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a-Aminooxy-Acid  Derivatives with Potent Anfltuberculotic Effect 

I t  is k n o w n  I t h a t  c e r t a i n  c~-aminooxy-ac ids  (AOA) a n d  
t h e i r  d e r i v a t i v e s  h a v e  a g r o w t h - i n h i b i t i o n  ef fec t  o n  3¢yco- 
bacterium tuberculosis. I n  sp i t e  of th i s ,  a t t e m p t s  to  f ind  
a p o t e n t  d e r i v a t i v e  in  t h i s  g r o u p  h a v e  b e e n  u n s u c c e s s f u l .  
F i r s t  a r a t i o n a l  p r o c e s s  h a s  b e e n  w o r k e d  o u t  for  p r e p a r i n g  
o p t i c a l l y  a c t i ve  e -AOA.  S t a r t i n g  f r o m  L- a n d  D - a m i n o  
acids,  r e s p e c t i v e l y ,  o p t i c a l l y  ac t ive  u - b r o m o - c a r b o x y l i c  
ac ids  h a v e  b e e n  p r e p a r e d ,  w h i c h ,  r e a c t e d  w i t h  N-Z-  a n d  
N - B O C - h y d r o x y l a m i n e s ,  g ive  t h e  c o r r e s p o n d i n g  o p t i c a l l y  
a c t i ve  N-Z-  a n d  N-BOC-cc-AOA re spec t ive ly .  H o w e v e r ,  
s t a r t i n g  f r o m  o p t i c a l l y  i n a c t i v e  ~ - h a l o g e n - c a r b o x y l i c  
ac ids  in  t h e  a b o v e  w a y ,  r a c e m i c  N - Z -  a n d  N - B O C - x - A O A  
are  o b t a i n e d  w h i c h  can  be  r e so lved  b y  d i f f e r en t  bases .  
A f t e r  r e m o v i n g  t h e  p r o t e c t i n g  g r o u p s ,  b y  t h e  u s u a l  
w a y ,  t h e  free ~ - A O A  can  be  o b t a i n e d .  T h u s ,  s eve ra l  

h i t h e r t o  u n k n o w n  o p t i c a l l y  a c t i v e  a - A O A  h a v e  b e e n  
p r e p a r e d .  T h e  a d v a n t a g e  of  t h i s  p r o c e d u r e  is t h a t  t h e  
i n t e r m e d i a t e s ,  s u c h  as  p r o t e c t e d  ~-AOA,  can  be  d i r ec t l y  
u s e d  for  p r e p a r i n g  d i f f e r e n t  d e r i v a t i v e s .  T h e  a c t i v a t i o n  
of  t h e  c a r b o x y l  g r o u p  of  t h e  p r o t e c t e d  A O A  w a s  c a r r i e d  
o u t  b y  m e t h o d s  wel l  k n o w n  f r o m  p e p t i d e  c h e m i s t r y  e.g. 
a c t i v a t i o n  b y  DCC, m.a .  a c t i v a t e d  es te rs .  T h e  a b o u t  100 
d e r i v a t i v e s  p r e p a r e d  so  f a r  c a n  be  d iv ided  in to  3 g r o u p s ,  
n a m e l y  a - A O A - a m i d e s ,  a - A O A - h y d r a z i d e s  a n d  ~ -AOA-  
h y d r o x a m i c  ac id  d e r i v a t i v e s .  T h e s e  c o m p o u n d s  c a n  b e  
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Table I. c~-AOA-amides 
/ Y  

X-NH O-CH-CO-N 
I x" Z 

R 

No. X R Y in vitro inhibition mcg/ml 

HaTR v INH Strepto- PAS M. Staph. Bact. E. Ps. pyo- 
res, myein res. kan- aur. subti- coli cyanea 

res. sasii haem. lis 
Wood 

7 H H H 
11 H H H 
12 H H H 
23 Ac H H 
30 H H Me 
33 H H H 
49 H H H 
56 H H H 
60 H H H 
71 H H H 
69 H2N-CO H H 
41 H CH 3 (L) H 
47 H CH a (D) H 
62 H Bzl (DL) H 
64 II C~H 5 (DO H 

H 10-25 10-25 10-25 10-25 . . . . .  
C6H 5 0.1-1 0.1-i 0.1-1 0.1-1 . . . . .  
C6H,(pCI ) 1-5 1-5 1-5 1-5 . . . . .  
C6H 5 0,i-i 0.I-i 0,i-i 0.I-I - >50 >50 >50 2>50 
C6H ~ ;>50 >50 ;>50 ;>50 . . . . .  
C~H4(oOMe ) 0.1-1 0.1-1 0.1-t 0.1-1 - >50  >50  2>50 2>50 
CeH4(pOH ) 5-10 5-10 10-25 - 5-10 2>50 2>50 2>50 2>50 
CGH~(pNO~) 1-5 I-5 1-5 - 1-5 > 50 > 50 > 50 2> 50 
CHaNH-CO- 25-50 25-50 ;>50 - >50 ;>50 2>50 >50 2>50 
HzN-CS- 25-50 25-50 25-50 - 25-50 2>50 2>50 2>50 >-50 
C~H~ ;>50 ;>50 ;>50 - 2>50 >50 >50 >50 >50 

C~H 5 1-5 1-5 1-5 . . . . . .  
C s H  5 5-10 5-10 10-25 - i0-25 . . . .  
C6H4(oOMe) 1-5 1-5 1-5 - 1-5 ;> 50 2> 50 2> 50 2>50 
C~H4(oOMe) 25-50 25-30 >50 - > 50 2>50 >50 2> 50 >50 

Table II. c¢-AOA-hydrazides 
X-N H-O-CH-C O-N H-N H-Ae 

I 
R 

No. X R Ac in vitro inhibition mcg/ml 

H~rR v INH Strepto- PAS M. kan- Staph, Bact. E. coli Ps. pyo- 
res. mycin res. sasii aur. subtilis cyanea 

res. haem. 
Wood 

2 H H 
3 H H 
4 H H 
5 H H 
6 AO-acetyl H 

10 H CH 3 (L) 
5A H H 
8 H CH 3 (L) 
9 H Bzl (L) 

11 H Bzl (n) 

H 1-5 1-5 1-5 1-5 . . . . .  
AO-aeetyl 5-10 5-10 5-10 1-5 . . . . .  
His ;>50 2>50 2>50 ;>50 . . . . .  
Gly 2>50 ;>50 ;>50 2>50 . . . . .  
AO-acetyl 25-50 25-50 25-50 25-50 . . . . .  
Gly 2>50 ;>50 >50  - ;>50 >50  >50 ;>50 >50  
i-nikotinoyl 0.07 5-10 0.1-1 0.1-1 1-10 >50  >50  >50  2>50 
i-nikotinoyl 0.1-1 2>50 0.1-1 - 5-10 >50 >50  >50  >50  
i-nikotinoyl 1-5 > 50 1-5 - 5-10 2> 50 > 50 2> 50 > 50 
i-nikotinoyl 1-5 ;>50 1-5 - 5-10 2>50 2>50 ;>50 2>50 
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Table III. ~-AOA-hydroxamic acid derivatives 
X-NH-O-CH~CO-NH-O-Y 

R 

No, X R Y in vitro inhibition mcg/Inl 

Ha~Rv INH Strepto- PAS M. kan- Staph. Bact. E: coli Ps. pyo- 
res. mycin res. sasii aur .  sublilis eyanea 

res. haem. 
Wood 

1 
19 
17 
16 
28 
34 
53 
54 
59 
68 

H H Bzl(pCl) 0.I-i 15 1-5 0.I-I - >50 >50 >50 >50 

H H Bzl 5-10 5-10 10-25 5-10 . . . . .  
H H Bzl(pNOz) 5-10 5-10 5-10 5-10 . . . . .  
AO-acetyl H Bzl(pC1) 1-5 1-5 5-10 5-10 . . . . .  
Gly H Bzl(pNO 2) :>50 :>50 2>50 >50 . . . . .  
H H dodecyl 0.I-i 0.i-i i-5 1-5 . . . . .  
H Bzl (L) Et 5-10 I-5 I0-25 - 1-5 :>50 :>50 :>50 :>50 
H Bzl (L) dodeeyl 10-25 5-10 5-10 - 1-5 :>50 :>50 :>50 >50 
H CH s (DL) BzI(pCI) 5-10 10-25 10-25 - 10-25 >50 >50 2>50 >50 
H C~H 5 (DL) Bzl(pCl) :>50 >50 >50 - :>50 :>50 >50 :>50 :>50 

The in vitro experiments were carried out in liquid culture-medium 2 with M, t, ub. H37R v strain and its resistant variations resp. after inocula- 
tion with 0.1 mg and incubation for 3 weeks at 37 °C. The upper limit of the given figures resulted in complete inhibition. The investigation 
of other bacterium strains were carried out in bouillon culture-medium. 

p r e p a r e d  w i t h  exce l l en t  y ie ld  for  e x a m p l e  b y  r e a c t i n g  
p r o t e c t e d  ~ - A O A - O P C P  es ters  w i t h  co r r e spond ing  a m i n e s  
a n d  h y d r a z i d e s  respec t ive ly .  Some r e p r e s e n t a t i v e s  of t h e  
3 g roups  a n d  t he  in v i t r o  ac t iv i t i e s  of t he  c o m p o u n d s  are  
l i s ted  in t he  Tables .  

The  m o s t  p o t e n t  c o m p o u n d s  were  i n v e s t i g a t e d  u n d e r  
in  v ivo  cond i t ions ,  too.  I t  was  f o u n d  t h a t  7.5 m g  of t h e  
c o m p o u n d  No. 5/A in  T a b l e  n i n h i b i t e d  t h e  genera l iza -  
t i on  of M. tuberculosis i n fec t ion  in a 3 - m o n t h - e x p e r i m e n t  
on  guinea-pigs .  S imi l a r ly  good resu l t s  were  o b t a i n e d  f rom 
e x p e r i m e n t s  ca r r i ed  o u t  o n  w h i t e  mice.  "]7he c o m p o u n d s  
show fa i r ly  low t o x i c i t y  in  a c u t e  e x p e r i m e n t s .  

Zusammen/assung~ E s  wurde  fes tgeste l l t ,  dass  e inze lne  
~ - A m i n o o x y - c a r b o n s ~ u r e - D e r i v a t e ,  d . h .  ~ -AOA-Amide ,  

a - A O A - H y d r a z i d e  u n d  a - A O A - H y d r o x a m s / i u r e ,  in  v i t r o  
u n d  a u c h  in v ivo  eine ausgepr~g te  H e m m u n g  auI  ver -  
sch iedene  AI. tuberculosis-StAmme aufweisen.  
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C e n s o r e d  D i s t r i b u t i o n  T e c h n i q u e s  in A n a l y s i s  of  T o x i c o l o g i c a l  Data  

T r u n c a t e d  a n d  censored  s a m p l e s  a re  b o t h  c o m m o n  in  
b ioassays .  T r u n c a t i o n  occurs  if t h e  p o p u l a t i o n  a s sayed  
c a n n o t  h a v e  va lues  b e y o n d  a g iven  cu t -o f f  p o i n t  or  if  
t h e  n u m b e r  of o b s e r v a t i o n s  exceed ing  t h e  cu t -o f f  p o i n t  
is u n k n o w n  1. Censor ing  refers  to  s i t u a t i o n s  where  obse rva -  
t i o n s  b e y o n d  t h e  cu t -o f f  p o i n t  are  n o t  m e a s u r e d ,  b u t  t h e  
n u m b e r  of such  o b s e r v a t i o n s  is known.  

R e c e n t l y ,  two  d i f f e ren t  a p p r o a c h e s  to  a n a l y z i n g  cen-  
sored  d a t a  h a v e  b e e n  compared .  W e  r e p o r t  he re  de t a i l s  
of t h e  s t a t i s t i c a l  t e c h n i q u e s  invo lved .  T h e  large  b o d y  of 
d a t a  a v a i l a b l e  p e r m i t t e d  a s se s smen t  of t he  i n t e r n a l  con-  
s i s t ency  of t h e  r e su l t s  o b t a i n e d  b y  these  t e c h n i q u e s ;  
such  a s s e s s m e n t  is n o t  poss ible  w h e n  on ly  a few d a t a  
sets  are to  be  ana lyzed .  Thus ,  t h e  v a l i d i t y  of t he  a s s um p-  
t ions  m a d e  could  be  ver i f ied.  

T h e  d a t a  e x a m i n e d  are  p a r t  of a large  series des igned  
to  e v a l u a t e  t h e  effects  of 100 M D O P  c o m p o u n d s  a n d  
r e l a t ed  open - r i ng  ana logs  on  t h e  h e p a t i c  m i c r o s o m a l  en- 
z y m e  f u n c t i o n  in t he  m o u s e  as m e a s u r e d  b y  t h e  p ro longa -  
t i on  of h e x o b a r b i t a l  na rcos i s  3. F o r  each  r ep l i ca t ed  exper i -  
m e n t  16 con t ro l  mice  were g iven  75 m g / k g  of h e x o b a r b i t a l  

w h i c h  would  i n d u c e  s leep for  a b o u t  30 ra in  a n d  5 g roups  
of 8 mice  each  were  g iven  in a d d i t i o n  doses  of 2.5, 10, 
40, 160 a n d  640 mg/kg ,  respec t ive ly ,  of t i le  M D O P  com-  
p o u n d .  T h e  mice  were  o b s e r v e d  for  300 ra in  a n d  t h e  
d u r a t i o n  of narcos i s  recorded.  F o r  t h e  a c t i v e  c o m p o u n d s  
some mice  in t he  h i g h e r  dose g roups  s l ep t  for  longer  t h a n  
300 ra in  b u t  t h e  d u r a t i o n  was  n o t  known.  

W h e n  d e a t h s  occur red  a f t e r  t h e  cu t -o f f  P o i n t  a n d  n o  
r eco rd  was a v a i l a b l e  of w h e t h e r  t h e  mice  r ega ined  con-  
sc iousness  before  dea th ,  i t  could  be  a rgued  t h a t  t r u n c a -  
t i o n  occurred.  However ,  t h e  a p p r o a c h  was  t a k e n  t h a t  
a l l  s leeping  mice  t h a t  were  a l ive  a t  t h e  cu t -of f  p o i n t  h a d  
e x t e n d e d  narcos is  a n d  t h e i r  l a t e r  d e a t h  d id  n o t  a f fec t  
t h e  s a m p l e  size, t h u s  censor ing  preva i led .  T h e  sample  
size of 8 was  r educed  if t he  mice  d ied  before  300 ra in  
as these  d e a t h s  could be  a t t r i b u t e d  to  causes  o t h e r  t h a n  
d rug  effect.  

Mos t  of t he  100 d rugs  were t e s t e d  a t  l eas t  twice,  a n d  
if t he  r e p r o d u c i b i l i t y  of t h e  r e su l t s  was  n o t  s a t i s f ac to ry  
w h e n  inspec ted  v isua l ly ,  t h e y  were r ep l i ca t ed  again ,  
r e su l t i ng  in a t o t a l  of 240 rep l ica t ions .  Of these ,  114 


