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The X-Ray Analysis of the Structure of 
Rifamyctn y1 

One of t h e  p r o d u c t s  of t he  m e t a b o l i s m  of Slreptomyces 
mediterranei is r i f a m y c i n  Y, a c o m p o u n d  c h e m i c a l l y  a n d  
p h y s i c a l l y s i m i l a r  to  t h e  a n t i b i o t i c r i f a m y c i n  B,  CagH4oNO14, 
a n d  ye t  b io logica l ly  i nac t i ve  3. A p a r t  f r om t h i s  q u a l i t a t i v e  
i n f o r m a t i o n ,  l i t t l e  was  k n o w n  a t  t h e  o u t s e t  a b o u t  t h e  
s t r u c t u r e  of r i f a m y c i n  Y.  No e x p l a n a t i o n  was  t he r e fo re  
poss ib le  for  t h e  d i f ference  in  t h e  a c t i v i t y  of t h e  two 
c o m p o u n d s  a n d  for  t h e  e v e n  v a s t e r  d i f ference  in t he  
a c t i v i t y  of t h e i r  r e spec t ive  de r iva t ives .  

I n  o rde r  to  d e t e r m i n e  t h e  c o n s t i t u t i o n  a n d  t he  comple t e  
t h r e e - d i m e n s i o n a l  s t r u c t u r e  of r i f a m y c i n  Y, a n d  to  com-  
pa re  i t  w i t h  t h a t  of r i f a m y c i n  B, wh ich  h a d  a l r eady  b e e n  
s t ud i ed  b o t h  b y  chemica l  *-e a n d  c r y s t a l l og r aph i c  7-9 
m e t h o d s ,  t h e  c r y s t a l  s t r u c t u r e  of t he  p - iodoan i l ide  
d e r i v a t i v e  of r i f a m y c i n  Y was e luc ida ted  in ou r  l abo ra -  
to ry .  The  c o n s t i t u t i o n  and,  in  pa r t ,  t h e  c o n f i g u r a t i o n  of 
r i f a m y c i n  Y was also d e t e r m i n e d  b y  LEIrlCH, PRELOG 
a n d  SENSl (see p r eced ing  p a p e r  ~0) b y  chemica l  a n d  
s p e c t r o s c o p i c  me thods .  W e  are  now  v e r y  p leased  to  f ind  
t h a t  t h e  i n d e p e n d e n t  resu l t s  of t h e  2 g roups  agree  com~ 
ple te ly .  

I n  t h e  case of r i f a m y c i n  13 t h e  p - iodoan i l ide  d e r i v a t i v e  
h a d  p r o v e d  to  be t h e  m o s t  successful  for  X - r a y  ana lys i s  ~, 
a n d  w h a t  was  k n o w n  of t h e  chemica l  p rope r t i e s  of 
r i f a m y c i n  Y was e n o u g h  to  m a k e  us a s sume  t h a t  th i s  
would  also be  t he  case for  r i f a m y c i n  Y. F o r  th i s  r ea son  
a n d  because  of t he  v e r y  smal l  q u a n t i t i e s  ava i lab le ,  no  
de ta i l ed  s t u d y  of va r ious  h e a v y - a t o m  d e r i v a t i v e s  of 
r i f a m y c i n  Y was pe r fo rmed .  Crys ta ls  of t he  p - iodoan i l ide  
of r i f a m y c i n  Y, g r o w n  f rom a w a t e r - d i m e t h y l s u l p h o x i d e  
so lu t ion  a n d  k e p t  in  a sealed cap i l l a ry  t u b e  in t he  p resence  
of m o t h e r  l iquor,  even  if of lower  re f l ec t ing  p o w e r  t h a n  
those  of t h e  same  d e r i v a t i v e  of r i f a m y c i n  ]3, were  in fac t  
s t ab l e  e n o u g h  to  m a k e  a c e r t a i n  a m o u n t  of d a t a  co l lec t ion  
possible .  

Crystal datan: C4~HblNsO141 + (CH~)~SO + H20,  M = 
970.82 + 78.13 + 18.02 = 1066.97, monoc l in ic  sphenoida l ,  
a =  9.49 :[: 0.03, b = 18.96 :[: 0.06, c = 15.30 :L 0.05 ]k, 
fl = 90048 " :J: 30', U = 2752.66/~8, Dr  = 1.287 gem  -8 for  
Z = 2 a n d  t a k i n g  s o l ven t  molecules  i n to  a c c o u n t  ~2, 
F(000) = 1000 + 84 + 20 = 1104. Space  g roup  P2 t (C~, 
No. 4). CuK~c-radiat ion (~ t a k e n  as 1.5418 A), /z = 55.4 
cm -1, s ingle c rys t a l  osc i l la t ion  a n d  W e i s s e n b e r g  p h o t o -  
g raphs .  

1426 ref lec t ions  is for  i n t e n s i t y  m e a s u r e m e n t s  were  
m e a s u r e d  b y  eye f r o m  p h o t o g r a p h i c  records  m a d e  b y  
W e i s s e n b e r g  c a m e r a s  a t  r o o m  t e m p e r a t u r e ,  r o t a t i n g  
a r o u n d  t he  a axis  (6 layers ,  spec imens  of 0 . 1 2 . 0 . 2 4  a n d  
0 . 0 4 . 0 . 0 7  m m  cross sect ion)  a n d  t he  b axis  (8 layers ,  
spec imens  of 0.06 • 0.25 a n d  0.08 • 0.33 m m  cross sect ion) .  
T h e  c rys t a l s  were of low re f lec t ing  power  and  d e t e r i o r a t e d  
n o t i c e a b l y  in  t h e  X - r a y  b e a m .  T he  cu t -of f  for  t he  m a j o r i t y  
of re f lec t ions  o n  b o t h  axes  was  a t  a 0 v a l u e  of a b o u t  45 °, 
co r r e spond ing  to  a spac ing  l im i t  of a b o u t  1.1 /k a n d  
i m p l y i n g  a r e so lu t ion  l im i t  of a p p r o x i m a t e l y  0.65 A, b u t  
a few ref lec t ions  were obse rved  a t  a m a x i m u m  0 va lue  as 
h i g h  as 48 ° a r o u n d  t h e  a axis,  a n d  53 ° a r o u n d  t he  b axis. 
An  e v e n  more  s t r i k ing  i n d i c a t i o n  of the  v e r y  poor  q u a l i t y  
of t he  d a t a  is g iven  b y  t h e  r a t i o  b e t w e e n  t h e  n u m b e r  of 
ref lec t ions  obse rved  w i t h  i n t e n s i t y  a b o v e  f i lm b a c k -  
g r o u n d  a n d  t h a t  of t h e  ref lec t ions  t heo re t i c a l l y  poss ible  
in  t h e  CuKc¢ sphere  (23%),  as c o m p a r e d  w i t h  the  s a m e  
r a t i o  for  t h e  a l r e ady  d i f f icu l t  case of r i f a m y c i n  B (33%).  

A b s o r p t i o n  cor rec t ions  are sma l l  a n d  were no t  appl ied,  
no r  were  t h e  e x t i n c t i o n  correc t ions .  

Because  t h e  space  g roup  P2~ is polar ,  t he  or ig in  m u s t  
be de f ined  w i t h  r e spec t  to  the  b d i rec t ion .  T he  b axis  

or ig in  was  a r b i t r a r i l y  chosen,  for  th i s  purpose ,  as t he  
m i d p o i n t  b e t w e e n  t he  2 iodine  a t o m s  r e l a t ed  b y  t h e  two-  
fold screw axis,  t h u s  s e t t i n g  t h e  y c o o r d i n a t e  of 1 iodine  
a t o m  a t  y]b = 0.25 a n d  m a k i n g  t h e  or ig in  a p s e u d o - c e n t r e  
of i nve r s ion  for  t h e  2 r e l a t ed  iodine  a toms .  

T h e  x a n d  z coo rd ina t e s  of t he  iodine a t o m  were  t h e n  
d e t e r m i n e d  f rom a t h r e e - d i m e n s i o n a l  P a t t e r s o n  s y n t h e s i s  
s h a r p e n e d  on  iodine.  T h e  p a r a m e t e r s  of t h e  iodine  a t o m  
gave  a R v a l u e  of 44 .3%,  a n d  a Fou r i e r  s y n t h e s i s  was  
t h e n  c o m p u t e d ,  p h a s e d  on  th i s  a t o m  a lone  a n d  t he r e fo re  
showing  a p s e u d o - m i r r o r  p l a n e  a t  y/b = 0.25. Th i s  r e su l t ed  
in t he  supe rpos i t i on  of t h e  molecule  o n t o  i ts  m i r r o r  image ,  
caus ing  d u p l i c a t i o n  of t h e  a t o m s  in t h e  cell. I t  was  
necessa ry  to  r e m o v e  t h i s  a m b i g u i t y  in  o rder  to  i so la te  
a n d  i d e n t i f y  t h e  a t o m s  c o r r e s p o n d i n g  to a s ingle mole-  
cule 14. 

Th i s  was  done  b y  t he  fo l lowing p rocedure .  On  t he  bas is  
of t h e  k n o w n  genera l  s i m i l a r i t y  in  t h e  U V - s p e c t r a  a n d  
chemica l  p rope r t i e s  of r i f a m y c i n s  ]3 a n d  Y, i t  was  a s s u m e d  
t h a t  t h e y  h a d  t he  s ame  p l a n a r  p a r t s  ( the  n a p h t h a l e n e -  
l ike r ing  a n d  t he  f i v e - m e m b e r e d  r ing  fused to  it).  The  
e l ec t ron  d e n s i t y  m a p  was  t h e n  successful ly  s ea rched  for 
2 c o n s i s t e n t  se ts  of a t o m s  t h a t  cou ld  be  i n t e r p r e t e d  
accord ing ly ,  a n d  for  2 p - iodoan i l ine  r ings  in  t h e  co r rec t  
pos i t ions  r e l a t i ve  to  t he  o t h e r  p l a n a r  par t s .  I t  was  f u r t h e r  
a s s u m e d  t h a t  t he  s t r u c t u r e  was t he  same  also in  t he  
v i c in i t y  of t he  p l a n a r  pa r t s ,  a n d  as a resul t ,  of t h e  2 
specu la r  se ts  of a toms ,  t he  one w h i c h  would  lead to  t he  
same  p l a n a r  c h i r a l i t y  of r i f a m y c i n  B was  chosen  as t h e  
in i t i a l  p a r t  of t h e  ' r ea l '  molecule  of r i f a m y c i n  Y. Th i s  
a s s u m p t i o n  was  jus t i f ied ,  pos t  f a c t u m ,  b y  t h e  c i rcu la r  
d i ch ro i sm m e a s u r e m e n t s  desc r ibed  in t h e  p r eced ing  
p a p e r  1% 

1 A brief preliminary report on this structure was read at a meeting 
of the Accademia Nazionale de/ Lineei, Rome, on 12th March 
1966 z. 

2 M. BRUFANI, W. FEDELI, G. GIACOMELLO and A. VAClAGO, Atti 
Aecad. naz. Lincei Rc. Z0, 548 (1966). 

a p. SEssl, personal communication. 
4 V. PRELOG, Chemotherapia 7, 133 (1963). 
6 W. OPPoszEg, V. PRELO~ and P. SENSI, Experientia 20, 336 

(1964). 
e j .  LEITICH, W. OPPOLZER and V. PRELOG, Experientia 20, 343 

(1964). 
7 M. BRUFANI, W. FEDELI, G. GIACOMELLO and  A. VAClAGO, 

Chemotherapia 7, 145 (1963). 
8 M. BRUFANI, W. FEDELI, G. GIACOMELLO and A. VACIAGO, Atti 

Aecad. naz. Lineei Re. 36, 113 (1964). 
9 M. BRUFANI, V~ ~'. FEDEI.], G. GIACOMELLO and A. VACIAGO, 

Experientia 20, 339 (1964). 
xo j .  LEtTICH, V. Pg~LOG and P. SENsI, Experientia 23, 505 (1967). 
n The crystal data listed above are based on the interpretation of 

the electron density peaks not belonging to the molecule of 
rifamycin as one molecule of dimethylsulphoxide, one molecule of 
water and one spurious peak per molecule of rifamycin. A different 
interpretation, which would lead to slightly different values of 
M, De, F(000) and/~, is discussed at the end of this paper. 

12 Compare with Dm= 1.23 gen1-8 for the p-iodoanilide of rifamycin 
B ~ . 

13 This number includes F(000). 
x4 From the Patterson synthesis it was possible to locate also the 

sulphur atom of the dimethylsulphoxide molecule. However, the 
pseudo-symmetry would not have been removed by the introduc- 
tion of the sulphur atom, because the latter was too near to the 
pseudo-mirror plane (compare Table). The sulphur parameters 
were therefore not used for phasing the first electron density 
synthesis. Moreover, it was only later proved beyond doubt, as a 
result of the structure determination itself, that solvent molecules 
were present in the crystal structure. 
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Atom xla y/b z/c [ Atom xla Ylb z/c 

C(1) 
c(2) 
c(3) 
c(4) 
c(s 
c(6 
c(7 
c(8 
c(9 
C(10 
c(11 
c(12 
C(13 
C(14 
C(15 
C(16 
C(17 
c(18 
C(19 
C(20 
C(21 
c(22 
c(23 
C(24 
c(25 
c(26 
c(27 
c(28 
c(29 
c(3o 
c(31 
c(32 
c(33 
c(34 

0.7919 0,2451 0.7037 
0.8497 0.3105 0.7130 
0.9573 0.3206 0.6667 
1.0639 0.2707 0.6366 
1.0879 0.1389 0.5943 
1.0011 0.0696 0,5917 
0.8839 0.0643 0.6279 
0.7998 0.1165 0.6688 
0.8424 0.1946 0.6696 
0.9879 0.2023 0.6323 
1.2026 0.1266 0.5524 
1.2180 0.0505 0.5281 
1.2191 0.0319 0.4339 
0.7973 --0,0142 0.6468 
0.6535 0.3882 0.7669 
0.6158 0.4396 0.8193 
0.6731 0.4469 0.8975 
0.7620 0.3903 0.9361 
0.8134 0,3959 1.0189 
0.8988 0.3395 1.0839 
1.0656 0.3688 1.0824 
1.1482 0,3537 0,9966 
1.2214 0.2719 0,9971 
1.2146 0.2437 0.9102 
1.2760 0.1674 0.9125 
1.2135 0.1234 0,8291 
1.3259 0.0722 0,8055 
1,2809 0.0317 0,7187 
1.3518 0.0437 0.6520 
0.5340 0.4983 0,7861 
0,8477 0,3241 1,1670 
1.2665 0.4105 0.9935 
1.2722 0.2867 0.8489 
1.0763 0.0880 0.8434 

c(35) 1.5029 0.1525 0.9774 
C(36) 1.6497 0.1484 0.9482 
C(37) 1.4610 -0 .0293  0.8544 
C(38) 1.2427 0.3498 0.6050 
C(39) 1.3574 0.3549 0.5603 
c(40) 1.5693 0.2904 0.4942 
c(41) 1.6586 0.3455 0.4793 
c(42) 1.7802 0.3319 0.4343 
C(43) 1.8162 0,2673 0.4368 
c(44) 1,7350 0.2109 0.4625 
c(45) 1,6215 0.2211 0,5037 
N(1) 0.7870 0.3662 0.7507 
N(2) 1,4241 0.2949 0.5369 
O(1) 0,6545 0.2271 0.7417 
0(2) 0.6864 '0.1043 0.7005 
O(3) 1.0802 0.0198 0.5622 
0(4) 1.3061 0.1636 0.5250 
0(5) 1.3188 0.0164 0.5697 
0(6) 1.3459 0.0172 0.8779 
O(7) 1.4219 0.1761 0.9128 
0(8) 1.4470 0.1345 1.0364 
0(9) 1,1417 0.2298 1.0547 
O(10) 1.0905 0.3930 1.1559 
O(11) 0.5615 0.3498 0.7299 
O(12) 1.1864 0.2831 0.6010 
0(13) 1,4186 0.4152 0.5562 
O(14) 0.8859 0.2755 1.0213 
I 2.0218 0.2500 0.3695 
S 1.3978 0.2596 1.2150 
C(46) 1.3837 0.3205 1.2963 
C(47) 1,5264 0.2084 1.2562 
O(15) 1,2631 0.2215 1.2126 
O(16) 1.0066 0.4663 0.7835 

A second Fourier  synthesis, phased on the ' real '  set of 
atoms, enhanced the ' real '  image of the molecule. F rom 
this point  onward the s tructure was solved complete ly  in 
several stages, and then refined, by  a combinat ion 
of Fouricr  methods and block-diagonal least-squares 
calculations in which atoms were judged by  the behaviour 
of their  individual  isotropic thermal  parameters.  

The final s tructure is summarized in the Table, where 
the 62 atoms of the molecule (excluding hydrogens) and 
5 other atoms, interpreted as 1 molecule of dimethyl-  
sulphoxide [S, C(46), C(47), O(15)] and 1 of water  [O(16)], 
are listed. The atomic coordinates of the Table correspond, 
together with the thermal  parameters  resulting from the 
refinement, to a R value of 13.6% and define bond 
lengths which have an average e.s.d, of 0.07 A and which 
deviate by  a maximum of 0.24 A (in one case) and by  an 
average of 0.09 i t  from acceptable values for formula 
(I) 15 Isotropic thermal  motion is assumed for all atoms, 
except iodine and sulphur, the la t te r  two having been 
t reated anisotropical ly in the last stages of refinement, 
Individual  isotropic 13 values are very high, ranging from 
4.3 ]ks f o r  C(39) to 19.3 A ~ f o r  C(36) ,  w i t h  a n  a v e r a g e  o f  
6,7 _~* f o r  t h e  p l a n a r  p a r t ,  i .e. e v e r y t h i n g  i n c l u d e d  be -  
t w e e n  N(1)  a n d  C(13),  a n d  o f  9 ,6  /k ~ for  t h e  c h a i n  f r o m  
C(15) t o  O(5) ,  i t s  s i d e  c h a i n s  a n d  s u b s t i t u e n t s ,  a n d  t h e  
s o l v e n t  m o l e c u l e s .  T h e  o v e r a l l  a v e r a g e  is  8.3 A ~. T h e s e  

i6 The molecule of dimethylsulphoxide is not  included in this discus- 
sion. 

~(~oI GH 

.CH ( -c (zo) 
OH(9) /(zz) f~ H 
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l(zs) UHs I 

[ z ( ) OH OH 3 o~ //46t'~Hs I Im .I (~0) 
~'CHt27x GHs ~L~ ,o~ ) ~  --NH 

H/C(ZB) O J3) / 1 

GH 3 (~) ~ 

NH) (13) 
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high values are not altogether unusual in the case of 
natural  organic compounds (see for instance the structure 
of the p-bromobenzoate of glaucarubin t6) and may be 
related to rapid deterioration of the crystals in the X-ray 

c O  
N@ 
0 0  
,O 

Fig. 1. Stereo-model of the structure of the p-iodoanilide of rifamycin 
Y from X-ray analysis. 

beam, or to considerable freedom of movement,  or to 
some positional disorder. The e.s.d, on the electron density 
values of the final Fourier synthesis is 0.22 elk -8. 

All the available crystallographic evidence was taken 
into account in order to establish structure (I) unam- 
biguously, including bond lengths, electron population of 
the Fourier synthesis maxima, and stereochemical con- 
siderations such as the approximate coplanari ty of atoms 
C(20), C(21), C(22), O(10) or the hydrogen bond distance 
of 2.63 1~ between 0(9) and O(14). A stereo-model of 
formula {I) is given in Figure 1, showing the configuration 
of the asymmetric carbon atoms and many other con- 
figurational and conformational details. The electron 
density distribution from a Fourier synthesis phased on 
the positions of the Table is shown by means of super- 
imposed contour sections in Figure 2. Figure 3 gives an 
idea of the mutual  arrangement of the molecules of the 
p-iodoanilide of rifamycin Y, of dimethylsulphoxide and 
of water in the unit cell. 

The structure of rifamycin Y is very similar to that  of 
rifamycin B. The only important  differences are illus- 
t rated in Figure 4. 

The oxygen atom O(10) at C(21), which is a hydroxyl  
oxygen in rifamycin B, is a carbonyl oxygen in rifamycin 
Y, and the hydrogen atom at C(20) in rifamycin B is 
substituted by the hydroxyl  oxygen O(14) in rifamycin Y. 

The carbon atom C(20) in r ifamycin Y has the 20R 
configuration, i.e. the hydrogen on tha t  atom in rifamycin 
13 is replaced by a hydroxyl  in rifamycin Y with retention 
of the configuration. The relative, and therefore the 
absolute 17, configurations of all the other chirality centres 
are the same in both compounds. The configurations of 
the doubIe bonds are also the same. 

0 

Fig. 2. The final three-dimensional electron density distribution 
shown by means of superimposed contour sections projected down 

the a axis. 

"0 

Fig. 3. Packing of the structure seen down the a axis. Space group 
P21, 

16 G. KARTHA and D. J. HAAS, J. Am. chem. Soc. 86, 3630 (1964). 
17 The absolute configuration of rifamycin B is known 6, 



Fig. 4. The C(18)-C(29) chain 
of rifamycin B (above) and ¥ 
(below). 
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The conformation is practically the same every- 
where, except for the (20), (21), (22) portion of the 
aliphatic chain, where the conformation is different owing 
to the changed constitution at positions (20) and (21). As 
already mentioned, 0(9) and O(14) are at the hydrogen 
bond distance of 2.63 A. In the ester group at C(25) the 
oXygen atom 0(8) is cis to the alcoholic carbon C(25): 
this is known to be the preferred conformation of the 
ester group in relation to saturated ring systems is  

There are 2 short, possibly hydrogen bonded, inter- 
molecular contacts between the main molecule and the 
molecules of dimethylsulphoxide and water:  O(15) is at 
2.70 It from oxygen 0(9), and O(16) at 2.87 /~ from 
nitrogen N (1). 

A brief comment about the solvent molecules present 
in the crystal structure is necessary. The peak indicated 
by X in the electron density distribution of Figure 2 has 
so far been considered as spurious. The presence of 
spurious peaks predominantly due to series imperfections 
even in the final Fourier syntheses is not  altogether un- 
expected in the case of large molecules and poor data. 
HOwever, the presence of the electron density blob X at 
(1.0334, 0.5325, 0.8128), position (48), i.e. at  a distance of  
1.36 ]k from O(16), and with a population in the same 
region of tha t  of other maxima interpreted as carbon 
atoms, gave rise to a stimulating problem which still 
remains open. This maximum could not be interpreted as 
either a second water  molecule, because of its 'bond'  
distance from O(16), nor as an al ternative position for a 
statistical distribution of 1 water molecule on positions 
O(16) and X(48), because the total  electron population of 
O(16) and X(48), even if only approximately calculable, 
is well over 10 and because O(16) should be stabilized 
by the hydrogen bond to N(1). The interpretation of 
X(48) as a spurious peak was therefore adopted at this 
point. There was however a second interpretation: the 
addition of a carbon atom with a B value of 10 ,~2 in 

position X(48) would lower the R value to 12.9% and 
the spatial and thermal parameters of the structure 
would then further refine, in 1 cycle, to R = 12.7%. The 
maxima O(16) and X(48) could therefore be interpreted 
as 1 molecule of methanol. We have found, using gas 
chromatography, tha t  methanol  is indeed present in the 
mother liquor when the p-iodoanilide of rifamycin Y 
crystallizes from water-dimethylsulphoxide solutions, i.e. 
when small quantit ies of hydroiodic acid are formed due 
to decomposition of the p-iodoanilide derivative. We have 
also found tha t  methanol is generally formed in solutions 
of dimethylsulphoxide and hydroiodic acid. But, up to 
now, we have failed to prove the presence of methanol  in 
crystals of the p-iodoanilide of rifamycin Y by NMR. This 
remains an open question, since the large sample used for 
the NMR measurements on a 60 MHz Varian instrument  
(about 25 mg) was made up of small crystals that  might 
well have been different from those used for the crystal 
structure determination. However, for the t ime being we 
favour the safer interpretation of the X maximum as a 
spurious peak. I t  should be noted tha t  the new set of 
parameters at  R = 12.7% and the set at  R = 13.6%, 
given and discussed in this paper, are practically identical 
as far as the molecules of the p-iodoanilide of rifamycin Y 
and of dimethylsulphoxide are concerned. 

18 A. McL, MATHm~SON, Tetrahedron Lett, No. 46, 4137 (1965). We 
take this opportunity to modify a conformational detail of the 
structure of rifamycin B as published in 1964: the 'labels' C(36) 
and O(8) should be interchanged in the Table of atomic coordinates 
and in the Figures 2, 3 and 4 of our 1964 paper in Experientia% 
thus obtaining the above mentioned preferred conformation of 
the ester group also in the case of rifamycin B. This is the only 
important change in the structure of the p-iodoanilide derivative 
of rifamycin B found during the final refinement now completed 
and to be published elsewhere. 
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Riassunto. L a  s t r u t t u r a  c r i s t a t l i na  de l la  p- iodio  an i l ide  
de l la  r i f a m i c i n a  Y g s t a t a  d e t e r m i n a t a  con  m e t o d i  t r i -  
d imens iona t i  a t e m p e r a t u r a  a m b i e n t e .  L a  cel ia  e l e m e n t a r e  
monoc l ina ,  g r u p p o  spaz ia te  P21, h a  i p a r a m e t r i  a --- 9,49, 
b = 18,96, c = 15,30 /k, fl = 90°48 ', e con t i ene  due  mole-  
cole. 

L a  cos t i t uz ione  e la  conf iguraz ione  de l la  r i f a m i c i n a  Y,  
C3oH47NO~s, r i s u l t a n o  q u i n d i  d e t e r m i n a t e  a t t r a v e r s o  lo 
s t u d i o  c r i s ta l lograf ico  de l la  sua  p- iodio  ani l ide.  A n c h e  
m o l t e  i n fo rmaz ion i  su l la  conf iguraz ione  de l ia  r i f a m i c i n a  
Y possono essere t r a t t e  da l l a  conf iguraz ione  al lo s t a t o  
sol ido di  ques to  suo d e r i v a t o .  

z0 We are grateful to Professor P, S~s~  of Lepetit SpA Research 
Laboratories, Milan, for making available supplies of the p-iodo- 
anilide of rifamycin Y. We also thank Mr. N. OCELLO for his skill- 
ful technical assistance. All the calculations were carried out on 
the Rome University IBM 7040 computer. 
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Studies on the Possibi l i ty of Epoxide 
Formation from Disubstituted Hexitols  

I t  was  d e m o n s t r a t e d  b y  ELSON1 t h a t  in  t he  h e m a t o -  
logical effects of 1, 6 - d i m e t h a n e s u l p h o n y l - I ) - m a n n i t o l  (Ia, 
d i m e s y l m a n n i t o l ,  DMM) a m y e l o t o x i c i t y  of t he  m y l e r a n  
t y p e  was c o m b i n e d  w i t h  some  fea tures  r e m i n i s c e n t  of t he  
l y m p h o t o x i c  effects  of epoxides .  On  th i s  bas is  he  sugges ted  
t h a t  in  v ivo  DMM m a y  be  c o n v e r t e d  to epoxide  in te r -  
m e d i a t e s  b y  sp l i t t i ng  off m e t h a n e s u l p h o n i c  acid. D n v I s  
a n d  R o s s  ~ i n v e s t i g a t e d  t he  hydro lys i s  of DMM a t  p H  
7.5, a n d  d e m o n s t r a t e d  the  p r o d u c t i o n  of epoxide  b y  
a d d i t i o n  of t h i o s u l p h a t e  to  the  r eac t i on  m i x t u r e  a n d  
acidic  t i t r a t i o n  of  t h e  a l k a l i n i t y  l i be r a t ed  in t h e  course  of  
t h e  B u n t e - s a l t  f o r m a t i o n  ; t he  s c h e m e  is s h o w n  in ( I a - I I I ) .  

W i t h  r ega rd  to  t h e  chemica l  a n a l o g y  b e t w e e n  d imesy l -  
m a n n i t o l  a n d  1 ,6 -d iha logeno-hex i to l s  we were g r e a t l y  
i n t e r e s t e d  in w h a t  role m a y  be  a t t r i b u t e d  to  a n  epoxide  
i n t e r m e d i a t e  in  t h e  c y t o s t a t i c  ac t ion  of d i b r o m o m a n n i t o l  
(Ib,  DBM, Myelobromol®) .  W e  app l ied  to  D B M  the  
p r o c e d u r e  desc r ibed  b y  DAvm a n d  R o s s ,  a n d  we com- 
p a r e d  t h e  b e h a v i o u r  of D B M  w i t h  t h a t  of DMM a n d  
d i b r o m o e r y t h r i t o l  (V, D B E ) .  

A m i x t u r e  of 1 m M  of d i s u b s t i t n t e d  polyol  a n d  10 ml  
of w a t e r  was  k e p t  a t  37 °C a n d  t h e  p H  was  m a i n t a i n e d  a t  
7.5 b y  c o n t i n u o u s  a d d i t i o n  of 0 . 1 N  N a O H  as long  as t h e  
r eac t i on  m i x t u r e  st i l l  c o n s u m e d  h y d r o x i d e .  W i t h  DMM 
a n d  D B M  t h e  hyd ro lys i s  t o o k  5 -6  h,  w i t h  D B E  on ly  
1/,-1 h. To a n  a l i quo t  p a r t  3 -5  g of Na2S~Oa/mM of 
s u b s t a n c e  was added ,  a n d  t he  a lkal i  se t  free t i t r a t e d  w i t h  
0 . 1 N  He1.  T h e  a m o u n t  of acid r equ i r ed  was  a m e a s u r e  of 
t h e  epoxide  formed.  T h e  ca l cu la t ed  epoxide  c o n t e n t  in  
the case of DMM, D B M  a n d  D B E  was  7 0 - 7 5 % ,  5 0 - 5 5 %  
a n d  50%,  respec t ive ly .  

These  resu l t s  were  i ncons i s t en t  w i t h  t he  a s s u m e d  bio-  
logical  rote of an  epoxide  i n t e r m e d i a t e  since t he  c y t o s t a t i c  
a c t i v i t y  of D B M  is conf ined  se lec t ive ly  to t h e  i n h i b i t i o n  
of t he  myelo id  sys tem3,  4 in  c o n t r a s t  w i t h  t he  l y m p h o -  
tox ic  c h a r a c t e r  of t he  epoxides .  

Our  a t t e m p t s  to  isola te  t he  d iepox ide  of m a n n i t o l ,  or  
a n y  o t h e r  iden t i f i ab le  p roduc t ,  f r om t h e  r eac t ion  m i x t u r e s  
were unsuccessful ,  a n d  i t  s eemed  to  us s o m e w h a t  im-  
p r o b a b l e  t h a t  1 , 6 - d i s u b s t i t u t e d  hex i to l s  shou ld  yield a 
p r o d u c t  c o n t a i n i n g  energe t i ca l ly  u n f a v o u r a b l e  3 -mem-  
b e r e d  epox ide  r ings  a l t h o u g h  t he  presence  of 4 h y d r o x y l  
g roups  could give r ise to  t he  f o r m a t i o n  of n o n - s t r a i n e d  
5- or 6 - m e m b e r e d  i n t e r n a l  anhyd r i de s .  

To se t t l e  the  ques t ion ,  hydro lys i s  of DMM was ca r r i ed  
o u t  in  h e a v y  w a t e r  w i t h  NaOD,  a n d  N M R  m e a s u r e m e n t s  
were p e r f o r m e d  on t he  r e a c t i o n  m i x t u r e  i m m e d i a t e l y  
a f t e r  t he  a lka l ine  t r e a t m e n t .  

The  iden t i f i ca t ion  of epoxide  r ings  b y  p r o t o n  r e sonance  
spec t roscopy  is based  on  t h e  o b s e r v a t i o n  6 t h a t  epox ide  

CH,-X o/CH2 CH~S20 ~ Na + 
J r 

HO-CH "-CH HO-CH 

HO-CH NaOH HO-CH Na2820~ HO-CH + 2 NaOH 

HC-OH HC-OH HC-OH 

IC HC-OH HC-OH H ~'O 
8 J 
CH~-X H~C/" CH~S20 ~ Na + 

(Ia) X = OSO~CH 3 (II) Dicpoxide (III) Bunte's salt 
(Ib) X = Br 

Tentative reaction scheme for the hydrolysis of 1,6-disubstituted 
hexitols. 

/ C H ,  
°- .~n 

i-7-- ' \  
O-CH \ / C H 3  

f 
HC-.. O 

H~C / 

(lV) 

1, 2-5, 6-Dianhydro- 
3, 4-isopropylidene- 
D-mannitol 

H,C-Br H~C,~ 

HC-OH NaOH HC / 

HC-OH HC..,O 
I 

H2C-Br H2C / 

(v) (vi) 

I, 4-Dibromo- Meso-1, 2-3, 4- 
1,4-dideoxy- diepoxy- 
meso-erythritol butane 
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