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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. 

- - - -~- .  H C ~NOH 
C ~-- ~ S -  I 

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 
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Were washed free of any  adher ing  r ad ioac t i v i t y  and  
macerated in a War ing  blender.  The  homogena t e  was 
allowed to s tand for 1 h to allow enzymat i c  hydrolys is  of 
the glucosinolate  to t ake  place.  A few drops of concen- 
t rated hydrochlor ic  acid were then  added  and the  mix tu re  
steam-disti l led,  the  dis t i l la te  being collected in a large 
excess of aqueous  e thanol ic  ammonia .  The  dist i l la te  was 
left at  room t empera tu r e  overn igh t  to comple te  convers ion 
of the  i so th iocyana te  to  benzy l th iourea  (BTU),  and then  
evapora ted  to dryness.  The  residue was recrysta l l ized to 
Constant a c t i v i t y  f rom aqueous  ethanol .  Act iv i t ies  were 
measured in a l iquid scint i l la t ion spec t rometer .  

The results  of t he  feeding exper iments  (Table I)" show 
tha t  bo th  sodium p h e n y l a c e t o t h i o h y d r o x a m a t e  and  so- 
d ium thioglucose appear  to be h igh ly  eff icient  precursors,  

Table I. Incorporation of sulphur containing compounds into benzyl- 
thiourea via thc hydrolysis of non-isolated benzyl ghmosinolate 

Compound Specific BTU % in- Dilu- 
administered activity specific corpora- tion 

#c]mM activity tion ~ ratio b 
#e]mM 

Phenylaceto- 
thiohydroxamate- 1-14C 9.3 1.53 4.0 6.1 
Phenylaeeto- 
thiohydroxamate-aSS 18.8 6.21 4.8 3.0 
Sodium 
thioglucoside-3SS 19.1 9.05 12.9 2.1 

% incorporation = (activity in BTU/activity absorbed by plant) 
x 100. b Dilution ratio = (specific activity of compound adminis- 

tered/specific activity of BTIJ). 

Table II. Incorporation of phenylacetothiohydroxamate into benzyl- 
thiourea via the hydrolysis of crystalline benzyl glucosinolate 

Phenylacetothio- Benzylthio- % incor- Dilution 
hydroxamate-35S, urea, specific poration ratio 
Specific activity activity 
,UclmM flc/mM 

23.2 1.09 0.5 21.3 

a conclusion t h a t  is incompat ib le  wi th  a single mechanism.  
The  apparen t  incorpora t ion  of the  pheny lace to th io -  
hydroxarnate-3~S into benzyl  glucosinolate  was unex-  
pected,  and our  f irs t  supposi t ion was t h a t  t he  th io-  
byd roxamic  acid had decomposed  to  s impler  compounds  
which  were then  incorpora ted  by  the  p a t h w a y  \¥ETTEIZ 
had demons t r a t ed  for sinigrin 6. However ,  the  carbon-14 
labelled t h i o h y d r o x a m a t e  was also incorpora ted .  Ano the r  
possibi l i ty  was t h a t  t he  pheny tace to th iohydroxamic  acid 
unde rwen t  a L6ssen r ea r r angemen t  in the  plant ,  p roduc ing  
benzyl  i so th iocyana te  which was still  present  a t  the  t ime  
of ex t rac t ion  (or t h a t  this decompos i t ion  occurred dur ing 
work-up).  This  possibi l i ty  was inves t iga ted  by feeding the  
p lan ts  wi th  pheny tace to th iohydroxamate -~sS  and iso- 
la t ing  the  glucoside by  the  procedure  of SCHULTZ and 
GMELIN L The crysta l l ine  benzyl  glucosinolate  was hydro-  
lysed by incuba t ion  wi th  myros inase  to separa te  the  2 
su lphur  a toms.  The  i so th iocyana te  was isolated by  s t eam 
dis t i l la t ion as described above.  The  resul ts  are shown in 
Table  I I .  The  low incorpora t ion  and high d i lu t ion  ob-  
ta ined in this expe r imen t  s t rongly  indicate  t h a t  phenyl -  
a c e t o t h i o h y d r o x a m a t e  is no t  a direct  precursor  of benzyl  
glucosinolate.  

We therefore  conclude t h a t  the th ioglucoside  moie ty  of 
benzyl  glucosinolate  is der ived  d i rec t ly  f rom thioglucose.  
This  compound,  which  is no t  a c o m m o n  cons t i tuen t  of 
plants,  p robab ly  arises by t ransfer  of su lphur  f rom one of 
t he  su lphur-conta in ing  amino  acids to glucose s. 

Zusammen/assung. P h e n y l a c e t o t h i o h y d r o x a m a t  und 
Thioglukose  wurden  als m6gliche b iosynthe t i sche  Quellen 
des th ioglukosidischen Schwefela toms in Benzylgluko-  
s inolat  (Glucotropaeolin) ,  dem Senf6Iglukosid der  K a p u -  
zinerkresse (Tropaeolum majus L.) untersucht .  Die ex-  
per imente l len  Ergebnisse deuten  da rau f  bin, dass Thio-  
glukose eine di rekte  Vors tufe  ist, die mi t  einer yon  
Pheny la lan in  abgele i te ten  S t icks to f fverb indung  reagiert .  
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Phosphorylation and Uphill Intestinal Transport 
of Thiamine, in vitro 

The hypothes i s  t h a t  th iamine  m u s t  be phosphory la ted  
by the  j e juna l  epi thel ia l  cells for its in tes t inal  absorpt ion,  
as we suggested in previous  papers  ~,~, has now been 
checked by  some exper iments  in vi t ro,  using x4C-labelled 
th iamine  and aspecific metabol ic  inhibi tors  or  t h i amine  
s t ruc tura l  analogues,  which specifically affect  t h i amine  
phosphoryla t ion .  The  resul ts  we obta ined  by the  ever ted  
intes t inal  sac t echn ique  are  shor t ly  repor ted  here. 

E v e r t ed  sacs (8 cm long) f rom the  upper  small  in tes t ine  
of rats  (X¥istar strain,  100-150 g body  weight) were pre- 

pared  and incuba ted  for 1 h in Krebs-HenseIe i t  solut ion z, 
as we previous ly  described 1. The  ini t ial  concen t ra t ion  of 
thiamine(thiazole-2-14C) hydrochlor ide  (Radiochemical  
Centre,  Amersham,  Eng land ;  specific a c t i v i t y  0.1 mc/1.26 
mg) 4 a t  bo th  sides of the  sacs was 0.2 n3~r/ml and the  
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