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Prenylated Quinones in Marine Sponges: Ircinia 

I n  a p rev ious  p a p e r  1, t h e  occur rence  in t h e m a r i n e  
sponge,  Ircinia spinosula, of t he  u n s u b s t i t u t e d  p r e n y l a t -  
ed b e n z o q u i n o n e s  (I;  n = 6, 7, 8), a nove l  g roup  of 
t e r p e n o i d  qu inones ,  a n d  t h e  co r re spond ing  quinols  ( I I ;  
n = 6, 7, 8), p r e sen t  in  m u c h  larger  quan t i t i e s ,  was  
repor ted .  I n  p u r s u i n g  our  chemica l  i nves t i ga t i ons  on t he  
m e t a b o l i t e s  of Por i fera ,  we h a v e  now  i n v e s t i g a t e d  a n o t h e r  
species, Ircinia rnuscarum ~, f rom w h i c h  2 - t e t r ap r eny l - l , 4 -  
b e n z o q u i n o n e  (I;  n = 4), t h e  co r r e spond ing  qu ino l  ( I I ;  
n = 4) a n d  4 - h y d r o x y - 3 - t e t r a p r e n y l b e n z o i c  acid ( I I I )  
h a v e  b e e n  isola ted .  
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F r e s h  m a t e r i a l  (300 g, d r y  we igh t  a f t e r  ex t r ac t ion )  was  
e x t r a c t e d  w i t h  ace tone  a n d  s u b s e q u e n t l y  w i t h  m e t h a n o l ;  
t he  c o m b i n e d  e x t r a c t s  were concen t r a t ed ,  and  t he  r e m a i n -  
ing aqueous  so lu t ion  was e x t r a c t e d  w i t h  e the r  to  give, 
a f te r  r e m o v a l  of so lvents ,  oi ly m a t e r i a l  (45 g), w h i c h  was 
c h r o m a t o g r a p h e d  on  a sil ica gel c o l u m n  (100 g, Merck).  
E l u t i o n  w i t h  benzene  gave,  f i r s t  all-trans-squalene, 
w h i c h  was  r e c h r o m a t o g r a p h e d  in l igh t  p e t r o l e u m  (b.p. 
40-70 ~ on  sil ica gel and  iden t i f i ed  (90 mg) b y  d i rec t  
compar i son  w i t h  a n  a u t h e n t i c  specimen,  a n d  t h e n  2- 
t e t r a p r e n y l - l , 4 - b e n z o q u i n o n e  (I;  n = 4) (0.8 g) w h i c h  was 
f u r t h e r  pur i f i ed  b y  p r e p a r a t i v e  TLC (Merck p recoa t ed  
silica gel F~5 ~ p la tes)  in b e n z e n e . . F u r t h e r  e lu t ion  of t he  
co lumn  w i t h  benzene  : e the r  (9:1) a f forded  t h e  quinol  I I  
(n = 4) (16.5 g), m.p.  47-48 ~ a f te r  c rys t a l l i za t ion  f i rs t  
f rom l igh t  p e t r o l e u m  (b.p. 80-100 ~ and  t h e n  f rom cyclo- 

S•~ 
hexane .  F ina l ly ,  e lu t ion  w i t h  benzene  : e the r  (8:2) gave  
4 - h y d r o x y - 3 - t e t r a p r e n y l b e n z o i c  acid ( I I I )  (5.2 g), f u r t h e r  
pur i f i ed  b y  c h r o m a t o g r a p h y  on  Merck  p recoa t ed  sil ica 
gel F~4 p la t e s  in  benzene  : e the r  (8:2) fol lowed b y  
c rys ta l l i za t ion  f rom m e t h a n o l  a t  -20~  I I I  h a d  m.p.  
61-63 ~ . 

The  s t r u c t u r e s  of t he  qu inone ,  qu ino l  a n d  t he  benzoic  
acid were m a i n l y  deduced  f rom t h e i r  UV-,  NMR-,  IR -  and  
mass  spec t ra  3 and  c o m p a r i s o n  w i t h  h ighe r  isoprenologues.  

2-Tetraprenyl-l,d-benzoquinone. T h e  U V - ( ~ , a x  245, 
315 a n d  440 n m ;  log e 3.26, 2.13 and  1.55) and  IR-(vma x 
1660, 1600 cm -1) spec t r a  i n d i c a t e d  a b e n z o q u i n o n e  s t ruc-  
t u r e ;  t he  N M R - s p e c t r u m  showed  s ignals  f rom 3 quino-  
no id  p ro tons  (2H b r o a d  s ing le t  a t  d 6.64 a n d  lt-I b r o a d  
s ingle t  a t  d 6.43), whi le  in  t h e  mass  s p e c t r u m  the  frag- 
m e n t a t i o n  p a t t e r n  !ions a t  M+-69-(68)n, n = 0 to 2; 
base  p e a k  a t  m/e 161 due  to  ion a ~,a] po in t ed  to  t h e  pre-  
sence of a p o l y p r e n y l  chain ,  t he  l e n g t h  of wh ich  was 
deduced  f rom the  molecu la r  ion a t  m/e 380. The  chemica l  
sh i f t s  of t he  m e t h y l  groups  sugges ted  t h a t  t h e y  are  all- 
trans (61-t s ing le t  a t  ~ 1.64 for trans-Me on t h e  f i rs t  
i soprene  u n i t  c o u n t i n g  f rom t h e  r ing  and  cis-Me of the  
t e r m i n a l  i soprene u n i t ;  9H s ingle t  a t  $ 1.58 for 3 trans- 
Me) 5, excep t  for t h e  cis-methyl group  a t  t h e  end  of t h e  
chain .  

7,4-Dihydroxy-2- Tetraprenylbenzene. The  UV- (2.max 
293 nm,  log e 3.64), IIR- (V~na~ 3350, 1500, 1445, 910, 785 
a n d  730 cm -1) and  N M R -  (3H m u l t i p l e t  a t  d 6.46) spec t ra  
are c o n s i s t e n t  w i t h  a m o n o s u b s t i t u t e d  -1 ,4 -qu ino l  s t ruc-  
ture ,  w h i c h  was conf i rmed  b y  o x i d a t i o n  w i t h  s i lver  oxide, 

I G. CIMINO, S. ]DE STEFANO and L. MINALE, Tetrahedron 28, 1315 
(1972). 
The sponge collected in the bay of Naples was obtailled from the 
supplydepartment of the Zoological Station (Naples) and identified 
by Professor M. SARa. (University of Genova), to whom the authors 
express their thanks. 

8 UV-spectra were recorded in cyelohexane solutions (unless other- 
wise indicated) with a Bausch and Lomb Spectronic 505 spector- 
photometer. IR-spectra were determined in nujol with a Perkin- 
Elmer 257 Infracord spectrophotometer. NMR-spectra were re- 
corded in CC14 solutions on a Varian HA-100 apparatus operating 
at 100 MHz with TMS as illternal standard. Mass spectra were re- 
corded on an A.E.I. MS-9 spectrometer. Melting points, taken on a 
Kofler block, are uncorrected. All compounds gave satisfactory 
elementary analyses. 

4 B. C. DAS, M. LOVEAS~AA, C. TENDILLE and E. L~DERER, Biochem. 
biophys. Res. Commun. 21, 318 (1965). 

5 A. LANGEMANN and O. ISLER, in Biochemistry o] Quinones (Ed. R. 
O. MORTON; Academic Press, London and New York 1965), p. 134. 
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to a qu inone  iden t ica l  in  all respects  w i t h  I (n = 4). The  
mass  s p e c t r u m  showed,  as expected ,  t he  molecu la r  ion a t  
m/e 382, ions a t  m/e M+-69-(68)n (n = 0 to  2) a n d  t h e  
base  p e a k  a t  m/e 123 [ d i h y d r o x y t r o p y l i u m  ion]. Ozonoly-  
sis y ie lded acetone,  cha rac t e r i zed  as i t s  2 ,4 -d in i t ropheny l -  
h y d r a z o n e  and  malon ic  a n d  levul in ic  acids, iden t i f i ed  
as t h e i r  m e t h y l  es ters  b y  GLC (5~o SE-30 and  10% D E G S  
a t  100 ~ a n d  175 ~ , respec t ive ly)  b y  d i rec t  compar i son  
w i t h  a u t h e n t i c  samples .  

4-ttydroxy-3-tetraprenylbe~zzoic acid. I t  showed  UV-  
[A~a x (MeOH) 257 nm,  log e 4.1; ~ma* (MeOH + O H - )  
283 nm,  log e 4.24] and  IN-  (v~a, 3420, 1670 a n d  1600 
cm -1) spec t ra  i nd i s t i ngu i shab le  f rom those  of 4 -hydroxy-  
3 -oc tap reny lbenzo ic  acid i so la ted  f rom m u t a n t  s t r a in s  
of E. coli b y  Cox et  al. ~. The  N M R - s p e c t r a  are also v e r y  
s imi la r ;  ill t h e  a r o m a t i c  region s ignals  f rom 3 p ro tons  
were observed ,  2 of wh ich  occurred  a t  r e l a t i ve  low field 
(d 7.89, m) a n d  are  the re fo re  ass igned  to t he  desh ie lded  
p ro tons  ortho to t h e  c a r b o x y l  group.  T he  3rd s ignal  
appea red  as a doub l e t  a t  d 6.81 (Jo = 8 Hz) wh ich  f u r t h e r  
suppor t s  t h e  loca t ion  of t he  p r e n y l  cha in  a t  C-3. The  re s t  
of t h e  s p e c t r u m  is v e r y  s imi la r  to  t h a t  of ( I I ;  n = 4) a t  
h igher  field i n d i c a t i n g  t h e  all-tram conf igu ra t ion  for t he  
side chain .  The  mass  s p e c t r u m  of 4 - h y d r o x y - 3 - t e t r a p r e -  
ny lbenzo ic  acid showed t he  molecu la r  ion a t  m/e 410 a n d  
t he  expec ted  s equen t i a l  loss of i soprene  u n i t s ;  an  in tense  
ion a t  m/e 151, a t t r i b u t e d  to  a c a r b o x y . h y d r o x y t r o p y l i u m  
ion 6, is also observed .  Ozonolys is  of I I I  a f forded acetone,  
ma lon ic  and  levul in ic  acids. 

The  co-occurrence  of 4 - h y d r o x y - 3 - t e t r a p r e n y l b e n z o i c  
acid, 2 - t e t r a p r e n y l - l , 4 - b e n z o q u i n o n e  a n d  2 - t e t r ap reny l -  
1 ,4 -d ihydroxybenzene  in Ircinia muscarum s t rong ly  sug- 
gests  t h a t  p - h y d r o x y b e n z o i c  acid is t h e  r ing  p recusor  as  
in  u b i q u i n o n e  biogenesis .  F u r t h e r m o r e  these  qu inones  
and  quinols  could conce ivab ly  be  the  p recursors  of ubi -  
qu inones  in sponges.  

The  b iosyn thes i s  of u b i q u i n o n e s  has  been  ex tens ive ly  
i n v e s t i g a t e d  ~, m a i n l y  in  Rhodospirillum rubru~n, a n d  2 
b i o s y n t h e t i c  p a t h w a y s  f rom p -hydroxybenzo ic ,  n e i t h e r  
of wh ich  invo lve  2 -po lypreny l - l , 4 -benzoqu inones ,  h a v e  
been  proposed  s,9. More r ecen t ly  WHIStTANCE et  al. 1~ 
a f te r  a t e n t a t i v e  i den t i f i ca t ion  of a qu inone  f r ac t ion  in  
Pseudomonas ovalis as 2 -po lyp reny l - l , 4 -benzoqu inones  

a n d  i n c o r p o r a t i o n  n of p - h y d r o x y  [U-14C] benzo i c  acid 
in th i s  f rac t ion,  sugges ted  t h a t  a n  a l t e r n a t i v e  p a t h w a y  
invo lv ing  2 -po lyp reny l - ] , 4 -benzoqu inones  could be  ope- 
r a t i v e  in  that organism. 

H o w e v e r  we could no t  de t ec t  ub iqu inones  in I. mus- 
carum (45 g of e x t r a c t  has  been  worked)  a n d  could on ly  
found  ubiquinone-1012 (ca. 1 m g  f rom 12 g of ex t r ac t )  in  
I. spinosula which  con t a in s  I a n d  I I  (n = 6,7 a n d  8) 
( the absence  of Q-6, Q-7 a n d  Q-8 was e s t ab l i shed  b y  
reverse  phase  c h r o m a t o g r a p h y  a n d  compar i son  w i t h  
a u t h e n t i c  samples  1~). 

A l t h o u g h  f u r t h e r  work  is necessary ,  i t  seems t h a t  in  
t he  sponges  t he  u n s u b s t i t u t e d  p r e n y l a t e d  qu inones  are  
p r o b a b l y  no t  b iogene t i ca l ly  r e l a t ed  to ub iqu inones .  
F u r t h e r m o r e  t h e  poss ib i l i ty  t h a t  ub iqu inone -10  is de r ived  
f rom a n  ex t e rna l  or igin (e.g. symbion t s )  c a n n o t  be  
excluded.  

Riassunto. Viene  desc r i t to  l ' i s o l amen to  del 2- te t ra-  
p ren i l - l , 4 -benzoch inone ,  del co r r i sponden t e  i d roch inone  
e de11'acido 4- idross i -3- te t rapren i lbenzoico  da l la  s p u g n a  
Ircinia muscarum. I1 r i n v e n i m e n t o  di q u e s t ' u l t i m o  
suggerisce che il p recursore  de l l ' ane l lo  dei  ch inon i  p ren i -  
la t i  n o n  sos t i tu i t i  e dei loro co r r i sponden t i  id roch inoni ,  
r i t r o v a t i  nelle spugne,  sia l ' ac ido  p- idrossibenzoico,  come  
nel  caso degli  ub ich inon i .  Vengono,  inol tre ,  r i p o r t a t e  
a lcune  cons ideraz ion i  sulle poss ibi l i  re laz ioni  b iogene-  
f iche nel le  spugne  t r a  gli u b i c h i n o n i  e ques t i  insol i t i  
chinoni .  
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Optical Rotatory Dispersion and Antibacterial Activity of the Macro-Ring Analogues of Gramicidin S 

W e  h a v e  syn thes i zed  a series of cyc lopep t ides  w i t h  
r ings  smal le r  t h a n  t he  30 -membered  one found  in g rami-  
c id in  S (GS), b u t  none  of t h e m  showed  a n t i b a c t e r i a l  
a c t i v i t y  1. F o r  example ,  we found  t h a t  t he  15 -membered  
s emig ramic id in  S syn thes i zed  possesses no a c t i v i t y  2. I n  
order  to  d e t e r m i n e  f u r t h e r  t h e  inf luence  of a r ing  size 
on  t he  ac t iv i ty ,  we syn thes i zed  a 4 5 - m e m b e r e d  sesqui-  
g r amic id in  S a n d  a 6 0 - m e m b e r e d  d ig ramic id in  S. W e  
wish  to r epo r t  also t h e i r  a n t i b a c t e r i a l  p rope r t i e s  t o g e t h e r  
w i t h  t h e  c o n f o r m a t i o n s  b y  op t ica l  r o t a t o r y  d ispers ion  
(ORD).  

S y n t h e s i s .  Boc-Va l -Orn(d -Z) -Leu-D-Phe-Pro -NHNH2 
(VI) 3 was  p r e p a r e d  in  90% yie ld  b y  t r e a t m e n t  of Boc-  
V a l _ O r n ( & Z ) - L e u - D - P h e - P r o - O E t  a w i t h  h y d r a z i n e  hy-  
dra te .  Condensa t ion  of t h e  azide  us ing  i s oam y l n i t r i t e  
de r ived  f rom V I  w i t h  H-Val -Orn(d-Z) -Leu-D-Phe-Pro-  
OHa gave  Boc -  (Val-  Orn  (d- Z) - Leu  - D - P h e  - Pro) 2- O H  

(VII) ,  83~o, w h i c h  was c o n v e r t e d  to  H - ( V a l - O r n  (&Z)- 
Leu-D-Phe-Pro)~-OH (VII I ) ,  87%,  b y  t h e  ac t ion  of 
formic  acid on  VI I .  Condensa t i on  of t he  azide der ived  
f rom V I  w i t h  V I I I  gave  Boc- (Val -Orn(&Z)-Leu-D-Phe-  
Pro)s -OH (IX),  80%,  w h i c h  was c o n v e r t e d  to  a n  amor -  
phous  B o c - p e n t a d e c a p e p t i d e  N - h y d r o x y s u c c i n i m i d e  es ter  
(X) b y  t he  ac t ion  of N - h y d r o x y s u c c i n i m i d e  a n d  dicyclo- 

1 T. IKATO and N. Izu~IYA, Chemistry and Biochemistry o] Amino 
Acids, Peptides, and Protein (Ed. B. WEINSTEIN; Marcel Dekker, 
New York), voL 2, in press. 
M. WAKI and N. IZUMIYA, J. Am. chem. Soc. 89, 1278 (1967). 
Satisfactory elemental analyses and chromatographic data were 
obtained for all crystalline compounds described here. BoG t-bu- 
tyloxycarbonyl; Z-, benzyloxycarbonyf. Amino acid symbols ex- 
cept D-Phe denote the L-configuration. 

4 M. OHNO and N. IZUMIYA, J. Am. chem. Soc. 88, 376 (1966). 


