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ABSTRACT 

The synthesis of twenty five esters of testosterone (17 f3 -hydroxy
androst-4-en-3-one) is described. All esters are derivatives of cycloalkycar
boxylic acids. Some of the esters possess LX - , f3 -and/or & - substitution in the 
ester side-chain. The work was undertaken in order to evaluate long-acting 
male antifertility effect of such esters. Most of the compounds, especially 
compound No.1, were found to be active. Compound No.1 is presently 
under clinical studies. 
MJI RI, VoU, No,l, 47-4<J, NilS 

INTRODUCTION 

There has been a great demand for long-acting. 
injectable steroid contraceptives. As a part of the 
World Health Organization's program for the synth
esis of long-acting injectable contraceptives,' several 
cyclopropyl, cyclobutyl, cyc10pentyl and cyc10hexyl 
esters of testosterone were synthesized as candidates 
for male contraceptive agents, 

CHEMICAL SYNTHESIS 

The synthesis of trans-cyclopropanc-l,2-
Jicarboxylic acid was accomplished according to the 
literature.'The acid dir.hloride was prepared following 
the latter literature using dimethyl formamide (DMF) 
in catalytic amounts. The acid monochloride was 
obtained after treatment of the diacid in dry tetrahy
drofuran with one mole of thionyichloride and a cataly
tic amount of DMF.· The synthesis of other i-lcids were 
eithe r  previously reported' or are commercially avail
able. 

EXPERIMENT AL 

Melting points were taken on a Kotler hot-stage 
microscope and are uncorrected. I H NMR spectra were 

47 

obtained using Varian T-60. Bruker HFX-90 and WP

gO instruments: chemical shifts are reported as ppm 
( 8 ) relative to TMS. UV spectra were taken on Varian 
Tech tron 635 and Jobin Yvon Duospac spectrometers. 
Infrared spectra were measured on Perkin Elmer 267 
and Shimadzu IR-400 instruments. Mass spectra were 
recorded with a Varian MAT Ch-S (70eV). 

Esterification of Testosterone 

To a stirring. solution of testosteronc (2.KXg. (J.ot 

11101) in pyridirle �30 ml,) at (f. under nitrogen. acid 
chloride (0.1 mol) was added. After the addition was 
complete, the stirring was continued at room tempera
t:.;!·c ['or 24 hours. The mixture was added to nydroch-

OR 

() 

R=See Table 1 
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Long Acting Contraceptive Agents 

Table I. Physical Constants of Testosterone Esters 

No. 

III 

II 

13 

1-1 

15 

17 

IS 

2.'" 

[::>-co. 
01, 

[>LCO. 

CH, 

t>-CO. 

n -f(,H,t 

[::>-co
C,H, 

·
V

CO-

c,, /�co-
� 

n-Hcxyl Vco-

n-Butyl V (CHolo-CO-

Oco-

OCO-

CH,-QCO. 

CII,---Oco

eoH,---OCo. 

n-C,H, -0 co· 

n-C,H. --0 CO

n-C,H., --0 CO

n-C,II,OCO

n-C,H" --Oco
n-C.II" -0 CO

n-c..H,,--OC- -o

Q-O('()-

O--Ow-

m.p.OC·· 

157-\59 

13:1-135 

YX-lilli 

011 

114-11(1 

[ 16-IIX 

97-% 

U()-l.l.] 

1(.(1-1(17 

J.N-14J 

7-1-76 

1-10-142 

131-[.13 

5.1-55 

125-127 

167-171 

Io<J, 
ICHCI,) 

+ 84 

+ lJ-l 

+ 101 

+ \}� 

+ l)S 

+ Xfl 

+ ! I� 

+ \)11 

+ Xl) 

+ 117 

+ 102 

+ X7 

+ 1)3 

+ xx 

+ :-;\ 

+ Xl) 

+ l)X 

*. Satisfactory microanalyses and/or accurate masses 

were obtained for all compounds. The yidd of the 

esters was 60-90%. 
* * Recrystallized from ether. except for 

24-1 (3.X5) 

2-10 (.1.91) 

23h(-Ll7J 

23h (4.55) 

2-11 (-L�l) 

2-10 (-I.I-q 

2-12 (4.22) 

2-10 (-I. [7) 

2-1() (-1.-11) 

241 (4. JI)) 

241H4.2-l) 

2-12 (-I.lhl 

242 (4.12) 

1725. 1060, 
1615 

1715. 1670 

172(), )h7U 

17::'0, 1(1XO 
[h2() 

17ltl. Ihhll 
]ClIO 

17(1l!, Ih511 
1(1\\1 

17IKI .lf':'O. 
)600 

1715. Jh:'.'i 

17311. IIlSII 

]725,lh7n 

17::;O. 1f17!1. 
lhl5 

17311.lh75. 

I I'D. I{,so. 
]h2tJ 

1725. ]675 

1725.1()x5 

172K.J{),'N 

172x. ]h7:=; 

1725. 1(,�1) 

NMR.& 
ICDCI,I 

5.(1(1(-" 111.1IC =- C).·U16(hLllI.I1C -01, 
I. IX (". 311. ('11,). 11. sJ (s.JI LUI) 

S.hJ t'. HI. lie � C). 453 fhL1H.HC-O). 
1.231,.3H.CII ).1 171,.31I.ClI). 

(J.77 (�.311.("H ) 

"(13 (�, I H. He;= C). � .. 'i.s (1ll.!H.I-I( ·0). 
LUI', 311. CIII. 1.III IdH.CH). 

11.;0{0 (, __ ,I 1.('1 1 ) 

5. 72 ( ... ,111.11(" = C). 4.5:-; (I.] H.He-O). 
1.30 (".1H. C11 ). ().97 ( ... .1II.CH .1 

7.16 (Ill. �II. amm). S.7-1 ( ... 1 H.HC '= C). 
·L65(L III.IIC-O). 1.22 f ..... ,1 I.CI·I ). 
0.90 ( ...... q I.CIl.1 

5.75 ,'>. I H.IIC...:..; C). ·U)(l (I.III.IIC-ll) 
1.21 (-,. ,11. ell). II.X7 C..:JH.CIl) 

5.721 .. . 211. IIC - C).  4.65 (1.211.11("-11). 

1.23 ( .... hi!. ell ). iI.I)O (-,.(l!'I.C1 \.) 

5:-:1)(�. [II. 1[(':0.. C). 4.7.1II.II-I 11(·0). 
1.17 ( .... 311. ( II ).0.:-:3 ( ..... ,I- I.("H.,) 

:;. 771 .... 1I1.ItC-Cl.-Ih7U.III.1IC-()1. 
1 . .2() h. 311. ell 1. 1!.,'{3 ' .... 311.( 11.1 

).711 ( .... II' II( ...;; ('). ·Ul1'lII.IH.IIC-O). 
1.2U Is . . 111. ('11 1.IJ.K.1 I, .. 111.CH) 

5.62Is. lll.lIl' � C).�.6t1ILIH.HC-OI. 
1.20 (s. JII. ("/1). II.XOI .... JII.CII) 

5.6.1 (,. III.IIC � CIJSX ILIH.IIC-O). 
LIS (s . .1H. ("11,1. tI.XO b . .1 H.ell,l 

5.70 Is. 111.11(" � C).-I.6.1 ILIH.He-OI. 
1.19(s.31LClI ). ().X() (s.:H·LCH,l 

5.75 Is. III.IIC � (").<.(,7 (LIII.fIC-OI. 
1.2t1ls.111. CII).U.KS(s . .1H.ClI,l 

5.SU (s. III. Ill'" CI. -I.h(, ILII-Llle-O). 
1.20 (s . .111. (II). U.K.1 (s .. 1H.CII) 

5.761,. 111. 11(" � C).-I.hhILIII.He-O). 
1.171S .11 I. CI 1).tl.X2Is..1H.CH) 

5.761,.11-1. He � e,. -11>0 ILIH.He-O). 
1.20 (s . .1H .CH,l. UX11,..1H .CH.I 

5 80Is. III.IIC�el.�."6ILIH.H(-()) 
1.20 (s, 3H. CII).ILX.1 I,.31I.CH.1) 

5.73 (s.IH. HC" C). -1.(>11 ILIH.HC-O). 
1.18 Is . .111. CH I. tI.X2Is.JI-I.CH) 

5.76(s. IH. lle � C). -I.M ILIH.He-ol. 
1 20 (s . .111. CH.l. Iu.;5 ( .... :HLCH) 

5.76Is.llI. HC� el. -I.M ILIH.HC-O,. 
1.20 IS . .1H.CH). U.X5 1, . .1ll.eH.I 

5.76 (s. IH. HC � C). 4.66 (t.IH.He-O). 
1.20 (s. 3H. CH,). U.X; (s,3H.CH,) 

5.85 Is . IH. HC � C). 4.40 (LIH.HC-O,. 
1.20 (s . .1H. CH).ILS5 Is . .1�I.ClI.I 

5.73 h. III. IIC � (I. -Uti ILl H.IIC-OI. 
i.:W(, .. -;11. (', I.l. I).Xi (s .. 1H.CH ) 

5.X.1 (s. II I.IIC � C,. -I.7U ILIH.Hl'-OI. 
1.20 ( .. .. .  HI. lIC,). rut" (s.JH.CH) 

lchlorofonn-pct. ether), 15,16,19 and 25 (acetone), 

20.21.2:1 and 24 (acetonitrile). 
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u, UV of all compounds is methanol. except for 5,0 
and 7 (in acetonitrile). 
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TabJeJ. Continued 

No. C% 
Compound Calcd. Found 

77.5:\ 77.72 

2 77S-I 77.')') 

, 77.S-I 77 A". 

7 

S 

') 

III 

II 

12 

13 

14 

I) 

16 

17 

I� 

I') 

20 

� I 

25 

25 

:t 

77.S-I n.h.' 

7S.3'1 7S)S 

79.311 7').)S 

79.30 79.-IS 

7�, 1:\ 7:->.2:-> 

7X.3') 7X.Il) 

7X.h4 7SX' 

7S.h9 7X.S) 

7S.S7 7:->.99 

7lJ.09 79 .. ' I 

79.O'J 7lJ.2h 

71) . 30 79.14 

79.41) 79.hN 

79.49 79.71 

79.h7 79,S:i 

79.N3 79.hh 

,'iI.OO 79.S:' 

XO.IJIJ SO. IX 

A. Shafiee, et al 

H%. Molecular 
Calcd. Found formula 

N.')I) 9.12 C"H,p 

9.19 l) .. '7 C,H"O, 

').19 ').Ol C,H"O, 

lJ.I') ').35 

').::;'''. 9.7-1 

111.1.' J(l.() I 

10.13 1110:" 

'J.3� l).19 

9.:"5 lJ.75 

lJ.71 1)1)-1 

l).7 1 1).50 

Sl.Sh 9.h:1 

I (U)() I) Xl 

J(U)() IO.IN 

10. 1:\ I). I)'i 

IO.2() IO.O� 

IO.2h 10.-1-1 

J(U7 10. J'i 

10.19 I(U2 

11I.1)() II).I') 

J()OO 11l.1J-l. 

C.,II"O, 

c')LJ), 
C,,,H,.O, 

C,,,H,,.O, 

C"H".O, 

C,,,H,,O, 

C"H,,,O, 

C,.H,,,O, 

C"H"O, 

(',.,H"O, 
C,.,H"O, 

C,,,H ,,,0 , 

C)I,.,O, 

ClIH"O, 

C"H",C) 
C. 1 1,,,0, 

"H"O, 

C,II"O, 

loric acid ice solution and extracted with chloroform. 
The chloroform was washed with water, dried and 
filtered. The solvent was evaporated and the residue 
was purified by tIc (silica gel, chloroform/ethyl acetate 
90: 10) to give the desired compound. 

The physical data of the esters prepared are summa
rized in Table L 

The biological activities of these compounds will be 
reported in a separate paper by Bailey, et al. * 
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