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The present communication is a continuation of investigations [1, 2] on the synthesis of derivatives of the andro- 
stane series in order to obtain substances with an increased anabolic and a low androgenic activity. 

It is known that a C-- N bond at C a enhances the anabolic properties of androstane hydroxyketones [3], and that at 
the present time 2a-methyldihydrotestosterone and its derivatives [4] and testosterone and its ethers can be used as ef- 
fective anabolic preparations in the treatment o f  cancer of the breast. Consequently, we have synthesized a group of 
hydrazones and symmetrical dihydrazones of 2a-methyltestosterone and its 17a-methyl and 17a-ethyl derivatives; these 
compounds contain a 2a-methyl group, which decreases their androgenic properties and enhances their anabolic proper- 
ties, as well as a C = N bond at C s conjugated with the double bond present in the testosterone molecule: 

C.~ R Clio R [- C,~ a R -t 

H~C-. : : OH :0 
• n 

" o £ . . ) . . f l  2 • A, 

R=H, CH$, C~H6; R'andR" --- radicals of monobasic and dibasic acids 

Table 1 

Hydrazones of 2a-Methyltestosterone 

Initial acid hydrazide [ Method of 
purification 

Formic (I) 
AcetiC (II) 
Propionic (III) 
Butyric (IV) 
Caproic (V) 
Enanthic (VI) 
Stearic (VII) 
Benzoic (viii) 
Phenylaeetic (IX) 
Phenylpropionic (X) 
Cinnamic (XI) 
a-Methylcinnamic (XII) 
a-Methydihydro- 
cinnam~c (XIII) 
Anisic (XIV) 
Phenoxyacetic (XV) 
p-Chlo}ophenoxy- 
acetic (XVI) 
Phenylethyl- 
acetic (XVII) 
Salicylic (XVIII) 
Anthranilic (XIX) 
p-Aminobenzoic (XX) 
p-Aminosali- 
cyllc (XXI) 
3a-Hvdroxvcholanic (XXII) 
3a~ 6a-Dihydroxy- 
cholanic (XXIII) 
3a, 12a- Dihydroxy- 
cholanic (XXIV) 
3a, 7a, 12a- Tri- 
hydroxycholanic (XXV) 
3a - Hydroxy- t2a-meth-  
oxychol- 9($l)-enic (XXVI) 
38-Hydroxychol- 
5-enic (XXVII) 
38-Hydroxyetiochol- 
5-enic (XXVIII) 
Nicotinic (XXIX) 
Isonicotinic (XXX) 

Formula 
found 

C~t Ha20,~N~ 8.18 
C~2H3~OeN2 7.80 
C~aH360~N2 7.51 
C~tHasO~N~ 7.20 
C~Ht20~N2 6,70 
C2~H,40~N2 6.47 
C3sH660~N~ 4.85 
C~TH3aO~N 2 6.65 
C2sH3aO~N2 6.41 
C~gH4oO2N2 6.32 
C~gH3BO~N2 6.27 
C3oH4oO~N.~ 6.13 

C3oH4~O~N~ 6.14 
C~sH3sO3N 2 6.26 
C2sHssO3N ~ 6.21 

C2sH~OaCIN: 5.75 

C3oH~2OsN~ 6,01 
C27H3603N2 6.40 
C27HaTO2N a 9.69 
C27H370~N 3 9.64 

C~THa7OaN a 9.34 
C44HToOaN 2 4.13 

C4~H:oO~N~ 4.10 

C~HroO~N~ 4.07 

C~HT00~N.~ 4.00 

C~H760 ~N.~ 3.92 

C~H~sOaN2 4.20 

C~oH~oOaN ~ 4,60 
C2~H3502N ~ 10.23 
O26HaaO2N a 10.25 

N, % 

calculated 

8.15 
7.82 
7.53 
7,26 
6.77 
6.55 
4.81 
6.67 
6.47 
6,26 

6 . 3 0  
6.08 

6.06 
6:22 

6.22 

5.78 
6.06 
6.40 
9.66 
9.66 

9.33 
4.15 

4.07 

4.07 

3.96 

3.99 

4.17 

4.55 
10.25 
10.25 
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Table 2 

Hydrazones of 23, 17a-Dimethyltestosterone 

Initial acid] Method of ] 

(I) ] 

011) , 
6v) ] 
(v) 
(vD 
(Vll) i 
(vln) I 
Ox) f 
(x) 
(xl) I 
(xll) f 
(XllO 
(XlV) 
(xv) 
(xvn 
(XVII) 
(xv~n) 
(XIX) 
(xx) 
(xxo 
(xx~l) 
(xx[ll) 
(xxw) 
(xxv) 
(XXVI) 
(xxvl0 
(XXVIlI) 
(xx~x) 
(xxx) } 

b white 

yellow 

brown 

yellow 

white 

yellow 

Yield, % Mp, " C 

61.6 227--230 
59.7 222--224 
73.4 212--214 
70.8 176--178 
51.7 206--209 
50.0 2~2--224 
37,2 165---167 
99.7 208 -2!0 
8!.5 196--198 
99.8 158--1(;0 
41.2 166--169 
98.4 1.19--151 
99.8 138--141 
99.8 284-286 
34.0 183.-185 
82.3 144--146 
33.0 210-212 
99.8 220--222 
70.3 235--238 
91.5 20%-204 
42,3 248 -250 
99,8 207--299 
99.9 234--236 
89.7 258.--260 
99,9 252--254 
98,7 225--227 
99,9 238---240 
90.4 122--124 
99.8 181--183 
98,8 208--,210 

Formula 

C@laaOeN2 
C~.aHa,;OaN 
C-~Ha~O2N2 
Cz, H,oO=N 

C~H,,~O=N~ 
CagH6sO~,N~ 
C~sHa~O~N2 
C:oH~.O2N,, 
C:mH4.-O_-N 
C .~oH~,O-N 
Ca~ H ~O.~,N.2 
C3~t4..O~N~ 
C~,aH~uOaN2 
C2:,H~oOaN2 
C.~�Ha~OaN~CI 
Ca~H~OeN= 
CesHasOaN.- 
Co~H3,,O~Na 
C;~H;IO,Na 

C~.~,Hv_,OaN~ 

C~.~H ::~O~N ~. 
C~HTtOaN- 

C aH.,,~OaN = 
Ca~Ha70~Na 
C~TH37OuN~ 

Table 3 

Hydrazones of 17a-Ethyl-2a-Methyltestosterone 

Initial acid I Method ofl 

(i) 
(It) 
(HO 
(IV) 
(v) 
(VI) 
(vHD 
(IX) 
(X) 
(Xll) 
(X1~O 
(X IV) 

C 

b 
a 

b 

white 

green 

yellow 
white 
yellow 
white 

yellow 

(xv) 
(xw) 
(XVll) } c 
(XVnl) 
(x~x) 
(xx) , 
(XXI) 
(xxi0 
(XXlll) 
(XXIV) 
(xxv) 
(XXVl) 
(XXVII) 
(XXlX) 
(xxx) 

white 

erllOw 
own 

yellow 
"brown 

a white 
I 
I yellow 

white 
} yellow 

Formula 
,% 

:alculated 

C2atIa602N2 7,53 
C-..~HasO2N ~, 7,26 
C25H,00~N~ 7. O0 
C.:6H420~N2 6.77 
C~,,H460~N2 6.34 
Cz~H,sO~N.- 6,14 
C~9H~oO~N 2 ~',26 
CaoH~20~N~ 6,06 
CaIH**O2N2 5, 88 
Ca~H4402N.~ 5.73 
Ca.~H4,~O.aN2 5.71 
Ca:,H~2OaN= 5.87 
Ca<IH4~OaN= 5.87 
Ca H~IOaCIN.- 5,47 
Ca~H460=N= 5,71 
C,2vH41,OaN ~ 6,13 
C.-9H410~N.~ 9,07 
C~uH410.:Na 9.07 
C.2,aHalOaNa 8.76 
C~aH7,OaN~ 3,99 
C~H7~O4N ~ 3.90 
C4~I-t7404N,- 3.90 
C,6H74OsN~ 3.82 
C47HT~O,N~ 3.84 
C~6H ~OaN~. 4.00 
C~HaoOaNa 9.35 
C,aHaoO=Na 9.35 

The: initial 2a-methyltestostemne, 2a, 17a,dimethyltestostemne, and 173-ethyl-2a-methyltestosterone were syn- 
thesized from the corresponding hydroxymethyt compounds [2] by hydrogenating them in methanolic solution over palla- 
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dized carbon in a similar manner to the synthesis of 2a-methyldihydrotestosterone [1]. The compounds isolated corres- 
ponded to the 2a-methyltestostemne and its 17a-methyI and 17a-ethyl derivatives described by Ringold [5]. 

The hydrazones and symmetricaI dihydrazones of the steroid hydroxyketones mentioned were prepared with high 
yields by heating them with the corresponding acid hydrazides in alcoholic solution. 

Table 4 

Symmetrical Dihydrazones of 2a-Methyltestosterone 

Initial acid hydrazide 

Oxalic (XXXI) 
Malonic (XXXII) 
Suecinic (XXXIII) 
Glutaric (XXXIV) 
Adipic (XXXV) 
Sebaeie (XXXVI) 
Tartaric (XXXVII) 
Malie (XXXVIII) 
Fumaric (XXXIX) 
Phthalic (XL) 

Method of 
~urification 

:olor 

vhite 

(ield 
% 

90.1 
86,3 
84.7 
99,7 
99.9 
76.4 
81.0 
57.9 
34.1 
79.3 

Mp, ° C 

262--264 
275--279 
206--208 
242--244 
234--237 
190--192 
228--231 
249--251 
230--232 
358--361 

Formula 

C4~H6~O4N4 
C~aH6,O~N4 
C.H6604N4 
C~H6sO~N~ 
C~oHroO4N~ 
Ca,HrsO4 N 
C44H6606N~ 
C~H~6OsN 4 
C4~H~,O~Na 
C48H~aO~N~ 

N, % 

fount calculated 

8.18 8.17 
8.00 8 ,00  
7.89 7.86 
7.78 7.72 
7.61 7.56 
7.06 7.02 
7.54 7.51 
7.67 7.66 
7.92 7.87 
7.34 7.34 

The hydrazones isolated consisted of solid poorly crystalline substances. (Only the hydrazones of 17a-methy1-2a- 
methyltestosterone substituted by stearic, einnamic, and 3/3-hydroxyetiochol-g-enic acids could not be isolated in the 
solid state. ) They were readily soluble in alcohols, ether, and ethyl acetate, sparingly soluble inhexane and petroleum 
ether, and insoluble in water. Hydrazones containing an amino group in a benzene ring were insoluble in alcohols and, 
in addition to these, the hydrazones of saIicylic and steroid acids were insoluble in ether. 

On comparing the properties of the hydrazones of 2a-methyltestosterone and its 17a-methyl and 17a-ethyl deriva- 
tives with the analogous compounds of testosterone, dihydrotestosterone, 2a-methyldihydmtestosterone, and their 17a- 
methyl and 17a-ethyl derivatives [2] the following conclusions can be drawn: 

a) the yield of hydrazones for all four groups (testosterone, 2a-methyltestosterone, dihydmtestosterone, and 2a- 
methyldihydrotestosterone) does not basically depend on the presence of a double bond at C4 and a 2a-methyl group; 

b) their solubility in alcohols increases from dihydmtestosterone to 2a-methyldihydmtestostemne, testosterone, and 
2a-methyltestosterone; 

c) the hydrazones of dihyrotestosterone are insoiuble in ether; the solubilities of derivatives of 2a-methyldihydro- 
testosterone and testosterone are greater and approximately the same, and the hydrazones of 2a-methyltestosterone are 
mainly soluble in ether. 

Table 5 

Symmetrical Dihydrazones of 2a, 17a-Dimethyltestosterone 

. 

Initial acid Method of 
hydrazide )urification 

(XXXl) 
IXXXlI) 
(XXXlII) 
(XXXIV) 
(xxxv) 
(xxxv0 
(XXXVIi) 
(XXXVIII) 
(xxxtx) 
(XL) 

:ol )r 

~.11, ~w 

% 

88.5 
99,9 
99,6 
97,8 
99.3 
99.8 
99.5 
58.5 
99.9 
55,0 

Mp, * C 

228--231 
240--243 
207--210 
227--230 
257 260 
237--240 
220.--223 
222--224 
264--267 
302- 304 

Formula 

C.H6~O~N, 
C,~Ha~O4N, 
C~6HalOaN. 
t. 47H7204N 4 
C~H7404N~ 
Cs_~Hs204N, 

C~6HToO~N, 
Cmh~;~O,N4 
CsoHv~ O~NL 

N, % 

calculated 

7.85 7.86 
7.70 7.72 
7.60 7.56 
7,42 7.42 
7.27 7 , 2 7  
6.93 6,87 
7,22 7,26 
7.37 7.40 
7,58 7,57 
7.12 7.12, 

The same regularities are observed not only for derivatives of testosterone but also for their 17a-methyl and 17a- 
ethyl homologs, 

A/1 that has been said above does not relate to the hydrazones of steroid acids. For the latter the yield was quanti- 
tative in the majority of cases for all groups, apart from the hydrazones of 2a-methyldihydmtestosterone and 17a-ethyl- 
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2a-methyltestosterone, where the yields were much lower, They are aI1 insoluble in ether. The solubility of the hydro- 
genated compounds in alcohol is low and does not depend on the presence of the 2a-methyl group; for the compounds of 
the testosterone series it increases markedly, and the steroid hydrazones of 2a-methyltestosterone are readily soluble in 
alcohols. 

The symmetrical dihydrazones of 2a-methyltestosterone and its 17a-methyl and 17a-ethyl homologs are solid 
poorly crystalline substances. The yields of these compounds are almost quantitative for 2a, 17a-dimethyltestosterone, 
slightly less for 2a-methyltestosterone0 and considerably less for the 17a-ethyl derivative. They are all sparingly solu- 
ble in alcohols and ethyl acetate and insoluble in ether, hexane, petroleum ether, and water, 

Table 6 

Symmetrical Dihydrazones of 17a-ethyl-2a-methyltestosterone 

"Initial acid 
hydrazide 

(XXXI) b 
(XXX~l) 
(XXXlll) 
(xxx~v) 
(xxxv) 
(XXXVI) a 
(XXXVl I) 
(XXXVIII) 
(XXXlX) 
(XL) 

Method of 
) u r i f i c a t i o n ~  

) 44.6 
43.4 
84,5 
42.0 

white 82.7 
77,3 
4t .3 
58.7 
17.3 

yellow 56.5 

Mp, *C Formula 

227 -230 
236--238 
228--231 
242 -244 
250-253 
248--250 
198 -200 
220--223 
292 --295 
328:330 

C~6HT,O~Nt 
C4;HT:~O4N ~ 
C~sHT.tO iN4 
CIgH~,~O~N~ 
CsoH7804N4 
C5~H860,N4 
C~HT~O~Nt 
C48H~tOsN t 
CasHT'.,O.jN~ 
Cs,.,HT tO ~N ~ 

7.51 
7.41 
7.?9 
7,16 
7:Ol 
6.60 
6.95 
7.16 
7.28 
6.83 

N, % 

calculated 

7.53 
7.42 
7.27 
7.16 
7.02 
6.55 
6,98 
7.13 
7.29 
6.83 

On making an analogous comparison with the dihydrazones of dihydrotestosterone, 2a-methyldihydmtestostemne, 
and testosterone, it is possible to conclude that the properties and yields of the symmel~ical dihydrazones are Little af- 
fected by the presence of a double bond at G4 and by substituents either at G, or GlT. An exception is formed by the low 
yields of the symmetrical dihydrazones of 17a-ethyl-2a-methyltestosterone and ~ e  yields of the phthalic-acid-substi- 
tuted dihydrazones, which are low for all groups. 

Experimenta 1 

The hydrazones and symmetrical dihydrazones of 2a-methyltestostemne and its 17a-methyl and 17a-ethyl homo- 
logs were synthesized in a similar manner to the hydrazones of 2a-methyldihy~otestosteroue [8] by heating a methanolic 
solution of the hydmxyketone concerned (I) with the appropriate acid hydrazide for 5 hr. In the case of the preparation 
of the hydrazones (l.I), a dight excess of the acid hydrazide was taken, and in the case of  the symmetrical dihydrazones 
(liD, a slight excess of the hydroxyketones. Then the resulting mixture was diluted with water. The precipitate was fil- 
tered off, washed with water, and purified by various methods: 

a) where the product was insoluble in ether, heating with ether freed it from unreacted hydroxyketone; 

b) if r2ae precipitate was soluble in ether, the solvent was distilled off, and the product was dissolved in a small 
amount of ethyl acetate and precipitated by the addition of petroleum ether or hexane; 

c) if purification by method b did not give a crystalline product, the solvent was distilled off completely, the 
residue was dissolved in a small amount of methanol, and water was added. 

The hydrazones and symmetrical dihydrazones obtained are given in Tables 1-6. 

Summary 

Hydrazones and symmetrical dihydrazones of 2a-methyltestosterone and its 17a-methyl and 17a-ethyl derivatives 
have been synthesized. 
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