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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- 
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hexylcarbodi imide  5 on IX .  The  Boc group of (X) was 
removed  by  the  act ion of t r i f luoroacet ic  acid, the  mix-  
ture  was evaporated,  and the  residual  pen tadecapep t ide  
ester t r i f luoroaceta te  (XI) was t rea ted  wi th  a large a m o u n t  
of pyr id ine  for 2 h at  room tempera ture .  The  similar  
t r e a t m e n t  s of the  residue gave  cyclo-(Val-Orn(&Z)-Leu- 
D-Phe-Pro)a (XII) ,  47% from IX,  mp 128-130% Hydro-  
genat ion  of X l I  yielded sesquiGS.3HC1.8H~O (I) as an 
air-dried crystal l ine product ,  76%, mp  163-165 ~ (dec), 
[d~)~ ~ (ETCH). H-(Val-Orn(d-Z)-Leu-D-Phe-Pro)3-  
OH (XII I )  was prepared  in 90% yield f rom I X  wi th  
formic acid. Condensat ion of the  azide der ived f rom VI  
wi th  X I I I  gave Boc-(Val-Orn(&Z)-Leu-D-Phe-Pro)~-OH 
(XIV), 82%, and the  cycl izat ion react ion of X I V  gave 
cyclo-(Val-Orn(&Z)-Leu-D-Phe-Pro)4 (XV), 50%, f rom 
XIV,  mp  153-155 ~ I t s  hydrogena t ion  yie lded d iGS.  
4HC1.9H~O (II), 85%, mp  205-207 ~ (dec), [cq~0-51.6 ~ 

Inhibitory activity of compounds on microorganisms 

Compound 

Minimum inhibitory 
concentration (Exg) 

staphylococcus Bacillus 
aur eus subtilis 

semiGS > 100 > 100 
GS 5 5 
I (sesquiGS) 50 50 
II (diGS) 20 10 
H-Val-Orn-Leu-D-Phe-Pro-OH > 100 > 100 
III (decapeptide) 50 50 
IV (pentadeeapeptide) 50 50 
V (eicosapeptide) 20 20 
GS+I~ 5 5 
GS+II~ 5 2 
GS+II I  ~ 5 5 
GS+IV~ 5 5 
GS+V ~ 5 5 

~Each mixture is composed of 1:1 (by weight). 
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ORD of the cyclic and open-chain peptides. Solvent, a) ethanol and 
b) 8M urea; I, sesquiGS; II, diGS; III, deeapeptide; IV, pentadeca- 
petide; V, eieosapeptide. 

(ETCH). Open-chain  analogue, H-(Val-Orn-Leu-D-Phe-  
Pro)s-OH.4HC1-8H~O (IV), re la ted to sesquiGS was 
prepared by  hydrogena t ion  of X I I I ,  74%. The hydro-  
genat ion  of an amorphous  compound,  which was obta ined 
by  the  act ion of hydrogen  chloride in e thyl  ace ta te  on 
XIV,  yielded H-  (Val-Orn-Leu-D-Phe-Pro)4-OH.SHC1- 
IOHyO (V), 70%. H-(Val-Orn-Leu-D-Phe-Pro)2-OH. 
3HCI.6HyO (III) was already prepared in this labora- 
tory ?. 

Structure activity relationship. We repor ted  previous ly  
the  shapes of O R D  curves of GS and several  analogues s. 
I n  this  exper iment ,  the  O R D  curves measured in a sol- 
v e n t  of e thanol  are shown in Figure  a). The  macro-r ing 
analogues (I, I I )  and the  open-chain analogues ( I I I -V)  
have  similar  shaped curves wi th  a nega t ive  t rough  at  
232 nm as GS possesses the  same. In  a solvent  of 8 M 
urea or 1% sodium dodecyl  sulfate 9, the  t roughs  of I - V  
were moved  to  225 nm whereas  t h a t  of GS remained  
constant ,  see Figure  b). These results indicate  t h a t  the  
conformat ion  of the  macro-r ing analogues is similar  to 
t h a t  of the  open-chain  analogues whereas  t h a t  of GS is 
ve ry  s table;  HOI)GKIN and OUGtITON 10 suggested t h a t  
GS has the  rigid fl-pleated sheet  s t ruc ture  hav ing  an 
ant iparal le l  t r ipept ide  sequence wi th  4 hydrogen  bond-  
ings 1. 

The  ant ibac ter ia l  propert ies  of the  macro-r ing analo- 
gues were ve ry  similar  to t h a t  of the  corresponding open- 
chain analogues (Table). For  bo th  the  analogues, s imilar  
synergist ic effects wi th  GS were observed.  ERLANGER 
and GOODE 11 observed a l ready tha t  the  open-chain 
decapeptide (III) possesses weaker  ac t iv i ty  than  GS itself 
bu t  exhibi ts  a synergistic effect when I I I  is combined 
wi th  GS. The  ac t iv i ty  of a cyclic (I or n) or open-chain 
peptide (III, IV  or v) increased wi th  an increase in its 
molecular  size. In  conclusion, the  results presented sug- 
gest t ha t  a cyclic charac ter  in a pentadeca-  or eicosapep- 
t i de  conta ining a sequence of GS is not  essential  to 
exhibi t  an act ivi ty ,  whereas in a decapept ide  sequence of 
GS, the  cyclic charac ter  is impor t an t  to form the  rigid 
s t ructure  and consequent ly  to exhibi t  a s t rong and 
specific ac t iv i ty .  

Zusammenfassung. Sesquigramicidin S (zyklisches Pen-  
tadekapept id)  und Digramicidin  S (zyklisches Eikosapep-  
rid) wurden  nach den konvent ionel len  Methoden der 
Pep t id -Synthese  hergestell t .  Die ORD-Messungen dieser 
makrozykl ischen Analoga und offenket t igen Analoga 
(lineare Pen tadeka-  und Eikosapept ide)  zeigten, dass die 
Konformat ion  der makrozykl ischen Analoga derjenigen 
der offenket t igen Analoga ~Lhnlich ist. Es wird auch ge- 
zeigt, dass die ant ibakter ie l len  Eigenschaf ten  der makro-  
zyklischen Analoga  denen der entsprechenden often- 
ket t igen Analoga gleichen. 
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