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17a-Hydroxypregn-l l-ene-e>,2(J-dione (YIIj has been synthesized from both l(i«,l "a-epnxy-via. 12a-dihy-
droxypregnane-3,20-dione (I) and pregn-1 l-ene-3,20-dione (XVI). This key intermediate has been converted 
into 17a-aeetoxypregna-4,l ]-diene-3,20-dione (XX), 17a-acetoxypregna-l,4,l l-triene-3,20-dione (XXl) , 17a-
acetoxypregna-4,6,ll-triene-3,20-dione (XXII), and l"a-acetoxypregna-l,4,(i,l l-tetraene-3,2()-dione ( XX1Y!. 
The biological activities (Olauberg assay) of these compounds are tabulated. 

Whereas the biological influence of a 11,12-double 
bond in parenterally administered progestational agents 
is inconsistent,1™4 its effect on oral activity has not been 
reported. I t seemed therefore desirable to synthesize 
a modification of a known orally active progestin in
corporating the 11,12-double bond, for this purpose a 
series of A n -unsa tura ted compounds related to 17a-
acetoxyprogesterone was prepared for biological eval
uation. 

A convenient start ing material for the synthesis of 
1 l-dehydro-17a-oxygenated compounds was l0a ,17a-
epoxy-r>a,12a-dihydroxypregnan-20-one (I), described 
by Julian and co-workers.5 Selective esterification 
employing ethyl chloroformate6 provided the 3a-carbo-
ethoxy derivative II, which on treatment with p-
toluenesulfonyl chloride in pyridine" was converted 
into :]a-carboethoxy-l(ia,17a-epoxy-12a:-tosyloxypreg-
nan-20-one (III) . Two distinct synthetic routes were 
pursued from this intermediate. In one series of 
reactions, the elimination of the I2a-tosyl group was 
achieved, albeit in poor yield, by treatment of III in 
rcfiuxing collidine and thus afforded the 11-deliydro 

; l i ('. M e y s t r e . E . Tschopp , mid A. W c t t s t c i m Hrlr. Chim. A-'a. 3 1 , Hli:i 
11148). 

• 2, ('. Meys t r e and A. W e t t s t e i n . »,,,/., 32, 11/78 ' 1U4L". 
:l) ('. Enae), K. Jenn ings , and G. Jus t , ./. .4 m. CI., m. >'<„•., 78 , fl 1 5.'j ' l!)5l>>. 

Hi ('. Kneel. O. Jus t , and It. B u t t e r y . Can. J. Cli, , „ . . 39, 180.') MHtil). 
5! P. Ju l ian , C. Coch rane . A. Majrniini. and V. . K: .•pel, ./. Am. Cl.rm. ,-,V., 

78 , HI5M (lH5(i). 
!(>! L. I-'. t ' ieset, ,1. K. Ifer/ . -M. W, Khd:s, M. A. Romero , and J', t.'tm-. 

A,id.. 74 . li.'IO!) (11)52). 
(7) 11 is in te res t ing to note 11 it- following l ranstoi [nation. If the tosyla-

nun at C-12 is per formed on 1 2 a d i y d r o \ y - 1 0 a . l 7 a - e p o x y - 3 a d i e m i s u e c i n o y l -
oxyprecnan^O-one ' 1 i) t he re is isolated Hit*. 17a-epoxy-. ':laol2a-sueeinoyL-
dmxypresna .n-20-onc d i d imp. 2 1 5 - 2 2 0 d [a,i, + 8 7 ° (c. 2.145); ).,„„ 2!).'j0. 
i;:{5. 1450, I.'i85, PSIiO. 1275, 1220, 111IIJ, and 1 lfiO cm. " ' : n .m. r . : 2.72 
p. l i .m. i t p ro tons) , nil C O O K pro tons . Aral. Ceded, fm ('.;, H.,:<>»: I", 
(ill.71: If. 7.1)1). l-'niiinl: ( ' . WAS: II. 8.Hi. 
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compound IV. Hydrolysis of the earboethoxy group 
with sodium methoxide in methanol at reflux tempera
ture provided l(ia,17a-epoxy-3a-hydi'oxyprpgn-l 1-eir 
20-one (V). The latter was oxidized with chromium 
trioxide in pyridine to yield the corresponding 3-car-
bonyl derivative (VI). By application of the estab
lished Julian procedure.^ the Kia.lTa-epoxide was 
transformed into the bromohydi'in and in turn reduced 
with Raney nickel6 to yield 17a-hydroxypregn-l 1-ene-
•'5,20-dione (VII). Further transformations of VII 
have been carried out and will be discussed in a later 
part of this paper. 

A second series of reactions based on the mixed ester 
III was investigated as an alternative pathway to a 
suitable Au-]7cf-liydroxylated intermediate. An ex
cellent yield of H)a.l7a-epoxy-.')a-hydroxy-12a-tosyl~ 
oxypregnan-20-one ( M i l ) was encountered in the 
sodium methoxide hydrolysis of I I I . Chromium 
trioxide in pyridine oxidation, also in excellent yield, 
afforded the 3-keto derivative (IX), When the low 
temperature (—00°) bromination9 of IX was performed, 
AS - bromo - l(ia,17a - epoxy - 12a - tosyloxypregnane-
.'>,20-dione (X) was isolated. On being refluxed with 
collidine on a small scale (100 nig.), X underwent 
elimination at two sites to give l(ia:,17«-epoxypregna-
-t,ll-diene-S\20-dioiie (XI) in poor yield (approximately 
]()'(). Applying the reaction on a larger scale led 
unexpectedly to the isolation of l()o:,17«-epoxy-12«-
iosyloxyprcgn-l-ene-.'i,20-dioiK' (XII).1" Subsequent 

18,1 P. I.. Ju l i an . E. \\ . .Meyer. \\ . J. Kaipr l and I. Ryden . ./. Am. CI,,-,,,. 
.V . . . 7 1 . :;.">7 I HIM!)!; 72, 51 15 : 11)50) 

fill J. Day . I'. S. Pa ten t 2.!)07.77f) 'Oct . li. 11151'). 
i 10) The ltin,17t»-eliexide XII ean lie conver ted into its l i romohydl i u 

iu ; . React ion with nea t radioed Raney nickei, of ati ac t iv i ty su i tab le for 
the t r ans fo rma t ion VI — VII a lid XI — XIV, did not r emove the 1(>0-
l.romine a t o m . ! , „ i v o n did re-est; o ld i : the epoxide X I I . 

XII 
Raney nickel 

A similar event: v. aw observed when tin 
was t rea ted with R a n e y nickel, 

in Raney nickel 

CoHiOCO;' 

T h e sodium methoxide hydro lys i s of 
the, macrocyel ic di laetone s t ruc tu r e . 

a.[Voided I a n d therefore confirr 
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attempts to effect the elimination of the tosylate group 
from this material were unsuccessful and thus the 
projected pathway was not investigated further. How
ever, XI could be quite readily prepared from its 4,5-
dihydro derivative VI through low temperature bro-
mination followed by collidine-dimethylformamide 
treatment of the intermediate XIII . By application of 
the bromohydrin sequence, XI was easily converted to 
17a-hydroxypregna-4,ll-diene-3,20-dione (XIV). The 
latter was also obtained from VII through the 4/3-
bromo intermediate XV.11 

Investigation of the direct introduction of a hy-
droxyl group at C-17 through the procedure outlined by 
Barton and co-workers1213 was also pursued. In this 
series of reactions, pregn-ll-ene-3,20-dione (XVI) was 
first converted to its dimethyl ketal XVII through the 
selenium dioxide-methanol technique14 or more con
veniently through the use of p-toluenesulfonic acid-
methanol.15 When the oxygenation of XVII in the 
presence of potassium ^-butoxide was conducted at 
room temperature employing an excess of oxygen, with 
subsequent reduction of the intermediate hydroper
oxide, only trace amounts of hydroxylated materials 
were encountered and these results were quite variable. 
However, employing the reaction conditions more 
recently described by Amiard and co-workers,16 which 
emphasized lower reaction temperature (ca. — 7°), the 
desired 17a-hydroxypregn-ll-ene-3,20-dione (VII) 
could be obtained consistently in a fair yield (58%).17 

Thus direct hydroxylation provided the most con
venient route for the preparation of a 17a-hydroxylated 
substrate. Our attention was now directed toward 
the synthesis of the title compounds from the advanced 
intermediate VII. 

The acetylation of VII employing acetic anhydride-
acetic acid-p-toluenesulfonic acid afforded a crude enol 
diacetate XVIIIa which although isolated, was char
acterized only by spectral analysis. Careful basic 
methanolysis afforded the desired 17a-acetoxypregn-ll-
ene-3,20-dione (XVIII), but other hydrolytic condi
tions, although very mild, usually converted the enol 
diacetate into the starting material VII.18 

(11) Lithium chloride19 dehydrohalogenation of XIII gave 16#-ehloro-
17a-hydroxypregna-4.11-diene-3,20-dione (v) in.p. 209-210°; [a]» +67° 
(chloroform); Xm„ 238 mM (t 14.800); >m„ 3300, 30.50, 2950, 1735, 1665, 
1625, 1355, 1285, 1248, 751, and 718 cm."'. Anal. Calcd. for CiiHnClOi: 
C, 69.50; H, 7.50; CI, 9.77. Found: C, 69.40; H, 7.73: CI, 9.98. 

The epoxide XI could be obtained from the elilorohydrin (v) on refluxinir 
with potassium acetate in acetone. 

CH3 

1=0 
LiCl 

XIII 
KOAc 

XI 

(12) E. Bailey, J. Elks, and T). Barton, Proc. Chem. Soc, 214 (1960). 
(13) E. Bailey, D. Barton, J. Elks, and J. Templeton, J. Chem. Soc, 1578 

(1962). 
f!4) E. Oliveto, C. Ceroid, and E. Hershberg. J. Am. Chem. Soc, 76, 6113 

(1954). 
(15) M. Janot, X. Lusinchi, and R. Goutarel, Bull. soc. chim. France. 2109 

(1961). 
(16) G. Amiard, M. Legrand, J. Mathieu, R. Heymer, and T. van Tliuong, 

ihid., 2417 (1961). 
(17) In the reduction of the intermediate 17c*-hydroperoxide employing 

zinc-acetic acid, the dimethyl ketal protective gtoup was consequently re
moved. 

(18) The relative ease of hydrolysis observed for the 17a-acetate grouping 
may possibly be ascribed to the absence of a 12or-axial hydrogen in the A11-
series. 

The introduction of the a,^-unsaturated ketone func
tion in ring A presented no difficulty. The low tem
perature bromination of either XVIII or its enol di
acetate XVIIIa afforded an excellent yield of 
17a-acetoxy-4/3-bromopregn-ll-ene-3,20-dione (XIX). 
Elimination of the elements of hydrogen bromide using 
lithium chloride in dimethylformamide19 afforded 
17a-acetoxypregna-4,ll-diene-3,20-dione (XX). Dehy-
drogenation of the latter with 2,3-dichloro-5,6-dicyano-
benzoquinone2" in remixing dioxane gave the corre
sponding l,4-dien-3-one (XXI). This material could 
also be obtained by direct dehydrogenation of the 
saturated ring A ketone XVIII under similar reaction 
conditions. Conversion of XX to 17a-acetoxypregna-
4,6,ll-triene-3,20-dione (XXII) was readily accom
plished utilizing the recent procedure of Ringold and 
Turner21 wherein XX in the presence of anhydrous 
hydrogen chloride could be dehydrogenated with the 
quinone reagent to yield the 4,6-dien-3-one XXII 
directly. By the same procedure XIV gave 17a-
hydroxy pregna-4,6,ll-triene-3,20-dione (XXIII). By 
a two stage sequence, first introduction of the C-6,7-
double bond and then the C-l,2-double bond, XX was 
dehydrogenated to 17a-acetoxvpregna-l,4,6,11-tetra-
ene-3,20-dione (XXIV). 

The biological assay results for the various Au-
compounds have been collected in Table I, along with 
those for 17a-acetoxypregn-4-ene-3,20-dione and 17a-
acetoxypregna-l,4,6-triene-3,20-dione.22 These results 
indicate that the biological influence of a An-double 
bond on oral progestational activity is variable. 

TABLE I 

PROTESTATION A L RESPONSE-* )RA L 

Compound 

17«-Acetoxypregn-4-ene-3,20-dione 

l7a-Aeetoxypregnn-f,1 l-diene-3,20-

dione (XX) 

I 7uf-A<:etoxypregna-l ,4,11-triene-

3,20-dione (XXI) 

17a-Acetoxypregna-4,(>, 11 -triene-

3,20-dione (XXII) 

l7a-Acetoxypregnu-1,4,(>,11-

tetraene-3,20-dione (XXIV) 

17a-Acetoxypregna-l ,4,(i~triene-'i,20-

dione 

CLAUBER<; A 

Total 
dose/rabbit 

mg. 

2,5 

5.0 

10.0 

20.0 

0.4 

1 ,2 

3.0 

7.2 

0.5 

2.5 

0.25 

, 75 

2,25 

0.25 

.50 

, 75 

1.0 

2.25 

0.31 

.62 

SSAY23 

Average 
graded 
endo

metrial 
response 

0.75 

1.5 

2.3 

3.0 

0 

0 

. 75 

2.2 

0.5 

3.2 

0 
2 

2.S 

0.3 

.4 

2.4 

2,2 

3,0 

1 .5 

3.0 

(19) R. Holysz, J. Am. Chem. Soc, 75, 4432 (1953). 
(20) D. Burn, D. Kirk, and V. Petrow, Proc Chem. Soc, 14 (1960). 
(21) H. Ringold and A. Turner, Chem. Ind. (London), 211 (1962); cf., 

R. Brown and L. .lackman, J. Chem. Soc, 3144 (1960). 
(22) J. P. Dusza, J. P. Joseph, and S. Bernstein, J. Org. Chem., 28, 92 

(1963). 
(23) Assays were performed by Endocrine Laboratories, Madison, Wis

consin. 
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R'O 
CH, ("H, 

1,R = R' = H 
I I , R = C ,H , ,OCO- ,R ' = H 

III, R = C-,H,OCO-, R' = Tosvl 
VIII, R = H, R '=Tosvl 

IV, R - - C J I-.OC'O- V J R = H 

IVa, llo,12,j-Dibromo derivative XIII R Br 
V, R - H 

Experimental-4 -s 

3«-( arbethoxy-16a,17a-epoxy-12a-hydroxypregnan-20-one 
iIIi .--A solution of 16a,17a-epoxy-3«.12a-dibydroxypregnan-
20-nne (I, 0.5 g.) in pyridine (3 nil.) was cooled to 5° and to this 
was added ethyl chloroforniate (0.42 ml.). The reaction mixture 
was allowed to remain at room temperature for 4 hr., and then 
poured into 30 ml. of ice water and extracted with ether. The 
washed and dried extract on evaporation gave a glass which 
crystallized on the addition of ether, in.p. 189-191°. Recrystal-
lization from acetone-petroleum ether gave 350 mg. of II, in.p. 
193-198°; repeated crystallization raised the in.p. to 198-200°: 
x,„;,, 3500, 2930, 1720, 1705, MOO, 13S0, 1275, I0S2, 1020 cm.-1: 
|«]i> -S,S° (r 1.0425). 

Anal. Calcd. for ('LlH ;,;()„: (', (is. 59: If, s.(j3. Found: 
(', (is.00; H, S.si. 

3a-('arbethoxy-16a,17a-epoxy-12a-tosjloxypregnan-20-one 
(IIIj.-— A solution of 3a-earbethoxv-l(ia, 17a-epoxy-12a-hydro\y-
pregnan-20-one (II, 1.4 g.) and /Moliienesulfonyl chloride ('2.0 g.' 
in pyridine (10 ml.) was allowed to remain at 37° for 4 days, sealed 
from atmospheric moisture. The clear yellow solution was 
poured into water and the resultant tacky white gum which solidi
fied on standing, was collected by filtration. The solid was dis
solved in methylene chloride and the solution was washed with 

CH;! 

i'2t) Mel t ing po in ts wen- de t e rmined with unca l ib ra t ed X a t h m a l Hureau 
r>f S t a n d a r d s Ansehti tz t h e r m o m e t e r * in a i fershberg a p p a r a t u s . 

1,2.')) Tlie ul t raviole t abso rp t ion spectre were de t e rmined in methanol , the 
infra red abso rp t ion spee t i a are for po tass ium bromide disks, the opt ical rota
t ions a re for chloroform solut ions at 2 ' r , and the n .m.r . spee t i a were re
corded on a Yarian A-tiO spectt orneter u„ing solut ions of t he c o m p o u n d s in 
doii ter iochloroform. 

•211) The a u t h o r s a re indeb ted to William 1'ulmor a n d associa tes for t he 
infrared and ul t raviole t absorp t ion , the optical ro ta t ion and nuclear magnet ic 
resonance d a t a ; to M) . Char les P idacks and associa tes for The p a i t i t i o n 
c h r o m a t o g r a p h i c s epa ra t ions ; and to Mr. Louis M . Brancone and associ
ates for t h e e lementa l ana lyses . 

(27) T h e thin layer e h r o m a t o g r a m s were carried out a t room t e m p e r a t u r e 
on glass p la tes routed with a p p r o x i m a t e l y 0.25 mm. of Silica d e l O. (Merck , 
D a r m s t a d t ) p repa red accord ing to E. S tahl . Chem. Ztg., 82, 323 (19.)8), and 
d i ied for 2 hr. a t 70° . Detec t ion of s teroids was accompl i shed with a phos-
phomolybd ic acid (10r-r in methanol ) sp ray . 

'28) Pe t ro leum e the r refers to the fraction, b .p . (H) 7 0 c . 

CH;! 

XXI 

XVIII, R = Ac,R ' = H 
XVIIIa, -i3-3 enolacetate 

XIX, R = Ac. R - B r 

XXII, R = Ac 
XXIII , R = H 
XXIV, R = Ac, A1 

XIV, R = H 

XX, R = A c 

Fl.DWSHIvKT 

excess aqueous saturated sodium bicarbonate and then with 
water until neutral. Fvaporation of the dried solution gave III 
as solid upon tiie addition of ether (1.9!) g., in.p. 170-172°). 
In another experiment, purification raised the m.p. to 170-177°; 
,.'„,,,. 2950, 1745, 1705. 1450, 1355, 1265, 1255. 1 ISO e m . 1 : 
jrejl) +S7° (c 1.200). 

A mil. Calcd. for C;i,H4:( ),s : (', 64.7s: 11, 7.37: S, 5.5s. 
Found: C, (H.S7; H, 7.73: S, 5.53. 

3a-Carbethoxy-16a,17a-epoxypregn-ll-en-20-oiie IV;. A 
solution of crude 3-carbethoxy-l(ia,17a-epoxy-12«-tosyloxypreg-
nan-20-one (III. 27.0 g.) in collidine ('60 ml.) was reliuxed for 24 
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hr., then cooled and added to 2 N hydrochloric acid (7 1.). The 
mixture was extracted with chloroform and the extract was 
washed with water until neutral, dried, and evaporated leaving a 
dark gum. The latter was dissolved in ether (500 ml.) and 
washed with A" hydrochloric acid (100 ml.) and then water. 
Evaporation of the dried solution gave a crude gum which was 
dissolved in benzene (100 ml.) and added to a column of silica 
gel (500 g.). Elution with benzene-ether (98:2) gave 12.6 g. 
of crude IV, which on trituration with methanol afforded 11.3 g., 
m.p. 147-149.5°. Recrvstallization from acetone-petroleum 
ether gave IV, m.p. 148.5-149.5°; «„,,* 2930, 1745, 1710, 1455, 
1370, 1320, 1360, 1080, 1010 cm.- ' ; [a]u +87° (c 1.130). 

Anal. Calcd. for CMHMOV C, 71.61; H, 8.51. Found: 
C, 71.54; H, 8.56. 

Further elution of the column with benzene-ether (9:1) 
gave 4.6 g. of starting material (III) , m.p. 172-175°. 

The ll/3,12a-dibromo derivative (IVa), prepared by bromi-
nation at 0° in a methvlene chloride solution, had m.p. 178-181°; 
[a]D +114° (c 0.352); . w 2960, 1745, 1710, 1470, 1370, 1265, 
and 995 cm. - 1 . 

Anal. Calcd. for C24H34Br2Oo: C, 51.27: H, 6.09; Br, 28.42. 
Found: C, 51.02; H, 6.41; Br, 28.33. 

16a,17a-Epoxy-3a-hydroxypregn-ll-en-20-one (V).—A solu
tion of 3a-earbethoxy-16a,17a-epoxypregn-ll-en-20-one (IV, 1.0 
g.) in 0.1 A" sodium methoxide in methanol (60 ml.) was refluxed 
for 1 hr. It was then evaporated, and the residue was extracted 
with methylene chloride. The washed and dried extract was 
evaporated leaving a semicrystalline solid w-hich was crystallized 
from acetone-petroleum ether to give V (711 mg.), m.p. 169-
170°; *wx 3540, 2940, 1710, 1690, 1370, 1080, 1045 cm."1; 
[aju +86° (c 1.824). 

. 4 M / . Calcd. for C2IH3,03: C, 76.32; H, 9.15. Found: 
C, 76.19; H, 9.34. 

16a,17o:-Epoxypregn-ll-ene-3,20-dione (VI).—To an ice-cold 
solution of I6a,17a-epoxy-3a-hydroxypregn-ll-en-20-one (V, 1.7 
g.) in pyridine (36 ml.) was added a solution of chromium trioxide 
(1.62 g.) in cold pyridine (18.7 ml.). The resulting dark brown 
mixture was stirred for 20 hr. at room temperature, then methanol 
(about 50 mb) was added. The solvents were then evaporated 
to give a gum. Benzene was added and subsequently evaporated 
to remove the last traces of pyridine. The residue after the 
addition of water was extracted with methylene chloride and 
the extract was washed successively with dilute sodium bi
carbonate, and water. The dried methylene chloride solution 
was passed through a column of Magnesol29 and gave on evapora
tion the dione VI (1.52 g.), m.p. 143-146°. Crystallization of a 
sample of this material raised the m.p. to 147-149°: % „ 2930, 
1715, 1460, 1375, 1215, 1200 cm.- ' ; [a}o +94° (c 1.002). 

Anal. Calcd. for C,,,H2S()3: C, 76.79; H, 8.59. Found: 
C, 76.60; H, 8.73. 

16a,17a-Epoxy-3a:-hydroxy-12a-tosyloxypregnan-20-one 
(VIII).—A solution of 3a-earbethoxy-16a,17a-epoxy-12a-tosyl-
oxypregnan-20-one (III, 1.0 g.) in 0.1 N methanolic sodium meth
oxide (42 ml.) was refluxed for 0.5 hr. Evaporation in vacuo 
(bath temp. 25°) gave a solid residue which was partitioned be
tween water and methylene chloride. The organic layer was 
washed with water until neutral, dried and evaporated in vacuo. 
The addition of ether to the residue gave VIII (0.88 g.), m.p. 
174-176°. Recrvstallization from acetone-petroleum ether 
did not alter the melting point; [aju +75° (c 1.051); vm„x 

3470, 2940, 1695, 1605, 1365, 1355. 1175, 918 cm."1. 
Anal. Calcd. for C28H,506S: C, 66.91; H, 7.62; S, 6.38. 

Found, C, 60.57; H, 7.69; S, 6.60. 
16a,17a-Epoxy-12a.tosyloxypregnane-3,20-dione (IX).—To a 

cooled ;0 -5°) solution of chromium trioxide (1.28 g.) in pyridine 
(15 ml.J there was added a cold solution of 16a,17a-epo:<y-3a-hy-
droxy-12a-tosyloxypregnan-20-one (VIII, 2.0 g.). The mixture 
was allowed to stand for 15 min. at 0° and then 3 hr. at room tem
perature when methanol (10 ml.) was cautiously added, and the 
mixture was evaporated in vacuo. Benzene was added and the 
evaporation was repeated several times until the residual pyridine 
was removed. The residue was dissolved in methylene chloride 
and washed with water. The dried extract was passed through 
a column of Magnesol29 to remove the dark color and evaporated 
to afford crystalline IX (1.8 g.). A sample was recrystallized 
from acetone-petroleum ether and the m.p. remained unchanged 

(29) Magnesol© (Food Machinery Chemical Corp.), a hydrous mag
nesium silicate. 

at 206-207°; [a]o + 7 5 ° (c 0.907); > w 2950, 1710, 1605, 
1335, 1175,918 cm.-1 . 

Anal. Calcd. for C28H3606S: C, 67.18; H, 7.25; S, 6.39. 
Found: C, 67.35; H, 7.45; S, 6.59. 

4/3-Bromo-16a,17a-epoxy-12a-tosyloxypregnane-3,20-dione 
(X).—To a cold ( — 60°) solution of 16a,17a-epoxy-12a-tosyloxy-
pregnane-3,20-dione (IX, 0.4 g.) in chloroform (8.0 ml.) and ace
tic acid (0.9 ml.) there was added with stirring over a period of 45 
min. bromine (0.041 ml.) in 32% hydrogen bromide-acetic acid 
(0.196 ml.), and acetic acid (0.6 ml.). The solution was then 
kept at —60° for 1 hr. when a solution of sodium acetate (131 
mg.) in water (1.1 ml.) was added. The mixture was stirred at 
room temperature for 0.5 hr. when chloroform was removed in 
vacuo, and water was added. The residua! mixture was cooled 
in an ice bath for 1 hr., and the white solid which formed w-as 
collected and dried. Recrvstallization from acetone-petroleum 
ether gave X (409 mg.), m.p. 189-191° dec ; ym„s 2946, 1738, 
1708, 1608, 1355, 1178 cm."1. 

Anal. Calcd. for C2SH35BrOsS: C, 58.03; H, 6.0S; Br, 
13.79; S, 5.53. Found: C, 57.28, 57.35; H, 6.15, 6.15; Br, 
13.61; S, 5.76. 

16a,17a-Epoxy-12o;-tosyloxypregn-4-ene-3,20-dione (XII).—A 
solution of X (1.25 g.) in collidine (30 ml.) was refluxed for 6 hr., 
cooled, and the excess collidine was removed in vacuo (bath temp. 
45-50°). The residue was dissolved in methylene chloride (50 
ml.) and washed with Ar hydrochloric acid (50 ml.) and then twice 
with water. After being dried the solvent w-as removed in vacuo; 
an infrared analysis of the crude residue indicated the tosyl group 
was still present but that dehydrohalogenation had taken place 
as shown by the conjugated ketone absorption. A solution of 
this crude residue in methylene chloride was filtered through a 
pad of Magnesol29 to remove color. Evaporation of the methyl
ene chloride in vacuo gave a light yellow crystalline solid (XII ) 
(0.86 g.), m.p. 195-200°. A portion of this material, w-as crys
tallized from acetone-petroleum ether, m.p. 203-204°: [« ]D 
+ 112° (c 0.790): Xmo* 227 mM (e 23,400), 238 m,u (e 15,500); 
emax 2960, 1710, 1665, 1620, 1605, 1350, 1185, 1175, 912 cm.-1 . 

Anal. Calcd. for C28H3406S: C, 67.45; H, 6.87: ^, 6.42. 
Found: C, 67.35, 67.58; H, 6.99, 7.35; S, 6.58. 

16a,17a-Epoxypregna-4,ll-diene-3,20-dione (XI). A.—A so
lution of 4/3-bromo-16a,17a-epoxy-12a:-tosyloxypregnane-3,20-di-
one (X, 0.1 g.) in collidine (1 ml.) was refluxed for 6 hr., and 
evaporated in vacuo. The residue was dissolved in methylene 
chloride and passed through a small column of Magnesol.29 The 
crude residue after evaporation was triturated with cold ether to 
give XI (15 mg.), m.p. 185-190°. This material was identical 
with that obtained in procedure B. 

B.—To a cold ( — 60°) solution of 16a,17a-epoxypregn-ll-ene-
3,20-dione (VI, 0.38 g.) in methylene chloride (5.5 ml.), chloro
form (5.5 m l ) , and acetic acid (1.35 ml.) there was added over a 
period of 20 min., with stirring, bromine (0.038 ml.) in 30% hy
drogen bromide-acetic acid (0.29 ml.) and acetic acid (0.91 ml.). 
After 1 hr. at —60° a solution of sodium acetate (0.19 g.) in 
water (20 ml.) was added and the mixture was stirred at room 
temperature for 1 hr. The mixture w_as evaporated in vacuo 
(bath temp., 30°), and the residue was treated with water to 
give a gum which partially crystallized. Identification of this 
material as 4/3-bromo- 16a,17a-epoxypregn-ll-ene-3,20-dione 
(XIII) was based on an infrared analysis of the carbonyl region 
which exhibited peaks at 1690 and 1720 cm.-1. This crude 
product (430 mg.) was dissolved in dimethylformamide (2.5 
ml.) and collidine (1.0 ml.) and the solution was refluxed for 2.5 
hr. After dilution writh methylene chloride, the solution was 
washed with water, A' hydrochloric acid, and then water and 
sodium bicarbonate. The dried methylene chloride solution was 
passed through Magnesol29 to give XI (0.30 g.), m.p. 195-197°. 
A recrvstallization from ether gave white crystals, m.p. 203-
205°; 'xm a x 238 m/, (e 15,000); <-max 3040, 2950, 1712, 1678, 
1625, 1380, 752, 722 cm."1; [C*JD +181° (c 0.939). 

Anal. Calcd. for C21H2603: C, 77.27; H, 8.03. Found: 
C, 76.83; H, 7.84. 

3,3-Dimethoxypregn-ll-en-20-one (XVII). A.—A solution of 
pregn-ll-ene-3,20-dione30 (XVI, 18.0 g.) and selenium dioxide 
(18.0 g.) in methanol (500 ml.) was allowed to stand at room tem
perature. After 0.5 hr. crystals began to separate. These w-ere 
collected by filtration after 24 hr. and w-ere washed with methanol 

(30) "Elseviers Encyclopedia of Organic Chemistry,' Vol. 14 Supplement, 
Springer-Verlag, Berlin, 19,59 pp. 2793s-2794s. 
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to give the ketal XVII : 10.7 g.), m.p. 135-137°. The filtrate was 
concentrated in racuo (bath temp. 30°), and a solution of potas
sium hydroxide (18 g.; in methanol (360 ml.) was added. The 
solution was poured into water and the white solid was collected. 
Crystallization of this material from methanol with a few drops 
of pyridine added gave additional XVII (5.7 g.i. m.p. 136-138°. 

B.—A mixture of XVI (10.0 g.,) and /i-toluenesulfonic acid (0.5 
g.; in methanol (200 ml.) was refluxed for 0.5 hr. The reaction 
was terminated by the dropwise addition of A' methanolic sodium 
methoxide until the mixture became basic (ajprox. 1>H 9-10), 
and tlie solution was then concentrated in vacuo to about '•'. 
of its original volume. After cooling overnight at 5°, the crys
tals which had separated were collected and washed with a small 
amount of cold methanol: 10.2 g., m.p. 131-132°: repeated 
recrystallization from ether gave m.p. 134-136°; | « ] D 4-92° 
<c 0.975): „,„„ 3040, 2930, 1710. 145S, 1365, 1100, 1055, 723 
cm."'1. 

Anal. Galcd. for CMHSSOU: ('. 76.62: H. 10.07. Found: 
(.', 76.00, 76.35; H, 10.03, 10.04. 

17a-Hydroxypregn-ll-ene-3,20-dione (VII. A.—To a cooled 
i lS"; solution of 16a,17a-epoxypregn-ll-ene-3,20-dione (VI, 1.2 
g.) and acetic acid (1.5 ml.) in methylene chloride (15 ml.) there 
was added dropwise with stirring over a period of 20 min. 32<'< 
hydrogen bromide-acetic acid (2.4 ml.). After an additional 30 
min. at 15-20° the reaction mixture was poured into ice water and 
was extracted with methylene chloride. The extract was washed 
with water, dried, and evaporated (bath temp. 20-25°). To a so
lution of the crude residue in methanol (40 ml.) containing water 
t 1.6 ml.), Haney niekel (8 g.) was added, and the mixture was re-
fluxed with stirring for 4 hr. The nickel was removed by fil
tration from the hot mixture and tlie filtrate was evaporated. 
The addition of ether to the gummy residue gave crystalline VII 
(0.71 g.), m.p. 196-200°. An analytical sample of VII was ob
tained from methylene chloride-petroleum ether, in.]). 204-206°: 
!«]i> +167° (r 1.019); <-„,,« 3010, 2925, 1715, 1345, 718 cm. ' '. 

Anal. Calcd. for C^FM);,: C, 76.32: H, 9.15. Found: 
(.', 76.34; H, 0.35. 

B.—To a solution of 3.3-dimethoxvpregn-l l-en-20-one (XVII, 
2.0 g.) there was added a solution of ~ V potassium f-butoxide in 
/-butyl alcohol (28 ml.) and the reaction mixture was cooled to 
approximately —7° in an ice-salt bath. The reaction flask was 
attached to a gas measuring burette and the system evacuated 
and filled with oxygen. With magnetic stirring of the reaction 
mixture the oxygen uptake was measured and when a 10 r , 
excess (146 ml. total) of oxygen was consumed the solution was 
acidified with acetic acid (28 ml.). Zinc dust (4.0 g.) was added 
with brisk agitation and the mixture was stirred for 2 hr. at 
room temperature. The zinc was removed by filtration and 
washed with /-butyl alcohol. The combined filtrates wprc 
evaporated (bath temp. 40°) leaving a thick oil. The addition 
of water caused precipitation of a solid which was collected and 
dried (1.(5 g.). Crystallization from acetone-petroleum ether 
gave VII (1.1 g.), ni.]i. 190-200°. An infrared analysis showed 
this material to be identical with (he material obtained by pro
cedure A. 

43-Bromo-17a-hydroxypregn-ll-ene-3,20-dione (XV).—To a 
mixture of methylene chloride (7 ml.!, chloroform (7 nil.) and 
acetic acid (1.75 ml.) was added VII (0.5 g.) and the solution was 
cooled to —50 to —60° while stirring. To this was added drop-
wise over 1 hr. a solution of bromine (0.079 ml.) in 32rJ- hydrogen 
bromide acetic acid (0.38 ml.). The mixture was then stirred 
for 1 hr. at this temperature, when a solution of sodium acetate 
(0.25 g. i in water (2.0 ml.) was added, and the stirring was con
tinued for an additional hour at room temperature. After the 
more volatile organic solvents were removed in vacuo (bath temp. 
30-35°), water was added to the residue to yield a white gum 
which solidified on standing. The solid was recrystallized from 
acetone-petroleum ether to give XV (0.31 g.), m.p. 170-172° 
dec. For analysis, a methylene chloride solution of this ma
terial was passed through a filter pad of Magnesol29 and the re
sultant solid obtained on evaporation of the solvent was recrys-
fallized from the above solvent pair to give m.p. 175-176° dec.: 
;<*|i> +37° (c 1.450); j / , , , , , , 3490, 2950. 1725, 1710, 1450, 1355, 
1 I So, 712 c m . ' . 

Anal. Calcd. for C,MH.>«Br< >;i )409.36,i: C, 61.61; H, 7.14: 
Br, 19.52. Found: C, 61.30: H, 7.03: Br, 19.00, 18.72. 

17«-Hydroxypregna-4,]l-diene-3,20-dione (XIV). A.—In an 
atmosphere of nitrogen a solution of crude 4i3-bromo-17a-hy-
di'oxypregn-1 l-ene-3,20-dione (XV. 2.4 g.) and lithium chloride 
4.5 g. i in dry dimethylformamide ;80 ml.) was heated at 105 -

1 10° for 3 hr. The solvent was removed in racuo and the residue 
was treated with methylene chloride. The extract was washed 
with excess sodium bicarbonate solution and then water. Kvapo-
ration in racuo gave a crude solid (2.4 g.! which on recrystalliza
tion from benzene provided XIV (1.3 g.), in.]). 202 206°. A 
portion (300 mg.) of this material was chromatographed on 
Florisil.31 The fraction eluted with S ' , acetone petroleum ether 
was crystallized to constant m.p. 213-215°: ja-h> -f 113° <• 
1.173 x X„,.1N 23* uifx : ( 16,8001; c„,;IN 34s(). 3020, 29 10, 1700, 
1665, Kilo, 1345, 1233. 1 190, 71(1 cm. :. 

Anal. Calcd. for C:;H,..<>..: C. 76.79; H. s.59. Found: 
C, 70.78; H. s.55. 

B.-~• A solution of Kin. 1 7a-epoxypregna-4.1 l-diene-3.20-dionc 
;XI, 266 mg. in methylene chloride (5 ml.) and acetic a"id '0.5 
ml.'' was treated with 3 0 ' ( hydrogen bromide-acetic acid ,0.t 
ml.), and the mixture « i« allowed to stand tit' room temperature 
for 0.5 hr. The product was extracted with methylene chloride, 
which on evaporation yielded the crude bromohydrin. To a 
suspension of the latter in methanol (10 ml.) and water (0.4 ml.) 
was added Haney nickel (2.0 g.) and the mixture was refluxed 
lor 4 hr. Kvaporation of the filtered reaction mixture yielded 
XIV. After several crystallizations from acetone-petroleum 
ether, there was obtained III! mg., m.p. 211-213°, which was 
identical with the product obtained by procedure A. 

17a-Acetoxypregn-n-ene-3,20-dione (XVIII). To a solution 
of acetic acid (30 ml.: and a"etic anhydride :10 ml.) there ua-
added 17a-hydro\ypregn-l l-ene-3.20-dione (VII, 1.0 g.x nitro
gen was bubbled through this solution, and /j-toluenesulfonic acid 
(1.0 g. was added. Alter IS hr. sealed under a nitrogen at
mosphere, the reaction mixture was poured into ice water and ex
tracted with methyleoe chloride. Kvaporation of the washed 
and dried extract gave a gum which was dissolved in methanol 
I 10 ml. I, and V sodium methoxide in methanol was added until 
the pH was about 9. The solution was refluxed for 0.5 hr. and 
cooled. A thin layer ehromatograph showed predominantly 
one compound less polar than starting material. Neutraliza
tion with acetic acid and evaporation gave a residue which crys
tallized from acetone-petroleum ether to give XVIII (564 mg. . 
m.p. 180-183°. Crystallization of a sample from ether gave 
m.p. 1*5--1S7°: |,*|n 4-50° <c 1.026): i*,,,.,, 3050, 2970, 1735, 
13S5, 1265, 1245, 716 cm. '. 

A mil. Calcd. for CL..,H3L.(),: C, 71.16; II. s.(i(i. Found: 
C, 74.29: H. s.93. 

In another run the material which separated upon the ad
dition of ice water to the reaction mixture was collected and 
dried. Its infrared spectrum showed this material to be most 
likely 3,1 7a-diacotoxvpregna-3,1 l-dien-20-one (XVIlIa) : <•,.,,, 
174(1, and 1210 cm. '.' 

17a-Acetoxy-4;3-!>romopregn-ll-ene-3,20-dione XIX). A 
A solution : cooled to —50°) of 1 7«-acetoxypregn-l l-ene-3.20-di-
one i XVIII, 372 mg. ' in methylene chloride (4.5 ml.!, chloroform 
|.4.5 ml.), and acetic acid (1.1 ml.) was treated (dropwise addition 
with stirring) with a solution of bromine (100 mg.) in 30'','- hydro
gen bromide-acetic acid i0.25 ml.) and acetic acid (0.75 ml.c 
The reaction mixture was stirred for a total of 2 hr. at —50° when 
a solution of sodium .acetate (164 mg.: and water tl.4 ml., was 
added. The mixture was stirred tit room temperature for 0.5 hr.. 
and the volatile solvents were removed in racuo (bath temp. 
10° i. Water (20 ml.) was added and a gummy precipitate formed 
which solidified on standing overnight id 5°, The solid was 
collected, dissolved in methylene chloride, and filtered through 
a pad of .Magnesol.-1 Kvaporation of the filtrate gave white 
crystals, of XIX i307 mg. a m.p. 174-175°. Its infrared spec
trum was identical with that of an analytical sample obtained 
in procedure B below. 

B.—-To a cold ( — 50° i solution of crude 3,17a-diacetoxypregna~ 
3,1 l-diene-20-oiie iXVIIIa. 414 mg.} in methylene chloride (10 
ml. i and chloroform (10 ml.) there was added dropwise with stir
ring over 5 min. a solution of bromine (160 mg.! in chloroform '5 
ml.). A solution of sodium acetate (164 mg.) in water (3.0 nil.; 
was added to the reaction mixture which was now allowed to 
come to room temperature. After 0.5 hr. at room temperature, 
the mixture was evaporated in vacuo (bath temp. 25°), and water 
was added to (he residue. The resulting gum was dissolved in 
methylene chloride and filtered through Magnesol.8" The filtrate 
was evaporated leaving a gum which crystallized on trituration 

Ctl) Flo] i.sil H I'lor ifili] Co rpo ra t i on ) , a Hvmitclic nmu'iiesmia sili^ai.- ;ui-
sn iben t . 
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with ether. In this manner there was obtained X I X (81 mg.), 
m.p. 173-174° dec. Crystallization from ether raised the m.p. 
to 178-179° dec ; [ « ] D + 5 8 ° (c 0.950); xmax 2940, 1735, 1370, 
1265, 1250, 725 cm."1. 

Anal. Calcd. for C23H31BrO,: C, 61.19; H, 6.93; Br, 17.72. 
Found: C, 60.92; H, 7.08; Br, 17.89. 

17a-Acetoxypregna-4,ll-diene-3,20-dione (XX). A.—Under 
an atmosphere of nitrogen, crude 43-bromo-17a:-acetox3'pregn-ll-
ene-3,20-dione (XIX, 1.5 g.) and lithium chloride (2.8 g.) were 
heated in dry dimethyltormamide (50 ml.) for 3 hr. at 100-110°. 
The solvent was removed in vacuo and methylene chloride was 
added. The extract was washed with a saturated sodium 
bicarbonate solution and water, dried, and evaporated to give a 
yellow solid which was dissolved in benzene and added to a 
column of Florisil31 (50 g.). Elution with 6% acetone-petroleum 
ether gave 3 major fractions which were grouped according to 
the results obtained by thin layer chromatographic analysis. 
Fraction A contained product contaminated with a less polar 
material which gave on crystallization from acetone-petroleum 
ether XX (107 mg.), m.p. 210-211°. Fraction B was essentially 
pure XX, m.p., 216-219°. Fraction C contained X X with a 
more polar substance and had a low m.p. Crystallization of 
a sample of fraction B from ether gave crvstals. m.p. 220-222°; 
[«]D +123° (c 1.160); Xmax 238 m« (e 17,200); > w 3010, 2930, 
1730, 1660, 1620, 1445, 1360, 1265, 1250, 1072, 718 cm."1 . 

Anal. Calcd. for C,3H30O4: C, 74.56; H, 8.16. Found: 
C, 74.50; H, 8.30. 

B.—17«-Hydroxypregna-4,ll-diene-3,20-dione (XIV, 0.83 g.) 
was dissolved in a mixture of acetic acid (25 ml.) and acetic anhy
dride (8 ml.). Nitrogen was bubbled into this solution for a few 
min. and then p-toluenesulfonic acid (0.83 g.) was added and 
the reaction mixture was sealed for 18 hr. A yellow solid sep
arated when the reaction solution was poured into ice water and 
the precipitate was collected. A methylene chloride solution of 
the latter was washed with water, dried, and evaporated. The 
resulting gum was dissolved in methanol (10 ml.) and a Ar 

sodjum methoxide in methanol solution was added dropwise 
until the pH was 9-10. The solution was then refluxed for 15 
min., neutralized with acetic acid, and evaporated to provide XX 
(552 mg.), m.p. 208-210°, whose infrared analysis was in agree
ment with material obtained from procedure A above. 

17:*-Acetoxypregna-l,4,ll-triene-3,20-dione (XXI). A.—A so
lution of crude 17a-acetoxypregn-ll-ene-3,20-dione (XVIII, 585 
mg.) and 2,3-dichloro-5,6-dicyanobenzoquinone (600 mg.) in di-
oxane (5 ml.) was refluxed for 18 hr. The solvent was removed in 
vicuo and the residue was suspended in benzene and filtered to 
remove the hydroquinone. The filtrate was added to a column 
of Florisil31 (30 g.) suspended in petroleum ether and by a linear 
gradient elution pattern (0 -8% dioxane-petroleum ether) with 
10-ml. fractions on an automatic collector there was obtained 
28 mg. of starting material. A second linear gradient elution 
pattern (8-20% dioxane-petroleum ether) gave, by ultraviolet 
absorption analysis of the fractions, in the following order (in
creasing polarity) 17a-acetoxypregna-4,ll-diene-3,20-dione (XX) 
17«-acetoxypregna-4,6,ll-triene-3,20-dione (XXII) , 17a-acetoxy-
pregna-],4,ll-triene-3,20-dione (XXI) , and 17a-acetoxypregna-
l,4,6,ll-tetraene-3,20-dione (XXIV). However, only X X I 
could be separated and was further purified by partition chroma
tography on Celite,!2 (heptane-methanol). Crystallization of 
the material thus obtained from acetone-petroleum ether gave 
2S mg., m.p. 204-206°; [<*]D + 6 0 ° (c 1.157); Xmax 246 mM 

(e 15,100): > w 3050, 2970, 1745, 1670, 1630, 1610, 1265, 
1250, 890, 719 cm."1. 

Anal. Calcd. for C2;,H,g04: C, 74.97: H, 7.66. Found: 
C, 74.77: H, 7.70. 

(32) Celite ® (Johns-Manville Company), a diatomaceous silica product. 

B.—A solution of 17a-acetoxypregna-4,ll-diene-3,20-dione 
(XX, 101 mg.) and 2,3-dichloro-5,6-dicyanobenzoquinone (72 
mg.) in dioxane (5.0 ml.) was refluxed for 18 hr. The hydroqui
none which separated on cooling was removed by filtration, and 
the filtrate was evaporated. Chromatography of the residue on 
Florisil31 (10 g.) with 7% acetone-petroleum ether gave the 
A ^ ^ - o n e (XXI, 36 mg.). Repeated crystallization raised 
the m.p. to 201-202°. The product was identified with material 
obtained in procedure A. 

17a- Acetoxypregna-4,6,11 -triene-3,20-dione (XXII) .—A 
stream of dry hrydrogen chloride was passed into a solution of 
17a-acetoxypregna-4,ll-diene-3,20-dione (XX, 150 mg.) and 
2,3-dichloro-5,6-dicyanobenzoquinone (101 mg.) in dioxane (7.5 
ml.) for 1 min. After 0.5 hr. at room temperature, crystals of 
hydroquinone separated and these were removed by filtration. 
The filtrate was diluted with methylene chloride, and the extract 
was washed with excess sodium bicarbonate solution, dried, and 
evaporated to give a yellow residue of XXI I (105 mg.), m.p. 190-
192°. Since it was impossible to remove the color by repeated 
crystallization, purification of the sample was accomplished by 
chromatography on Florisil.31 Elution with 5 % acetone-
petroleum ether gave a material which on crystallization from 
ether gave colorless needles, m.p. 205-207°; [a]o + 1 7 ° (c 
0.500); X,rax 285 m î (e 23,500); > w 3050, 2960, 1742, 1715, 
1665, 1615, 1585, 1258. 1242, 1230, 718 cm.-1. 

Anal. Calcd. for C,3H,804: C, 74.97; H, 7.66. Found: 
C, 74.83; H, 7.88. 

17a-Acetoxypregna-l,4>6>ll-tetraene-3,20-dione (XXIV).—Into 
a solution of 17a-acetoxypregn-4,ll-diene-3,20-dione (XX, 300 
mg.) and 2,3-dichloro-5,6-dicyanobenzoquinone (202 mg.) in di
oxane (10 ml.) was passed a stream of dry hydrogen chloride for 
about 1 min. After 75 min. at room temperature the mixture 
was evaporated in vacuo (bath temperature 30°), and benzene was 
added and evaporated in vacuo 3 times to remove residual hydro
gen chloride. Methylene chloride was added, and hydroquinone 
was removed by filtration. The filtrate was evaporated, the 
residue was again dissolved in dioxane (7.0 ml.), and 2,3-
dichloro-5,6-dicyanobenzoquinone (202 mg.) was added. The 
solution was refluxed for 18 hr. and the hydroquinone was re
moved by filtration and the filtrate was evaporated to yield a 
gum. This was dissolved in benzene and added to a column of 
Florisil31 (15 g.). Elution with 6% acetone-petroleum ether 
gave ultraviolet absorbing material. Cuts (50 ml.) were taken 
and analyzed by thin layer chromatography, which revealed 
essentially one spot. They were therefore combined and 
evaporated to give a glass (177 mg.). Crystallization from ace
tone-petroleum ether gave XXIV (130 mg.), m.p. 175-177°; 
crystallization from ether did not alter the melting point; [a]i> 
+ 26° (c 0.704); Xmax 225 mM (e 15,900), 252 mM (t 14,900), 
300 mn (e 13,600); xmax 3000, 2940, 1730, 1660, 1630, 1605, 
1585, 1375, 1355, 1260, 1245, 718 cm.-1 . 

Anal. Calcd. for COSHMO,: C, 75.38; H, 7.15. Found: 
C, 75.20; H, 7.52. 

17a-Hydroxypregna-4,6,ll-triene-3,20-dione (XXIII).— Dry 
hydrogen chloride was bubbled for approximately 1 min. into a 
solution of 17a-hydroxypregna-4,ll-diene-3,20-dione (XIV, 133 
mg.) and 2,3-dichloro-5,6-dicyanobenzoquinone (101 mg.) in di
oxane (7.5 ml.). The flask was stoppered and after 30 min. the 
solid which had separated was removed by filtration. The fil
trate was diluted with methylene chloride and the extract was 
washed with a sodium bicarbonate solution and water, dried, and 
evaporated to give X X I I I (120 mg.), m.p. 200-205°. An 
analytical sample (59 mg.), m.p. 212-218° dec , was obtained from 
a Florisil31 column by elution with 8% acetone-petroleum ether. 
Crystallization from ether raised the melting point to 222-224° 
dec , [a]D + 5 5 ° (c 0.491); XmRX 285 mM (« 20,900); xmax 3410, 
3050, 2960, 1708, 1645, 1610, 1580, 1350, 1225, 1185, 720 cm.-1 . 

Anal. Calcd. for C21H2603: C, 77.27; H, 8.03. Found: 
C, 76.64, 77.27; H, 8.22, 8.39. 


