
This is somewhat surprising in view of the recent 
reporta that the reaction of 3,4-epoxy-3-methyl-l- 
butene with methylamine gave a mixture of the 
primary (V) and secondary (VI) addition products 
in the ratio of 10 to 1. The addition of ethylen- 
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iniiiie to 1 ,Zepoxybu tane followed by distillation 
of the product, gave a 50% yield of a material 
which was 98% pure as shown by vapor phase 
chromatography and which is presumed to be 
p-( 1-aziridiny1)-a-ethylethanol (111). Similarily, 2,3- 
epoxybutaiie gave a 45% yield of p-(l-aziridinyl)- 
a,@-dimethylethanol (IV) which was 93% pure 
according to vapor phase chromatography. 

EXPERIMENTAL' 

S,4-Epoxy-S-methyl-l-hutene. To a vigorously stirred Bus- 
pension of 67.3 g. (0.99 mole) of isoprene in 250 ml. of water 
was added 176.1 g. (0.99 mole) of N-bromosuccinimide a t  a 
rate which kept the temperature between 18-25'. After the 
addition (about 0.5 hr.)  was complete, the mixture was 
stirred a t  18-25' for 2-3 hr. by which time all of the A'- 
bromosuccinimide was in solution and the solution gave a 
negative test with potassium iodide paper. 

The organic layer was extracted with three YO-ml. por- 
tions of diethyl ether. The combined ether layers were 
dried over magnesium sulfate, then evaporated to dryness 
In  vacuo to yield 151 g. of the crude bromohydrin of isoprene. 

The isoprene bromohydrin was added over 20-30 min. 
to 270 g. of 30Tc aqueous sodium hydroxide which had been 
cooled to 10-15" in an ice bath. After the addition was com- 
plete, the reaction was stirred a t  about 10" for 2 hr., then 
the organic phase was separated from the aqueous layer, 
The aqueous layer was washed with 50 ml. of ether. The 
ether layer and organic layer were combined, dried over 
magnesium sulfate, then distilled through a small I'iqreux 
column to yield 33.7 g. (41y0) of 3,4epoxy-3-methyl-l-b~- 
tene, b.p. 78-82', n'," 1.4139, which was 91% pure as shown 
by vapor phase chromatography;B 6 07 (C=C), 
7.20 (CH,), 10.08, 10 85 (-CH=CHz), 11.25, 12.75 (epox- 
ide). 

Pummcrer and ReinddQ prepared this coinpound in 30- 
407, yield by the reaction of isoprene with perbenzoic acid. 
They reported b.p. 81" (735 mm.) and n'," 1.4179. PetrovlO 
reported b.p. 78.5-79" and nzz 1.4142 for 3,kpoxy-3- 
methyl-1-butene prepared using X-bromoacetamide, then 
80% potassium hydroxide. 

a-( l-gziridinyl)-a-rnefh~~l-cu-~in~~~~hanol (11). To a mix- 
ture of 10.0 g. (0.12 mole) of 3,4-epoxy-3-methyl-l-butene 
in 5 ml. of water was added dropwise with stirring 10.2 g. 
(0.24 mole) of ethylenimine dissolved in 5 ml. of vater. 
The temperature was kept a t  15-20' during the addition 
of the ethylenimine and for 3 hr. after the addition was 
complete. The reaction was left a t  room temperature for 16 
hr. then evaporated to dryness in vacuo. The residue was 

(6) V. M. iil'bitskaia and A. A. Petrov, J .  Gen. Chem., 

(7) Boiling points are ancorrected. 
(8) LAC column, 70". 
(9) R. Pummerer and W. Reindel, Ber., 66, 335 (1933). 
(10) A. A. Petrov, J. Gen. Chem., 13, 481 (1943). 

28,873 (1959), English translation. 

distilled to give 10.6 g. (70%) of I1 b.p. 40-50" (0.1 mm.), 
n*< 1.4672; At:(,,,,,, 2.95 (OH), 3.55 (aairidine CH), 6.07 
(C=C). The vapor phase chromatogram11 showed no de- 
tectable impurities. 

Anal. Calcd. for C7HI8S0: C, 66.1; H, 10.3; S, 11.0. 
Found: C, 66.0; H, 10.5; N, 11.2. 

By the same procedure 8-(I-aziridinyl)-cu-ethUlethanoZ (111) 
was prepared from 10.0 g. of 1,2-epoxyb~tane1~ and ethylen- 
imine; yield 8.0 g. (50'%), b.p. 32-36' (0.1 mm.) ,ny 1.4499; 

98% pure according to vapor phase chromatography.11 
Anal. Calcd. for CeH,rNO: C, 62.6; H, 11.1; S, 12.2. 

Found: C, 62.4; H, 11.4; 9, 12.0. 
@-( 2-dziridin?/l)-Lv,B-dimethylefhanol (IV). A mixture of 

10.0 g. (0.14 mole) of 2,:~-kpox,vbiitane,12 12.0 g. (0.28 mole) 
of ethylenimine and 5 ml. of yater was prepared as de- 
scribed in the preparation of @-( l-aziridiny1)-n-methyl-a- 
vinylet,hanol (11), then left for 72 hr. a t  room temperature. 
Distillation of the reaction mixture as described for I1 gave 
7.15 g. (150J0) of product (IV), h.p. 54-58' (3  mm.), nz," 
1.4515; A:& 2.97 (OH), 3.35-3.50 (aairidine CH). The 
vapor phase chromatogram showed that the distillate u-as 
93% pure. 

Anal. Calcd. for CaHlsSO: C, 62.6; H, 11.4; S, 12.2. 
Foiind: C, 62.2; H, 11.6; T'J, 12.2. 

-4 reaction time of 16 hr. gave only 5-1070 yield. 

Ackn,owledgment. The authors wish to thank 
Dr. Peter Lim for interpretation of the infrared 
spectra. 

A,..,,, 61, 2.97 (OH), 3.55 (aziridine CH). The product was 
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3a-Hydroxy-19-nor-5a-androstan-17-one and 
19-Nor-5a-androstane-3a-17/3-dio11~z 

These compounds were prepared for the purpose 
of identifying metabolites of 19-nortestosterone.3s4 
3/3-Hydroxy-19-nor-5a-androstan-l7-one was con- 
verted to the 30-p-toluenesulfonate. The tosylate 
was treated with potassium acetate in dimethyl- 
formamide and the resulting 3a-acetoxy-19-nor- 
5a-androstan-17-one hydrolyzed in methanolic 
sodium hydroxide to  3a-hydrnxy-19-nor-5a-andro- 
stan-17-one. Redurtion of ~c~-hytl1~nxy-19-nor-5a- 
androstan-17-one with sodium borohydride yielded 
19-nor-5a-androstane-3 CY, 1 70-diol. 
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EXPERIMENTAL' 

Sp-Hydroxy-19-nor-5a- androstane- i'i+-o?&?- p - toluenesulfo- 
nate (I). A 17-mg. sample of 3p-hydroxy-19-nor-5a-andro- 
stan-17-one (m.p. 177-179°)6 was dissolved in 2.0 ml. dry 
pyridine containing 500 mg. of freshly recrystallized p-  
toluenesulfonyl chloride.7 The solution was allowed to stand 
a t  room temperature for 24 hr. About 15 ml. of ice water was 
added and the resulting suspension extracted with cold 
chloroform. The chloroform phase was washed with cold 
0.2,V hydrochloric acid, cold 5% aqueous sodium bicarbon- 
ate and cold water till neutral, dried over sodium sulfate, 
and evaporated under reduced pressure to dryness. A 28.2- 
mg. sample of Rolid resulted (I); XE: 5.78 (cyclopentyl 
C=O), 6.25 (phenyl C=C) 7.4, 8.5, and 14.95 p; no hy- 
droxyl absorption wan present. A similar spectrum was ob- 
tained with the tosylate of epiandrosterone. 
Sa-Hydroxy-19-nor-6a-androstan-l7-one (11) f r o m  (I). 

The crude tosylate ( I )  was dissolved in 4.0 ml. of dimethyl- 
formamide containing 180 mg. of potassium acetate in 0.5 
ml. of wat.er. The resulting solution was refluxed for 3 hr., 
allowed to stand overnight, and refluxed for an additional 
hour. Twenty milliliters of water was added to the pre- 
cooled solution and the resulting suspension extracted with 
ether. The ether phase was washed with water, dried over 
sodium sulfate, and evaporated to dryness under reduced 
pressure. The resulting brown oil was extracted with petro- 
leum ether (t1.p. 30-60") and the estract evaporated to di,y 
ness. A light yellow oil resulted (14.2 mg.); A:: 5 . i 5  
(cyclopentyl ketone), 6.05 (C=C), 8.05 p (acetate) and no 
hydroxyl present. The complex band a t  8.05 p similar to that 
of androsterone acetate indicated the presence of an axial 
acetate (3a,ja).8 The crude oil was dissolved in 4.0 ml. 
methanol containing 55 mg. of potassium carbonate dis- 
solved in 1.0 ml. of water and the mixture reflused for 2 
hr. Water wan added to form a suspension which was ex- 
tracted with about 100 ml. of ether, the ether phase was 
washed with w-at,er, dried over sodium sulfat,e, and evapo- 
rated to dryness under reduced pressure. The colorless oil 
obtained (8.5 mg.) was chromatographed on a silica gel 
column and eluted with benzene and benzene-ethyl acetate 
mixtures. The 2.7-mg. sample of white amorphous ma- 
terial which \vas eluted with benzene gave 110 significant 
ultraviolet absorption in the region of 220-360 nip; A,",!: 
5.75 (cyclopentyl ketone), Gp (isolated double bond), and no 
hydroxyl or acetate absorptions. Based on the infrared 
spectra and on reaction? carried out under similar conditions 
with epiandrosterones and allopregnane-3a-ol,11,20-dione7 
which yielded the corresponding A*-elimination products, 
the compound is tentatively assigned the structure of A2-19- 
norandrostan-17-one (m.p. 115-121'). Elution with hen- 
gene-ethyl acetate 9: 1 and 6: 1 resulted in 3.7 mg. of white 
amorphous material which upon crystallization from are- 
tone-hexane yielded (11) colorless needles with the double 
melt 148O, 164.5-167"; [a]:,' $110, (c ,  0.765 in chloro- 
form); 2.75 (OH), 5.75 (cyclopentyl C=O), 9.0, 9.35, 
9.49, 9.65, 9.81, 10 p (axial OH).* 

1 ~ - . r o r - 5 a - a n d r o s t a n e - ~ ~ , 1 7 p - ~ i o /  (111) f r o m  (11). A 2.1- 
mg. sample of I1 was t h o l v e d  in 1.0 ml. of methanol con- 
taining 15 nig. of sodium borohydride. The solution was 
stirred overnight, n-ater  as added, and the resulting sus- 
pension extracted with ether. The ether extract was washed 
with nat,er, dried over sodium sulfate, and evaporated to 
dryness. Chromatography on silica gel yielded 1.3 mg. of 
white amorphous material (111). Crystallization from ace- 
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tone-hexane produced colorless needles, m.p. 191-193': 
[a]:" + 23.7 (c ,  0.34 in chloroform); 2.90 (bonded 
OH), and 9.15, 9.40, 9.55, 9.90, 10.00 p (axial OH).8 Oxida- 
tion of the diol with c-hrornic acid in acetic acid produced a 
dione (Xi:; 5 80, 5.Si p )  identical to ail osidation product 
of lt)-noi-5a-androstane-3p, 170 diol and to an authentic 
sample of 5a-l~-iiorandrostane-B,17-dioiie.l0~'~ 
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Acylation of Sa-fluoro-1 lp,l'icu-dihydroxy-(joc- 
methyl-1,4-pregnadiene-3,20-dione (I) lv2 with acc- 
tic anhydride-p-toluenesulfonic acid3 afforded 17a- 
acetoxy-9a- fluoro - 116 - hydroxy - 6a - methyl - 1,4- 
pregnadiene-3,20-dione (11) in 45% yield. The 11- 
keto analog I11 was obtained by the chromic acid 
oxidation of 11. 

Endocrine assays of these compounds are sum- 
marized in Table I. 

T.IBLE I 
CORTICOID A X D  PROGESTATIOS 41. . A . S S , ~ T ~  ot' 

COMPOUNDS I, 11, A X D  111 

Anti- 
Inflammatory 

Activity Glycogeri I'roges- 
(S Hydro- Deposition tational 

Com- cortisone) (S Hydro- ( X  Progrs- 
pound Rats cortisone) t erone) 

I 1314 264 60 
I1 1706 7 6  60-805 

111 40 

Conipound I1 is the only steroid tlescrilwd :L.S 

effectively inhibiting both the C-3-E3 maninnary 
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