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squalene.  The p roduc t ion  of fusidic  acid m a y  accord ingly  
be cons idered  t h e  resu l t  of an  a b e r r a n t  lanosterol  bio- 
synthes is .  The  ab i l i ty  of Fusidium coccineum to  fold 
squalene  in t h e  m a n n e r  requi red  b y  such  a s cheme  is 

Compound m.p. UV spectrum 

4 C~HuO 4 208-21 O ° 
5 CslHasO 5 223-225* 
6 C29H4604 192-193 ° 
7 C ~ H 4 a O 4 B r  155-156 ° 
8 Ca0H460 s 160-161 ° 292 7,600 

10 CaaH~404 211-214 ° 238 9,200 
11 C29H4404 209-212 ° 238 6,850 
12 CaaH440 a 192-194 ° 
13 C2~H~O ~ 225-226 ° 
14 CatH4sO s 157-158 ° 
16 CaaH~O v 186-187 ° 221 8,350 
17 CatH4aO s 189-190 ° 220 8,150 
18 C~9H4~O ~ 183-184 ° 228 10,750 
19 CaoHlsO ~ 178-179 ° 231 10,650 
21 CaoHaaO ~ 111-112 o 272 18,950 
22 Ca0Ha80 ~ amorphous 234 10,650 
2~ CaoH~oO4H~O 94-98 ° 234 12,150 
24 CaeH~40 s 120-121 ° 234 12,100 
"25 C~gHasO ~ 178-179 ° 
26 C~HasO ~ I80-181 ° 
27 Cat H4sO ~ 190-191 ° 
"28 CatH4~O n 206-207 ° 
29 Ca~Hi409 283-286 ° 238 10,000 
80 C~Ha~O ~ `257-259 ° 
31 C~9H4o0 ~ 204--205 ° 238 9,600 
32 Ca~HasO s 225-227 o 250 11,500 
33 C~aHaaO s 170-174 ° 289 12,000 

borne  out  by  the  ident i f ica t ion  of e rgos te ro l  as one of the  
c o m p o n e n t s  f rom the  mycel ia l  l ip id  f ract ion.  

Since the  appea rance  of our  las t  no t e  1 BUCOURT e t  aI. 14 
have  i n d e p e n d e n t l y  conf i rmed the  loca t ion  of t he  h y d r o x y l  
g roup  in r ing  C of fusidic acid and  h a v e  a d v a n c e d  for  t h e  
an t ib io t i c  an  a l t e rna t ive  s te reochemica l  express ion,  35, 
which  is i ncompa t ib le  w i th  some of the  resul ts  r e p o r t e d  
in t he  p resen t  work.  W e  believe t h a t  the  d a t a  r e p o r t e d  b y  
these  workers ,  w h e n  v iewed in p rope r  perspec t ive ,  cons t i -  
t u t e  in fac t  cor robora t ive  ev idence  for t he  cor rec tness  of 
fo rmula  2. 

Zusammen/assung. Neue chemische  U m s e t z u n g e n  der  
Fusidins~ture, sowie phys ika l i sche  Messungen der  dabe i  
e r h a l t e n e n  A b b a u p r o d u k t e  er lauben,  z u s a m m e n  mi t  
frf iheren Ergebn i s sen  1, ~ dem Ant ib io t ikum die in Fo rme l  
2 wiedergegebene  S te reochemie  zuzutei len.  E in  mbgl icher  
Z u s a m m e n h a n g  zwischen d e n  Biogenesen yon Fus id in-  
s~ure und  Lanos t e r i n  wird  kurz  diskut ier t .  
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U n s a p o n i f i a b l e  C o n s t i t u e n t s  i n  

Spirographis  spal lanzani  

W h a t  we k n o w  a b o u t  t h e  d i s t r ibu t ion  of t he  Ubi-  
qu inones  in t he  an ima l  k i n g d o m  can  be summar i zed  as 
follows : 

The  h igher  homologues ,  Ub iqu inones  50 and  45, have  
been  d e m o n s t r a t e d  in m a m m a l s  1-s and  fishes 4. The  lower 
homologues  wi th  6 to  8 isoprenic residues in t he  la tera l  
chain,  axe typ ica l  of mic roorgan i sms  s,% Some of these,  
however ,  h a v e  Ub iqu inone  507. A m o n g  the  insects ,  t he  
blowfly la rva  (Calliphora erythrocephala) has  been  found 
to con ta in  Ub iqu inones  50, 45 a n d  40 s, whereas  t he  
housef ly  (2dusca domestica) a n d  the  cabbage  b u t t e r f l y  
(Pieris mpae) h a v e  only  Ub iqu inone  456. In  t h e  ea r th -  
worm (Lumbricus terrestris) a qu inone  has  been  t en t a -  
t ive ly  ident i f ied as Ub iqu inone  50 by  LESTER and  CRANE 8 
I~ecently Ub iqu inone  50 has  been  e x t r a c t e d  and  crys ta l -  

lized f rom sea urch in  spe rm 9. The same homologue  is 
p r e s e n t  in the  unfer t i l ized eggs of Paracentrotus lividus lo. 
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Preliminary work in this laboratory has indicated the 
presence of Ubiquinone compounds in several representa- 
tives of other marine invertebrate groups, like coelen- 
terates, molluscs and tunicates. 

A study of the unsaponifiable fraction obtained from 
the body muscle of a marine annelid, Spirographis spM- 
lamani, is reported in this paper. A quinone compound 
having several properties in common with the Ubiqui- 
nones, has been identified together with tocopherol. 
However, some of the physical properties of this quinone 
compound are different from those of the known, naturally 
occurring Ubiquinones. Tocopherylquinone has also been 
identified in the  purified fraction; i t  is formed from toco- 
pherol during ±he purification procedure. 

Material and 2dethods. The animals were collected from 
the Bay of Naples. The tube and the appendages were 
cut away, the body was opened longitudinally and the 
thin muscular layer was dissected by removing *he cuticle 
and all the internal organs with a razor blade, under 
running sea water. 1 kg of muscle was obtained from 
about one thousand animals, the material being stored 
at --20°C when not used immediately. 

The tissue (1 kg) was minced and homogenized in a 
Waring blender, in batches of 200 g with 10% KOH in 
95% ethanol containing 5% pyrogallol (1.5 1 for 1 kg). 
The material was heated under reflux on a boiling water 
bath for 60 rain, cooled and extracted three times each 
with 500 ml of heptane. The combined extracts, of a deep 
orange colour, were washed with distilled water until 
neutral, dried over anhydrous sodium sulphate, filtered 
and the solvent removed by distillation over vacuum. The 
reddish residue was redissolved with 20 ml of warm 
ethanol, then left in the cold overnight. The crop of 
crystallized sterols formed was removed by filtration, the 
fil trate was brought to reduced volume (4 ml) in a current 
of nitrogen and cooled again as before. The procedure 
was repeated until no further appreciable precipitation 
of sterols was observed. 

The unsaponifiable lipids, free of sterols, were dissolved 
in isooctaine and chromatographed. Several of the orange- 
reddish components do not separate and are not removed 
by silicie acid or Decalso or alumina. They are partially 
removed by Floridin which has been used in several 
experiments. The material  present in the extract,  how- 
ever, does not crystallize and can only be identified by 
spectrophotometry and chromatography. Better purifi- 
cation can be achieved by absorption on carbon (Darco). 
After centrifugation, the carbon was washed several times 
with isooctane and then eluted with chloroform. The pale 
yellow eluate was dried under vacuo, the residue dissolved 
in ethanol, dried again, redissolved in petrol ether and 
chromatographed on acid washed alumina according to 
CUNNINGHAM and ~][ORTON ~. The quinones and related 
compounds present in each fraction obtained from the 
alumina column were identified by chromatography on 
Whatman  3 mm paper previously impregnated with Dew 
silicone fluid 550 and using n-propanol:water  4:1 as 
solvent u. Pure samples of various Ubiquinone isopreno- 
logues were used for comparison. 

The ultraviolet  absorption spectra of the extracts and 
of all the  chromatographic fractions were taken in ethanol 
with a Beckman DK-2 automatic recording spectrophoto- 
meter. 

The solvents used for extraction and column chromato- 
graphy were pure for spectrophotometry. Crystalline 
Ubiquinone 50 was prepared from beef heart  according to 
CRANE et al.*. Ubiquinone 30 was a gift of the Ist i tuto 
Sieroterapico Italiano. Tocopherylquinone was prepared 
from a pure sample of tocopherol according to KARRER 

and GEIGER 1~, The product was subjected to uni- 
dimensional chromatography as already described. The 
Ubiquinone compounds were further identified by the 
=, ='-dipyridil reagent and the CRAVEN test is. Tocopherol 
was also identified colorimetrically according to FURTER 
and MEYER z4 

Results. (a) Ext rac t  purified by t rea tment  wi th  Flori- 
din: When the unsaponifiable material  from Spirographis 
muscle, free of sterols, is dissolved in 6 ml benzol and 
treated for 10 min with Floridin (2 g), the supernatant  
still contains orange coloured pigments. The extract  is 
dried, then redissolved in ethanol. By further absorption 
on alumina and elution with mixtures of ether and light 
petrol, however, a fraction is obtained (2% petrol) in 
which chromatography, spectrophotometry and colori- 
metric methods all showed tocopherol to be present. No 
quinone compounds were detectable in any fraction of the 
extract,  probably being masked by the coloured pigments. 

(b) Ext rac t  purified by absorption with carbon: When 
the unsaponifiable material in 10 ml of light petrol is 
washed on the column by more petrol ether (700 ml), a 
substance which shows in ethanol a band with a maximum 
at  258 m~ is observed. No change of this band occurs after 
addition of K B H  4. By elution with mixtures of ethyl- 
ether-petrol ether at increasing concentrations of ethyl 
ether from 4 to 100%, several coloured bands separate 
on the column. Samples of 10 ml each are collected at a 
rate of 2.5 ml per rain; they are dried under nitrogen and 
the residues are redissolved in ethanol. Only for two 
fractions, which are eluted by 50% ether in light petrol 
and with 100% ether, the ultraviolet  spectrum changes 
after reduction. These fractions were called S I and $2 
respectively. 

Fraction S I exhibits an UV-absorption band with peaks 
at  261 and 269 m~ which are typical of toeopherylquinone 
(Figure 1). This band disappears after reduction with 
borohydride and a new one, with maximum at 286 m~, is 
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Fig. 1. Ultraviolet spectrum S z (---) as compared with synthetic 
toeopherylquinone (w). a and a', after reduction with KBH~. 
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obse rved ,  due  to  t h e  f o r m a t i o n  of t o c o p h e r y l h y d r o q u i -  
none .  Samples  of t h i s  f r ac t i on  were c h r o m a t o g r a p h e d  o n  
paper .  Af t e r  t r e a t m e n t  w i t h  b o r o h y d r i d e  a n d  d e v e l o p m e n t  
w i t h  2,3, 5 - t r i p h e n y t t e t r a z o l e  in  0 . 2 M  p h o s p h a t e  bu f f e r  
p H  7, one  single spo t  was  o b s e r v e d  a t  t h e  iden t i ca l  posi-  
t i o n  of s y n t h e t i c  t o c o p h e r y l q u i n o n e .  

T h e  f r ac t i on  $2, red isso lved  in a m i n i m u m  a m o u n t  (0.5 
nil) of e thano l ,  g ives  a c rop  of yel low c rys ta l s  a t  - -20°C.  
These  were  rec rys ta l l i zed  f rom a smal le r  q u a n t i t y  (0.05 
ml)  of  e t h a n o l  a n d  were found  to  h a v e  a m e l t i n g  p o i n t  a t  
a b o u t  4 - 5 ° C  a n d  a s p e c t r u m  in e thar /o l  w i t h  b a n d s  a t  
279 mix a n d  405 mix, Af t e r  r e d u c t i o n  w i t h  b o r o h y d r i d e  t h e  
b a n d  in  t h e  v is ib le  reg ion  d i s appea r s  a n d  t h e  p e a k  in t h e  
U V  is sh i f t ed  to  290 mix (F igure  2). 

P a p e r  c h r o m a t o g r a p h y  of th i s  f r ac t ion  was r u n  to-  
g e t h e r  w i t h  samples  of pure  U b i q u i n o n e  homologues .  A 
spo t  was obse rved  w h i c h  h a s  a RI  h i g h e r  t h a n  U b i q u i n o n e  
30. CRAVEN'S r eac t ion  for U b i q u i n o n e  was  pos i t ive  a n d  
gave  t he  t y p i c a l  b lue  colour.  

Discussion and Conclusions. T h e  u n s a p o n i f i a b l e  f r ac t i on  
f rom t h e  musc le  t i ssue  of Spirographis spallanzani con-  
t a i n s  a n u m b e r  of co loured  s u b s t a n c e s  w h i c h  are  n o t  re-  
m o v e d  b y  t r e a t m e n t  w i t h  F lor id in ,  Decalso,  Silieic acid 

or  A l u m i n a .  A good pu r i f i c a t i on  of  t h e  e x t r a c t  c a n  b e  
o b t a i n e d  b y  a b s o r p t i o n  o n  ca rbon .  Th i s  t r e a t m e n t ,  h o w -  
ever ,  is r e spons ib le  for t h e  o x i d a t i o n  of t o c o p h e r o l  to  toco-  
phe ry l -qu inone .  Cont ro l s  c o n t a i n i n g  d i f f e r en t  a m o u n t s  of  
s y n t h e t i c  tocophero l ,  as well  as e x t r a c t s  to  w h i c h  toco-  
phe ro l  h a d  been  added ,  w h e n  t r e a t e d  w i t h  ca rbon ,  were 
f o u n d  to  c o n t a i n  on ly  25% of t h e  o r ig ina l  tocophero l ,  t h e  
r e m a i n i n g  p a r t  of i t  h a v i n g  been  t r a n s f o r m e d  to  toco-  
phe ry l -qu inone .  

Af t e r  a b s o r p t i o n  on  c a r b o n  of t h e  e x t r a c t ,  a second  
s u b s t a n c e ,  closely r e s e m b l i n g  a U b i q u i n o n e  homologue ,  
c a n  eas i ly  be  de tec ted .  Th i s  is l iqu id  a t  r o o m  t e m p e r a t u r e  
and ,  in  t h e  ox id ized  s ta te ,  shows a t y p i c a l  b a n d  in  t h e  
U V  w i t h  a p e a k  a t  279 mix. All t he  U b i q u i n o n e  h o m o -  
logues h a v e  in e t h a n o l  a n  U V  b a n d  d i sp laced  to  s h o r t e r  
w a v e l e n g t h  (275 mtz). The  c a r b o n  t r e a t m e n t  does  n o t  
seem to  be  respons ib le  for  t h e  sh i f t ing  of t h e  U b i q u i n o n e  
b a n d  f rom 275 to  279 m~t. U b i q u i n o n e  50 a n d  30, a f t e r  
a b s o r p t i o n  on  c a r b o n  a n d  e lu t ion  w i t h  ch lo ro fo rm,  show 
n o  c h a n g e  in t h e i r  s p e c t r o p h o t o m e t r i c  p roper t i e s .  The  
low m e l t i n g  p o i n t  could  sugges t  a v e r y  s h o r t  c h a i n  or  
p e r h a p s  a mod i f i ed  s t r u c t u r e  of t h e  c o m p o u n d ,  whereas  
t h e  p e a k  a t  279 mix m a y  ind ica t e  t he  p resence  of h y d r o x y l  
group(s)  in  t h e  side cha in  1~. 
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Fig. 2. Ultraviolet spectrum of fraction Ss ( - - - )  as compared with 
Ubiquinone 50 prepared from beef heart ( - - ) .  a and a', after reduc- 

tion with KBH4. 

Riassunto. L ' in sapon i f i cab i l e  del muscolo  di Spirogra- 
phis spallanzani con t i ene  accan to  a s terol i  e tocoferolo,  
u n  c o m p o s t o  di n a t u r a  c h i n o n i c a  a v e n t e  m o l t e  p r o p r i e t g  
in  c o m u n e  con  gli ub ich inon i .  A n c h e  il t oco fe r i l ch inone  
s t a t o  i den t i f i ca to  negl i  e s t r a t t i .  Si r i t i ene  pe r6  che  esso 
si f o rmi  da l  tocoferolo  d u r a n t e  il p r o c e d i m e n t o  di  e s t r a -  
zione. 
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The Optical Rotatory Dispersion Curves of 
t rans-Decalones  and their Polycyclic Analogues 1 

W o r k  on op t ica l  r o t a t o r y  d i spers ion  cu rves  ove r  t h e  
las t  10 years  h a s  p r o d u c e d  a m a s s  of d a t a  on  ke tones ,  t h e  
n - ->  ~* c a r b o n y l  a b s o r p t i o n  b a n d  a t  290 mix be ing  spe- 
c ia l ly  su i t ab l e  for  m e a s u r e m e n t .  Gene ra l  rev iews  h a v e  
b e e n  givenS-% a n d  t h e  ideas  on  t h i s  s u b j e c t  h a v e  b e e n  
s y s t e m a t i z e d  in  t e r m s  of t h e  O c t a n t  Ru le  6. E x t e n s i v e  col- 
lect ions  of d a t a  for  s i x - m e m b e r e d  r ing  ke tones  h a v e  been  
g iven  e lsewhere  ~, 7 

I t  h a s  been  a p p a r e n t  for some t i m e  s t h a t  the  a m p l i t u d e  
(a) of t h e  C o t t o n  effect  is a c o n v e n i e n t  m e a s u r e  of t he  
a s y m m e t r y  of t h e  s u r r o u n d i n g s  of t h e  c a r b o n y l  group.  
(The a m p l i t u d e  a is def ined  as t h e  molecu la r  r o t a t i o n  a t  
t he  e x t r e m u m  of longer  w a v e l e n g t h  minus t h e  mo lecu l a r  

r o t a t i o n  a t  t h e  e x t r e m u m  of s h o r t e r  w a v e l e n g t h ;  i.e. t h e  
d i f ference  b e t w e e n  p e a k  a n d  t rough ,  a p p r o p r i a t e l y  
signed.)  F r o m  t h e  t h e o r e t i c a l  s t a n d p o i n t ,  t h e  r o t a t i o n a l  

1 Paper IX of the series Optical Rotatory Dispersion. For Paper 
VIII, see J. HRBEX JR., J. P. JENNINGS, W. KLYNE, and F. ~A~- 
TXV~, Coll. Czech. Chem. Comm., 29, in press (1964}. 
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