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3,20-dione 21-Acetate (V).—A solution of V (200 mg.) in 
acetone (20 ml.), under a carbon dioxide atmosphere, was 
treated with chromous chloride solution18 (5 ml.). After 10 
minutes the solution was poured into water, and the mixture 
was extracted with methylene chloride. Evaporation of the 
dried (MgSOO extract and crystallization of the resulting 
solid from acetone-hexane gave I (90 mg., 56%), m.p. 209-
217°, [a]D +62°; infrared spectrum identical with that of 
authentic I. 

9a-Bromo-l 1/S-fluoro-l ,4-androstadiene-3,17-dione (VIII). 
—To a stirred solution of l,4,9(ll)-androstatriene-3,17-
dione (1.0 g.) in diethylacetic acid (50 ml.), contained in a 
polyethylene bottle, was added a solution of hydrogen fluo­
ride in chloroform-tetrahydrofuran (5 ml., 270 mg. of hydro­
gen fluoride per ml. of solution), and then the N-bromo-
acetamide (538 mg.). Stirring was continued for 17 hours, 
and the solution then was poured into 10% aqueous sodium 
carbonate solution (500 ml.). The mixture was extracted 
with methylene chloride, and the extracts were washed with 
water, dried (MgSOO and evaporated in vacuo to give the 
crude product (1.21 g., 90%). Crystallization from ace­
tone-hexane gave pure VIII (550 mg., 41%), m.p. 194-

The interesting biological properties manifested 
by C-9 fluorinated derivatives of hydrocortisone1 

and prednisolone2 include considerably enhanced 
anti-inflammatory activity and concomitantly in­
creased salt retention (by comparison with the 
non-fluorinated pa tent compound, in each case). 
Substantial efforts have been made recently to re­
tain the anti-inflammatory activity of these 9a-
fluorinated compounds while diminishing the un­
desirable salt retention by appropriate modi­
fications3 - 6 elsewhere in the molecule. 

Until now, 9a-halogenated corticosteroids have 
been prepared by conversion of the appropriate 
A9(11)-compound to the 9a-bromo-ll/3-ol, using 
hypobromous acid, followed by closure with base 
to the 9/3,11/3-oxide, which then was transformed 
to the 9a-chloro- and 9a-fIuoro-ll/3-alcohol by 
t rea tment with hydrogen chloride and hydrogen 
fluoride, respectively.1 '2 

The corresponding 11/3-acyl compounds have not 
been described hitherto, since the sterically hindered 
11/3-hydroxyl function can be acylated only by 
procedures which simultaneously esterify the C-
17a-hydroxyl group.8 
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(6) The conversion of 9a-halo-l,4-pregnadiene-ll/9,17a,21-triol-
3,20-dione 21-acetates to the corresponding 9a-halo-lljS,17a,21-
triacetates, using ^-toluenesulfonic acid in acetic acid-acetic an-

196° dec, [«]D +118°, X ^ H 239 mp (14,000); X™"1 5.74, 
6.02, 6.15, 6.22/i. 

Anal. Calcd. for C18H22O2BrF: C, 59.84; H, 5.82; 
Br, 20.96; F, 4.98. Found: C, 60.00; H, 5.94; Br, 20.92; 
F, 4.32. 

1,4,9(ll)-Androstatriene-3,17-dione (IX) from 9a-Bromo-
ll/3-fluoro-l,4-androstadiene-3,17-dione (VIII).—To a solu­
tion of VIII (100 mg.) in acetone (5 ml.), under carbon di­
oxide, was added chromous chloride solution18 (5 ml.). 
After 5 minutes the reaction mixture was poured into water, 
and extracted with methylene chloride. The crude product 
was crystallized from acetone-hexane, yielding IX (25 mg., 
42%), m.p. 163-166°, infrared spectrum identical with the 
spectrum of authentic IX. 
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We therefore sought a method for the prepa­
ration of such esters, which we believed might 
provide interesting biological da ta while also 
furnishing a 9,11-halohydrin system protected for 
further manipulations (for example oxidations). 
Also, in view of the ready closure of /ra«5-halohy-
drins to the oxides under basic conditions,7 we felt 
such protection using, perhaps, an 11/3-acetate 
group, might prove of value. The literature de­
scribes several examples8 - 1 0 of the addition of the 
elements of acetyl hypohalite to double bonds to 
yield halo acetates, and this approach indeed proved 
fruitful. 

Thus, when 1,4,9(1 l)-pregnatriene-17a,21-diol-
3,20-dione 21-acetate2 (I) was treated, in glacial 
acetic acid containing lithium acetate, with N-
bromoacetamide, stereospecific conversion (74% 
yield of pure material) to 9a-bromo-l,4-pregna-
diene-ll/3,17a,21-triol-3,20-dione 11/3,21-diacetate 
(II) occurred. 

T h a t I I had resulted from the addition of the 
elements of acetyl hypobromite to the triene I was 
apparent from elemental analysis. The probabil­
ity tha t this addition had taken place a t the 9(11)-
double bond was strengthened by the ultraviolet 
(Amax. 240 m,u ,« 15,000) and infrared spectra (pres-

hydride mixtures, at room temperature, has been successfully accom­
plished by Mr. E. L. Shapiro and Dr. D. H. Gould of these laboratories. 

(7) See for example P. D. Bartlett, T H I S JOURNAL, 87, 224 (1935) 
(8) H. J. Backer and J. S. Strating, Rec. Irav. chim., 53, 525 

(1934). 
(9) W. Bockemuller and F. W. Hoffman, Ann., 519, 165 (1935). 
(10) See especially G. H. Alt and D. H. R. Barton (J. Chem. Soc, 

4284 (1954)) who observed the formation of 3a-chloro-20-acetoxycho-
lestane, as well as the two lrans-2,3-dichlorocholestanes, when cholest-
2-ene was treated with chlorine in a carbon tetrachloride-acetic acid 
mixture. 
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A series of hitherto undescribed 11/3-esters of 9a-bromo- and 9a-chloro-l,4-pregnadiene-ll/3,17a,21-triol-3,20-dione 21-
acetates has been prepared by direct addition of the elements of acyl hypohalite to 1,4,9(1 l)-pregnatriene-17a,21-diol-3,20-
dione 21-acetate (I). A new method for converting I to the corresponding 9/3,11/3-oxide is described. 
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ence of intact l,4-dien-3-one system and cortical 
side chain) of I I . 

If the reaction is accepted as proceeding through 
ionic species, analogy with the addition of hypo-
bromous acid to the 9(11)-double bond1 1 would 
lead to the prediction tha t I I is a 9a-bromo-ll/3-
acetate (formed by at tack of B r 0 on the 9(11)-
double bond to give the intermediate 9,11-a-
bromonium ion which on /3-face at tack by acetate 
ion opens diaxially). 

Proof tha t our formulation of I I was indeed 
correct came from the conversion of I I to authen­
tic 9a-bromo-l,4-pregnadiene-ll/3,17a,21-triol-3,20-
dione-ll/3,17a,21-triacetate12 (Ha) on acetylation 
with a ^-toluenesulfonic acid-acetic acid-acetic 
anhydride mixture a t room temperature. Ident i ty 
was confirmed by melting point, mixed melting 
point, comparison of infrared spectra and paper 
chromatography. 

Similarly we were able to prepare 9a-chloro-l,4-
pregnadiene-ll/3,17a,21-triol-3,20-dione-ll/3,21-di-
acetate (III) by the action of N-chlorosuccinimide, 
in acetic acid containing lithium acetate, on the 
triene I. 

Extension of this reaction, substituting formic 
acid and sodium formate for acetic acid and lithium 
acetate, furnished, in good yields, 9a-bromo-l ,4-
pregnadiene-l l /3 ,17a,21-tr iol-3,20-dione-l l |8-for-
mate 21-acetate (IV) and the corresponding 9a-
chloro compound V. Similarly, using trifluoro-
acetic acid, 9a-bromo-l,4-pregnadiene-ll/3,17a,21-
triol-3,20-dione-ll/3-trifluoroacetate 21-acetate (VI) 
was obtained. 

The structural assignments are based on elemen­
tal analyses, ultraviolet and infrared spectra, and 
analogy with the formation of the 9a-bromo-ll/3-
acetate I I . 

We also observed (interestingly, in view of the 
size of the diethylacetate group and the hindered 
nature of the 11/3-position) tha t the action of N-
bromoacetamide, in diethylacetic acid containing 
/>-toluenesulfonic acid, on the l ,4 ,9( l l ) - t r iene I 
furnished a bromine-containing compound, the 
infrared spectrum and analysis of which strongly 
suggested the 9a-bromo-ll/3-diethylacetate VI I . 
This supposition received strong support when 
hydrolysis a t C-21, using perchloric acid in metha­
nol11 at room temperature, yielded the correspond­
ing 21-alcohol V i l l a which gave a strong positive 
tetrazolium reaction, and showed infrared bands 
(o.78 and 8.88 /u) clearly at t r ibutable only to the 
diethylacetate group. Elemental analysis again 
supported the 9a-bromo-ll/3-diethylacetate struc­
ture V i l a . 

Acetylation of the 21-alcohol V i l a in pyr idine-
acetic anhydride a t room temperature proceeded 
smoothly to give the original 21-acetate VI I . 
(Identi ty was confirmed by melting point, mixed 
melting point, infrared spectrum and paper chroma­
tography.) At tempts to hydrolyze the 11/3-ester 
grouping to furnish the known 9a-bromo-l ,4-
pregnadiene-n/3,17a,21-triol-3,20-dione2 were un­
successful, bu t the evidence cited above, while 

(11) J. Fried and E. F. Sabo, T H I S JOURNAL, 79, 1130 (1957). 
(12) The triacetate Ha was prepared from the known 9a-bromo-l,4-

pregnadiene-ll/3,17a,21-triol-3,20-dione (ref. 2) by Mr. E. L. Shapiro 
and Dr. D. H. Gould of these laboratories (see ref. 6). 

not conclusive, strongly supports our formulations 
of VI I and V i l a . 

We next turned our at tention to the action of 
base on the 9a-bromo-ll/3-formate IV and the 
9a-bromo-ll/3-trifluoroacetate VI . Since 11/3-for-
mates 1 3 - 1 5 and 11/3-trifluoroacetates13 are known to 
hydrolyze under fairly mild conditions, it was 
anticipated tha t conversion of IV and VI directly 
to the 9/3,11/3-oxide VI I I should be possible under 
conditions congenial to the cortical side chain. 
A new alternative route to 9a-chloro- and 9a-
fluoro-ll/3-hydroxy corticoids would then be avail­
able. 

Indeed, t rea tment of 9a-bromo-l,4-pregnadiene-
ll/3,17a,21-triol-3,20-dione 11/3-formate 21-acetate 
(IV) with aqueous sodium hydroxide in methanol 
at room temperature, with later re-acetylation 
at C-21, gave the known2 9/3,ll/3-oxido-l,4-preg-
nadiene-17a,21-diol-3,20-dione 21-acetate (VIII) . 

Similarly the 9a-bromo-ll/3-trifluoroacetate VI, 
after subjection to refluxing ethanolic potassium 
acetate for 17 hours and re-acetylation a t C-21, 
gave the 9/3,11/3-oxido compound VII I in good 
yield. 

TABLE I 

MOLECULAR ROTATIONS AND ULTRAVIOLET ABSORPTION 

MAXIMA OF 9ffi-HALO-ll/3-ACYiox\'-DERIVATIVES OF 1,4-

PREGNADIENE-17a,21-DIOI-3,20-DIONE 21-AcETATE 
-Substituent-

9a 11/3 

Br HCOO-
Br CH2COO-
Br CF2COO-
Br (C2Hs)2CHCOO-
Cl HCOO-
Cl CH3COO-

[M]D, 
dioxane 
+ 794° 
+ 832 
+ 814 
+ 847 
+ 753 
+ 781 

, O y ^ 

MeOH 
\max, m/i 

239 
240 
240 
240 
237 
236 

pOR2 

=0 

k-ORi 

X Ri R j 

II , Br H Ac Ac 
Ha, Br Ac Ac Ac 

VIII 

III , Cl H 
IV, Br H 
V, Cl H 

VI, Br H 
VII, Br H 

Ac Ac 
Ac HCO 
Ac HCO 
Ac CF3CO 
Ac (C2Hs)2CHCO 

Vila , Br H H (C2Hs)2CHCO 

Experimental16 

9a-Bromo-l,4-pregnadiene-ll/3,17«,21-triol-3,20-dione 
11/3,21-Diacetate (II).—To a solution of 1,4,9(1 l)-pregna-
triene-17a,21-diol-3,20-dione 21-acetate (I , 1.0 g.) in glacial 

(13) A. Lardon and T. Reiehstein, HeIv. Chim. Ada, 37, 443 (1954). 
(14) E. P. Oliveto, C. Gerold and E. B. Hershberg, Arch. Biochem. 

Biopkys., 49, 244 (1954). 
(15) E. P. Oliveto, C. Gerold, R. Rausser and E. B. Hershberg, 

T H I S JOURNAL, 77, 3564 (1955). 
(16) Melting points were obtained on the Kofier block. Rotations 

were measured at 25° in dioxane solution, unless otherwise stated, at 
about 1% concentration. We are indebted to the Physical Chemistry 
Department, Schering Corp., for measurement of ultraviolet and infra-
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acetic acid (40 ml.) containing lithium acetate (4 g.) was 
added N-bromoacetamide (395 mg.), and the mixture was 
stirred at room temperature for 3 hours. The reaction 
mixture was then poured into water (400 ml.) . Filtration, 
followed by water washing and drying of the residue, 
yielded the crude product (1.3 g., 95%). Crystallization 
from acetone-hexane furnished pure 9a-bromoprednisolone 
11/3,21-diacetate ( I I , 1.0 g.), m.p . 208-210° d e c , [O]D 
+ 159°, XJJ,%0H 240 mM (14,000); X^i0' 2.98, 5.72, 5.76, 
5.80, 6.03, 6.18, 6.28 and 8.15 ». 

Anal. Calcd. for C25H31O7Br (523.41): C, 57.36; H, 
5.97; Br, 15.27. Found: C, 57.38; H, 6.03; Br, 15.96. 

9a-Bromo-l,4-pregnadiene-l 1/3,17a,21-triol-3,20-dione 
11/3,17a,21-Triacetate (Ha).—To a stirred suspension of 
the foregoing diacetate ( I I , 500 mg.) in glacial acetic acid 
(10 ml.) and acetic anhydride (10 ml.) was added ^-toluene-
sulfonic acid monohydrate (100 mg.), at room temperature. 
Stirring was continued for 48 hours at room temperature, 
and the reaction mixture then was poured into cold water 
(200 ml.) , stirred for 1 hour and filtered. The residue was 
washed with water, and dried, resulting in 490 mg. (90%) 
of crude product. Crystallization from acetone-hexane 
furnished 9a-bromoprednisolone-ll/3,17a,21-triaeetate (Ha) , 
m.p. 197-204° dec. (m.p. undepressed on admixture with 
an authentic specimen11 of Ha prepared from 9abromo-
prednisolone 21-acetate by the above procedure which had 
m.p. 197-205° d e c , [a]D + 9 9 ° , XS,OH 241 mM (14,300)); 
XSr1 5.72, 5.77, 6.03, 6.16, 6.23 and 8.15 M, identical with 
t.ie Nujol spectrum of authentic H a . 

Anal. Calcd. for C27H33O8Br: C, 57.34; H, 5.88; Br, 
14.13. Found: C, 56.91; H, 5.79; Br, 14.40. 

9a-Chloro-l,4-pregnadiene-l 1/3,17a,21-triol-3,20-dione 
110,21-Diacetate (III).16*—To a stirred solution of 1,4,9(11)-
pregnatriene-17a,21-diol-3,20-dione 21-acetate (I , 1.0 g.) 
in glacial acetic acid (40 ml.) containing lithium acetate (4 
g.) was added N-chlorosuccinimide (1.1 equiv.) and hydro­
gen chloride (104 mg.) dissolved in tetrahydrofuran (2.5 
ml. ) . Stirring was continued at room temperature for 2 
hours, and the reaction mixture then was poured into water 
(400 ml.) and filtered. The residue, after washing with 
water and drying, weighed 1.05 g. (85%). Crystallization 
from acetone-hexane afforded 9ar-chloroprednisolone 11/3,-
21-diacetate ( I I I ) , m.p. 278-281° d e c , [a]D +163° , X ^ H 

236 mM (15,600); X£r' 2.98, 5.75, 5.81, 6.02, 6.18 and 
8.12 M-

Anal. Calcd. for C26H3iO,Cl (478.95): C, 62.69; H, 
6.52; Cl, 7.40. Found: C, 62.66; H, 6.60; Cl, 7.01. 

9a-Bromo-l ,4-pregnadiene-l 1 /3,17a,21 -triol-3,20-dione 
11/3-Formate 21-Acetate (IV).—To a stirred solution of 1,4,-
9(ll)-pregnatriene-17a,21-diol-3,20-dione 21-acetate ( I , 1.0 
g.) in formic acid (40 ml., 98-100%) containing sodium 
formate (4 g.) was added N-bromoacetamide (395 mg.) . 
Stirring was continued for 3 hours; the reaction mixture 
then was poured into water (400 ml.), filtered, and the resi­
due washed with water and dried (1.26 g., 95%) . Crys­
tallization from acetone-hexane yielded the 11/3-formate 
IV, m.p. 210-213° d e c , [a]D +156° , X£?.e?H 239 mM (13,800); 
XSio1 2.95, 3.02, 5.75, 5.82, 6.04, 6.18, 6.24, 8.10, 8.64, 
8.80 M-

Anal. Calcd. for C21H29O7Br (509.39): C, 56.58; H, 
5.73; Br, 15.69. Found: C, 56.27; H, 5.68; Br, 14.12. 

9a-Chloro-l,4-pregnadiene-l 1/3,17a,21-triol-3,20-dione 
11/3-Formate 21-Acetate (V).—To a stirred solution of 1,4,9-
(ll)-pregnatriene-17a,21-diol-3,20-dione 21-acetate ( I , 1.0 
g.) in formic acid (40 ml. , 98-100%) containing sodium 
formate (4 g.) was added JV-chlorosuccinimide (1.1 equiv.), 
followed immediately by N hydrochloric acid (2.7 ml.) . 
Stirring was continued for 3 hours, at room temperature, 
and the reaction mixture now was poured into water (400 
ml.) . Filtration and then water washing and drying of 
the residue gave solid (1.14 g., 95%). Crystallization from 
acetone-hexane gave the 11/3-formate V, m.p . 258-262° d e c , 

red spectra and rotations. Microanalyses were performed by Mr. 
Conner (Microanalytical Laboratory, Schering Corp.), Schwarzkopf 
Microanalytical Laboratory, Woodside, L. I., and Galbraith Labora­
tories, Knoxville, Tenn. 

(16a) After this paper was submitted, the preparation of the 1,2-di-
hydro analogs of III and V by somewhat different technique, and the 
conversion of 1,2-dihydro V to the 90,11/3-oxido derivative, were de­
scribed by Dr. S. K. Figdor at the American Chemical Society Meet­
ing, Chicago, 111., Sept. 11, 1958. 

[afo +162° , \%£s 237 mM (14,500); X™°> 2.86, 3.02, 3.12, 
5.75, 5.82, 6.04, 6.18, 6.22, 8.10, 8.64 and 8.8 /i. 

Anal. Calcd. for C24H29O7Cl (464.93): C, 61.99; H, 
6.28; Cl, 7.64. Found: C, 61.64; H, 6.58; Cl, 7.36. 

9a-Bromo-l,4-pregnadiene-l 10,17a,21-triol-3,20-dione 
110-Trifluoroacetate 21-Acetate (VI).—To a stirred solution 
of l,4,9(ll)-pregnatriene-17a,21-diol-3,20-dione 21-acetate 
( I , 1.0 g.) in tetrahydrofuran (20 ml.) and trifluoroacetic 
acid (20 ml.) was added N-bromoacetamide (400 mg.), the 
temperature being maintained at about 25° by cooling. 
Stirring at room temperature was continued for 3 hours, 
and the reaction mixture was then poured into watei (400 
ml.) and filtered. The residue was washed with water, 
dried (1.05 g.) and crystallized from acetone-hexane, giving 
the trifluoroacetate VI, m.p. 205-210° d e c , [a]D +141° 
\%£" 240 mM (13,900); XS*1 2.97, 5.63, 5.69, 5.78, 6.02, 
6.18, 6.23, 8.09 /i. 

Anal. Calcd. for C26H28O7BrF3 (577.39): C, 52.00; 
H, 4.89; Br, 13.84; F , 9.87. Found: C, 52.20; H, 4.89; 
Br, 13.76; F , 10.09. 

9a-Bromo-l,4-pregnadiene-l 1/3,17a,21-triol-3,20-dione 
11/3-Diethylacetate 21-Acetate (VII). (A).—To a stirred 
solution of l,4,9(ll)-pregnatriene-17a,21-diol-3,20-dione 
21-acetate ( I , 200 mg.) in diethylacetic acid (50 ml.) was 
added N-bromoacetamide (395 mg.) and jf-toluenesulfonic 
acid monohydrate (50 mg.) at room temperature. Stirring 
was continued for 17 hours, and the reaction mixture was 
then poured into saturated sodium carbonate solution (500 
ml.) . The steroid was isolated by extraction with methylene 
chloride, and the extracts were washed with water. Evapo­
ration of the dried (Na2SO4) extracts in vacuo and crystalli­
zation of the residue from acetone-hexane furnished the 
diethylacetate (VII , 120 mg.), m.p. 211-213° d e c , [a)D 
+ 147°, X*.«°H 240 mM (14,600); XSi0' 2.88, 5.74, 5.82, 
5.85, 6.05, 6.18, 6.24, 8.10, 8.56 p. 

Anal. Calcd. for C28H39O7Br (579.5): C, 60.10; H, 6.78; 
Br, 13.79. Found: C, 60.12; H, 6.94; Br, 13.89. 

(B) By Acetylation of the 21-Alcohol Vila.—Acetylation 
of the 21-alcohol Vi la in pyridine and acetic anhydride at 
room temperature for 7 hours yielded, after water precipita­
tion, filtering and drying of the water-washed residue, the 
21-acetate VII , m.p. 204-207° dec. (undepressed on admix­
ture with authentic VII prepared as in A), X"f?H 240 mju 
(14,900). The infrared spectrum (Nujol) completely 
matched the spectrum of authentic VII . 

9a-Bromo-l,4-pregnadiene-l 1/3,17a,21-triol-3,20-dione 
11/3-Diethylacetate (Vila).—A suspension of the 21-acetate 
(VII , 1.0 g.) in 0.27 N methanolic perchloric acid12 (60 
ml.) was stirred at room temperature for 17 hours. The 
reaction mixture then was poured into water (500 ml.) and 
filtered. The water-washed, dried product (820 mg.) was 
crystallized from acetone-hexane, furnishing the 21-alcohol 
Vi la , m.p. 185-187° d e c , [a]o +130° , X*?H 240 mu 
(14,600); XSi"'2.98, 5.78, 5.86, 6.04, 6.20, 6.24 and 8.88 M. 

Anal. Calcd. for C27H37O6Br (537.47): C, 60.33; H, 
6.94; Br, 14.87. Found: C, 60.63, 60.49; H, 6.88, 7.00; 
Br, 14.75, 15.14. 

Conversion of 9a-Bromo-l,4-pregnadiene-ll/3,17a,21-
triol-3,20-dione 110-Formate 21-Acetate (IV) to the 90,110-
Oxide VIII.—To a suspension of the 110-formate (IV, 570 
mg.) in methanol (35 ml.) was added, dropwise, with stir­
ring, N aqueous sodium hydroxide (2.85 ml.) . Stirring 
was continued at room temperature for 16 hours, and the 
reaction mixture was then poured into water (400 ml.). 
The steroid was isolated by methylene chloride extraction, 
and the methylene chloride extracts were evaporated in 
vacuo to yield crude 90,110-oxido-21-alcohol (350 mg.) . 
This material was acetylated in pyridine-acetic anhydride 
at room temperature for 1.5 hours, and the acetylated 
product was isolated by water precipitation and filtration. 
The water-washed, dried residue (350 mg., 78% from IV) 
was crystallized from acetone-hexane, furnishing 90,110-
oxido-1,4-pregnadiene-17a,21-diol-3,20-dione 21-acetate2 

(VIII ) , m.p. 209-210° (m.p. undepressed on admixture with 
authentic VIII of m.p. 218°). The identity was con­
firmed by comparison of infrared spectra, and by paper 
chromatography. 

Conversion of l,4,9(ll)-Pregnatriene-17a,21-diol-3,20-
dione 21-Acetate (I) to 90,110-Oxido-l,4-pregnadiene-17a,-
2l-diol-3,20-dione 21-Acetate (VIII) through the 9a-Bromo-
11/3-trifluoroacetate (VI) .—The 1,4,9( 11 )-triene (1,1 .Og.) was 
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converted to 9a-bromo-l,4-pregnadiene-ll/S,17a,21-triol-
3,20-dione 11/3-trifluoroacetate 21-acetate (VI) as described 
previously, except that the reaction mixture was water pre­
cipitated and extracted with methylene chloride, the ex­
tracts being washed with sodium bicarbonate solution and 
water, dried (MgSO4) and evaporated in vacuo. The 
crude yellow solid (1.5 g.) was dissolved in absolute ethanol 
(100 ml.) containing potassium acetate (4 g.), and the 
solution was refluxed for 17 hours. The reaction mixture 
was concentrated to small volume, water was added, and 
the mixture was extracted with methylene chloride. The 
extracts were dried (MgSO4) and evaporated to dryness 
in vacuo, giving a solid (750 mg.) . (Paper chromatography 

(propylene glycol-dioxane-toluene system) demonstrated 
that this solid contained at least 80% of the 9/3,11^-oxido 21-
acetate VII I . A more polar substance also was present, 
the migration rate of which strongly suggested the 9/3,11/3-
oxido 21-alcohol.) This material was re-acetylated at C-21 
(pyridine and acetic anhydride at room temperature) and 
the acetylated product (750 mg., 7 3 % from I) was filtered 
through a Florisil column in methylene chloride-ether (1:9) 
to yield 9/3,ll/3-oxido-l,4-pregnadiene-17a,21-diol-3,20-dione 
21-acetate (VIII ) identical with authenic VIII as evidenced 
by melting point, mixed melting point and comparison of 
infrared spectra. 
BLOOMFIBLD, N. J. 
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The Reaction of Steroidal p-Quinol Acetates with Benzylamine: Amine Analogs of 
Estrone and Estradiol1 
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RECEIVED NOVEMBER 7, 1958 

The steroidal ^-quinol acetates 10£-acetoxy-l,4-estradiene-3,17-dione (VI) and 10£-acetoxy-17/3-hydroxy-l,4-estradiene-
3-one (IX), on refluxing with benzylamine followed by treatment with dilute sulfuric acid, yield 3-amino-],3,5(10)-estra-
triene-17-one (VII) and 3-amino-l,3,5(10)-estratriene-17/S-ol (X), respectively. A possible mechanism is presented. The 
O.N-diacetyl derivative X I of the latter amine was obtained independently by the reaction of 19-nortestosterone oxime 
with acetic anhydride. 

The diversity of reactions undergone by the 
quinols and their der iva t ives 3 - 6 has made them 
useful intermediates in the synthesis of numerous 
types of compounds. T h e reaction of p-quinols 
with hydrazine derivatives was described by Bam­
berger6 in 1900 when the first ^-quinols were re­
ported. The highly colored product resulting 
from condensation of 4-hydroxy-2,4-dimethyl-2,5-
cyclohexadienone (I) and £>-nitrophenylhydrazine 
first was formulated as I I I , bu t later7 was corrected 
to 2,4-dimethyl-4'-nitroazobenzene ( I I ) . T h e re­
action also worked well with the non-aromatic 
hydrazine semicarbazide. 

NHNH; CH3 

C H , - / " V N = N - Z ^ V - N O , 
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This procedure appeared to be a potentially 
useful method for the preparation of aromatic 
amines via reduction of the azo compounds. How­
ever, a modification using benzylamine, in place of 
the hydrazine derivative, and the acetate of the 
quinol8 promised to lead to the desired amines 
through a more direct pathway. The mechanism 
would involve condensation of the quinol acetate 
and the amine to a Schiff base IV. Loss of acetic 
acid with concurrent aromatization then leads to 
another Schiff base (V) which will yield the amine 
and benzaldehyde on acid hydrolysis. 

N-CH2C6H5 N=CHC0H5 

R OCOCH3 

IV 
For the first experiments the steroidal quinol 

acetate VI,9 10£-acetoxy-l,4-estradiene-3,17-dione, 
was chosen. The steroid was refluxed in benzyl­
amine and then boiled with aqueous sulfuric acid. 
On extraction, a fair yield of the free amine VII 
was isolated. The product had infrared and ultra­
violet spectra consistent with the formulation as 
a disubstituted aniline. The substance could 
be sublimed and recrystallized, but could not be 
obtained analytically pure. An N-acetyl derivative 
(VIII) was prepared to facilitate characterization. 

The steroidal quinol monoacetate IX yielded, 
similarly, the amine X. This substance proved 
very difficult to purify by crystallization, but 
formed difficultly soluble, well crystallized salts 
with hydrochloric and sulfuric acid. 

In order to verify the relationship of these 
aromatic amines to the estrogens, the amino 

(8) F. Wessely and F. Sinwel, Monatsh., 81, 1055 (1950). 
(9) A. M. Gold and E. Schwenk, T H I S JOURNAL, 80, 5083 (1958). 


