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E n t s t e h u n g  des Te t r ahydropyran r inges  un te r  dem Ein-  
fluss yon S~uren, weis t  auf  eine AllylsteUung des Me- 
thoxyls  a m  C-27 bin, obwohl  C-23 n ich t  ganz ausge- 
sehlossen werden  kann.  

Die R i f amyc ine  13, O, S u n d  SV sind nach  den vorge-  
schlagenen Fo rme ln  I b i s  IV nati i r l iche ansa-Verbin-  
dungen 1~, in welchen der a romat i sche  Tell  durch  eine 
al iphat ische Ke t t e  so i iberbrt ickt  ist, dass diese du tch  die 
Ebene  des a romat i schen  Sys tems n ich t  durchschwingen  
kann.  Die Ke t t e  l iegt deshalb fast senkrech t  da rauf  im 
magnet ischen Felde  seiner z~-Elektronen, was im N M R  
aus einer  auffMlenden Verschiebung der  Doub le t t e  zweier 
C H 3 e H - G r u p p e n  ersichtl ich ist  (im R i f amyc in  S 0,64 und 
0,22). Viel  s ta rker  als bei  ch inoiden  Verb indungen  ist  die 
Verschiebung bei den en tsprechenden  Hydroch inonder i -  
v a t e n  z.13. in der  Verb indung  X X V I I  (0,5 und --0,6). 
Durch  me thano ly t i sche  Spa l tung  des grossen Ringes  er- 
hal t  m a n  aus der  Verb indung  X X V I I  die Verb indung  
X X V I I I .  Alle v ier  CH~CH-Double t t e  der  le tz teren  be- 
l inden sich erwartungsgem/iss  in e inem dichten  Signal- 
haufen,  dessen Schwerpunk t  bei 1 liegt. 

Auf  Grund  der Kons t i t u t i on  I l~sst sich ve rmuten ,  dass 
das R i f amyc in  13 zum grossen Tell, ebenso wie viele an- 
dere S tof fwechse lprodukte  der  Mikroorganismen aus bio- 
genet ischen ~ q u i v a l e n t e n  der Essigs~iure und der  Propion-  
sAure aufgebau t  ist. Die Kons t i t u t i on  der  a l iphat i schen 
Bri icke er inner t  an diejenige gewisser Makrolide.  Tro tz  

dieser b iogenet ischen Verwand t scha f t  s tel len R i f amyc ine  
eine struktureI1 neuar t ige  Gruppe  yon Na tu r s to f fen  da r  
und geben ein weiteres Zeugnis yon  der  F~thigkeit der  
Mikroorganismen,  ungew6hnl iche  Verb indungen  a n d  be- 
sonders solche mi t  vie lgl iedr igen Ringen  zu synthet is ieren .  

Wie aus der  nachfo lgenden  Mit te i lung  yon BRUFANI, 
FEDELI,  GIACOMELLO und  VACIAGO 1~ folgt, konnte  die 
auf  Grund  des chemischen Abbaus  und der  spekt roskopi-  
schen Unte r suchungen  abgele i te te  Kons t i t u t i on  I durch  
die R6n tgens t ruk tu rana lyse  des R i f a m y c i n  B-p- jodani l ids  
ro l l  best~ttigt werden. 

Summary. Const i tu t ion  I, based on ex tens ive  degrada-  
t ion studies,  is proposed for R i f a m y c i n  13, a me tabo l i t e  of 
Streptomyces mediterraneus n. sp. 
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The X - R a y  Ana lys i s  of the  S tructure  of  

R l f a m y c t n  B ~ 

The  crys ta l  s t ruc ture  of p-iodoanil ide of r i famycin  13 
has been e lucidated  in our  l abora to ry  in order  to ob ta in  
an independen t  de te rmina t ion  of the  molecular  s t ruc ture  
of the  ant ib io t ic  compound  r i famycin  B, C89I-I49NOx4, a 
produc t  of the  metabo l i sm of SLreptomyces mediterranei 
n. sp. (see preceding paper) .  

Crys ta l lographic  measuremen t s  were s ta r ted  in 1962 
when  knowledge of  the  chemica l  s t ruc ture  was still  slight. 
However ,  enough was then  known to  prepare  a va r i e t y  of 
h e a v y - a t o m  der iva t ives  of r i famycin  B and o ther  re la ted 

• r i famycins.  A pre l iminary  s t udy  of these  der iva t ives  a 
indicated t h a t  the  p- iodoani l ide of r i famycin  t3, 
C~HsaN~O~3I, was the  most  promising for X- r ay  analysis. 
I n  fact,  crystals  of this  compound,  grown from a water -  
acetone solution and kep t  in a sealed capi l lary  tube  in the  
presence of mothe r  l iquor,  were fair ly stable and suitable 
for our  measurements ,  

Crystal data: C45HsaNzOlaI+ CaH60+ 5H20, M = 956.83 
+ 58.08+ 90.08 = 1104.99, Or thorombic  disphenoidal ,  
a =  9.06 ~c 0.03, b = 23.66 + 0.08, c =  2 5 . 4 5 ~ 0 . 0 9  ¢t,, 
U = 5456 A a, D m = 1.23 gem -a (by flotation),  Z = 4, 
D e = 1.34 s gem -~ ( taking solvent  molecules into account) ,  
F(000) = 1976+ 128+  200 = 2304. Space group,  P2~212 x 
(134, NO. 19). CuK~-radia t ion ,  p~= 53.25 cm -x, single 
crys ta l  oscil lat ion and V~reissenberg photographs .  

2175 reflect ions for in tens i ty  measuremen t s  were 
measured by eye from photograph ic  records made  by  
Weissenberg cameras  a t  room tempera tu re ,  using speci- 
mens measur ing  abou t  1 . 0 . 0 . 3 . 0 . 3  m m  and ro ta t ing  
around the  a (6 layers) and c (6 layers) axes. They  
amoun ted  to about  33% of the  reflect ions theore t ica l ly  

possible in the CuK~ sphere,  E v e n  the  best  crystals  were  
of med ium reflect ing power  and  de te r io ra ted  no t iceab ly  
in the  X- ray  beam;  no ref lect ions were observed beyond  
a spacing l imit  of 0.83 _h a round  the  c axis and of 1.00 A 
(with an average cut-off  a t  abou t  1.2 A) a round the  a 
axis. Absorpt ion correct ions  are  small  and were no t  
applied.  

The iodine a t o m  co-ordinates  were de te rmined  wi thou t  
ambigu i ty  f rom a th ree-d imens iona l  unsharpened  Pa t t e r -  
son synthesis ;  a sect ion of the  Pa t t e r son  func t ion  a t  
U = I/g is shown in F igure  1. 

W i t h  phase angles ca lcu la ted  f rom these coord ina tes  4 
(x/a = 0.548, y/b = 0.087, z/c = 0.491, R = 41%),  a 
three-d imens ional  Four ie r  synthesis  was eva lua ted ,  in- 
c luding a t  th is  ear ly  stage all the  s t ruc tu re -ampl i tudes  
w i thou t  any  weighing scheme. 61 m a x i m a  were inter-  
pre ted  as carbon  atoms,  g iv ing  an R va lue  of 36%, b u t  
no in format ion  on the  chemical  s t ruc ture  could safely  be 
g iven by  the  e lectron d is t r ibut ion  at  this stage. 17 m a x i m a  
out  of the  61 p roved  la ter  to be spurious.  

The  e lucidat ion of the  s t ructure  cont inued by  Four ie r  
methods :  the  benzene ring of the  anilide could be clearly 

1 A brief preliminary report on this structure has been read at a 
meeting of the Aceademia Nazionale dei Lincei, Rome, on Decem- 
ber 14, 1963 ~. 
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Ace. Lintel, 36, 113 {1964). 
$ M. BRUFANI, W. FEDELI~ G. GIACOMELLO, and A. VACIAGO, 

Chemotherapia (Basel) 7, 145 (1968}. 
It is noteworthy that the iodine atom coordinates from the 
Patterson function did not change much during refinement (see 
Table), and that they were such that there was no 'mirror image' 
problem. 
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seen on the  second Four ie r  (R = 33%) and the  naph to-  
quinonic  ring, wi th  a large par t  of the rest  ot the  molecule,  
on the  four th  Four ie r  (1~ = 27.3%). The  f if th Four ie r  
synthesis  could be in te rpre ted  in t e rms  of the  61 a toms  of 
the  whole molecule and of 10 o ther  a toms  of the  so lvent  
molecules (one of acetone and six of water) ,  g iv ing  an 
R va lue  of 24.2%. One spurious peak  was stil l  be ing 
in terpre ted  as a real a tom (a wate r  molecule) at  this  stage. 
An overal l  13 va lue  of 5 A 2 had  been used up to  this  point .  

F r o m  the  seventh  Four ier  and a difference Four ie r  wi th  
the  same phase angles, we der ived  the  present  s t ructure .  
This  is summar ized  in the  Table,  where  the  61 a toms  of the  
molecule and the  o ther  9 atoms,  in te rpre ted  as one mole-  
cule of acetone and  five wa te r  molecules,  are listed. Indi-  
v idua l  isotropic B va lues  now range f rom abou t  3.3 to 
about  5.5 A 2. The  a tomic  coordinates  of the  Table  give 
an R va lue  of 20.2~o and define bond  lengths  which de- 
v ia te  by  a m a x i m u m  of 0.4 A (in one case) and by  an 
average of 0.08 A from acceptable  values  for formula  (I). 
Such devia t ions  are  only  to  be expec ted  a t  the  present  
s tage of s t ruc ture  ref inement ,  because errors and uncer-  
ta in t ies  of a few ten ths  of an Angs t rom m a y  well  exis t  in 
some par ts  of the  field. However ,  i t  seems unl ikely  t h a t  
some small  modif ica t ion  of the  a tomic  posi t ions dur ing 
fur ther  re f inement  could be suff icient  to  change  our  in- 
t e rp re ta t ion  of the  chemical  s t ruc ture  of the  molecule.  

S t ruc ture  (I) can  therefore  be considered as es tabl ished 
unambiguously ,  and  a s tereo-model ,  bui l t  f rom our  
crys ta l lographic  evidence,  is given in F igure  2, showing 

0 - -  - -  \ r ,  Hz 

(7~) NHIU~O 

Atomic coordinates 

Atom x/a y/b z/c I Atom x/a y/b z/c 

C(1) 0.2425 0.0950 0,2862 
C(2) 0.3131 0.0483 9,2734 
C(3) 0.4540 0.0340 0.2936 
C(4) 0.5455 0.0768 0,3181 
C(5) 0.5583 0.1732 0.3568 
C(6) 0,4644 0.2246 0.3692 
C(7) 0.3405 0.236I 0.3518 
C(8) 0.2553 0.1922 0.3283 
C(9) 0.3343 0.1417 0.3127 
C(10) 0.4648 0.1290 0.3336 
C(11) 0.7188 0.1829 0.3763 
C(12) 0.7015 0.2476 0,3907 
C(I3) 0.7417 0.2490 0.4536 
C(t4) 0.2567 0.2902 0.3609 
C(15) 0.9058 0.4912 0.2624 
C(16) 0.9325 0.4443 0.2994 
C(17) 0.8667 0.4345 0.3476 
C(18) 0.7575 0.4617 0.3713 
C(19) 0.6695 0.4441 0,4135 
C(2()) 0.5464 0.466i 0,4379 
C(21) 0.4944 0.0267 0,0799 
C(22) 0.6306 0.0496 0,0587 
C(23) 0.6831 0.1088 0.0786 
C(24) 0.6736 0.1133 0,1400 
C(25) 0.7033 0.1789 0,1540 
C(26) 0.67(~ (L2o07 0.3063 
C(27) 0.7417 0.2538 0~2205 
C(28) 0.7011 0.2759 0.2794 
C(29) 0.8117 0.2762 0.3109 
C(30) 0.0580 0.4117 0.2808 
C(31) 0.4220 0.4314 0,4333 
C(32) 0.1609 0.4482 0.0010 
C(33) 0.7652 0.0676 0.1688 
C(34) 0.4738 0.2041 0.2064 
C(35) 0.9715 0.1985 0.1221 
C(36) 0.9416 0.2244 0.0880 

C(37) 0,7782 0,3492 0.1850 
C(38) 0.7120 0.0043 0.3371 
C(39) 0.8697 0.0140 0.3658 
C(40) 0.0771 0.0550 0.4031 
C(41) 0.1830 0.0112 0.4068 
C(42) 0.3132 0,0180 0.4345 
C(43) 0.3375 0.0676 0.4622 
C(44) 0.2367 0.1088 0.4587 
C(45) 0.1022 0.1082 0.4261 
N(1) 0.2520 0.0025 0.2438 
N (2) 0.9426 0.0467 0.3792 
O(1) 0.1025 0.1141 0.2658 
O(2) 0.1142 0.2050 0.3096 
0(3) 0.5542 0,2677 0.3890 
O(4) 0.8130 0.1602 0.3683 
0(5) 0.8095 0.2806 0.3663 
0(6) 0.6913 0.2989 0.1837 
0(7) 0,8913 0.1707 0.1586 
0(8) 0,1253 0,1839 0.1450 
0(9) 0.5709 o. 1499 0.0608 
O(10) 0,3724 0.0644 0.0665 
O(11) 0.9947 0.0187 0.2596 
O(12) 0.6575 0,0641 0.3416 
O(13) 0.0646 0.4535 0.1366 
I 0.5461 0,0889 0.4917 

C(46) 0.4270 0.2922 0.0588 
C(47) 0.5309 0.3483 0 0529 
C(48) 0.7033 0.3505 0.0219 
0(14) 0,5292 0.3900 0.0911 
O(15) 0.5132 0,4243 0.2878 
O(16) 0.4133 0.3505 0.2207 
O(17) 0.2276 0.3529 0.1316 
O(18) 0.0870 0.3083 0.0395 
O(19) 0.0181 0.0677 0.0462 
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the  re la t ive  conf igura t ion  of t he  a s y m m e t r i c  ca rbon  
a toms  and  m a n y  o the r  conf igura t iona l  and  conforma-  
t ional  detai ls ,  as for ins tance  the  t r anso id  con fo rma t ion  
of the  C(16)--C(17) and  C(18)--C(19) double  bonds  across 
the  C(17)--C(18) single bond .  The  e lec t ron  dens i ty  dis t r i -  
bu t ion  f rom a Four ie r  syn thes i s  phased  on the  pos i t ions  

~z 

--... 

Fig. 1. Harker section at U= lie. 

cO 

Fig. 2. Stereo-model of the structure of p-iodoanilide of rifamycin B 
from X-ray analysis evidence. 

b/2 

Fig. 3. The eighth three-di- 
mensional electron density 
distribution shown by means 
of superimposed contour sec- 
tion projected on (100). 



342 

¼ 

c ~  

U 
I 

Br~ves communications - Kurze Mitteihmgen 

( 

( 

\ 

O 

¼ 

b 

¼ 

E X P E R I E N T I A  XX/6 

Fig. 4. Packing of the structure 
seen down the a axis. Space group 
P%%%. 

of the  Tab le  is s h o w n  b y  means  of s upe r i m pos ed  c o n t o u r  
sec t ions  in  F igure  3. F igure  4 gives some idea  of t h e  
m u t u a l  a r r a n g e m e n t  of t h e  molecules  in  t he  u n i t  cell. 

S t r u c t u r e  (I) is fu l ly  cons i s t en t  w i t h  t he  i n d e p e n d e n t  
chemica l  resu l t s  on  t h e  c o n s t i t u t i o n  of r i f a m y c i n  B ob-  
t a i n e d  b y  OPPOLZER, PRELOG a n d  SENSI (See p r eced ing  
paper) .  Moreover ,  th i s  chemica l  evidence ,  l a te ly  m a d e  
ava i l ab le  to  us  5, speeded  u p  t h e  i n t e r p r e t a t i o n  of t h e  
va r ious  Four i e r  s y n t h e s e s  cons iderab ly .  On  two  issues 
t h i s  was  especial ly  t rue .  Firs t ,  a t  t he  p r e s e n t  s tage  of 
r e f i n e m e n t  i t  would  no t  h a v e  b e e n  possible  to  d i s t i ngu i sh  
c rys ta l lograph ica I Iy  b e y o n d  al l  d o u b t  be t w een  oxygen ,  
n i t rogen ,  a n d  c a r b o n  a toms ,  even  if, on  average ,  e l ec t ron  
dens i t i es  a r o u n d  these  a t o m i c  pos i t ions  c a m e  o u t  in  t h e  
cor rec t  dec reas ing  o rde r  of m a g n i t u d e .  Second,  t h e  fo rmu-  
l a t i on  of C(16) -C(17) ,  C(18) -C(19)  a n d  c(2s)-C(29) as 
doub le  b o n d s  a n d  of t he  o t h e r  C--C b o n d s  in t h e  a l i pha t i c  
c h a i n  as  s ingle bonds ,  e v e n  t h o u g h  s u p p o r t e d  b y  va r ious  
s t e reochemica l  f ea tu res  in  t he  X - r a y  s t ruc tu re ,  as for  
i n s t ance  t he  n e a r  p I a n a r i t y  of t h e  g roups  of a t o m s  con-  
ce rned  w i t h  t h e  d o u b l e  bonds ,  was  also b a s e d  o n  t h e  
chemica l  ev idence  ava i lab le ,  a n d  n o t  o n  b o n d  l e n g t h s  
w h i c h  are  of no  s ignif icance for t h i s  p u r p o s e  a t  t h e  p r e s e n t  
s tage.  T h e  h y d r o g e n  a t o m s  g i v e n  in  s t r u c t u r e  (I) are,  of 
course,  ba sed  on  chemica l  ev idence  only .  On  t h e  o t h e r  
h a n d ,  X - r a y  ana lys i s  resul ts ,  bes ides  c o n f i r m i n g  t h e  
chemica l  ones, add  a w e a l t h  of  new  s t e r eochemica t  infor-  
m a t i o n .  

A c o m p l e t e  desc r ip t ion  of t h e  s t r u c t u r e  of r i f a m y c i n  B, 
w i t h  a full  r ecord  of t h e  b o n d  l eng ths  a n d  b o n d  angles  in  
t h e  molecule ,  will be  g i v e n  a f t e r  f u r t h e r  r e f i n e m e n t  h a s  

b e e n  ca r r ied  as far  as possible.  Th i s  r e f i n e m e n t  will also 
m a k e  use of a few h u n d r e d  new ref lect ions ,  w i t h  lower  
d- l imit ,  w h i c h  are  now be ing  recorded  f r o m  some v e r y  
good c rys ta l s  ~, 

Zusammen/assung. Die mo leku la r e  S t r u k t u r  des Rifa-  
myc ins  B wurde  d u r c h  R 6 n t g e n - S t r u k t u r a n a l y s e  de r  
Kr i s ta l l e  seines p - J o d a n i l i d s  b e s t i m m t .  Die  E rgebn i s se  
best~it igen die vo r  k u r z e m  auf  c h e m i s c h e m  Wege  aufge-  
k l~r te  K o n s t i t u t i o n  u n d  l iefern  da r t i be r  h i n a u s  in teres-  
s a n t e  A u s k u n f t  t iber  die K o n f i g u r a t i o n  u n d  K o n f o r m a -  
t i on  de r  R i f amyc ine .  
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