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N-k1irstard urethanes of estrone and stilbestrol, as well as an  S -m~rs ta rd -p l~osp l~ora~~~ida te  
of stilbestrol, \\.ere synthesized. Only the estrone derivati\.e proved to be sliglltly active 
against an  adenocarcinoma. 

Efforts to influence the transport characteristics of nitrogen mustards resulted in the 
synthesis of a large number of compounds (I) ,  several ainong them bearing steroid 
carriers (2-6). AlIost of the steroids used were, however, pl~ysiologically inactive in them- 
selves, e.g. cholesteile, ergostatriene, and stigmastadiene. 30-[Bis-(0-chloroethy1)-amino- 
ethyl]-A5-cholestene (4) was reported to bc inactive; 3-cholesteryl-N-[4'-N-bis-(0-chloro- 
ethyl)-aminopl~e~lyl]-carbamate (5) and 3-cholesteryl-[4'-N-bis-(~-chloroethyl)-amii1o- 
phenyll-sulpl~onate (6) were found to be nontoxic, but possessed a slight activity only. 
Steroid l~or~nones were used as carriers by Burstein and Ringold (7) as well as by Rao and 
Price (8). 

We prepared a few N-mustard derivatives of estrone and diethylstilbestrol, hoping to 
be able to influence estrogen-dependent tilinors more selectively. 

3-Esteryl-bis-(P-cl~loroet11~~1)-carbanlate (I) was obtained from estroile and chloro- 
forinyl-bis-(p-chloroethyl) amine: 

0 0 S-NI I-CO-CI-12 
1 1  A~A I I C1': SO 

o-(?/p --, h h / l  
I p-4:J 

C=O C=O CI- 

Due to its water insolubility, it was diflicult to administer colnpouild I to experimental 
animals. Therefore a water-soluble but amorphous hydrazoile (11) with Girard's P reagent 
was also prepared. 

The sallle urethane-type lniistard (IV) (ci. ref. 0) was also synthesized from diethyl- 
stilbestrol, in the i~sual way. 

Siilbestrol-phosphate is reported (10) to have a beneficial effect on prostate tumors, 
because the high phosphatase activity of prostatic tissue liberates stilbestrol selectively 
from the ester. I t  seemed, therefore, interesting to see a N-mustard-pllospl~ate boulld to 
stilbestrol. I t  was expected that a double selectivity should result: first, the selective 

lI 'reset~t address: Dcpar t~ i l e r~ t  of Clre~ilistry,  L o ~ ~ o l a  College, A I o ~ ~ t r e a l  28, Qlle. 
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acculnulatioll of the compound in prostatic or mammary tissue, due to the carrier, and 
secondly, the preferential splitting of the  phosphate bond a t  the sites of high phosphatase 
activity. ;\/Ioreover, the "hidden" N-mustard group sl~oulcl be nontoxic a t  sites of low 
phosphatase activity, thus decreasing the general toxicity. 

T o  test this hypothesis, the diethylstilbesteryl-phospl~oramidic1ic cl~loride (V) was 
prepared, according to the method of Friedlilall and Seligman (11). Fronl this, we wished 
to prepare either the free phosphoric acid or an  amide. After lengthy esperimentation, i t  

was found that only the cyclohexyl amide (VI) could be obtained as  a crystalline solid. 
The  free acid and alllides with aniline, piperidine, or morpholine were oily. 

Pharmacological Res~dts  
Screened on mammary adellocarci~loma BN/10232, the estrone urethane (I)  showed a 

30y0 inhibition a t  a dosage level of 5 mg per day  per mouse for 14 days, with a 15yo 
mortality. Interestingly, the allalogous stilbestroi derivative (IV) proved inactive a t  the 
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same dosage level, with a 5y0 mortality. Tested under similar circumstances, the stil- 
bestrol-phosphoran~idate (VI) was inactive too. 

9-Esteryl-bis-(~-cltlo,.oetl~yl)-car6a~ate ( I )  
Ten grams of estrone (USP grade) ancl 7.8 g chloroforniyl-bis-(8-chloroethyl)amine in 37 ml pyridine 

solution stood for 4 days a t  room temperature. \\'hen the solution \vas poured into ice water a solid crystal- 
lized out. The precipitate was filtered off, washed with water and methanol, and recrystalli~ed from 250 ml 
isopropanol, yielding 10.02 g (52.4y0) of colorless crystals, 1n.p. 143-1-15'. [o r ]~?~+109 .5~  (c 2, chloroform). 
Anal. Calc. for C ? . I H ? ~ C I ~ S O ~ :  C, 63.01; 11, 6.67; 3, 3.20. Found: C, 63.2; H ,  6.9; i\j, 3.3. 

I3~ldrasone with Girard's P Rengeitt ( I I )  
Compound I (0.4-1 g) and Girard's P reagent (0.19 g) mere reflilxecl in a mixture of 10 ml ethanol and 1 rnl 

acetic acid, for 1 hour. On evaporation, the solution left a colorless water-soluble syrup which solidified to 
an amorphous precipitate when it \vas triturated with diisopropyl ether. In a fe\v nionths it t~lrliecl brown. 
Anal. Calc. for C30H37C13N403: Cl, 17.5. FOLIIIC~: C1, 17.1. 

Dietltylstil6esteryI bis-[di-(~-clzloroetltyl)]-ca~Oan7ate ( I  V )  
The solution of 3.14 g diethylstilbestrol (111) and 4.28 g (3.12 1111) of chloroforniyl-bis-(8-chloroethy1)- 

anline in 10 ml dry pyridine stood a t  room temperature for 4 days. The solution was clecantecl from the 
precipitatecl pyridine hydrochloride, evaporated under reduced pressure, and the semisolid mass freed from 
the last traces of pyridine by azeotropic distillation with toluene. Recrystallized from methanol, it yielded 
2.94 g (48.8y0) colorless crystals, 111.p. 139-140'. Anal. Calc. for C?SH~.~CI.I.'\'?O.~: C, 55.65; H ,  5.67; X, 4.67. 
Foimd: C ,  55.5; H, 5.9; N, 4.7. 

Dietl~~lstilbeste,yl bis-[di-(~-cltloroctlt~~l)-p1tos~lto~~iidi clzloride] ( V )  
Diethylstilbestrol (1.57 g),  bis-(8-chloroethy1)-phosphoraniidic dichloride (2.60 g) ,  and triethylamine 

(1.4 ml) were rellt~sed and stirred in 25 ml dry benzene for 13 hours. After the reaction mixture \\.as chilled, 
the separated triethylamine hydrochloride was filtered off (!)5.G5; of the theoretical amount),  and the 
benzene solution evaporated. The  resulting colorless syrup (3.07 g, 86.1%) was used for further esperinients. 
Anal. Calc. for C2GE13.,Cl~N20.~I'~: N, 3.93. Found: N, 3.78. 

Dietltylst.il6esteryl bis-[iV-di-(~-cltloroetlt~~l)-N'-cyrloltexyl-ltos1toodat-idtte] ( V I )  
'I'he pliospliora~nidic chloride (V) prepared from 7.6 g dictliylstill~estrol was refluxecl and stirred with 

11.0 ml cyclohesylamine in 150 1111 dry toluene for 4 hours, until neutral. The  separated cyclohesylamine 
hydrochloride was filtered of1 from the hot reaction mixture. On cooling, the solution deposited 9.85 g of 
colorless crystals, which was recrystallized from 135 ml isopropanol, yielcling 7.87 g (38.69;) of compound 
VI, melting a t  206-208'. Anal. Calc. for CasHssCl.iS.1O.;P?: C, 54.16; I-I, 6.94; Cl, 16.38; S ,  6.65. Found: C, 
54.3; H ,  7.0; CI, 16.2; X ,  6.7. 
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