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Fig. 2. 
l m  _ A II (+)-S-benzoyl-pantetheine (alcohol) . . log E 1 cm-- 

I m _  A - - 0 . 2  V S-benzoyl-N-acetyl-cysteamine (aIcohot} log E 1 cm-- 

VII S-benzoyl-fl-mercapto-propionic acid 
(alcohol) log E 1 m ~ A - -  0-4 

. . . . . . . . . . . . .  1 cm 
VI S-benzoyl-~-mercapto-acetie acid 

(alcohol) log E 1 m A - -  0"6 
. . . . . . . . . . . . .  1 e m ~  

F i g r e u  3a  shows  t h e  s p e c t r u m  of t h e  c o p p e r - I I -  
c o m p l e x  o b t a i n e d  f r o m  2 molecu les  oI p a n t e t h e i n e  a n d  
one  " f o r m u l a  w e i g h t "  of c o p p e r - I I - a c e t a t e  in  a l k a l i n e  
so lu t i on .  The  v i o l e t  c o m p l e x  c a n  b e s t  be  o b t a i n e d  in  
s o l u t i o n  b y  d i s s o l v i n g  ( + ) - S - b e n z o y l - p a n t e t h e i n e  in  
a 1 :1  m i x t u r e  of a l c o h o l - w a t e r  (10 -3 mola r )  c o n t a i n i n g  
c o p p e r - I I - a c e t a t e  (10 -3 n o r m a l ) ,  a n d  a d d i n g  s lowly  
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Fig. 3.-Curve a: violet complex of Cu ++ with pantetheine, Curve b: 

blue product of deterioration of a (The values of log E 1 m are cal- l c m  
eulated on the basis of pantetheine present in solution). 

N a O H  s o l u t i o n  to  a c o n c e n t r a t i o n  of a b o u t  5 . 1 0  - 2  
n o r m a l .  On  s t a n d i n g ,  t h e  v io l e t  co lour  appea r s ,  ac- 
c o m p a n i e d  b y  d i s so lu t i on  of t h e  f i r s t  p r e c i p i t a t e d  
c o p p e r  h y d r o x i d e .  As s a p o n i f i c a t i o n  of t h e  m e r c a p t o -  
e s t e r  p roceeds ,  t h e  o d o u r  of b e n z o i c  ac id  e t h y l  e s t e r  
d e v e l o p s  (in t h e  case  of b e n z o y l - p a n t e t h e i n e ) .  A f t e r  
some  d a y s  t h e  v io l e t  co lour  y ie lds  to  a c o r n f l o w e r  b lue  of 
t h e  s a m e  h u e  as of t h e  c o p p e r  c o m p l e x  of p a n t o t h e n i c  
ac id  (Fig. 3 b) ; t h e  c o n v e r s i o n  is a c c e l e r a t e d  b y  a e r a t i o n .  
N e i t h e r  N - a e e t y t - c y s t e a m i n e ,  n o r  N, S -d i ace ty l - cys t e -  
a m i n e ,  n o r  S - b e n z o y l - p a n t e t h e i n e - 2 ' ,  4 ' - p h o s p h a t e  de-  
v e l o p  a n y  c o l o u r  u n d e r  t h e  s a m e  c o n d i t i o n s .  These  
f i n d i n g s  s u g g e s t  t h a t  t h e  h y d r o x y l  as  wel l  as  t h e  t h io l  
g r o u p s  a re  i n v o l v e d  in  c o m p l e x  f o r m a t i o n .  Bes ides  
o f f e r ing  a p o s s i b i l i t y  for  i d e n t i f i c a t i o n  of p a n t e t h e i n e  
a n d  i t s  a c y l - d e r i v a t i v e s ,  t h e  r e a c t i o n  h a s  s o m e  b e a r i n g  
o n  t h e  e x p l a n a t i o n  of  t h e  a c t i v a t i o n  of t h e  CO-S b o n d  
o b s e r v e d  for  c e r t a i n  m e t a l  ions,  a n d  c o m m u n i c a t e d  
some  t i m e  ago  1. E x p e r i m e n t s  o n  t h i s  s u b j e c t  wil l  be 
p u b l i s h e d  in d e t a i l  e l sewhere .  

I am indebted to Drs. H. GYSEL and R. ROMETSCtI for help in the 
determination of the spectra reported here, and to Prol. E. E. S~ELL 
for the determination of the biological activity. 

R .  SCHWYZER 

Research Laboratories o/ Ciba Pharmaceutical  Pro- 
ducts, Inc. ,  Basle, October 6, 1953. 

Zusammen /as sung  

Die U V , - S p e k t r e n  y o n  ( + ) - S - A c e t y l - p a n t e t h e i n ,  
( + ) - S - B e n z o y l - p a n t e t h e i n  u n d  yon  P a n t e t h e i n  w u r d e n  
b e s t i m m t  u n d  w e r d e n  m i t  d e n j e n i g e n  a n d e r e r  Th ios / iu re -  
e s t e r  ve rg l i chen .  P a n t e t h e i n  u n d  se ine  b e i d e n  S-Acyl -  
d e r i v a t e  g e b e n  in  a l k a l i s c h e r  L 6 s u n g  m i t  K u p f e r - I I -  
Sa lzen  e ine  v i o l e t t e  F / i r b u n g .  Die  b io log i sche  Akt iv i t~ i t  
des  s t a b i l e n ,  k r i s tMl i s i e r t en  ( + ) - S - B e n z o y l - p a n t e t h e i n s  
e n t s p r i c h t  s e i n e m  G e h a l t  a n  P a n t e t h e i n .  

1 R. SCHWYZER, abstract of paper read at the "Chemiker-Treffen 
1953, Innsbruek" in Angew. Chem. 65, 267 {1953} and Osterr. Chem. 
Ztg. 54, 155 (1953); Helv. chim. Acts 87, 155 (1954). 

l ~ b e r  M e r c a p t o - t r i a z i n o n e  m i t  t u b e r k u l o -  

s t a t i s c h e r  W i r k u n g  

T h i o s e m i c a r b a z o n e  y o n  a r o m a t i s c h e n  A l d e h y d e n  bzw.  
K e t o n e n  z e i c h n e n  s ich  d u r c h  ih re  W i r k u n g  gegen i ibe r  
T u b e r k e l b a z i l l e n  aus  1. I n  e ine r  f r i i he r en  M i t t e i l u n g  ~ 
h a b e n  wi r  f iber  e in ige  T h i o s e m i c a r b a z o n e  y o n  h e t e r o -  
eyc l i s chen  A l d e h y d e n  b e r i c h t e t .  I n  F o r t s e t z u n g  ob ige r  
A r b e i t e n  h a b e n  wi r  ~ - K e t o a t d e h y d e  m i t  T h i o s e m i -  
c a r b a z i d  u m g e s e t z t  u n d  d a b e i  z u m  Beisp ie l  au s  P h e n y l -  
g l y o x a l - m o n o t h i o s e m i c a r b a z o n  da s  5 - P h e n y l - 3 - m e r c a p -  
t o - l ,  2, 4 - t r i a z in  e r h a l t e n  3, das  s ich  in vivo als  t u b e r k u l o -  
s t a t i s c h  u n w i r k s a m  erwies .  L~isst m a n  a n  Ste l le  y o n  
e - K e t o a l d e h y d e n  a r o m a t i s c h e  e - K e t o s g u r e n  a u f  T h i o -  
s e m i c a r b a z i d  e inwi rken ,  so l a s sen  s ich  die g e b i l d e t e n  
T h i o s e m i c a r b a z o n e  zu 6 - s u b s t i t u i e r t e n  3 - M e r c a p t o -  
1, 2 , 4 - t r i a z i n - 5 - o n e n  gem~iss I o l g e n d e r  G l e i c h u n g  cycl i-  
s i e ren  :4 

i G. DOMAGK, R. BEHNISCH, F. MIETZSCH und H. SCHMIDT, Na- 
turwissenschaften 33, 315 (1946). 

2 R. E. HAGE~r~ACH und H. GYs~r~, Exper. 8, t84 (1952). 
z L. WOLFF und H. LXND~NaAYS, Bet. dtsch, them: Ges. 36, 4126 

(1903). - R. Fusco,  S. ROSSl, G. MANTEGAZZA und R. TOMMASINI, 
Ann. Chimica 42, 94 (195f~). 

4 j .  BOUGAULT nnd L. DANIEL, C. r. Acad. Sci. 186, 151 (1928). 
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R = aromatischer Rest 

In  unsern chemotherapeutischen Laboratorien hat  
J. HIRSCHX diese Triazinone auf ihre tuberkulostatische 
Wirksamkei t  an Miiusen gepriift. Da dem 6-Phenyl-3- 
mercapto- l ,2 ,4- t r iaz in-5-on 3 eine schwache tuberkulo- 
stat ische XVirksamkeit zukommt,  wurde versucht, durch 
systematische Subst i tut ion im Phenylkern zu wirksame- 
ten Substanzen zu gelangen. Unter  einer gr6sseren Zahl 
yon Verbindungen zeigte nur das p-Acetylaminophenyl- 
der ivat  der  Formel  I eine sichere tuberkulostatische 
Wirkung in vivo, w~ihrend Halogen-, Alkoxy-, Alkylthio-, 
Oxy-, Alkylsulfonyl- ,  Methylsulfonamido-, Alkylureido-, 
Alkylthioureido- ,  Nitro-, Amino-, Carboxygruppen als 
Subst i tuenten im Benzolkern nicht oder v611ig unge- 
nfigend wirksame Verbindungen lieferten. 

. co  - N \  
c / 

%N_ NH/ 

W'erden an Stelle yon Thiosemicarbazonen aromati-  
scher Ketos/iuren solche yon heterocyclischen =-Keto- 
sAuren zur Cyclisierung verwendet, so entstehen 6-he- 
terocycl isch-subst i tuier te  3-Mercaptotriazinone. Aus 
2-Thienylglyoxyls~ure-thiosemicarbazon erhielten wir 
die Verbindung II ,  die ungef/ihr die gleiche tuberkulo- 
stat ische Wirksamkei t  aufwies wie Verbindung I. 

II 

c o -  N ~  

\ S /  "%N_ NHI/ 

Ersetz t  man den Thienyl-  durch den Pyridylrest ,  so 
werden Pyr idyl t r iaz inone  erhalten. W/ihrend 2- und 
3-Pyridyl t r iazinone in  vivo v611ig unwirksam waren, 
zeigte die 4-Pyr idylverbindung I I I  die beste tuberkulo- 
stat ische Wirkung  aller untersuchten Triazinone. 

III N/~ (CO-N~C SH 

~/~/-'~N-NH/- 

In e twa 2facher Dosierung ist diese Substanz gleich wirk- 
sam wie Pyridin-3-aldehyd-thiosemicarbazon.  Sie ist im 
Vergleich mit  Isonicotins/iurehydrazid (INH) wesentlich 
weniger akt iv .  Trotzdem kommt  ihr ein besonderes In- 
teresse zu, well sie auch gegen INH-resistente Tuberkel- 
bazillen wirksam ist. Ferner  ist die Toxizitiit  a niedriger 
als bei I N H  und den besten heterocyclischen Thiosemi- 
carbazonen.  

WRhrend in der aromatischen Reihe die dem p-Acetyl- 
aminobenzaldehyd-thiosemicarbazon entsprechende Ver- 
bindung I ebenfalls eine gute Wirkung zeigt, ist die 
Obere ins t immung der Wirksamkei t  zwischen den 

I Woriiber von J. HIRSCI-I an anderer Stelle berichtet wird. 
2 j .  BOUGAULT uad L. DANIEL) C. r. Acad. Sci. 186, 151 (1928). 
s R. DOMEUJOZ: Unver6ffentliehte Versuehsergebnisse. 

Mercapto-triazinonen und den Thiosemicarbazonen in 
tier heterocyclischen Reihe nicht  so gut. Thiophen-2- 
aldehyd-thiosemicarbazon t ist, im Gegensatz zur wirk- 
samen Verbindung II ,  unwirksam. In der Pyridinrethe 
zeigen die Thiosemicarbazone sowohl des Pyridin-3-  als 
auch des Pyridin-4-aldehyds eine gute Wirkung in vivoL 
Bei den Mercapto-triazinonen hingegen is t  nur die 
Pyridyl-4-Verbindung (Formel I I I )  akt iv ,  wie dies auch 
bei den Pyridincarbonsl iure-hydraziden der Fal l  ist. 

R. E. HAGENBACH, E, HODEL 
und H. GYSlN 

Wissenschaflliche Laboratorien der f .  R. Geigy AG., 
Basel, den 29. Dezember 1953. 

Summary 

From thiosemicarbazones of aromatic  and hetero- 
cyclic ¢t-ketoacids, a number of aromat ica l ly  and hetero- 
cyclically subst i tuted mercapto-tr iazinones were pre- 
pared, some of which, especially 6.(?-pyridyl)-3-mercap- 
to-l ,2,4-tr iazin-5-one,  show definite ant i tubercular  
properties and low mammalian toxici ty.  

t Vgl. Exper. 8, 184 (195~). 

Low Angle Reflection in X-Ray Diffraction 
Patterns of Bone Tissue 

In an earlier s tudy t of the low angle scat ter  of X-rays  
from compact  human bone, an a t t e mp t  was made to  
deduce the dimensions of the apat i te  part icles from the 
rate of decrease in intensi ty of scat tered radiat ion with 
increase in scattering angle. The marked a symmet ry  of 
the particle scat ter  from longitudinal bone sections 
indicated a pronounced elongation of the apat i te  part icles 
and a precise al ignment of their  long axes along the 
collagen fibres. I t  was possible to apply  the theory  of 
independant  particle scat ter  t direct ly  along the long 
axis of scatter,  and, assuming an ellipsoidal shaped 
scattering particle, a vahle of about  75 A was obta ined 
for the particle diameter.  In the direction of the short  axis 
of scat ter  (corresponding to the long particle dimension), 
a collagen diffraction pa t te rn  appeared to be superim- 
posed, and therefore the particle scat ter  along this axis 
could not be t reated directly.  However, an est imat ion 
of the particle length was made from a considerat ion of 
the variations in intensity of scat ter  along lines parallel  
to but  a t  regular intervals away from this central  axis, 
the value thus obtained being approximate ly  210 A. The 
fact tha t  the scat ter  could be t reated in this way 
implied sufficient disorder in the system of part icles to 
prevent  the formation of regular reflecting planes for 
X-rays.  On the other hand, the part icles appeared  to  
be of uniform size and well aligned. 

In a recent examination ol the diffraction of X-rays  
from specimens of fish bone, definite low angle diffrac- 
tion peaks were observed which could readi ly  be as- 
sociated with the mineral  sal t  component .  The wide 
angle diffraction pat terns  showed reflections identical  
with those obtained from human and other  bone (hen, 
frog, cow), thus indicating a similar apa t i t e  component  
in all systems. In  the low angle pa t te rn  obtained from a 

! A. ErCOSTIffJM and J. B. FIN~AN, Nature 171, 564 (1953). - 
J. B. I:~NEA~ and A. ENGSTR6M, Biochim. Biophys. Acta II, 178 
09.~al. 

s A. GuzNma, X-ray Crystallographic Technology, English trans- 
lation (Hilger and Watts Ltd., London, 1052). 


