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t i on  of a lkal i  resul ted  in a b a t h o c h r o m i c  sh i f t  in the  UV-  
spec t rum.  A f i rs t  order  ana lys i s  of N M R - s p e c t r u m  (60 
M H z ;  CDCla) of I revealed  t he  presence  of 2 sets  of over-  
l app ing  s ignals  of the  A B X - t y p e  ar is ing f rom v iny l  groups  
a t t a c h e d  to q u a t e r n a r y  carbons .  2 s h a r p  s ingle ts  a t  

J CH~ v 8.59 and  8.39 (6H each) due  to 2 pa i rs  of / C N  CH~ 
groups,  p e r m i t t e d  the  a s s i g n m e n t  of 2 CsH o f r a g m e n t s  as 
1, 1 -d imethy la l ly l  groups  in c lausar in .  A s ingle t  a t  z 8.54 
for  2 e q u i v a l e n t  m e t h y l  groups  t oge the r  w i t h  2 olefinic 
p ro tons  fo rming  an  A B  q u a r t e t  a t  v 4.37 and  3.34 ( J =  
10.0 Hz) ind ica t ed  t he  presence of a d i m e t h y l c h r o m e n e  
nucleus  as a p a r t  of 1. 1 p r o t o n  r e sona t ing  a t  z 2.05 was 
ident i f ied  as C4-H, t hus  sugges t ing  t he  a t t a c h m e n t  of one 
of the  CsH 9, cha ins  a t  C a of t he  c l ausa r in  nucleus.  
On ace ty l a t i on  w i t h  pyr id ine-ace t ic  anhydr ide ,  c l ausa r in  

gave  an  ace t a t e  (2), C26Ha00 5, M + 422, m.p.  120~ KBr ~ma x 
1770 (OAc), 1715 (C-O), 1615 a n d  1598 cm -1 (unsa tu ra -  
t ion).  The  upfield shif ts  of C6-H a t  v 3.73 a n d  C4-H a t  
v 2.69 in i ts N M R - s p e c t r u m  ~ decided a) the  loca t ion  of t he  
O H - f u n c t i o n  a t  C5 and  b) the  l inear  fusion of the  r ing  A 
w i t h  the  c o u m a r i n  nucleus.  This  mode  of f o r m a t i o n  of the  
c h r o m e n e  r ing  and  the  p l a c e m e n t  of the  r e m a i n i n g  CsH 9 
un i t  a t  C~0 got  add i t i ona l  s u p p o r t  f rom the  fai lure  of 
c lausar in  to yield a fu ran  d e r i v a t i v e  u n d e r  acid ca ta lysed  
condi t ions .  This  es tab l i shed  t he  s t ruc tu re s  1 and  2 for 
c lausar in  a n d  i ts  ace ta t e  respect ively .  
The  proposed  s t ruc t re  1 for c lausar in  received f u r t h e r  
s u p p o r t  f rom E I  mass  spec t ra l  f r a g m e n t a t i o n  p a t t e r n  
which  showed  the  expec ted  molecu la r  ion p e a k  a t  m/e  

380. The  c rack ing  p a t t e r n  was cha rac t e r i zed  b y  t he  loss of 
a m e t h y l  rad ica l  (m/e 365) and  the  s u b s e q u e n t  loss of o t h e r  
func t iona l  groups  t h u s  showing  f r a g m e n t  ions a t  m/e  337 
[ M + - ( M e + C O ) I ,  312 (M+ CsHs) ' 311 (M+-CsH9), 309 
[M+-(Me + 2 CO)], 297 EM+-(Me +CsHs)I ,  283 IM+-(C5H~ + 
CO)], etc. The  o the r  fea tu re  of t he  s p e c t r u m  was t he  
a b u n d a n c e  of d o u b l y  cha rged  ions a t  m/e  190.5 a n d  
below wh ich  ind ica t ed  the  a r o m a t i c  n a t u r e  of c lausar inS.  

OR 

(1)  R = H 
(2 )  R : Ac 

1 T.R. Govindchari, B. R. Pai, P. S. Subramaniam and N.Muthur- 
kuinaraswamy, Tetrahedron 24, 753 (1968). 

2 H. Fuhrer, T. R. Govindachari, B. S. Joshi and B. R. Pai, 
Indian J. Chem. 8, 198 (1970). 

3 B.S. Joshi, V. N. Kamat, A. K. Saksena and T. R. Govindachari, 
Tetrahedron Left. 4019 (1967). 

4 A. Arnone, G. Cardillo, L. Merlini and R. MondelIi, Tetrahedron 
Lett. 4201 (1967). 

5 CDRI Comnmnication No. 2209. 
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Summary. 3 nove l  d i te rpenes ,  4 -6 ,  h a v i n g  t he  p e r h y d r o a z u l e n e  ske le ton  a l r eady  found  in pachyd ic t i o l  A (1) and  
d ic tyo l  A (2) and  B (3), h a v e  been  isola ted f rom b o t h  t he  d iges t ive  g land  of Aplys ia  depi lans  and  algae of t he  f ami ly  
Die tyo taceae .  

t n  1973 Hi r schfe ld  e t  al. 1 r epo r t ed  the  i so la t ion  f rom the  
Pacif ic  b r o w n  alga P a c h y d i c t y o n  cor iaceum of a d i t e rpene  
alcohol  (pachyd ic tyo l  A, 1) w i th  a p e r h y d r o a z u l e n e  skel- 
e t on  p rev ious ly  u n k n o w n  a m o n g  d i te rpenes .  More re- 
cent ly ,  we i so la ted  2 r e l a t ed  compounds ,  d ic tyo l  A (2) 
a n d  B (3), f rom the  d iges t ive  g land  of Aplys ia  dep i lans  ~ 
a n d  the  alga D i c t y o t a  d i c h o t o m a  3, on  which  t h e  sea hare  
is k n o w n  to feed. 
I n  pu r su ing  t he  inves t iga t ion  of the  chemica l  c o n s t i t u e n t s  
of the  mol lusc  a n d  t he  b r o w n  algae of t he  f ami ly  Dic tyo-  
taeeae ,  we h a v e  now  isola ted 3 f u r t h e r  d i t e rpenes  based  
on  t he  same  p e r h y d r o a z u l e n e  skele ton,  and  accord ing ly  
n a m e d  d ic tyo l  C (4), D (5) and  E (6). C o m p o u n d s  4 and  5 
h a v e  been  i so la ted  as m i n o r  c o m p o n e n t s  f rom b o t h  t he  
d iges t ive  g land  of A. depi lans  and  t he  alga D. d i cho toma ,  
whi le  t he  diol  6 has  been  o b t a i n e d  as t h e  m a j o r  d i t e rpene  
of t i le a lga D i lophus  l igu la tus  (Dic tyotaceae) .  
I so l a t ion  of t he  c o m p o u n d s  f rom t he  e the r - so lub le  po r t i on  
(20 g) of a n  ace tone  e x t r a c t  of t he  d iges t ive  g lands  f rom 
3 sea hares ,  col lected near  Naples ,  was  accompl i shed  b y  
sapon i f i ca t ion  and  r epea t ed  silica-gel c h r o m a t o g r a p h y  
( increasing c o n c e n t r a t i o n s  of e the r  in  l igh t  pe t ro leum)  of 
t he  unsapon i f i ab le  f ract ion.  The  m e t abo l i t e s  f rom the  

algae were s e p a r a t e d  b y  c h r o m a t o g r a p h y  of t he  chloro-  
form e x t r a c t s  of t he  dr ied  mater ia l ,  col lected nea r  Ca- 
t an ia ,  w i t h o u t  p r io r  s apon i f i ca t ion  4. 
Material and methods. Dic tyo l  C (4), m.p.  68~ (from n-  
hexane) ,  [~] n -16 .6  ~ (c 1, CHC13) ha s  molecu la r  f o rmu la  
C20H3aO 2 (accura te  mass  measu remen t ) .  The  consecu t ive  
losses of 2 molecules  of w a t e r  in i ts mass  s p e c t r u m  sugges t  
t h a t  b o t h  oxygen  a t o m s  ill 4 are p r e sen t  in  h y d r o x y l  
groups.  F u r t h e r m o r e ,  t he  s p e c t r u m  of 4 is cha rac t e r i zed  
b y  t he  same p a t t e r n  of peaks  a l r eady  obse rved  in t h e  
s p e c t r u m  of 3 and  co r r e spond ing  to  t he  loss of t he  iso- 
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4 20 g of crude extract from the digestive glands of 3 adult sea 
hares yielded 170 mg of dictyol C (4) and 250 mg of dictyol D (5) ; 
4 and 5 were also obtained from D. dichotoma in 0.1 and 0.01% 
yield of the dry material, respectively; D. ligulatus furnished 
dietyol E (6) in 0.5% yield. 
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Table 1.1H-NMR-spectra of dietyol C, D, E~ 

Specialia EXP~RI=NrIA 33]4 

Proton position Pachydictyol A b Dictyol C Dictyol D Dictyol E 
(l)  (4) (5) (6)  

1 2.21 (b) 2.62 (b) - 
2 - 4.50 (b, Wl/2 10) - 
3 5.30 (m) 5.26 (b, -VVI/~ 5) 5.56 (b, WU~5 ) 5.32 (b, Wl/25) 
5 2.74 (b, Wl/2 14) 2.94 (bt,lO) - 
6 3.85 (bd) 3.87 (dd; 9,3) 3.86 (bd, 9) 4.18 (bd, 9) 

14 5.10 (t) 5.14 (bt, 6) 5.11 (b) 5.14 (bt, 6) 
16 1.60 (s) 1.62 (s) 1.61 (s) 1.62 (s) 
17 1.75 (s) 1.85 (s) 1.92 (s) 1.82 (s) 
18 4.72 (s) 1.22 (s) 5.11; 4.86 (each bs)o 4.75 (s) 
19 0.97 (d) 1.00 (d, 6) 0.98 (d, 6) 1.23 (s) 
20 1.67 (s) 1.70 (s) 1.70 (s) 1.70 (s) 

~Run at 100 MHz in CDCI 3 using TMS as internal standard. Values are in ppm (b-scale). Multiplicities are indicated by the usual symbols. 
Figures in parentheses are coupling constants in Hz. Assignments were eonfirnled by decoupling, b Added for comparison 1. ~ H-14 and H"-18 
overlaps; H'-18 and H"-18 could be distinguished only after addition of Eu(fod)3. - ,  Obscured signal. 

o c t e n e  s ide  c h a i n ,  w i t h o u t  o r  w i t h  t r a n s f e r  of  2 h y d r o g e n s  
f r o m  M + - H 2 0  a n d  M + - 2 H 2 O L  T h e  1 H - N M R - s p e c t r u m  is 
s t r o n g l y  r e m i n i s c e n t  of  t h a t  of  p a c h y d i c t y o l  A (1) ( t ab le  
1), a p a r t  f r o m  t h e  r e p l a c e m e n t  of  t h e  e x o m e t h y l e n e  
s i g n a l  b y  a 3 H  s i n g l e t  a t  ~ 1.22, i n d i c a t i v e  o f  a t e r t i a r y  
m e t h y l  g r o u p  o n  o x y g e n - b e a r i n g  c a r b o n .  T h e s e  r e s u l t s  
l ed  to  s t r u c t u r e  4 fo r  d i c t y o l  C, w h o s e  ~aC c h e m i c a l  s h i f t s  
c o m p a r e  v e r y  c l o s e l y  w i t h  t h o s e  for  p a c h y d i c t y o l  A 
( t ab l e  2), t a k i n g  i n t o  a c c o u n t  t h e  k n o w n  s u b s t i t u e n t  ef- 
f e c t s  for  a n  a d d i t i o n a l  h y d r o x y l  g r o u p L  C o n f i r m a t o r y  
e v i d e n c e  w a s  p r o v i d e d  b y  d e h y d r a t i o n  (POC13/pyr id ine  
a t  0~  for  20 m i n ) ,  w h i c h  a f f o r d e d  a m i x t u r e  of  m o n o -  
h y d r o x y  c o m p o u n d s  f r o m  w h i c h  p a c h y d i c t y o l  A c o u l d  be  
i s o l a t e d  a n d  i d e n t i f i e d  b y  c o m p a r i s o n  w i t h  a n  a u t h e n t i c  
s a m p l e .  T h e  s t e r e o c h e m i s t r y  of  t h e  C-10  h y d r o x y l  (fi) h a s  
b e e n  a s s i g n e d  o n  t h e  b a s i s  of  t h e  r e l a t i v e  m a g n i t u d e s  of  
t h e  p a r a m a g n e t i c  s h i f t s  i n d u c e d  b y  E u ( fod )3  o n  t h e  
s i g n a l s  of  1 - H  a n d  5 - H  i~ i t s  ~ H - N M R - s p e c t r u m  l a b  
n =  0.5 Eu 1.68 (5-H) ,  0.68 (10-Me),  0 .66 ( l - H )  a n d  0.48 

Table 2. 13C chemical shifts in dictyol C, D and E �9 

Carbon Pachidyctyol A b Dictyol C Dictyol D Dictyol E 
(1) (4) (5) (6) 

1 46.54 50.04 ~ 52.58 ~ 46.23 
2 34.25 32.95 74.47 ~ 33.85 
3 124.01 123.27 125.65 124.38 c 
4 141.53 142.70 147.79 140.88 
5 60.76 52.77 ~ 52.43 c 60.34 
6 75.41 74.47 75.06 a 74.37 
7 47.85 49.15 44.43 48.71 
8 23.78 19.73 22.74 21.67 
9 40.46 46.63 35.07 ~ 40.55 a 

10 152.55 72.46 150.28 151.88 
11 35.19 34.54 34.32 76.23 
12 35.40 34.84 35.56 ~ 40.99 a 
13 25.91 25.56 25.52 23.31 
14 124.94 124.72 124.62 124.24 c 
15 131.25 131.27 131.37 131.67 
16 25.61 25.69 25.67 25.68 
17 15.74 16.28 15.81 15.81 
18 107.17 30.01 111.80 107.50 
19 17.63 17.48 17.68 25.38 
20 17.60 17.67 17.34 17.65 

~Speetra were run in CDCI 3 at 25.20 MHz on a XL-100 Varian F.T. 
spectrometer, operating in proton-noise and off-resonance decoupled 
modes, bAdded for eomparisonL ~-oAssignment may be reversed. 

(6-H};  t h e  s t e r i c  h i n d r a n c e  o f  t h e  6 - O H  s u p p r e s s e s  t h e  
c o m p l e x  f o r m a t i o n  a t  t h i s  s i te ,  a s  p r e v i o u s l y  o b s e r v e d  for  
2 a n d  3 el. 

~8 .o C H2 
H.. H 

12 14 
.! A "V-- ~ 1 ~ - ~ - ~ . ~ .  16 
17 " I I 1% 115 

OH ,, - ~ 
1 2 

i OH I I 
3 4 

D i c t y o l  D (5), o i ly  p r o d u c t ,  [ e ]D-  80~  (c 2, CttCl3) , 
C20Ha2Oz (p rec i s ion  m a s s  s p e c t r o m e t r y ) ,  s h o w s  in t h e  
m a s s  s p e c t r u m  t h e  s a m e  f r a g m e n t a t i o n  p a t t e r n  as  t h a t  of  
3 o r  4 5. T h e  m o s t  i m p o r t a n t  f e a t u r e s  in  t h e  1 H - N M R -  
s p e c t r u m  of 5 ( t ab le  1), w h e n  c o m p a r e d  w i t h  t h a t  of  1, 
a re  a) t h e  a p p e a r a n c e  of  a n  a l ly l i c  c a r b i n o l  m e t h i n e  
p r o t o n  as  a m u l t i p l e t  a t  d 4 .50 w h i c h  o n  i r r a d a t i o n  a t  

OH 
5 8 

b 5.56 (3-H) w a s  c o n v e r t e d  to  a s h a r p  d o u b l e t  (J 4.5 Hz ) ,  
b) t h e  s p l i t t i n g  of t h e  e x o m e t h y l e n e  s i g n a l  i n t o  2 b r o a d  
s i n g l e t s ,  a n d  c) t h e  d o w n f i e l d  s h i f t s  of  t h e  3 -H  a n d  4-Me 
s igna l s .  T h e s e  d a t a  a c c o r d  wel l  w i t h  s t r u c t u r e  5. C h e m i c a l  
c o n f i r m a t i o n  w a s  o b t a i n e d  b y  l i t h i u m - e t h y l a m i n e  re -  

5 Mass spectral data:  4, m/e 306 (2, M+), 288 (18), 270 (49), 177 
(71), 175 (51), 159 (47) and 69 (100); 5, role 304 (3, M+), 286 (2), 
268 (3), 175 (7), 173 (6), 157 (10) and 69 (100). 

6 J. B. Stothers, in: Carbon-13 NMR Spectroscopy. Academic 
Press, New York 1972; C. Konno and H. Hikino, Tetrahedron 32, 
325 (1976). 
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duc t ion  of dictyoI  D to  a d i h y d r o d e h y d r o x y  der iva t ive  
(M+/e 290) which  was ident ical  (GLC, MS and NMR) 
wi th  10 ,18-dihydropachydic tyol  A, p repa red  f rom au- 
then t i c  1 by  the  same t r e a t m e n t .  The laC chemical  shif ts  
a s s ignment  for 5 was s t ra igh t forward .  The npfield shifts  
of t he  resonances  of carbons  7 and 9 (ca 3 and 5 ppm,  
respect ively)  in compar i son  wi th  those  of the  correspond-  
ing carbon a toms  in 1 are p robab ly  due to the  crowded 
e n v i r o n m e n t  caused by  the  presence of the  hyd ro x y l  
group at  C-2, which cons t ra ins  the  7-membered  r ing in 
a somew ha t  rigid conformat ion .  The s t e reochemis t ry  a t  
C-2 was deduced  f rom the  1H-NMR-spec t ra  af ter  gradual  
addi t ion  of Eu(fod)3: since 5-H experiences  a para-  
magne t ic  shif t  larger t h a n  l -H,  it mus t  be nearer  to the  

hyd roxy l  group [d6 ~--0.5 E u  3,23 (e-H), 2.33 (5-H), 1.68 
(3-H), 1.51 (18'-H), 1.41 ( l-H),  0.99 (6-H) and 0.81 

(18 "-H)] ; as a l ready  observed for d ic tyol  C, the  complex  
fo rmat ion  a t  6-OH is suppressed  by  steric h indrance .  

Dictyol  E (6), oily product ,  ~c~}n + 26.8~ (c 1, CHCla) , 
has  molecular  formula  C~0H320~ (accurate  mass  measure-  
ment) .  In  its mass  s p ec t ru m diagnost ica l ly  i m p o r t a n t  
peaks  are seen at  m/e  286 (21%, M+-H20 ), 268 (5, M +- 
2H20), 177 (6, M+-side chain),  175 (11, M+-2II-side chain), 
157 (24, M+-H~O-side chain) and  155 (10, M+-H~O-2H- 
side chain). The sal ient  difference be tween  the  ~H-NMR- 
s p ec t ru m of 6 and  t h a t  of 1 resides in the  absence of t he  
m e t h y l  double t  a t  6 0.97, which  is replaced by  a 3H 
singlet  a t  6 1.23. This located the  h y d r o x y l  group in the  
side chain and led to fo rmula t ion  6 for dictyol  E. The 
laC-NMR-data  (table 2) def ini te ly  conf i rmed the  pro-  
posed s t ruc tu re  and p e r m i t t e d  the  ass ignment  of the  
s t e reochemis t ry  a t  the  chiral  centres  in the  nucleus. 

Effects of increased intracel lular Ca2+ on cyclic nucleot ides  product ion  by l iver t i ssue  1 

L. J. Anghileri2 and M. He idbreder  

Innere Klinik und Poliklinik (Tumor/orschung), Kl inikum der GHS Essen, Hu/elandstrasse 55, D-d300 Essen 1 
(Federal Republic o/ Germany, BRD), 9 September 1976 

Summary. During hepa to in tox ica t ion ,  the  increase of intracel lular  Ca 2+ is accompanied  by  an increase of cAMP. This 
reversible p h e n o m e n o n  suggests  t h a t  the  product ion  of cAMP is likely to be a response of the  cell in order  to ac t iva te  
the  exclus ion of Ca 2+. 

Calcium ion and cyclic 3 ' ,5 ' -adenos ine  monophos p h a t e  
(cAMP) are in te r re la ted  in the  control  of a var ie ty  of 
func t ions  of the  m a m m a l i a n  cell a,*. They  are considered 
the  second messenger  which t rans la tes  even t  a t  the  cell 
surface into modif ied ac t iv i ty  wi th in  the  cell a. On the  
o the r  hand,  there  is evidence t h a t  cyclic 3', 5 ' -guanosine 
m o n o p h o s p h a t e  (cGMP) is also involved in the  regulat ion 
of a n u m b e r  of metabol ic  and  mitogenic  processes 6. 
A conven ien t  model  for the  s t u d y  of the  in vivo effects of 
Ca 2+ concen t ra t ion  on cAMP and cGMP syntheses  is the  
acute  hepa to in tox ica t ion  wi th  th ioace tamide  (TAA) 
which  produces  a reversible manifold  increase in in t ra-  
cellular Ca2+L On this  basis, and in order  to  correlate  
the  var ia t ions  of intracel lular  liver calcium wi th  the  
changes  in ra te  of cAMP and cGMP syntheses ,  male 
Wis t a r  rats  (body weight :  200-240 g) were given orally 
100 mg/kg  b . w t  of TAA as a 2% aqueous solution. 5- 
an imal-groups  were sacrificed at  d i f ferent  t imes  af ter  TAA 

adminis t ra t ion .  The livers were sliced wi th  scissors and  
al iquots  of the  sliced t issue were ashed at  700~ the  
ashes dissolved in 1 N ItC1, and calcium and magnes ium 
de t e rmined  by  a tomic  absorp t ion  spec t romet ry .  In  addi-  
t ion to this,  1 g samples  of liver t issue were homogenized  
and depro te in ized  wi th  t r ichloroacet ic  acid s. Cyclic AMP 
and cGMP were de t e rmined  using r ad io immunoassays  
ki ts  ob ta ined  f rom The Radiochemica l  Centre,  Amersham,  
England .  Similar de te rmina t ions  were per formed on liver 
t umors  (cholangiocarcinomas) induced  by  prolonged 
feeding of ra ts  wi th  4 -d imethy laminoazobenzene  ~. 
The admin i s t r a t ion  of TAA provoked  a reversible increase 
of calcium in liver t issue wi th  a m a x i m u m  of approx ima te -  
ly 24 t imes  the  normal  value a t  24 h af ter  the admin is t ra -  
t ion of the  hepa to tox ic  subs tance  (figure 1). The con- 
cen t ra t ion  of cAMP showed a fairly similar p a t t e r n  of 
increase, bu t  its m a x i m u m  value was observed af ter  48 h. 
At  th is  momen t ,  the  concen t ra t ion  of Ca 2+ was only  4 
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Fig. 1. Calcium, inagnesium, cAMP and cGMP concentrations in 
liver of rats given thioaeetamide. Each point corresponds to the 
mean value • SE of a 5-animal-group. 
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