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Par  contre, la N-p-n-propylph~nyl-N'-2- thiazolyl thiou-  
r6e est inactive.  

Dans le groupe des thiocarbanitides mgta-substitu6.s, 
signalons l 'act ivi t6  aux concentrat ions de i0 -~, des 
thiour~es suivantes  : 

2,5 -dichl oro-4'-n-propoxythiocarbanilide, 
2, 5 -dichloro-4'-isopropoxythiocarba nilide, 
2, 5-dichloro-4'-n-butoxythiocarbanilide, 
2, 5-dichloro-4"-isobutoxythiocarbanilide, 
N- (2, 5-dichloroph6nyl) -N'-~-naphtylthiour~e, 
N-(2, 5-dichloroph6nyl) -N'-fl-naphtylthiour~e, 
N-p-~thoxyph~nyl-N'-(2-dibenzofuryl)thiour~e (V) et 
N-p-isoamyloxyphdnyl-N'- (2-dibenzofuryl) thiourde (VI). 

A c e s  derniers r6sultats positifs, il y a lieu d 'opposer Fin- 
activit6 £ la m~me concentrat ion,  des N-p-anisyl-, N-p- 
tolyI-, N-p-chloroph6nyl-,  N-p-bromoph6nyl-,  N-a-naph- 
tyl-, et N-fl-naphtyl-N'-(2-dibenzofuryt)thiour6es s. 
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V, R = -- CH~--CH3; VI, R = - CH~--CH2--CH(CH3) ~, 

Une autre observation souvent  faite est que l 'act ivi t6 
des thiocarbanilides 4, 4'-disubstitu6s d6croit rap idement  
lorsque la chalne de Fun des subst i tuants  comprend plus 
de 5 atomes de carbone;  l 'act ivi t6 ~t la concentra t ion de 
10 -5 des compos6s suivants  montre  toutefois que cet te  
r6gle souffre, elle aussi, des exceptions:  

4-n-heptyl-4'-6thoxythiocarbanilide, 
4-n-heptyl-4"-n-propoxythiocarbanilide, 
4-n-heptyl-4 '-isopropoxythiocarbanilide, 
4-n-heptyl-4'-n-butoxythiocarbunilide, 
4-phdnyl-4 '-bromothiocarbanilide, 
4-ph6nyl-4 '-~thoxythiocarbanilide, 
4-phdnyl-4'-isobutoxythiocarbanilide, 
4-ph4nyl-4"-isoamyloxythioearbanilide, 
4-ph6nyl-4 '-n-heptylthiocarbanilide, 
4,4'-diph6noxythiocarbanilide, 
4-ph6noxy-4'-6thoxythiocarbanilide et 
N-ph~noxyph~nyl-N'-fl-naphtylthiour6e. 

Signalons enfin l 'act ivi t6  dans les m~mes conditions, 
des compos~s suivants,  dont  la s t ructure  mol6culaire 
s '~carte ne t t ement  de celle des thiour6es habituelles:  

Nl-(anilinothioformyl)thiosemicarbazide (VII, R = H), 
Nt-(p-chloroanilinothioformyl)thiosemicarbazide (VII, R=C1), 
Nl-(p-bromoanilinothioformyl)thiosemicarbazide (VII, R = Br) 
Nl-(0c-naphtylaminothioformyl)thiosemicarbazide (VIII} et 
N 1-(/%naphtytaminothioformyl)thiosemicarbazide (IX). 

R ~ - ~ - - N  H- -C- -N H- -N H--C--NH~ 
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a N. P. Buu-HoL N. D. XUONG, J. M. GAZAVE, C. T. LONG ct N, 
H. NAM, Bull Soc. chim. France 2, 307 (1956). 

~ ---N H--C--NH--NH--C NH, 
t f! [I 
/ f f  s s 

VIII 

~NH--C--NH--NH--C--NH~ 

IX 

En rdsumd, le pr6sent t ravai l  fait  ressortir une lois 
de plus la grande richesse en substances tuberculostat i -  
ques dans la s6rie des thiour~es substi tutes.  

N. P. Buu-Hoi ,  N. D. XUONG, 
J.  M. GAZAVE, J.  PILLOT et 
Mile G. DUFRAISSE 

Institut du Radium de 1' Universitd de Paris, le 30 ]uillet 
1956. 

Summary 

A large number  of subst i tu ted thioureas and related 
compounds,  the  molecular  s t ructure  of which diverges 
more or less from tha t  of the classical 4-4 '-disubsti tuted 
thiocarbanilides, have been tested for in-vitro tuberculo- 
static ac t iv i ty ;  many  of them have proved effective at a 
concentrat ion of 10 -5. 

Hypothesis Concerning the Biosynthesis 
of Lysergic Acid 

The remarkable abi l i ty of small amounts  of LSD to 
produce in normal  human beings menta l  symptoms 
which resemble schizophrenia 1 is well known. The pos- 
sibility suggested itself to us tha t  menta l  illness might  be 
associated with the formation of an LSD-l ike metabol i te  
from normally  occurring precursors. I f  such an hypo-  
thesis were to be considered, the quest ion of the precursors 
and their  possible metabolic t ransformations would arise. 
We wish to outline a pa thway  by which t ryp tophan  
might  give rise to lysergic acid (see figure). 
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1 SV. A. STOLL, Schweiz. Arch. Neurol. Psych. 68, 279 (1947). 
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T r y p t o p h a n  (I) when  cycl ized and condensed  wi th  
c¢-ketoglutaric acid m a y  fo rm s t ruc tu re  I I I .  O x i d a t i v e  
deca rboxy la t ion  and  t h e  subsequen t  loss of ca rbon  
d ioxide  would  yield s t r u c t u r e  V. The  i n t roduc t i on  of a 
one-carbon f r agmen t  to fo rm ring D fol lowed by  me thy l a -  
t ion m a y  resul t  t hen  in the  fo rma t ion  of lysergic acid 
(VII).  Some of the  steps in t he  sequence  m a y  proceed 
t h ro u g h  a n u m b e r  of i n t e r m e d i a r y  e n z y m a t i c  react ions .  

A s imilar  me tabo l i c  scheme  (see figure) m i g h t  accoun t  
for t he  origin of t h e  lysergic  acid  nucleus  in t h e  e rgo t  
alkaloids.  VAN TAMELEN ~ sugges ted  a b iosynthes is  s t a r t -  
ing wi th  5 - h y d r o x y t r y p t o p h a n  which  emp loyed  di- 
hydron ico t in ic  acid as an in t e rmed ia t e .  HARLEY-MAsoN s 
also proposed  5 - h y d r o x y t r y p t o p h a n  as the  precursor ,  bu t  
wi th  f l -ketoglutar ic  acid as the  key  in t e rmed ia t e .  WEND- 
LER 4 evo lved  a p a t h w a y  which  depends  upon  t r y p t o p h a n  
and  citric acid, whereas  ROBINSON'S scheme  5 e m p l o y e d  
succinic acid. Our  scheme,  on  t h e  o the r  hand ,  ut i l izes 
t r y p t o p h a n  and x -ke tog lu ta r i c  acid. 

Subs t i tu t ed  lysergic acid  m a y  be  ob ta ined  by  s t a r t i ng  
wi th  the  appropr i a t e ly  subs t i t u t ed  t r y p t o p h a n .  Thus,  
2 - h y d r o x y t r y p t o p h a n  would  yield 2 -hydroxy lyse rg ic  
acid. I t  is in te res t ing  to  note  t h a t  L S D  is d e t o x i c a t e d  by  
h y d r o x y l a t i o n  in t he  2-posit ion.  UDENFRIEND and co- 
workers  ~ h a v e  d e m o n s t r a t e d  t h a t  5 - h y d r o x y t r y p t o p h a n  
is the  precursor  of serotonin,  and  therefore ,  i t  m a y  be 
avai lable  for the  synthes is  of 12-hydroxylyserg ic  acid. 
The  LSD- l ike  me tabo l i t e  referred to ear l ier  m a y  be 
lysergic acid or  a de r iva t ive  wi th  a side chain  of u n k n o w n  
s t ruc ture .  M a n y  va r i an t s  of lysergic  acid h a v e  been  
p repa red  and  tes ted  for p s y c h o t o m i m e t i c  ac t iv i ty ,  and  
i t  appears  t h a t  t h e  d i e thy l amide  is the  mos t  ac t i ve  ~. Th is  
does no t  exclude,  however ,  the  poss ib i l i ty  of a more  
ac t ive  side chain  which has no t  as ye t  been tes ted.  

2 E. E. VAN TAMELEN, Exper. 9, 457 (1953). 
a j. HARLEY-MASON, Chem. and Ind. 19~.4, 251. 
4 N. L. WENDLER, Exper. 10, 338 (1954). 
5 R. ROmNSON, The Structural Relations o] Natural Products 

(Oxford University Press, London 1955). 
6 S. UDENFRIEND and E. TITUS, in Amino Acid Metabolism (ed. 

by W. D. MCELEOY and H. B. GLASS, 1955) p. 945. 
L. H. GERONIMUS, H. A. ABRAMSON et al., Ann. Rep. Biol. Lab. 

(Cold Spring Harbor, N. Y. 1954-1955), p. a6. - A. CERLETTL in 
Neuropharmacology (ed. by H. A. ABRAMSON, 1956), p. 9. 

t(ORNFELD el al. s have  syn thes ized  lysergic  acid s ta r t -  
ing wi th  1 -benzoyl -d ihydro-3- indoleprop ion ic  acid. The  
synthes is  which we h a v e  sugges ted  (see figure) m a y  
p rov ide  a l a b o r a t o r y  m e t h o d  of p r epa ra t i on  of lysergic 
acid and  its de r iva t ives .  The  reac t ion  types  are known,  
i.e., r ing  closure,  a ldol  condensa t ion ,  toss of ca rbon  
m o n o x i d e  f rom c¢-ketoacids, loss of ca rbon  d ioxide  f rom 
c¢, r - u n s a t u r a t e d  ca rboxy l i c  acids, the  Mannich  react ion,  
and me thy la t i on ,  b u t  h a v e  no t  been appl ied  specif ical ly 
to  t he  proposed  in te rmedia tes .  The  2-, 12-, 13-, and  14- 
hyd roxy ,  m e t h o x y  and  o the r  subs t i t u t ed  lysergic  acids, 
which m i g h t  become  ava i lab le  if t he  synthes is  is success- 
fu l ly  comple ted ,  m a y  f ind use as t r anqu i l i z ing  agen ts  
and  cen t ra l  ne rvous  sys tem depressants ,  as an t iha l lu -  
c i n a t o r y  agents ,  and  m a y  h a v e  o the r  va luab le  p h a r m a -  
cological  proper t ies .  

A. ~ELDSTEIN 

The Worcester Foundat ion /or Exper imenta l  Biology, 
Shrewsbury,  Massachusetls,  June  29, 1956. 

Zusammen/assung  

Ein  LSD- / ihn l iches  S to f fwechse lp roduk t  ist  mOglicher- 
weise mi t  Ge i s t e sk rankhe i t  gekoppel t ,  E ine  13iosynthese 
der  Lysergs~ure  und  ihrer  Der iva te ,  die T r y p t o p h a n  und  
e - K e t o g l u t a r s g u r e  als wich t ige  In te rmedi~ t rp rodukte  
enth/i l t ,  wird  vorgeschlagen.  

8 ]~. C. KORNFELD, E. J. FORNEFELD, G. B. KLINE, M. J. MANN, 
W, E. MORRISON, R. G. JONES, and R. B, WOODWARD, J, Amer. 
chem. Soc. 78, 3087 (1956). 

Kristal lgitterstruktur in den jungen 
Chloroplasten einer Dikotyledone 

(Eranthemum leuconeurum) 

In  einer frf iheren Mi t te i lung  1 wurde  t iber die Kr is ta l l -  
g i t t e r s t r u k t u r  des s o g e n a n n t e n  P r i m / i r g r a n u m  in jungen  
Chloroplas ten  einer  Chloroflhytumart ber ieh te t .  Gleich-  
zeit ig ~ h a t  LEYON dieselbe S t r u k t u r  in j ungen  Chloro-  
p las ten  von  A spidistra beschr ieben.  Es  war  von  In teresse  
zu erfahren,  ob eine analoge  S t r u k t u r  auch  in jungen  
Chloroplas ten  yon  D i k o t y l e d o n e n  v o r h a n d e n  ist. I ch  
w~thlte (gleichzeit ig auch  Iiir andere  Un te r suchungs -  
zwecke) die A c a n t h a c e e  Eran themum leuconeurum, well  
diese Pf lanze  sehr  grosse Grana,  besonders  im S c h w a m m -  
p a r e n c h y m ,  bes i tz t  ~. 

F i x i e r u n g :  2% OsO4 in Aze ta t -Verona lpuf fe r ,  p H  6, 
3 h lang. Entw~isserung in aufs te igenden  Aze ton-Puf fe r -  
16sungen 1 : 3, 1 : 1, dann  A z e t o n - a q u a  des t i l la ta  3: I, 
Aze ton  95%, Aze ton  abso lu t  ( t iber  wasserf rc iem CuSO 4 
getrocknet}.  F ix ieren ,  Waschen ,  EntwXssern bei + 2 bis 
+ 4 °. Die Ube r f / i h rung  in A z e t o n  erfolgte ,  wel l  ein neues 
E i n b e t t u n g s m i t t e l  t b e n u t z t  wurde.  Die Ul t rad t inn-  
schn i t t e  w u r d e n  mi t  d e m  neuen  Tr f ib -Tf iuber -Mikro tom 
nach  KELLENBERGER 5 mi t  Glasmessern  hergestel l t .  E in -  
b e t t u n g s m i t t e l  und Mik ro tom h a t t e n  sich bei einer 
U n t e r s u c h u n g  yon Zea Mais  und Vicia /aba sehr  gut  
bewS, h r t  s. 
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