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perrdently and there is little or no interaction be- 
tween them. 

Terminai gem-dinitro compounds are ionized ii? 
alkali, in water aqueous solvents, alcohols, and or- 
dinary acetonitrile. The ions give rise to new, 
highly intense absorption bands near 380 mp.] In 
carefully dried acetonitrile the nev bands disappear 
and in dried alcohols the ionization is sufficiently 
small so that it may be neglected in determining 
the mohr absorptivities of t,he unionized molecules 
a t  280 inp. 

Iri inactive solvents the wave lengths as well as 
the molar absorptivities of the 280 mp bands in di- 
nitroparaffins decrease with an increase in polarity 
or dielectric constant; e.g.. the blue shift of the max- 
ima (in each case) for cyclohexane -+ hydrochloric 
acid is of the order of 4 mp and the hypochromic 
shift about 10 unit's of molar absorpt'ivity. The 

transition therefore may be classified, as in the case 
of simple nitroparaffins, as a blue-shift band.9 

Active solvents cause only a slight increase in ths 
molar absorptivities of 2,3-dimethyl-2,3-diniitro- 
butane but have very pronounced effects in in- 
creasing the absorptivities of gem-dinitro com- 
pounds. In the latter cases the 280 mp band is com- 
pletely submerged, possibly because of a siinul- 
taneous blue shift of the band (Fig. 1). Regrettably, 
solvent absorption in the active solvents imposes 
considerable limitations on measurements in the 
short wave length region. 
In all cases examined, the molar absorptivities 

of the inaxima increase with molecular weight ab 
was observed for the monofunctional compounds 
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Synthesw of the four monofunctional 1 i-keto steroids, androstan-11-one (ISr,), testan-11-one (IVb), allopregnan-11 -one 
(TIa) and pregnan-11-one (CIb) are described. 

I n  this paper thP synthesis of the four rnono- 
functioiial steroidal 1 1-ketones--andros tan-1 I-one 
(Il'a), testan-11-one (IVb), aliopregnan-11-one 
(VIa\l and pregnan-11-one (V1b)--are described. 
The first3 and the last4 of these h a w  been pre- 
pared previously in milligram quantities, whereas 
the other tTro are new. This project was under- 
taken at  the requebt of Dr. Samuel liai! of the 
U.S. Public Health Service, Rethesda. %Id. 

For the preparation of androstan-1 I-one (I\-a), 
we employed allopregnane-17a,21-dj01-3,11,20- 
trione 21-acetate (Ia' as starting material, a sub- 
stance rcadily prepai ed by the h) drogenation of 
cortisone acetate.j Saponification of tho acetate l a  
produced the diol IIa, which on side-chain degrada- 
tion by the excelleiit Righy-N 
hismuthate method6 smoothly yielded androstane- 
B,ll,l?-tricne (IIIa) This rou 
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compares very faborahly as regards yield and axrail- 
ability of starting materials with those described 
pre~ious ly .~J  Finally, reduction of I I l a  by the 
Huang-Minlon modification of the Wolff-Kishnrr 
procedures without employing specially dried 
hydrazine furnished a mixture of androstane a;nd 
androstan-11-one (IVa), from which the latter was 
separated in ea. 30y0 yield by chromatography 
Although it has been shown that under particular 
experimental coiiditions the I-Iuang-Minlon redac- 
tion may result in the removal of the il-keto 
group,g it has generally been assumed that the 
usual conditionss do not affect this function. The 
structure of the 11-ketone IVa was confirmed by 
the elemental analysis (one oxygen function) h y  
the infrared spectrum (six-membered ketonc) aiid 
by the close agreement in melting point with the 
sample prepared by Steiger aiici Reichsi ein' f *  orn 
androstane-~,ll,1i-trioiie (IIIa) by reduction to 
androstane-3@, 17fl-dio1-1l-oiie by means of hydro- 
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gen and Raney nickel, followed by dehydration 
via the xanthate and hydrogenation. It is interest- 
ing to note that this route was chosen, since direct 
Clemmensen reduction of the triketone IIIa,  fol- 
lowed by hydrogenation and reoxidation, had 
yielded androstan-17-one (in addition to much 
androstane) lo instead of androstan-11-one. 

For the preparation of testan-11-one (IVb), 
pregnane-17a,21-dio1-~,11,20-trione 21-acetate (Ib), 
an intermediate in the commercial synthesis of 
coitisone,ll was saponified and degraded by the 
Rigby-n'orymberski procedure6 to testane-3,11,17- 
trione (IIIb). As in the allo series, this route to the 
normal triketone is an improvement over those de- 
scribed previously. 12Huang-Minlonreduction of I I Ib  
then produced testan-11-one (IVb) in ca. 65% yield. 

11 a-Hydroxyprogesterone, readily prepared by 
the microbiological oxidation of progesterone, l3  

served as the starting material for the synthesis of 
both allopregnan-1 1-one (VIa) and pregnan-1 1-one 
(VIb). While chromic acid ~x ida t ion '~  followed by 
hydrogenationL5 produced allopregnane-3,11,20- 
trione (Va), the reversal of these two steps, hydro- 
genation followed by oxidation, yielded pregnane- 
3,11,20-trione (Vb). The two triketones on being 
subjected t o  the Huang-Minlon modification of the 
Wolff-Kishner reductions furnished the required 
allopregnan-11-one (VIa) and pregnan-1 1-one 
(VIb), respectively. The last mentioned sub- 
stance agreed well in properties with the com- 
pound obtained in somewhat poorer yield from 
pregnane-3,11,20-trione by desulfurization of the 
3,20-dicycloethylenemercaptal. 
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EXPER1MENTALl7 

Androstane-$1 f , f  7'-trione (IIIa).  A solution of 2.2 g. of 
potassium hydroxide'8 in 20 cc. of water was added to a 
suspension of 19 g. of allopregnane-17a,21-diol-3,11,20- 
trione 21-acetate (Ia)5 in 1 1. of. methanol, the operation be- 
ing conducted under nitrogen. The mixture was stirred a t  
room temperature for 90 min. (complete solution occurred 
after ca. 30 min.) and 3 cc. of glacial acetic acid were then 
added. The solution was concentrated to 100 cc. under re- 
duced pressure, 400 cc. of water were added gradually, the 
mixture was cooled in ice and the resulting precipitate was 
collected. This procedure furnished 14.64 g. (8670) of all- 
pregnane-17~,21-dio1-3,11,20-trione (IIa),  m.p. 20s-210", 

Sodium bismuthate (135 g.) was added to a stirred solu- 
tion of 10 g. of the diol I I a  in 340 cc. of glacial acetic acid 
and 340 cc. of water. The mixture was stirred for a further 
30 min. a t  room temperature, water (1350 cc.)  as added, 
the mixture was cooled to 0" and partially neutralized by 
the addition of 1400 cc. of 3N potassium hydroxide. The 
product was isolated by extraction with benzene and crystal- 
lized from acetone-ether. The resulting androstane-3,11,17- 
trione ( I I Ia )  (6.23 g.; 7570) showed m.p. liS-180°,   ID + 
158" (reported for a pure sample:' m.p. 18O-1Sl0, [ a ] ~  + 
155'). 

Androstan-If-one (IVa). A mixturL containing G g. of 
androstane-3,1l,1i-trionel 11 cc. of hydrazine hydrate, 7 g. 
of potassium hydroxide, 7 cc. of water, and 70 cc. of di- 

[aID + 75". 

CH~OAC CH,OH 
I c= 0 @-OH c=o o&-OH 

__f 

O R  R 
Ia, R=- - -H  IIa, R =  ---H 
b, R= -H h. R =  -H 

k 
0 

@ R -o@ R 

IVa, R = - -  H IIIa, R=--13 
b, R- -H b. R =  -H 

(18) Less than one equivalent of base was sufficient, since 
the saponification proceeds by ester interchange ( e f .  €1. J. 
Ringold, G. Rosenkranz and F. Sondheimer, J .  Am. Cheuz. 
Soc., 78, 820 (1956). footnote 11). 
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ethylene glycol was heated under reflux for 45 min. The open 
flask was then heated until the temperature of the reaction 
mixture reached 200", a reflux condenser was attached and 
refluxing was continued for a further 2 hrs. The solution 
was cooled, water was added, and the product was isolated 
with ether. The oily residue was chromatographed on 
alumina. Elution with hexane yielded first androstane and 
then androstan-11-one. The latter was purified most con- 
veniently by pressing between filter paper; it weighed 1.62 
g. (30%) and showed m.p. 45-47", [a]=  + 65". The ana- 
lytical sample, obt'ained by high-vacuum distillation, showed 
m.p. 49-50', [ a ] D  + 65", vmax 1700 em.-' ( r e p ~ r t e d : ~  
m.p. 59-52'), 

Anal. Calcd. for CIBHa0O: C, 83.15; H, 11.02. Found: C, 
83.26; H, 10.85. 

?'estane-S,11,17-trione (IIIb).  The saponification of 10 g. of 
pregnane-17a,21-dio1-3,11,20-trione 21-acetate ( Ib)  sus- 
pended in 400 cc. of methanol was carried out by means of 1 
g. of potassium hydroxide's in 5 cc. of water, as described 
above in the allo series. Addition of 1.5 cc. of glacial acetic 
acid, concentration to 200 cc., addition of 800 cc. of water, 
anti ice-cooling resulted in the precipitation of 7.91 g. (88%) 
of pregnane-17a,2l-diol-3,11,20-trione (IIb), m.p. 231- 
232' (reported:'+ m.p. 233-235"). This material (7.5 g.), 
dissolved in 300 cc. of glacial acetic acid and 300 cc. of 
water, was oxidized with 100 g. of sodium bismuthate as 
described above. The product was isolated by benzene ex- 
traction and the dried solution was evaporat'ed and chroma- 
togmphed on alumina. Elution with benzene and crystalliza- 
tion from ether furnished 4.73 g. (76%) of testane-3,11,17- 
trione (IIIb),  1n.p. 130-132", [ a ] ~  I- 144' (reported:I2 
m.p. 132-133", 135-136", [.ID $- 1-18'). 

(19) L. H. Sarett, J .  Am. Chem. Soc., 70, 1454 (1948). 

Testan-11-one (IVb). Testane-3,11,17-trione ( 4  9.) was re- 
duced with 8 cc. of hydrazine hydrate in 50 cc. of diethylene 
glycol in the presence of 5 g. of potassium hydroxide and 5 
cc. of water, as described previously. The product was iso- 
lated with ether and chromatographed on alumina. Elu- 
tion with hexane and crystallization from ether yielded 2.41 
g. (66%) of testan-11-one, m.p. 118-121°, [.ID + 54". 
The analytical sample showed m.p. 121-122', [ a ] D  + 55", 
vmax 1700 cm. -I. 

Anal. Calcd. for CI~HSOO: C, 83.15; H, 11.02. Foiind: C, 
82.91; H, 10.78. 

Allopregnan-11-one (VIa). Allopregnane-3,11,2O-trionc 
(Va) (4.5 g.)I5 was reduced with 8 cc. of hydrazine hytlrate 
in 80 cc. of diethylene glycol together wit,h 8 g. of potassium 
hydroxide in 8 cc. of water, as described above for the prep- 
aration of IVa. The cooled reaction mixture was diluted 
with water, the precipitate was collect,ed, dried, and chro- 
matographed on alumina. Elution with hexane and crystal- 
lization from ether-methanol led to 2.44 g. (59%) of allo- 
pregnan-11-one with m.p. 101-104°. The analytical sample 
exhibited m.p. 108-109.5",  la]^ + 60°, vmax 1700 om-'  

Anal. Calcd. for C Z ~ H ~ ~ O :  C, 83.38; H, 11.33. Found: C, 
83.74; H, 11.33. 

Preynnn-11-one (VIb). Pregnane-3,11,20-trione ( V b )  
( 5  g.)16 in 100 cc. of diethylene glycol was reduced with 10 
cc. of hydrazine hydrate, 10 g. of potassium hydroxide, and 
10 cc. of water, as described previousiy. The product was 
extra,cted with ether and chromatographed on alumina. 
Crystallization of the fractions eluted with hexane from 
ether-methanol yielded l.91 g. (42%) of pregnan-11-one, 
m.p. 106-109", [U]L) + 52". A further purified specimen 
showed m.p. 111-113", [ a ] ~  i- 54", vnlal: 1700 em.'-* (re- 
p ~ r t e d : ~  m.p. 112-.114',  ID -I- 56"). 
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a )  0, and 7-Tetrahydro-a-santonins were reassigned t,he st,ereoformulas 111, VIII, and I on thc basis of chcinicd cvidcriccs. 
Zinc-alcohol hydrogenation of the 5-dehgdro-a-santoninic acid (VI, R = H )  gave the A1-3,5-dilreto acid (VII, R = H),  
which was converted to santonic acid (XIV) with alkali. This offered strong support for the previously suggested mcchanisrn 
of sant,onic acid formation from a-santonin (see ref. 15) 

In the paper IT of this series.3 it was described 
that a-santonin was catalytically hydrogenated 
to a mixture of three tetrahydro compounds, a, fl, 
and y ,  which arp tentatively formulated as I. 11, 
and 111, respectir ely. 

In these formulas, the configurations at the 5 . ,  
6-, and 11-positions are the same as those in the 
oc-3antonin structure,3 of which the former two were 

(1) Paper XI, M. Yanagita and K. Yamakawa, J ,  Org. 
Chem., 22, 291 (1957). 

(2) This work was supported in part by the Grant in Aid 
for Scientific Research from the Minist'ry of Education of 
Japan. 

( 3 )  RI. Yanagita and A. Tahsra, J .  Org. C h e m . ,  20, 959 
( 1!155). 

well established,4,5 and the iatter one remuiiir 
obscure6 The assignment of the configurations at, 
the juncture of two six-membered ring? was hased 
on molecular rotation differences, the relativc 
reactivity toward bromine, and the mode of t b v  
preparations. However, these reasons for thc 
formulations became questionablo and revision of 
the above formulas seemed necessary 011 the foliow- 
ing grounds. 

(1) As shown in the paper VI1 of this series,h 

(4, For example see R. 5. Woodward and P. 'fates, 

( 5 )  A. Tahilra, J .  Org. Chrm., 2 1 ,  4-12 (1956;. 
(6) Y. .4hu, J. XZiki, XI. Sunii, and T. Togn, Cheviistril tl. 

Chemistry & Industru, 1391 (1954). 
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