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A New Bis-Guanylhydrazone with Antileukemic 
Properties 

At t he  9 th  I n t e r n a t i o n a l  Cancer  Congress  MIHICH ~ 
p resen ted  a r e p o r t  on  t h e  a n t i l e u k e m i c  a c t i v i t y  of one of 
our  c o m p o u n d s ,  t h e  bis-guanylhydrazone of d i ace ty l -  
d ipheny Iu rea  (I), ca l led  D D U G .  C o m p o u n d  I p r o v e d  ac-  
t ive  aga ins t  l eukemias  L 1210, P 288, P 388, 1 ~ 534 JS,  
and  L 5178 Y as wel l  as a g a i n s t  l y m p h o m a  A K v  
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T h e  fo l lowing is a b r i e f  ou t l i ne  of t h e  d e v e l o p m e n t  of 
these  new g u a n y l - h y d r a z o n e s .  

The  g u a n y l h y d r a z o n e s ,  like t he  b iguan ides ,  p r e s e n t  a 
wide v a r i e t y  of i n t e r e s t i n g  p h a r m a c o l o g i c a l  a n d  chemo-  
t h e r a p e u t i c  p roper t i e s .  T h e  m o n o b i g u a n i d e s ,  for i n s t ance ,  
are of p a r t i c u l a r  i n t e r e s t  because  of t h e i r  a c t i v i t y  a g a i n s t  
p ro tozoa  2. M a n y  years  ago, we a l r e a d y  f o u n d  ev idence  
for t r y p a n o c i d a l  ac t ion  in t h e  g roup  of bis-biguanides, 
e.g. in  3, Y - d i m e t h o x y - 4 ,  4'-bis-biguanido-diphenyl I I .  I n  
a sea rch  for new c o m p o u n d s  of s imi la r  s t r u c t u r e  we de- 

ve loped  2 new  types ,  i.e. 2, 2"-bis-sulphamyl-4, 4'-bis-bi- 
g u a n i d o - s t i l b e n e  I I I  ~ a n d  p - b i g u a n i d o - a c e t o p h e n o n e -  
g u a n y l h y d r a z o n e  IV*. C o m p o u n d s  I I I  a n d  I V  d i sp l ayed  
exce l l en t  a c t i v i t y  a g a i n s t  va r ious  species of Trypanosoma, 
as d e m o n s t r a t e d  b y  Gom.~  5. (According  to  h i m  I V  cures  
mice  in fec t ed  w i t h  T. rhodesiense, Wel tcome  C T - s t r a i n  
a n d  s t r a i n s  105A a n d  182A, w h e n  g iven  in  p a r e n t e r a l  
doses of 3 • 25 mg/kg .  One  i.p. dose of 25 m g / k g  cured  
mice  w i t h  T. gambiense, Wel lcome  TS-s t r a in ,  I I I  was  
ac t ive  a g a i n s t  T. congolense in  mice  in doses of 5 m g / k g  
s.c., in  r a t s  in  doses  of 15 m g / k g  s.c. I n  add i t i on ,  com-  
p o u n d  I I I  p r o v e d  qu i t e  e f fec t ive  a g a i n s t  T. cruzi i n fec t ion  
in  mice  in  doses  of 12.5 m g / k g  g iven  b y  i.p. i n j e c t i o n  for  5 
d a y s  in each  of 3 consecu t ive  weeks.)  The  t r y p a n o c i d a l  
a c t i v i t y  of c o m p o u n d  I V  was l ikewise c o n f i r m e d  in t r ia ls  
on  h u m a n  subjec t s .  C o m p o u n d  I I I  was  also e m p l o y e d  
e x p e r i m e n t a l l y ,  w i t h  pos i t i ve  resul ts ,  t o  t r e a t  b o v i n e  
t r y p a n o s o m i a s i s  n. Of t h e  bis-guanylhydrazones s y n t h e -  
s ized l a t e r  t he  3, Y-dimethyt-4,4"-diacetyl-diphenyl-bis- 
g u a n y l h y d r a z o n e  - c o m p o u n d  V, m e a n w h i l e  desc r ibed  
b y  EHMER et  al. ~ - was  i nac t i ve  aga in s t  t r y p a n o s o m e s ,  
whe reas  I e x h i b i t e d  h igh  ac t iv i ty .  

M l m c H  s tud i ed  t h e  a n t i l e u k e m i c  a c t i o n  of a large 
series of  a l i p h a t i c  bis-guanylhydrazones. T h e  c o m p o u n d  
d i sp l ay ing  m a x i m u m  a n t i l e u k e m i c  a c t i v i t y  was  t h e  
methylglyoxM-bis-guanylhydrazone V I  s ( referred to as 
CH~-G). L a t e r  we supp l i ed  his  l a b o r a t o r y  w i t h  t h e  3 
c o m p o u n d s  (I, I I I ,  IV) m o s t  a c t i v e  a g a i n s t  t r y p a n o -  
somes.  T h e r e  was no  para l le l  b e t w e e n  t h e  a n t i l e u k e m i c  
a c t i v i t y  a n d  t h e  t r y p a n o c i d a l  a c t i v i t y :  c o m p o u n d s  I I I  
a n d  I V  were  i n a c t i v e  a g a i n s t  mouse  l e u k e m i a  L 1210, 
whereas  t he  u r ea  I (chiefly in  t he  fo rm of i t s  bis-metbane- 
s u l p h o n a t e )  d i sp layed  a n t i l e u k e m i c  ac t iv i ty .  C o m p o u n d  V 
was  also i nac t i ve  in L 1210 mouse  l eukemia .  

Fo r  t h e  p r e p a r a t i o n  of c o m p o u n d  I, p - a m i n o a c e t o -  
p h e n o n e ,  d i sso lved  in  benzene ,  is t r e a t e d  w i t h  phosgene  
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in the presence of triethylamine. The resultant 4,4'- 
diacetyl-diphenylurea (0.1M) is then made to react with 
aminoguanidinehydrochloride (0.28M) in a mixture of 
dimethylformamide and water, containing a slight excess 
(0.1M) of hydrochloric acid. By adding water, I crystal- 
lizes in the form of the di-hydrochloride, which is re- 
crystallized, thus yielding white crystals F.m.p. 238-242 ° 
(decomp.). The free base of I is precipitated when a 
heated solution of the dihydrochloride in water is treated 
with 2-n sodium hydroxide solution. The base I has 
F.m.p. 222-225 ° (decomp.). I t  may be transformed to 
the bis-methanesulphonate by adding methanesulphonic 
acid to a water-in-alcohol suspension of the base from 
which the 4,4'-diacetyl-diphenyl-urea-bis-guanylhydra- 
zone-bis-methanesulphonate I crystallizes on cooling, 
F.m.p. 247-250 °. Hydrochloride and methanesulphonate 
usually contain 2M of water, but  sometimes also 1 or 
3M. 

The high act ivi ty  of compound I against leukemia 
L 1210, prompted the synthesis of a series of analogues. 
In the same way as above, 3,3"-diacetyl-diphenyl-urea- 
bis-guanylhydrazone (IA) is obtained as a di-hydro- 
chloride-dihydrate which melts at 269-272 ° (decomp.). 

From 4,4'-diacetyl-diphenyl-thiourea (VII), the cor- 
responding bis-guanythydrazone V I I I  is prepared in a 
similar way and melts in the form of its dihydrochloride 
monohydrate at 212-214 °. 

The corresponding meta-derivative V I I I A ,  3,3-di- 
acetyl-diphenyl- thiourea-bis-guanylhydrazone-dihydro-  

chloride-monohydrate,  was prepared from 3, 3-diacetyl- 
diphenyl-thiourea and had a melting point of 200-203° 
(decomp.). 

By treating VII  with one equivalent sodium in alcohol 
and then with a slight excess of methyliodide, the S- 
methylderivat ive is obtained, which - without isolation - 
is t reated with gaseous ammonia yielding 1, 3-bis-( 4- 
acetylphenyl)-guanidine (IX, F.m.p. 207°). I X  was heated 
with aminoguanidine-hydrochloride, as described above, 
giving 1, 3-bis-(4-acetylphenyl)-guanidine-bis-guanyl" 
hydrazone- t r ihydrochlor ide-monohydrate  (X) F.m.p. 
2> 310% 

Zusammen/assung. Aus einer Reihe von Bis-guanyl- 
hydrazonen mit  ausgepr~igten trypanociden Eigenschaf- 
ten ha t  sich eine Verbindung, das 4, 4'-Diacetyl-diphenyl- 
harnstoff-bis-guanylhydrazon I gegen verschiedene For- 
men yon Leuk~mie (L 1210, P 288, P 534 J S u nd L 517 8 Y) 
wie auch gegen Lymphoma AK a der Maus als wirksam 
erwiesen. Die Synthese der Verbindung, sowie einiger 
Analogen wird diskutiert. 

A. MARXER 

Research Laboratories o[ the Pharmaceutical Division o/ 
CIBA Limited, Basle (Switzerland), 
28th November 1966. 

The Biosynthesis of the Thioglucoside Moiety 
of Benzyl Glucosinolate 

The biosynthesis of glucosinolates (mustard oil gluco- 
sides) has recently been at tract ing considerable attention. 
Since it was first shown ~ that  the side chains were de- 
rived, in many cases, from commonly occurring a-amino 
acids, several papers have appeared. In particular, it has 
been demonstrated ~ that  the nitrogen and the ~-carbon 
of the ~-amino acid are incorporated into the glucosino- 
late as a unit, and become the nitrogen and carbon of the 
isothiocyanate group of the aglycone when the gtucosino- 
late is hydrolysed. The efficiency of various sulphur com- 
pounds as precursors of both the sulphate and the iso- 
thiocyanate sulphur has also been investigated. Sulphur 
dioxide a, sulphate 4,5, sulphide, thiosulphate, methionine ~ 
and cysteine ~ have all been shown to serve as precursors 
of the 2 glucosinolate sulphur atoms. Methionine was by 
tar the most efficient as a precursor of the isothiocyanate 
sulphur with an incorporation of sulphur-35 into this 
position of 9.3%. 

We have investigated the incorporation of more com- 
plex sulphur-containing compounds labelled with both 
carbon-14 and sulphur-35 into benzyl glucosinolate (gtu- 
cotropaeolin) and its aglycone, benzyl isothiocyanate. 
This glucosinolate is found in relatively large amounts in 
nasturtiums (Tropaeolum ma/us L.), which were used for 
this study. 

We considered 2 possible alternatives Ior the addition 
of the sulphur atom and the gtucose group to some 
nitrogenous derivative of the e-amino acid, viz. either the 
thiohydroximate aglucone (I) is formed and is gluco- 
sylated (the formal reverse of the thioglucosidase cleavage 

of the glucosinotates), or thiogtucose is preformed and 
introduced as a unit. 
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Sodium phenylacetothiohydroxamate (the sodium salt 
of I) was synthesized from benzyl chloride by forming 
sodium dithiophenylacetate (CaHsMgC1 + CS2) which was 
subsequently treated with hydroxylamine hydrochloride. 
Neutralization with ethanolic sodium hydroxide of the 
hydroxamic acid produced gave the sodium salt. The 
compound was isotopically labelled by using either benzyl 
chloride-7-14C or CabS~ as reagents. 

Sodium fl-D-l-glucopyranosyl mercaptide-SsS (sodium 
thioglucose) was synthesized by t reatment  of acetobromo- 
glucose with potassium O-ethyl xanthate-aSS and subse- 
quent  t rea tment  with a solution of sodium in methanol.  

The labelled compounds, dissolved in water (100 ml), 
were administered to young Tropaeolum ma/us plants, 
freshly cut off just above soil level. The plants were al- 
lowed to take up the solution for 72 h, after which they 
were worked up to isolate the isothiocyanate. The residual 
soIution was assayed for material not absorbed. The plants 

I M. H. BENN, Chemy Ind. 1907 (1962). 
2 E. W. UNDERHILL and M. D. CHISItOLM, Biochem. biophys. Res. 

Commun. t4, 425 (1964). 
a M. KUTA~EK, J. SP.~LEN~ and K, OI'L[~TILOVA, Experientia 22, 

24 (1966). 
4 H. SCmZAmmLF and F. BERGMANN, Planta 67, 75 (1965). 
a L. R. WETTER, Phytochem. 3, 57 (1964), 
6 H. KI~DL, Mh. Chem. 96, 527 (1965). 


