not  only  by F A B M S  data (high-resolut ion MS measu red  at the  resolut ion o f  10000 and 

the relat ive in tensi t ies  o f  i so tope peaks)  but  also by e l emen ta ry  analysis .  9 The  in tense  IR bands  at 1230 and  

1070 c m  -1 sugges t ed  the ex is tence  o f  a sulfate group. The  presence  o f  a secondary  amide  group was  sugges ted  

by IR bands  at 1640 and  1540 c m  -1 and a 13C N M R  signal  at 8 177.1. The  s t rong signal  at ~i 1.2-1.4 in the IH 

N M R  s p e c t r u m  indica tes  that  1 is a lipid. Ana lys i s  o f  C O S Y  and 13C-1H C O S Y  spect ra  o f  1 a l lowed  us  to 

ass ign  IH and 13C chemica l  shif ts  (Table 1) and to cons t ruc t  a ceramide- l ike  s t ructure  that  compr i s ed  an 8,9- 

d e h y d r o s p h i n g o s i n e  base  and  a sa tu ra t ed  c t -hydroxy  fat ty acid. The  loca t ion  o f  the  su l fa te  g roup  was  

de te rmined  to be  at the  C1 posi t ion f rom low-field shif ts  o f  the me thy lene  s ignals  o f  H1 (8 4.28 and 4.11) and 

C-1 (8 67.6). 10 T h e  carbon  cha in  l eng th  o f  two lipid c o m p o n e n t s  in 1 was  clar if ied by  the observa t ion  o f  a 

s t rong f r agmen t  peak  at m/z  376 in the l inked scan nega t ive  F A B M S  spec t rum,  w h i c h  co r re sponded  to the  

sph ingos ine  1-sulfate  part  resu l t ing  f rom amide  bond  c leavage .  Th i s  was  also c o n f i r m e d  by  degrada t ion  

exper iments  (vide infra). 

The  abso lu te  s t e reochemis t ry  o f  1 was  e lucidated by chemica l  der ivat izat ion (Scheme  1). The  sulfate  

g roup  o f  1 was  eas i ly  r e m o v e d  by t rea tment  wi th  2 ,2 -d ime thoxypropane  under  acidic  condi t ions  to furn ish  

ace ton ide  3. The  relat ive s t e r eochemis t ry  o f  C2-C3  in 3 was  de te rmined  to be anti on the bas is  o f  vicinal  

coupl ing  cons tan ts  (in Hz) o f  3 as shown  in Scheme  1. Acid hydrolys is  o f  3 af forded ce ramide  4, in wh ich  the 
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Scheme 1. Chemical derivatization of ceramide 1-sulfate 1 

signals of HI were observed at higher fields (5 3.97 and 3.73) than those of 1, supporting that the sulfate group 

in 1 was connected to the C 1 position. Acid hydrolysis of 4 under the conditions reported for cleaving 

ceramides I 1 yielded methyl 2-hydroxyhexadecanoate (5) and 8,9-dehydrosphingosine (6). The absolute 

configuration of 5 was determined to be R from its specific rotation. 12 A chemical and circular dichroic method 

was developed by Nakanishi and coworkers for the microscale determination of the absolute configuration of 

sphingoid bases. 13 We applied this method to determine the absolute stereochemistry of 6. Thus, naphthimide 

formation at the amino group of 6 followed by naphthoylation of two hydroxyl groups afforded the 

bichromophoric derivative 7. The CD spectrum of 7 (Scheme 1) indicated a negative cotton effect similar to that 

reported for a D-erythro sphingosine derivative, 14 establishing the D-erythro (2S,3R) configuration of the 

sphingosine part of 1. From these findings the stereostructure of 1 was determined as shown in the formula. 

The compound 2, [o~]25 D +16 (c 0.05, MeOH), was considered to be a congener of 1 by the comparison 

of the NMR (Table 1) and IR spectra between 1 and 2. The presence of a sulfur atom and the molecular formula 

of C37H69NOTS was determined by high-resolution FABMS data [m/z 670.4724 (M-H)-, 6 +0.8 mmu] and 

elementary analysis. The COSY experiment of 2 revealed the presence of two substructures C 1-9-Me and C 10-- 

C18. The observation of an 8% NOE between H8 and H10 suggests the connectivity of the above substructures 

and the E geometry of the trisubstituted olefin at C8-C9. The trisubstituted butadiene structure was supported by 
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a UV band at 235 nm. The carbon chain length of two lipid components was determined by the observation of 

an intense fragmentation at the amide bond giving the m/z 388 peak (sphingoshine 1-sulfate part) in a linked- 

scan negative FABMS experiment. Both 1 and 2 show quite similar spectral data (specific rotations and 1H 

NMR signals of HI, H2, and H3), suggesting that the absolute stereochemistry of 2 is identical with that of 1. 

It is reported that certain lipids bind to topo I and inhibit its DNA binding activity,15 whereas an 

intermediate (enzyme-DNA cleavable complex) is known to accumulate upon the topo I inhibition by 

carnptothecin. 2 The mode of action of ceramide 1-sulfates 1 and 2, though unclear yet, seems to be the same as 

that of the lipid-type inhibitors judging from the structural similarity. Since, among the lipid-type inhibitors 

reported so far, 1 and 2 are most potent inhibitors, the inhibition mechanism, specificity, and other biological 

activities are of interest in connection with cancer chemotherapy, 
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