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TUBASTRAINE: ISOLATION AND STRUCTURE OF A NOVEL ALKALOID FROM THE STONY 

CORAL TUBASTRAEA MICRANTHA~ 
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a~epa r tmen t  of Medic ina l  Chemistry and ~ h a r m a c o ~ n o s ~ , ~ ~ e ~ a r t m e n t  o f  Biology, 
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U n i v e r s i t y  o f  Houston, Houston, Texas 77004, and Department o f  Pathology, 

Chemical Pathology Uni t ,  U n i v e r s i t y  of Texas Medical Branch, Galveston, 

Texas 77550. 

Abs t rac t  The non-symbiot ic marine c o r a l  Tubastraea micrantha was found t o  

con ta in  a  novel a l k a l o i d  along w i t h  a  p rev ious l y  known sesterterpene. The 

s t ruc tu res  of t h e  i s o l a t e d  metabo l i tes  were determined by spectroscopic 

methods. 

The non-symbiotic stony c o r a l  Tubastraea ~ ~ i c r a n t h a h a s  been repo r ted  t o  be avoided by t h e  Crown- 

of-Thorn seastar--Acanthaster p lanc i - - t he  major predator  o f  stony c o r a l s  i n  t h e  pac i f i c . '  Th is  

observat ion  prompted us t o  i n v e s t i g a t e  t h e  secondary metabo l i tes  o f  t h i s  c o r a l  w i t h  spec ia l  

emphasis on t h e  i s o l a t i o n  of novel compoun~ds fo l l owed  by b i o l o g i c a l  eva lua t i on  of the  i s o l a t e d  

metabo l i tes .  An examinat ion o f  t h e  e thanc~ l  e x t r a c t  of 1. micrantha has r e s u l t e d  i n  t h e  i s o l a t i o n  

2  and i d e n t i f i c a t i o n  of a  number of anthraqrninoid d e r i v a t i v e s  which we have speculated cou ld  be 

respons ib le  f o r  t h e  avoidance response. I n  t h i s  c o m u n i c a t i o n  we r e p o r t  t h e  s t r u c t u r e  o f  a novel  

chromone a l ka lo id - tubas t ra ine  (I), along w i t h  t h e  i s o l a t i o n  o f  a  known sesterterpene-heteronemin 

3 (XI f rom t h i s  co ra l .  

The res idue from t h e  ethanol  e x t r a c t  o f  t h e  a i r  d r i e d  c o r a l  was defa t ted  by t r i t u r a t i n g  w i t h  

hexane, fo l lowed by e x t r a c t i o n  w i t h  CHC13. The res idue from t h e  CHC13 e x t r a c t ,  upon repeated 

chromatography on RP-8 columns, gave a  g lassy  compound (1) mp 122'~, ir: 3400,(OH) 1735, 1730 

1 (C=O e s t e r )  and 1660 (C=O), 1612 and 1560 (y-pyrone). The H-nmr spectrum, i n  CDCI3 i nd i ca ted  t h e  

presence of a  hydrogen-bonded hydroxyl  ( 6  12.71, s l o w l y  exchanged upon shaking w i t h  D20) along 

w i t h  the  presence of two d i s u b s t i t u t e d  aromat ic n u c l e i  [ 6  7.96 (2H,dd,J = 8.3,2.2Hz), 7.81(2H, dd, 

+presented i n  p a r t  a t  t h e  American Soc ie ty  of Pharmacognosy Annual Meeting, Kingston, RI, 1987 

(Abs t rac t  #21), We thank Dr. Paul Schfff f o r  p o i n t i n g  ou t  t h a t  the t r i v i a l  name "michranthine" 

has a l ready  been assigned t o  an a l k a l o i d  o f  Daphnendra species. 
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Figure 1 : Symnetrlzed au toco r re la ted  homonuclear (COSY) 
NMR spectrum o f  t ubas t ra ine  i n  deu te r i opy r i d i ne  taken a t  
300.068 MHz. The normal spectrum (d iagona l )  i s  p re-  
sented as a convensional h i gh  r e s o l u t i o n  spectrum 
(below) coupled resonances c o r r e l a t e d  2 the  o f f -d iag-  
onal responses, f o r  which p a r t i a l  c o n n e c t i v i t y  pathways 
are shown. 

J =8.3,2.2Hz), 7.67 (2H, dd, J = 8 . 3 , 2 . 2  Hz) and 7.46 (2H, dd, J = 8.3.2.2Hz). Protons a t  6 7.96 

1 1  and 7 .46and 7.81 and 7.67 were mu tua l l y  coupled, as determined from a H- H c o r r e l a t i o n  (COSY) 

spectruml, two a roma t i c / v i ny l i c  protons [6 6.50 ( I n ,  s )  and 6.08 (IH, d, J = 0.4Hz)l. two methyls 

[ 6  2.38 (3H, s )  and 2.27 (3H, d, J = 0.4Hr)l and a p ro ton  (6 5.60) on an oxygenated carbon. One 

o f  the  two methyls (6 2.27) was coupled t o  the  pro ton resonat ing  a t  6 6.08 (as determined from a 

1 COSY spectrum). The H-nmr i n  p y r i d i n e  showed the presence o f  seven protons resonat ing  and a t  6 

1 1  3.81, 3.64, 3.38, 3.12, 2.43, 2.09 and 1.96. The H- H COSY spectrum i n  p y r i d i n e  (F ig  I )  showed 

t h a t  the  methine.proton (6 5.60) was coupled t o  t h ree  protons (6 3.81, 3.38 and 2.43). The pro- 

tons a t  6 3.38 and 2.43 were mu tua l l y  coupled and c o n n e c t i v i t y  stopped there .  The p ro ton  a t  
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6 3.81 was coupled t o  two protons resonat ing a t  6 3.64 and 1.96. The proton a t  6 3.64 was, i n  

turn, coupled t o  protons a t  6 2.09 and 1.96 which were mutua l ly  coupled. The connec t i v i t i es  o f  

these protons along w i t h  the presence of three carbons [56.4(t), 54.2(t) ,  and 44.4(a) ppml 

attached t o  a n i t rogen(s) ,  i n  the 13~-nm\* spectrum, suggested the  presence o f  a N-methyl-3,4- 

1 13 d i s u b s t i t u t e d  p ipe r id ine  moiety i n  I. A H- C COSY spectrum was used t o  i d e n t i f y  the s p e c i f i c  

pro ton re5onances associated w i t h  each i n d i v i d u a l  protonated carbon. The 13~-nmr spectrum o f  1 
showed the  presence o f  30 carbons 113 x C,  12 x CH, 3 x CH2 and 2 x CH31. I n  analogy w i t h  the  

4 l i t e r a t u r e  the 13c-nmr suggested the  presence of a chromone nucleus [182.4(C4), l65.8(C7), 

163.1 (C-10). 160.9(C5), 156.5(C2), 108.!i(C6), 104.9(C9), 103.8(C8) and 100.2(C3)ppm] w i t h  possi-  

b l e  subs t i t u t i ons  a t  C2, C5. C7 and CB. The presence of 12 aromatic carbons along w i t h  two 

carbonyls (165.43ppm, 2C) i n  the  13c-nmr spectrum coupled w i t h  the connec t i v i t i es  of aromatic 

protons supports the  presence of two p-bromobenzoic ac id  residues i n  L. One o f  the  two p-bronm- 

benzoic ac id  residues could be safely asriigned t o  C3 o f  the p ipe r id ine  moiety t o  s a t i s f y  the 

resonance of the methine proton a t  6 5.60. Since the chromone nucleus has on ly  two protons 

5 (assigned t o  C3 and C6, on t h e  basis o f  l i t e r a t u r e  values ), the second p-bromobenzoic ac id  r e s i -  

due must be attached t o  C7 leav ing the  p ipe r id ine  moiety t o  be f ixed a t  C8. This assignment i s  

supported by the p o s i t i o n  o f  C10 i n  the  nmr spectrum of 1.4s6 The low reso lu t i on  mass 

spectrum of I gave the  h ighest  peak a t  m/z 487 and 489. The presence o f  a p-bromobenzoic ac id  i n  

1 was a l so  ev ident  from the fragments a t  m/z 287, (487 - C7H502Br) 200 (C7H502Br) 202. 183 - 

(C7H40Br), 185, and 155 (C6H4Br), and 157. The s t ruc tu re  was f i n a l l y  confirmed by the  conversion 
6 of roh i tuk ine  (x, a secondary metabol i te  of t he  p lan t  - Amoora m h i t u k a )  i n t o  tubast ra ine.  

Compound z w a s  i s o l a t e d  from the ear l ie r .  f rac t i ons  o f  t he  LH-20 column chromatography of t he  

1 chloroform e x t r a c t  and was i d e n t i f i e d  as heteronemin on the  basis of H and nmr, ms and 

1 1  1 13 i n t e r p r e t a t i o n  o f  the H- H and H- C CCISY spect ra l  data. 7 

2 T. micrantha has been repor ted t o  have an unusual ly h igh  concentrat ion o f  benzoic ac id  which has - 
not  been encountered before i n  marine inver tebrates,  however benzoic ac id  de r i va t i ves  have been 

8 i s o l a t e d  from the sea grass - Posidonia aceanica as we l l  as from the cu l tu res  o f  chromobacterium 

sp.' Although f lavonoids and chromones are connon p lan ts  m t a b o l i t e s ,  on l y  favonoids have been 

encountered i n  marine inver tebrates.  Tubastraine thus represent the f i r s t  example o f  a chromone 

conta in ing metabol i te  of a marine inver tebrate .  Heteronemin has been i s o l a t e d  from a number of 

sponges inhab i t i ng  the south Pac i f ic ,  t h i s  i s  the f i r s t  r e p o r t  on the i s o l a t i o n  o f  g from a 

co ra l .  Since 1. micrantha does n o t  harbor symbionts, i t  i s  q u i t e  poss ib le  t h a t  the i s o l a t e d  

compounds could have been derived fmm d i e t a r y  sources. 



EXPERIMENTAL 

Mp were recorded on a Fisher-Johns apparatus. Spectra were recorded on the fo l lowing i n s t r u -  

ments: Ir: Perkin-Elmer model 283; mass spectra: Finnigan model 1020 equipped w i t h  an Incos 

Data System. Nmr spectra were recorded on a N lco le t  NT300 wide bore spectrometer operat ing a t  

300.068 and 75.457 Hz fo r  'H and 13c observation, respect ive ly .  The instrument was con t ro l l ed  by 

1 13 1 1  a model 29C pulse programner and was equipped w i t h  a 5mn H/ C dual tuned probe. Both H- H and 

'H-'~c c o r r e l a t i o n  spectra were recorded as described elsewhere. 10 

An a i r  d r i ed  sample (509) of 1. micrantha, co l l ec ted  from the  waters o f  Palau i n  summer 1983, 

was ext racted w i t h  EtUH and the  e x t r a c t  was evaporated t o  dryness t o  y i e l d  a residue (3.999). 

The residue a f t e r  defa t t ing w i t h  hexane was ext racted w i t h  CHC13. The resldue from the  CHC13 

e x t r a c t  (1.79) was chromatographed on a LH-20 column (2.5 x 100 cm), which was e lu ted  w i t h  10% 

MeOH i n  CH2C12. Fract ions conta in ing Dragendorf f 's p o s i t i v e  spots (21-28, 8 ml each) were 

combined and rechromatographed on a RP-8 column (0.5 x 60 cm). E l u t i o n  of the column w i t h  5% 

MeOH i n  CHC13 gave a group of f r a c t i o n s  (5-8, 4 m l  each) which upon rechromatography and 

evaporat ion gave 6.5 mg o f  as glassy resldue. Mp 122'~, 'H nmr (CDC13): 6 12.71(bs), 7.960 

(2H, dd, J=8.3,2.2HzJ, 7.818 (2H, dd, J%3.3,2.2Hz), 7.670 (2H dd, J=8.3,2.2Hz), 7.469 (ZH, dd, J= 

8.3,2.2HzJ, 6.506 (lH,sl, 6.083 (lH,d,J=0.4Hz), 5.606 (lH, d, J=2.2Hz), 3.802, 3.573 (5H.m). 

3.056 (1H,Js12.5 Hz), 2.738 (3H,s), 2.271 (3H,d,J=0.4Hz), and 1.905 (1H d, J=12.5Hzl. 'H-N~?' 

(C5D5N): 6 13.72 (lH,bs), 8.224 (2H, d, Jz8.2Hz), 8.U34 (2H, d, J=8.4Hz), 7.635 (ZH, d, J=8.4Hz), 

7.484 (2H, d, J=8.4Hz), b.647 (lH,s, 6-H), 6.073 (lH, s, 3-HI, 5.816 ( lH, s, 3'-H), 3.819 

(lH, m, 4'-H), 3.642 ( lH, m, 5'-BH), 3.385 (lH, d, J=12.9Hz, 2'-BH), 3.12u (1H, d, J-10.6Hz. 

6'-gH), 2.437 (lH, d, J=12.9Hz, 2'-aH), 2.238 (3H, s, N-CH3), 2.230 (3H, s, 2-CH3), 2.097 

(1H, m, 6'-aHJ and 1.961 (lH, d, J=lU.7Hz, 5'-aH). % - ~ m r  (CD13): 182.49 (C4). 165.87 (C7). 

165.53 (2C. CW), 163.10 (ClO), 160.95 (C5), 156.49 (C2), 131.51 ( 4 ~ ) .  131.20 (2C), 131.10 (4C). 

128.45, 128.38, 108.46 (C6). 104.30 (C9), 103.78 (CM), 100.23 (C3). 70.33 (C3'), 56.39 (CZ'), 

54.19 (C6'), 44.45 (N-CH3), 34.26 (C4'), 23.99 (C5') and 20.27 (CH3) 

Fract ion 8-13 o f  t he  LH-20 chromatography upon evaporat ion gave a residue conta in ing on ly  one 

major compound, which was p u r i f i e d  by chromatography on a s i l i c a  gel  60 (230 - 400 mesh, t. Merck) 

column. E l u t i o n  of the column w i t h  a l l n e e r  grad ient  of MeOH i n  CHCT3 ( 0  - 5%) gave 26 mgs of 

c o l o r l e s i  needles, mp 177-17n0, 'H-nmr (CHCI~), 6 6.76 (IH,~s), 6.16 (IH,~), 5.36 (IH, dd, J= 

10.3, 4.2Hz), 3.65 (lH, d, J-3.5Hz). 3.45 (lH, dd, 5*10.3,4.2Hz), 2.43 (1H.b~) .  2.10 (6H, 2 x 

OAcl, 2.04 UH, m), 0.89 (3H, s),  0.83 (6H.s). 0.82 (3H,s), 0.79(3H,s), nmr CDC13). 171.35, 

170.06, 135.34, 114.44, 101.66, 80.49, 69.32, 64.19, 58.74, 56.49, 54.65, 42.70, 42.09, 41.81, 

38.89, 38.05, 37.40, 33.22, 29.67, 27.99, 27.19, 21.36, 21.22, 21.05, 18.56, 18.16, 17.31, 16.30 
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8.74. Ms 488 (M+). With the  except ion o f  C4 p o s i t i o n  i n  the 13C spectrum ( L i t e r a t u r e  33.1 t h i s  

repor t  29.7 ppml a1 l carbon values were w i t h i n  0.5 ppm t o  t h a t  what has been repor ted for  

heteronemln. 3 

6 Synthesis o f  1: 2.5 mg of roh i tuk ine  was mixed w i t h  p-bromobenzoyl c h l o r i d e  and was al lowed t o  

stand f o r  12 hours, a f t e r  which the so1ut:ion was warmed gen t l y  f o r  2 hours. The reac t ion  mix ture 

was allowed t o  cool and poured i n t o  crushed ice.  The s o l u t i o n  was ext racted w i t h  chloroform and 

1 p u r i f i e d  by chromatography on RP-8. The mp and H-nmr spectrum of the  syn the t i c  was i n d i s t i n -  

guishable from those o f  na tu ra l  1. 
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