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Dem Pro ton  a m  C-25 entspr icht  e indeut ig  die Signal- 
gruppe bei 4,6 (J1 = 4,5, J2 = 10,5), denn diese Signal- 
gruppe ist  n icht  anwesend im Spek t rum des Oxo-  
dicarbons/ iure-dimethylesters .  Da die gr6ssere K0pplungs-  
kons tante  J~ hier wiederum einer Wechse lwirkung zweier 
axialer  Pro tonen  entsprechen muss, folgt  daraus  die 
axiale  Stel lung auch dieses Protons.  Dies ergibt  sich auch 
aus der  chemischen Verschiebung des Singlet ts  der  
Ace toxygruppe  bei 2,03, welche typ i sch  fiir die /~qua- 
toriate Ace toxygruppe  bei Cyclohexan-  und Te t r ahyd ro -  
pyran-Der iva ten  ist x0. Die kleinere Kopp lungskons tan te  
J1 muss dann der  Wechse lwi rkung  dieses axialen Pro tons  
mi t  einem i tquatorialen znkommen.  Letz teres  muss, nach-  
dem das P ro ton  an C-24 axial  ist, das P ro ton  an C-26 
sein. Die verschiedene Anordnung  an den C-24 und  C-26 
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Fig. 1 (oben) und Fig. '2 (unten) 

ist  auch  aus der  )knderung der  N M R  beim ~ b e r g a n g  v o m  
Ace toxy -d ime thy l e s t e r  (F igur  1) zum Oxod ime thy le s t e r  
(Figur  2) ersichtl ich,  wobei ,  abgesehen yon  d e r n u r  gering 
ver~inderten Lage  des Signals der  Methy lgruppe  an C-22, 
ein Methyls ignal  n u t  schwach verschoben  wird, wie es fiir 
eine axia le  11, und eines s ta rk  in R i c h t u n g  niederer  Feld-  
stfi, rken ve r schoben  wird, wie  es fiir eine gquator ia le  
Methy lg ruppe  auf  Grund  der  Anisot ropie  der  Carbonyl-  
g ruppe  zu e rwar ten  war.  E s  lassen sich somi t  auf  diese 
\Veise die r e l a t iven  Konf igu ra t ionen  an C-23 bis C-26 
bes t immen .  

Auf Grund  der  auf  diese Weise  abgele i te ten  re la t iven  
Konf igura t ionen  l~sst sich die re la t ive  Konf igura t ion  von  
dreien der  v ier  a symmet r i schen  Kohlenstoffe  in der 
TetracarbonsAure CIoH1,O 9 (IV) festlegen. Es  bteibt  noch 
die Konf igura t ion  des Kohlenstoffs  C-22 zu ermi t te ln .  
Die Doub le t t e  im N M R  des Te t r ame thy le s t e r s  dieser 
Verbindung,  die den beiden gemina l  zum ~ the r saue r s to f f  
angeordne ten  P ro tonen  entsprechen,  besi tzen eine ver-  
schiedene Lage,  woraus  sich schliessen lgsst, dass die 
beiden H~ilffen der  Verb indung  n ich t  die gleiche re la t ive  
Konf igura t ion  besitzen. Da  die Konf igura t ionen  an den 
Kohlenstoffen C-23 und C-27 gleich sind, muss  demnach  
C-22 die umgekehr t e  Konf igura t ion  yon  C-26 aufweisen. 
Dadu rch  ist  aber  auch  die re la t ive  Konf igura t ion  dieses 
Kohlens toffs  bes t immt .  

Summary. The re la t ive  conf igurat ions  of r i famycin  ]3 
and re la ted r i famycins  have  been de te rmined  by  X - r a y  
analysis and in par t  by  N M R  spectroscopy.  The  abso lu te  
conf igurat ion has been der ived f rom the  conf igura t ion  
of a degrada t ion  product ,  the  d e x t r o r o t a t o r y  x,~ ' -di-  
m e t h y l  pimelic  acid. 
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The  S t e r e o c h e m i s t r y  of Fusidic  Acid 

In  a recent  note  1 i t  was shown t h a t  fusidic acid, an 
ant ib io t ic  f rom a Fus id ium s t ra in  z, is best  represented  by  
formula  1. Argumen t s  h a v e  been previous ly  8 set  for th  for 
the  conf igura t ion  a t  posit ions 3, 4, 5, 10 and 16, as well as 
for the  axial  or ien ta t ion  of the  hyd roxy l  group in r ing C. 
We now repor t  evidence showing t h a t  fusidic acid posses- 
ses the  novel  s te reochemis t ry  detai led in 2. 

The  known t e t r ahydro lac tone  3 z was oxidized wi th  
chromium(VI) -ox ide  to the  d ike to lac tone  d 4 and the  
l a t t e r  conver ted  to 6 b y  reduc t ion  of the  corresponding 
monoke ta l  5 wi th  sod ium borohydride .  Bromina t ion  of 6 
wi th  p h e n y l t r i m e t h y l a m m o n i u m  t r ib romide  5 gave  a 2- 
bromo der iva t ive  7, readi ly  t ransformed upon t r e a t m e n t  
wi th  collidine into the  Al -unsa tu ra ted  compound  10. 
Under  the  influence of base, 10 was smooth ly  isomerized 

to an epimer,  p robab ly  the  C~0-epimer 11, which was 
found to be in equi l ibr ium wi th  the  sa tu ra ted  10~,llx- 
e ther  12. I n  a second set of exper iments ,  6 was conver ted  
to  the  2 -hydroxymethy tene  de r iva t ive  8 and then,  

1 D. ARIGONI, W. yen DAEHNEj W. O. GeDTFREDSEN, A. MARQUET, 
and A. MELERA, Exper. 19, 521 (1963). 

a W. O. GODTFXEDSE~, S. JAa~SEN, H. LORCK, K. ROHOLT, and 
L. TVBRm~, Nature 193, 987 (196`2). 

3 W. O. GODTFREDSE~ and S. VASGEDAL, Tetrahedron lS, 10`29 
0 9 s ~ ) .  

Satisfactory analyses and IR spectra consistent with the given 
structures were obtained for all new compounds. The relevant 
physical data are collected in the Table. 
A. MAEQUET, M. DVOLAITZKY, H. B. KAGAN, L. MAMLOK, C. 
OUAU~ES, and J. JACQUES, Bull. Sue. chim. France 1961, 18̀ 2̀ 2. 
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t h r o u g h  ozonolys is  fo l lowed b y  o x i d a t i v e  w o r k - u p  w i t h  
h y d r o g e n  pe rox ide  in ace t ic  acid,  to  t h e  6- iactone 13. I n  
v iew of t h e  ax ia l  pos i t ion  of t h e  C~, -hydroxyl  g roup  (see 
below) a n d  of t h e  t r a n s  A / B  r ing  j u n c t i o n  in  t h e  s t a r t i n g  
m a t e r i a l  s,a, t he  f o r m a t i o n  of 12 a n d  73 is c o n s i s t e n t  o n l y  
w i t h  t h e  p re sence  of a 9f l -hydrogen a n d  a n  11a-oxygen  
func t ion .  

A 1, 3-d iaxia l  r e l a t i o n s h i p  b e t w e e n  t he  Czz-hydroxyl  
g roup  a n d  t h e  Ca-methy l  g r o u p  was  f i r s t  s u s p e c t e d  o n  t h e  
bas i s  of N M R  m e a s u r e m e n t s  ~, w h i c h  i n d i c a t e d  t h a t  t h e  
s ignal  of  t h e  l a t t e r  was  c o n s i s t e n t l y  sh i f t ed  to  h i g h e r  f ields 
(A ~ = 0.15) on  r e m o v a l  of t he  former .  Accord ing ly ,  t r e a t -  

Ozonolys is  of 24 p r o d u c e d  t h e  17-ke tone  25, w h i c h  was  
e q u i l i b r a t e d  u n d e r  bas ic  c o n d i t i o n s  w i t h  t h e  Cz3-epimer 
26. The CD curve of 25 z° (Ae2e s = --4.26,  zJes9 z = --4.19) 
was  f o u n d  to  be  a n t i p o d a l  to  t h o s e  r eco rded  for  C / D - t r a n s  
17-keto s te ro ids  n ,  whereas  t h e  CD c u r v e  of t he  e p i m e r  
26 zo (Aeaz a = +0 .76 ,  Lies00 ---- -51.17, Ae,0 z = +1 .22 )  dis-  
p l ayed  t h e  t y p i c a l  f ine s t r u c t u r e  of a c i s - h y d r i n d a n - l - o n e  
a n d  co r r e sponded  in  s ign to  t h e  c u r v e  of 3-keto,  5fl, A-nor -  
s t e ro ids  n ,  t h u s  i m p l y i n g  a 13=, 14fl c o n f i g u r a t i o n  in  25 
a n d  a 13fl, 1415 c o n f i g u r a t i o n  in  26. 

On a c c o u n t  of t h e  ' a b n o r m a l '  s t e r e o c h e m i s t r y  d isc losed 
for  t h e  r i n g  s y s t e m  of fusidic  acid,  i t  was  c o n s i d e r e d  
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m e n t  of 98 w i t h  t he  l e ad ( I V ) - ace t a t e / i od i ne  r e a g e n t  s 
gave  a n  e t h e r  c o n t a i n i n g  t he  pa r t i a l  s t r u c t u r e  

I 
-O-CHe-C- 

J 

(NMR:AB-system with two doublets at ~ = 3,68 and 
3.76; JAB = 10 cps) a n d  lack ing  t he  a n g u l a r  m e t h y l  
g roup  respons ib le  for t he  s igna l  a t  6 = 1.34 in  t h e  s t a r t i n g  
ma te r i a l .  Clear ly  t he  new  c o m p o u n d  m u s t  be  f o r m u l a t e d  
as in  14; i t s  f o r m a t i o n  p r o v i d e s  a welcome i n d e p e n d e n t  
check  for  t h e  axia l  pos i t ion  of t h e  C n - h y d r o x y l  g roup  a n d  
s i m u l t a n e o u s l y  e s t ab l i shes  t h e  c¢ pos i t ion  of t h e  Cs -me thy l  
g r o u p  8 

I n  o rde r  to  i nves t i g a t e  t h e  s t e r e o c h e m i s t r y  of t h e  C/D 
r ing  j unc t i on ,  t h e  16-epi m e s y l a t e  20 was p r e p a r e d  f rom 
t h e  k n o w n  3, 11-d ike tone  15 a v ia  t h e  sequence  (15)->-(16)-->- 
(17)-~(18)->(19) a n d  t h e n  c o n v e r t e d  w i t h  col l idine to  t he  
c o n j u g a t e d  d iene  27. P a r t i a l  r e d u c t i o n  of t he  l a t t e r  w i t h  
a P d - e a t a l y s t  to  t h e  15 ,16 -d ihydro  d e r i v a t i v e  22 fol- 
lowed b y  t r e a t m e n t  w i t h  s o d i u m  b o r o h y d r i d e  gave  23, 
vigorous  a e e t y i a t i o n  of w h i c h  fu rn i shed  t he  d i a c e t a t e  24. 

m a n d a t o r y  to  check  t he  ce con f igu ra t ion  p rev ious lya  as- 
s igned  on  t h e  basis  of mo lecu la r  r o t a t i o n  d i f ferences  to  
t he  Czs-acetoxyl  group.  A c o m p a r a t i v e  s t u d y  of t h e  

s The steric arrangement at C 5 and Cz0 has been further verified by 
measurement of the CD-curve of an appropriate 3-keto derivative; 
ef. P. WITZ, H. HERRMANN, J. M. LEHN, and G. OORZSSON, Bull. 
Soe. chim. France 1963, 1101. 
NMR spectra were recorded on a Varian HR-100 instrument in 
CDCI 3 solutions and calibrated against tetramethylsilane. Chemical 
shifts are given in ~ values. 

S I~. HEUSLER and J. KALVODA, Helv. ehim. Acta 46, 2020 (1963) 
and previous papers of this series. 

9 It  is relevant to our argument that  no epimerizations have been 
detected so far in reactions involving the lead (IV)-acetateliodine 
reagent, even with substrates where such epimerizations are known 
to occur readily when iodine is omitted from the mixture (private 
communication of Dr, J, KALVODA). 

10 Recorded in dioxane solution by courtesy of Miss H. HERRMAN~ 
and Mr. P, WzTZ in the laboratory of Prof. G. OURZSSOS. We are 
indebted to Prof. OUmssoN for helpful discussions and for pro- 
viding unpublished reference curves. 

n Unpublished data by G. 0umssoN, P. Wzwz, and H. HERRMA~'N. 
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NMR spectra of desacetyl-fusidic acid methyl ester s and 
its C~e-epimer ~ has now shown that  the 14t-methyl group 
is less shielded in the former than in the latter (A d = 0.38) 
whereas the reverse is true for the e-hydrogen at  Cx~ 
(Ad = 0.22). This observation strongly supports the fl 
configuration for the acetoxyl group in fusidic acid. When 
the findings of MAZUR et al. z~ in the steroid field are taken 
into account, configurations at Cz~ and C~0 can be assigned 
as in 3 for all derivatives obtained on hydrogenation of 
A t~. ~o-16fl-Iactones in this series. 

lated intermediary 28, to the e, fl-unsaturated ketone 29. 
The structure of 29 was unambiguously established by 
deacetylation to 30, subsequently converted to the cor- 
responding ketone 31 with chromium(VI)-oxide. Air 
oxidation of the latter in methanolic potassium hydroxide 
solution yielded the 4, 5-epoxide 32 and the yellow diene- 
dione 33, which displayed the expected characteristic 
UV absorption. The appearance of a vinylic methyl group 
in 33 (d = 2.10) substantiates independently the presence 
of a methyl group at  C~ in fusidic acid. 
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I t  will be noted that  the trans-syn-trans arrangement 
of rings A, B and C in fusidic acid forces ring I3 into a boat 
conformation and thus affords a basis for understanding 
the previously 8 observed base-catMyzed isomerization of 
compounds in which C n is a carbonyl group. The strain 
imposed on the ring system by the anti arrangement of 
the methyl groups at  C8 and Cto is reflected in the ab- 
normal chemical behaviour of some derivatives of fusidic 
acid. Thus, the Ag, n-compound 27, readily available by 
thionylchloride/pyridine dehydration of the known 93, 
underwent methyl group migration upon oxidation with 
chromium(VI)-oxide in acetic acid, leading, via the iso- 

Finally we would like to point out the remarkable 
steric similarity now emerging between fusidic acid (2), and 
the hypothetic carbonium ion 3d, postulated in 1955 on 
theoretical grounds~3 as a non-rearranged cationic inter- 
mediary in the biological formation of lanosterol from 

12 y. MAZUR, N. DAmELt, and F. SONDHmM~R, J. Amer. chem. Soc. 
82, 5889 (1960). 

1~ A. ESC~IES~tOSER, L. RuzlcK^, O. J~GE~, and D. ARmom, He|v. 
chim. Acta 38, 1850 (1955). 
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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 .  

D. ARIGONI*, W.  VON DAEHNE**, 
W .  O. GODTFREDSEN**, A. MELERA***, 
and  S, VANGEDAL** 

Organisch-chemisches Laboratorium der Eidg. Technischen 
Hochschule, Zi~rich (Switzerland)*, Leo Pharmaceutical 
Products, Copenhagen (Denmark)**, and Varian AG. 
Research Laboratories, Zi~rich (Switzerland) ***, 
March 23, 196,¢. 

t4 R. BUCOURT, M. LEGRANn, M. VtGNAU, J. TESSmR, and V, 
I)ELAROFF, C.R. Acad. Sci. 257, 2679 (1963). We are indebted to 
Prof. VELLUZ for sending to us a copy of the manuscript prior to 
its publication. 

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. 

1 G. N. FESTENSTEIN, F. W. HEATON, J. S. LOWE, and R. A. 
MORTON, Biochem. J. 59, 558 (1959). 

2 F. L. CRANE, R. L. LESTER, C. WIDMER, and V. HATEFI, Biochim. 
biophys. Acta 32, 73 (1959). 

a N. F. CUNNINOHA~I and R. A. MORTON, Biochem. J. 72, 92 (1959). 
4 J. F. PENNOCK, R. A. MORTON, D. E. M. LAWSON, and D. L 

LAIDMAN, Biochem. J. 84, 637 (1962). 
S U, GLOOR, O. ISLER, R. A. MORTON, R. RfJEGG, and O. Wiss, Helv. 

chim. Aeta 41, 2357 (1958). 
e R. L. LESTER and F. L. CRANE, J. biol. Chem. 234, 2169 (1959). 
7 A. C. PACE, P. GALE, H. WALLICK, R. B. ~VALTO~r, L. E. Me- 

DANIEL, H. B. WOODRUFF, and K. FOLKERS, Arch, Biochem. Bio- 
phys. 29, 318 (1960). 

8 D. L. LAIDMAN and R. A. MORTON, Biochem. J. 84, 386 (1962). 
9 G, CASERTA and F. GmRErTI, Nature 193, 1079 (1962). 

t0 G. CASERTA, Rend. Accad, Naz. Lincei, in press, 


