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T h e  S t r u c t u r e  o f  N e u t r a m y c i n  

W e  p rev ious ly  r epo r t ed  t he  e s t a b l i s h m e n t  of t he  mol-  
ecular  formula ,  t he  n a t u r e  of t h e  c h r o m o p h o r i c  g roup ings  
a n d  t he  presence  of chalcose  a n d  mycinose  in t he  n e u t r a l  
macro l ide  an t ib io t i c  n e u t r a m y c i n  1. W e  would  now like to  
descr ibe e x p e r i m e n t s  wh ich  lead to  f o r m u l a  I as t h e  m o s t  
p r o b a b l e  one for  n e u t r a m y c i n .  
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P rev ious  e x p e r i m e n t s  a c c o u n t e d  for all  b u t  1 of t he  
oxygen  a toms .  As th i s  r e m a i n i n g  oxygen  was  no t  easi ly 
ace ty la t ed ,  a n  e t h e r  or  t e r t i a r y  h y d r o x y l  seemed  likely. 
Cha lcomycin ,  whose  s t r u c t u r e  was  d e t e r m i n e d  to  be  I I  ~, 
con ta ins  a t e r t i a r y  h y d r o x y l  a d j a c e n t  to  t he  ke ton ic  
ca rbonyl .  Cons ider ing  t h a t  n e u t r a m y c i n  m i g h t  be  s imi-  
la r ly  endowed,  h e x a h y d r o n e u t r a m y c i n  was t r e a t e d  w i t h  
a lka l ine  pe r ioda t e  a n d  indeed  found  to  c leave  in to  2 C1~ 
f r a g m e n t s  ( I I I  a n d  IV). 1 of t h e  f r a g m e n t s  h a d  a molecu-  
lar  fo rmula  Cz~Hs008 a n d  c o n t a i n e d  a &lac tone  (5.77 ix in 
t he  IR) .  I t  also c o n t a i n e d  t he  sugar  mycinose  ( IR-  a n d  
NMR-spec t r a )  wh ich  was  i nd i ca t ed  to  ex i s t  in  t h e  fi- 
p y r a n o s i d e  fo rm b y  t h e  N M R  coupl ing  c o n s t a n t  for t he  
anomer i c  h y d r o g e n  (H I = 5.42 -r, J1, 2 = 8 Hz).  W i t h o u t  
going i n to  detai l ,  t h e  N M R - s p e c t r a  of t he  m y c i n o s y l o x y  
l ac tone  f r a g m e n t  a n d  i ts  d i a c e t a t e  are  in  comple t e  agree- 
m e n t  w i t h  s t r u c t u r e  IV. Th i s  is also t he  s t r u c t u r e  p roposed  
(and i n  wh ich  we concur)  for  t he  same  f r a g m e n t  o b t a i n e d  
fro m t h e  n e u t r a l  mac ro l ide  an t ib io t i c  cha l comyc in  (II)  b y  
s imi la r  t r e a t m e n t  s . Compar i son  of t he  spectral ,  phys ica l  
a n d  c h r o m a t o g r a p h i c  p rope r t i e s  for t he  m y c i n o s y l o x y  
l ac tone  f rom b o t h  n e u t r a m y c i n  a n d  cha l comyc in  (in our  
case A l d g a m y c i n  D) 4 i nd i ca t ed  t h e m  in fac t  to  be  ident ica l .  

The  second f r a g m e n t  ( I I I ) ,  m.p.  73-74 ~ crys ta l l ized  
f rom e t h y l  a ce t a t e - hexane .  Anal .  (Cl~Hs0OT): C, 58.90; 
H, 8.95; M+ = 346 (mass  s p e c t r u m ) ;  [ e ] ~  = - -55  ~ 4- 3.1 ~ 
(c = 0.967, me thano l ) .  Chalcose was  d iscern ib le  f rom i ts  
spec t r a  a n d  t h e  coup l ing  c o n s t a n t  for t h e  anomer i c  
h y d r o g e n  in i t s  N M R - s p e c t r u m  (H 1 = 5.83r,  J i ,  2 = 7.5 Hz) 
ind ica t ed  t h e  sugar  to  exis t  in  t he  f l -pyranoside  form. The  
N M R - s p e c t r u m  f u r t h e r  revea led  t he  gross fea tu res  of i ts  
s t ruc tu re :  I n  a d d i t i o n  to  t h e  O- a n d  C-methy l s  of chalcose 
(3H  singlet ,  6 .56~ a n d  3 H  double t ,  8.77T), i t  revea led  t h e  
presence  of a m e t h y l  k e t o n e  (3 H singlet ,  7.87 z;  conf i rmed  
b y  a n  I R - b a n d  a t  1709 cm -1 a n d  a pos i t ive  iodoform test) ,  
one o t h e r  C-me thy l  (3H double t ,  9.07 z) a n d  t he  ant ic i -  
p a t e d  h y d r o x y l  a n d  c a r b o x y l  p r o t o n s  ( 2H  broad ,  3.75 T). 

I n t e g r a t i o n  of t he  N M R - s p e c t r u m  revea led  the  presence  
of 7 h y d r o g e n s  in the  region (6.3-6.9 T) for those  on  
ca rbons  a t t a c h e d  to  a n  oxygen,  7.5 h y d r o g e n s  in t he  
region (7.2-7.9 T) for  those  on  ca rbons  a d j a c e n t  to  c a r b o n y l  
func t ions  a n d  12.5 h y d r o g e n s  in t he  reg ion  (8.0-9.2~) for 
those  on  ca rbons  n o t  a t t a c h e d  to  h e t e r o a t o m s  (H4e of 
chalcose occurs  b e t w e e n  7.7 and  8.1 T and  over laps  b o t h  
regions).  Chalcose is a t t a c h e d  to  a c a r b o n  w i t h  on ly  
1 h y d r o g e n  since chalcose i tself  a ccoun t s  for 6 of t he  
7 h y d r o g e n s  on  c a r b o n s  a t t a c h e d  to  a n  oxygen .  7 h y d r o -  
gens on  ca rbons  a d j a c e n t  to  ca rbony l s  m e a n s  b o t h  t he  
m e t h y l  k e t o n e  a n d  ca rboxy l  func t ions  are  f l anked  b y  
me thy lenes .  1 of t he se  occurs  as a 1.: 2 :1  t r i p l e t  (7.35 ~, 
J = 6.5 Hz) while  the  o t h e r  consis ts  of a pa i r  of over-  
l app ing  doub le t s  (7.6 r, J ~ 6, 9 Hz),  t h u s  i nd i ca t i ng  each  
of these  m e t h y l e n e s  to  be  a t t a c h e d  to  a n o t h e r  m e t h y l e n e .  
These  cons ide ra t i ons  grea t ly  res t r i c t  t he  poss ible  loca t ions  
of chalcose  and  t h e  r e m a i n i n g  C-methyl ,  and  i nd i ca t e  
pa r t i a l  s t r u c t u r e  V for t he  cha lcosy loxy  ke toac id  frag- 
men t .  
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A decision in f a v o r  of I I I  for t he  cha lcosy loxy  ke toac id  
f r agmen t ,  a n d  the re fo re  I for n e u t r a m y c i n ,  was m a d e  
f rom i ts  mass  spec t rum.  The  s p e c t r u m  is r a t h e r  complex ,  
b u t  f r a g m e n t a t i o n s  occur  p r imar i l y  a b o u t  t he  p o i n t  of 
a t t a c h m e n t  of chalcose.  These  are i l l u s t r a t ed  in VI .  The  
mos t  s ign i f ican t  f r a g m e n t  in  t he  s p e c t r u m  is m/e  -- 245. 
This  s t r o n g  peak  con t a in s  chalcose since i t  loses m e t h a n o l  
to  give m/e  -- 213 (38%),  t h e  process be ing  s u p p o r t e d  b y  
a m e t a s t a b l e  ion (185.2). The  a l t e rna t e  f o r m u l a t i o n  in  V 
would  requ i re  f r a g m e n t s  a t  m/e  = 273, 247, 99 a n d  73, 
a n d  these  are e i t he r  a b s e n t  or  m i n o r  in  t h e  spec t rum.  

Cleavage f r a g m e n t s  I I I  a n d  IV  con t a in  all  of t he  ca rbons  
of n e u t r a m y c i n  a n d  r a t i o n a l  r eas sembly  leads  to  fo rmula  I 
as m o s t  l ikely for n e u t r a m y c i n .  Thus  n e u t r a m y c i n  differs  
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f rom cha l comyc in  in t h a t  i t  lacks t h e  C-6 m e t h y l  g roup  
w h i c h  t he  l a t t e r  conta ins .  B o t h  n e u t r a m y c i n  a n d  chalco- 
m y c i n  f i t  in  w i t h  t he  genera l ly  accep ted  biogenesis  of 
t h e  l ac tone  r ing  f rom a po lyke t ide  precursor ,  i tself  fo rmed  
f rom a c e t a t e  and  p r o p i o n a t e  uni ts .  T h u s  an  ace t a t e  u n i t  
is a p p a r e n t l y  i nco rpo ra t ed  in to  t he  C-5, C-6 po r t i on  of 
n e u t r a m y c i n  whereas  a p r o p i o n a t e  u n i t  is i n c o r p o r a t e d  in 
cha l comyc in  5. 

Zusammen/assung. Fi i r  das  A n t i b i o t i k u m  N e u t r a m y c i n  
wi rd  die S t r u k t u r f o r m e l  I abgele i te t .  
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Polarographic Behaviour of Polycytidylic Acid and its Double-Stranded Complex with Polyinosinic 
Acid 

Our  p rev ious  resul t s  h a v e  shown t h a t  d e n a t u r e d  deoxy-  
r ibonuc le ic  acid (DNA) is po l a rog raph ica l ly  reduc ib le  in  
a n e u t r a l  med ium,  while  n a t i v e  double-he l ica l  D N A  is 
non- reduc ib l e  u n d e r  t he  same  cond i t ions  1,2. W e  h a v e  
exp la ined  t h e  po la rog raph ic  reduc ib i l i ty  of d e n a t u r e d  
D N A  b y  t h e  ava i l ab i l i t y  of t he  po t en t i a l l y  reduc ib le  
bases  c o n t a i n e d  in D N A  for t he  e lec t rode  process.  I t  has  
been  p r e s u m e d  t h a t  t he  res idues  of cytosine ,  wh ich  yields 
in  a m o n o m e r i c  form a d i rec t  c u r r e n t  (d-c) po la rog raph ic  
r educ t i on  s tep  a t  p H  7, t a k e  p a r t  in  t he  process  3-s. 
P r o v i d e d  t he  a b o v e - m e n t i o n e d  p r e s u m p t i o n s  are  correct ,  
i t  can  be  expec t ed  t h a t  po lycy t idy l i c  acid (poly C), wh ich  
is a t  n e u t r a l  p H  a r a n d o m  coil w i t h  f l u c t u a t i n g  regions  
of he l ic i ty  6, will b e h a v e  s imi lar ly  to  d e n a t u r e d  DNA, 
whi le  i ts  double-he l ica l  complex  w i t h  poly inos in ic  acid 
po ly  (I) �9 po ly  (C) will be  po la rog raph ica l ly  non- reduc ib le .  
Our  e x p e r i m e n t s  conf i rmed  th i s  e x p e c t a t i o n  in principle.  

Po l a rog raph i c  m e a s u r e m e n t s  were car r ied  ou t  in am-  
m o n i u m  f o r m a t e  w i th  sod ium p h o s p h a t e  b a c k g r o u n d  
electrolyte ,  wh ich  h a d  been  used ear l ier  for D N A  analysis .  
The  i n s t r u m e n t s  used were descr ibed  in our  p rev ious  
pape r s  ~& Po ly  C was p r e p a r e d  b y  us ing  a po lynuc leo t ide  
p h o s p h o r y l a s e  (2.7.7.8) o b t a i n e d  f rom Micrococcus lyso- 
deikticusL Commerc ia l  p r e p a r a t i o n  of po ly  I (California 
Corpo ra t i on  for B iochemica l  Research)  was  k ind ly  
d o n a t e d  b y  Dr. V. KLEINWXC~tTER. All chemica ls  used for 
b a c k g r o u n d  e lec t ro ly te  so lu t ions  were of ana ly t i ca l  grade.  

I n  0.5 M a m m o n i u m  f o r m a t e  w i t h  0.1 M sod ium phos-  
p h a t e  (pH 7) 2 • 1 0 - 4 M  poly  C ( re la ted  to p h o s p h o r u s  
con ten t )  p r o d u c e d  a d-c po la rog raph ic  r educ t i on  s tep  
whose  h e i g h t  cor responded  to  c. 0.6/~A a n d  t he  half-  
s tep  p o t e n t i a l  ( E � 8 9  a b o u t - - 1 . 3 4 V ,  i.e. s l igh t ly  
more  pos i t ive  t h a n  E�89 of d e n a t u r e d  D N A  in t h e  same  
m e d i u m  e. Po ly  I was, in  a g r e e m e n t  w i t h  t h e  polaro-  
g raph ic  non - r educ ib i l i t y  of m o n o m e r i c  h y p o x a n t h i n e  a t  
n e u t r a l  p H  8, inact ive .  The  d-c po l a rog raph i c  s tep  of 
po ly  C a l m o s t  d i s appea red  a f t e r  t h e  a d d i t i o n  of t he  
e q u i v a l e n t  a m o u n t  of po ly  I ( fo rmat ion  of t he  1:1  
c o m p l e x  was  con t ro l l ed  spec t ropho tome t r i ca l l y ) .  

The  osc i l lopolarographic  b e h a v i o u r  of po ly  C, po ly  I 
a n d  po ly  (I) �9 po ly  (C) agreed in pr inc ip le  w i t h  t h e i r  d-c 
po l a rog raph i c  behav iour ,  t h e  s ens i t i v i t y  of t h e  e s t i m a t i o n  
of po ly  C b y  m e a n s  of t he  osc i l lopolarographic  ' f i r s t  cu rve  
t e c h n i q u e  '1 was, however ,  m u c h  higher ,  as c o m p a r e d  
w i t h  d-c po l a rog raph i c  analys is  (Figure 1). Fo r  t he  
osc i l lopolarographic  ana lys i s  on ly  a few t e n t h s  of #g  of 

po ly  C were  necessary.  The  d e p t h  of t he  i n d e n t a t i o n  of 
po ly  C d e p e n d e d  on  t h e  a m m o n i u m  f o r m a t e  concen-  
t r a t i o n  (Figure  2) l ike t h e  d e p t h  of t he  i n d e n t a t i o n  of 
d e n a t u r e d  DNA.  Mixing  of po ly  C w i t h  po ly  I caused a 
decrease  in t he  d e p t h  of t h e  i n d e n t a t i o n  of po ly  C; 
however ,  t h i s  i n d e n t a t i o n  did  no t  d i s a p p e a r  comple t e ly  
even  in t h e  p resence  of a n  excess of po ly  I (Figure 3). 
I t  is possible  t h a t  t h e  presence  of a smal l  i n d e n t a t i o n  or  
a s tep  on t h e  curves  of po ly  ( I ) .  po ly  (C) m a y  be  con-  

at 

s 

Fig. 1. Right section of the cathodic part of the oscillopolarograln 
dE/dt against E. 1.7 • 10-~M poly C in 1.0M ammonium formate 
with 0.1 M sodium phosphate (pH 7). first curve, sec- 
ond curve, . . . . . . .  third curve. 
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