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Toxicity and behavioral studies with mice could not  
distinguish between the first three members of this series, 
For all, LD~0's were established to be between 200 to 
300 mg]kg, i.p., and at  80 mg/kg there was the mild, 
agitated behavior previously described~; complete re- 
covery occurring within 8 h. 

In  human subjects, the potency of t r imethoxyamphet-  
amine (I, R = CH~) has been established as over twice 
tha t  of mescaline ~. Evaluat ion of the immediate homo- 
togue, e-ethyl mescMine (I, R = ethyl) a t  oral levels in 
excess of 2.5 mg]kg (as the free base), produced neither 
central activity nor psychic disturbance, thus demonstrat-  
ing a psychotomimetie potency of less than  half tha t  of 

t r imethoxyamphetamine,  and suggesting tha t  three 
carbons represent an opt imum chain length. 

Rdsumd. Une sdrie homologue X celle des substances 
chimiques composant la mescaline a &~ synth&is6e. L'6- 
valuation pr61iminaire a montrd qu'elle a n n  effet psycho- 
tomim&ique plus faible que celui de la t r im&hoxyamph& 
famine. 

A. T. SHULGIN 

The Dow Chemical Company, Walnut Creek (Cali/ornia, 
U.S.A.) ,  September 18, 1962. 

S y n t h e s e  v o n  5 a -  u n d  5 f l - A n d r o s t a n - 1 7 / 5 - o l - 3 - o n -  
1 7 - a c e t a t  a u s  H y o d e s o x y c h o l s i i u r e  

Zur Darstellung yon 5c,-Androstan-17fl-ol-3-on-17- 
acetat (VI) und  5fl-Androstan-17fl-ol-3-on-17-acetat 
(VIII) gingen wit  yon Hyodesoxychols~ure aus, die nach 
bekannten  Methoden ~ in 5~-Androstan-6~, 17fl-diol-3-on- 
17-acetat (I) fiberffihrt wurde. 

R~ 0R z 

(I) Rx: =O;  R~:d "H ; Ra:-CO-CH ~ 
"OH 

/O-CH, .~H 
(II) Rt: ~"O-CH,; R2: "OH 

R~: -CO-CH~ 
~.O-CH, 

(III) R~: %O-~H, ; R2:=O; 

R~ : -CO-CH~ 

/O-CH~ 
(IV) R V "~O-CH~ ; R~:-H 

R ~O-CH, (V) z:~.O_~H~ ; R~:-CO-CH a 

(VI) R~: =O; R~:-CO-CHa 

R ~.O-CH~ (VII) l:<~O-~H, ; Ra:-H 

(VIII) R~: ~O; R~:--CO-CH~ 

HUANG-MINLON*,6 reduziert. ~rir  erhielten 5~¢-Androstan- 
17fl-ol-3-on-3-~ithylenketal (IV); Fp.:  173-176°C; [~]D: 
+ 13°; Vmax: 1100, 3610 cm-1; bet. I. C~tHa40 a (334,5) 
75,41% C, 10,25% H;  gef. 75,55% C, 10,74% Hi Aus- 
beute:  71%. 

Acetylierung yon IV unter  iiblichen Bedingungen ergab 
5~-Androstan-17fl-ol-3-on-3-i~thylenketal-17-acetat (V) ; 
Fp. :  139-140°C; [e]D: + 3 ° (Pyridin); vmax: 1100, 
1730 cm-~; ber. f. C~aH3~O4 (376,5) 73,37% C, 9,64% H; 
gel. 74,02% C, 10,02% H;  Ausbeute: 92%. 

Aus V ents tand dutch selektive Verseifung der 3-Ketal- 
gruppe mit  p-Toluolsulfons/iure in Aceton das 5e-Andro- 
stan-17fl-ol-3-on-17-acetat (VI); Fp.:  158-160,5°C (7,s 
157 ° und 158,5-159,5°C); ICe]D: + 22° (~ + 26°); das IR- 
Spektrum st immte mit  dem einer authentischen Probe 
iiberein; Vmax: 1715, 1735 era-x; Ausbeute: 86,5%. 

Zur Darstellung des 5fl-Androstan-17fl-ol-3-on-17- 
aeetats (VIII) wurde die 6-Ketogruppe in I I I  so reduziert, 
dass keine Inversion am C-Atom 5 erfolgte% Zu diesem 
Zweck iiberfiihrten wit I I I  unter  neutralen 13edingungen 
in dessen 6-Hydrazon und setzten dann  die Reaktion in 
alkalischer Ldsung fort. AuI diese Weise wurden 82% des 
5~-Androstan-17fl-ol-3-on-3-/ithylenketals (VII) erhalten; 
Fp.:  155-157°C; [~]D: + 35°; Vmax: 1100, 3610 cm-1; 
bet. f. CzIHn~O ~ (334,5) 75,41~o C, 10,25% H;  gel. 
74,92% C, 9,63% H. 

Da die 6-Ketogruppe in der 5fl-Reihe sterisch behindert  
ist, war fiir die vollst~ndige Umsetzung yon I I I  mit  
85%igem Hydrazinhydrat  dreistfindiges Sieden in Di- 
~thylengtykot erforderlich. Wurde die Reaktionszeit 

Verbindung I setzten wit mit  ~thylenglykol  und p- 
Toluolsulfons~iure in Benzol a u m  und erhielten 5fl- 
Androstan-6~, 17fl-diol-3-on-3-k'thylenketal-17-acetat (II) ; 
Fp. 197-198,5°C; laiD: + 3°; Vmax: 1095, 1730, 3610cm-1; 
ber. f. C2aHadO5 (392,5) 70,38% C, 9,24% H; gef. 70,70% C, 
9,22% Ha; Ausbeute: 74%. 

Oxydation von I I r n i t  Chrom-6-oxid in Pyridin 4 ergab 
5fl-Androstan- 17fl-ol-3, 6-dion-3-i t thylenketal-17-acetat  
(i i i) ;  Fp.:  165-166°C; [C~]D: -- 55,5°; Vraa,: 1100, 1710, 
1730 era-l;  ber. f. C23Hz,O~ (390,5) 70,74% C, 8,78% H; 
gel. 71,34% C, 8,78% H;  Ausbeute: 83%. 

Ober Verbindung I I I  kamen wir durch reduktive Ent-  
fernung der 6-Ketogruppe in wenigen Stufen zu VI und 
VII I ,  je nachdem, ob die Reduktion unter  Inversion am 
C-Atom 5 vorgenommen wurde oder nicht. 

Zur Daxstellung des 5~-Androstan-17fl-ol-3-on-17- 
acetats (VI) ,~mrde I I I  mit  Kaliumhydroxid in Digthylen- 
glykol am C-Atom 5 allomefisiert und anschliessend nach 
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herabgesetzt, z.B. auf 1 h, so erhielten wir nach Durch- 
fiihrung der Reduktion ein Gemisch von IV und VII, das 
sich tiberraschend glatt durch KristaUisation aus Aceton 
auftrennen liess. Die L6slichkeitsunterschiede (IV ist 
schwerer 16slich als VII) sind so ausgepr~igt, dass auf diese 
Weise eine prtiparative Trennung der 5~- und 5fl-Isomeren 
des Androstan-17fl-ol-3-ons m6glich ist. 

Im  weiteren Verlauf der Synthese wurde dann VII  mit  
p-Toluolsulfonsgure in Aceton zum 5/~-Androstan-17fl-ol- 
3-on verseift, das Rohprodukt chromatographisch gerei- 
nigt und nach iiblicher Methode acetyliert. Wir erhielten 
in 5 1 t i g e r  Ausbeute (bezogen auf VII) 5fl-Androstan- 
17fl-ol-3-on-17-acetat (VIII); Fp.: 146_147,5oC (t0,xx 
143-144°C); [~]D: + 21° (to + 27,1o); das IR-Spektrum 
stimmte mit  dem einer authentischen Probe iiberein, 
vmax: 1720, 1740 cm -x (CS~) x~. 

Summary. 5x- and 5fl-androstane-17fl-ol-3-one-17- 
acetate have been prepared from 5fl-androstane-6a, 17fl- 

diol-3-one-17-acetate by a synthesis involving directed 
HUANG-MINLON-reduction. 

Separation of 5~-androstane-17fl-ol-3-one from its St- 
isomer could readily be achieved by crystallisation of their 
3-ethylenketals from acetone. 
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M e t h y l h y d r a z i n e  D e r i v a t i v e s ,  
a N e w  C l a s s  of C y t o t o x i c  A g e n t s  

When testing a series of hydrazines for another purpose 
1-methyl-2-benzyl-hydrazine x was found to have a pro- 
nounced tumour  inhibitory effect s. The systematic varia- 
t ion of its structure showed that  efficacious compounds 
were of general formula R - N H - N H - C H  3, R representing 
a wide variety of organic radicals, particularly substi- 
tuted benzyl groups. 

Screening of several hundred compounds revealed some 
forty to be efficient tumour inhibitors among which 1- 
methyl- 2-p-(isopropylcarbamoyl)benzyl-hydrazine hydro- 
chloride 18 and 1-methyl-2-p-allophanoylbenzyl-hydra- 
zinc hydrobromide I I  ~ were chosen for extended bio- 
logical and clinical trials. 

CH3-NH-NH-CH2~//-CONH-CH~ CH~ 

CH 3 

.HC1 I 

CH3-NH-NH-CHz~ _.__-~CONHCONH~ " HBr II 

Known synthetic procedures lead to the above mentioned 
compounds. Methylhydrazine reacts with benzyl chloro- 
formate to give 1-methyl-l,2-bis(benzyloxycarbonyl)- 
hydrazine, a crystalline shbstance. This product is trans- 
formed to the sodium s~lt with sodium hydride in di- 
methylformamide. Alkylation of this salt with methyl p- 
(bromomethyl)benzoate leads to 1-methyl-2-p-(methoxy- 
carbonyl)benzyl - 1, 2 - bis(benzyloxycarbonyl) - hydrazine 
which after hydrolysis of the methyl ester group yields 
the crystalhne 1-methyt-2-p-carboxybenzyl-1, 2-bis(ben- 
zyloxycarbonyl)-hydrazine. The preparation of the acid 
chloride by  means of thionyl chloride and reaction of the 
latter with isopropylamine or with urea leads to the bis- 
(benzyloxycarbonyl) derivatives of I and II.  Removal of 
the protecting groups by  t reatment  with hydrogen bro- 
mide in acetic acid or by  hydrogenolysis and transforma- 

tion to the desired salts arc the final stages of the syn- 
thesis. 

Whereas crystalline salts of these hydrazines are quite 
stable compounds, their solutions, especially in water, 
tend to be oxidized. The primary oxidation products, the 
corresponding azo derivatives, isomerize rapidly, at  least 
in the case of the benzyl compounds, to the hydrazones 
which are biologically inactive. Some of the azo com- 
pounds and also higher oxidation products such as azoxy 
derivatives show ant i tumour activity in vivo but  are less 
stable and less well characterized than the parent 
hydrazines. 

The oxidation of the above mcntioncd hydrazines, 
whereby hydrogen peroxide is produced from molecular 
oxygen may be an essential step in the turnout inhibiting 
mechanism 6 

Extensive biochemical and physicochemieal investi- 
gations in addition to clinical trials are under way to 
learn more about this new lead in cancer chemotherapy. 

Zusammen/assung. Ausgehend v o n d e r  Beobachtung, 
dass ,1-Methyl-2-benzyl-hydrazin tumorhemmend wirkt, 
wurden durch systematische Variationen die ffir diese 
Wirkung essentiellen Strukturmerkmale festgelegt. Aus 
einer gr6sseren Anzahl yon Verbindungen wurden 1- 
Methyl-2-p-(isopropylcarbamoyl)benzyl-hydrazin-hydro- 
chlorid und 1-Methyl-2-p-allophanoylbenzyl-hydrazin- 
hydrobromid fiir ausgedehnte experimentelle und klini- 
sche Versuche ausgewiihlt. 

P. ZELLER, H. GUTMANN, B. HEGEDLTS, 
A. KAISER, A. LANGEMANN, and M. MOLLER 

Chemische Forschungsabteilung, F. Ho]]mann-La Roche 6, 
Co. AG., Basel (Switzerland), December 14, 7962. 
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