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amount of water required stoichiometrically. nomenon and the observed passivity of hemoglo- 
An excess of water permits rapid oxidation. 

f i .  The possible relationship betwwii this p11e ljALlI\fORI, 18, AID. K c c t ~ x  E D  .IPRIL 22, 1946 
bin is discussed. 

[CO\TRIBCTION FROM THE RESEARCH LABORATORIES or ~ I E R C K  - 4 w  Co , Ivc  ] 

The Partial Synthesis of Dehydrocorticosterone Acetate 

BY LFWIS H,\STINGS S IRFTT 

Dehydrocorticosterone, a member of the ad- 
renal cortical hormone group, was first isolated 
from cortical extracts by Kendall and co-workers.l 
I ts  partial synthesis from desoxycholic acid has 
been accomplished by Lardon and Keichstein.' 
This synthesis employs the reaction of a 3-ace- 
toxy-1 I-keto-etio-cholanic acid chloride with diaz- 
omethane as a means of introducing the required 
ketol side chain. This has also been accomplished 
by lead tetraacetate oxidation." 

The a\.:Lilability of ant1 .li'"."-:i(cuj-acet- 
oxy-1 1 -ketopregtienes' has now m:de possible thc 
utilization of another method for constructing the 
ketol side chrtiii. 

The crude crystalline mixture of 90- aiitl 
A'o,?1-:3(~  )-acetoxy-11-ketopregnenes ( I  aiid la);  
obtained by the method previously described.' 
was saponified to the corresponding mixture of 
3 ( a )  -hydroxy- 1 1 -ketopregnenes ( I  I and I Ia ) , 
which upon oxidation with chromic acid afforded 
the corresponding mixture of ;3,11 -diketopreg- 
nenes (111 and IIIa). Hydroxylation with os- 

niium tetroxide by the method of Criegee5 gave a 
mixture of pregnanedioldiones from which the 
pair of isomeric 20,21 diols could immediately be 
separated. This was effected by subjecting the 
mixture to  iiiild esterification with succinic an- 
hydride followed by separation of the acidic from 
the neutral fractioii. 

The neutral fraction consisted essentially of a 
pregnanediol-1 T,20-dione-3,11,6 (IV), which was 
best isolated as the readily crystalline %-acetate, 
(I-). The structure of this dioltiioiic was sliowtl 
to be that g lwn  by formula I\' through chroniic 
acid oxitlation. Tmo products were obtained, 
efio-cliol~netrioiie-::, 1 I ,1 T (1-1 I )  and pregnmol- 
l'j-trioiic-3,lI ,L'O (1-1 J .  1'11 could .tlso be ob- 
tained by ouirlation of etio-cholanol-::( a)-tlione- 
11,1T.4 

The 5-unsaturated derivative of IV was also 
prepared. Bromination of Y gave 4-bromopreg- 
nandiol-17,2O-dione-3,11 acetate-20 (XXI) as 
the crystalline alcohol complex. Rcfluxing this 
product with pjridine gave pregnene-4-diol-1 i ,20-  
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(1) hidson, RIyers and Kendall, J .  Bioi. cizcrn., 114, 013 ( 1 0 ~ ~ ) .  dione-3,11 acetate-20 (XXII), saponification of 
(2) Lardon an,l  Reichstein, R d w ,  Ckim.  Acta .  26, 7-17 11943). ( 5 )  Criegee, Ani i . ,  522, 75 (1936); Criegee, hIarchand and Wan- 
(3) Z< i: von B u w ,  1,ardiin and Reichstein, I t&. ,  27, 1287 nciwius, i b i d ,  550, 99 (1912). 

(101-1). (0) 'The stereochemical configuration of th i i  cornpound has not 
(4) Saret t ,  J .  R i d .  Chcm.,  162, 591 (1946). ye t  been determined. 
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which afforded the free diol (XXIII)  obtained as 
the crystalline hydrate. =\ sample of XXIII was -> 
oxidized with periodic acid and yielded, as ex- 
pected, adrenosterone (XXIT.') . 

The acid succinate fraction, the separation of 
which was described above, was saponified and 

---+ /-\A - 
I 

0=-(,+ 

XXIL- XXIII 

gave a mixture of the two isomers, 
pregnanediol-2O(a and @ , ? I  -diene-::, 1 1 

HC'OAC H C O A ~  (VIII + IX). Separation was achieved 
-OH (-OH by acetylation followed by chroma- 

O = A l / \  .=A;/\ tography. Since, unfortunately, the re- I 1 1 spective dioldiones (VIII and I X )  and Br? I I Pyridine 
- /  + /( /- - Alp.,,/- their corresponding acetates (X and X I )  

could not easily be related stereochern- 
ically to compounds of knowti conven- 
tional configuration a t  (2-20, the ar- 
bitrary assignment of 2 0 ( d  was made 
to VI11 and X, 20@) to  IX and XI .  
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The bromination of X led to the corresponding 
A-brornopregnanediol-20( a )  ,2l-dione-X, 11 diace- 
tate (XII'i which could not be obtained crystal- 
line. Refluxing the crude bromoketone with py- 
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ridine gave crude crystalline pregnene-A-diol-20- 
(a),21 -tlione-:l,ll diacetate (XIII) ,  the separation 
of n-liich froin a smdl  amount of X was best 
achie\-d by saponification to the free diolrlione 
( X I 7 )  m d  recrystallization of the 1attc.r from 
water. iCeacetylation affortied t h e  pure diacetate 
which melteil a t  1.5:1--1.5~L". 

U7heii a clioxiane solation of XIV was treated 
with one mole of acetic anhydride and pyridine-'.' 
anti the product then chroinatographed, pregnene- 
~ - ( l i ~ l - ~ [ ~ ( a ~ , 2 l - ( ! i o I i e - ~ ~ ,  1 I acetate-21 (XV) could 
be obtained in 2.5' yield. The partial acetylatiori 
of both X I Y  m d  XIX was found to be consider- 
ably Icss selective than that  of the corresponding 
1 i ( 3 )  ,2O( 3 i ,? 1 -trili~-diosy compound. iyhen XV 
was oxkiized n-itli cllroliiic acid, a good yield of 
dehvdri)corticostc.roiie acet,atey (XI-) was ob- 
tained. 

The isomeric pregnanedioldione diacetate (XI)  
was then submitted to the series of reactions de- 
scribed above. Bromination gave a non-crys- 
talline hromoketone (XVII) which was refluxed 
with pyridine. The unsaturated ketone (XVIII) ,  
after several recrystallizations, had the constant 
melting point 20;--20>' and [ a ] %  - ITO" (ace- 
tone I .  Formula X1711i (or the isomeric structure 
XI11 i has bccn shown to represent the diacetate 
of a I1atLir:illy occiirring adrenal cortical coni- 
pouncl, ''Substance T."" Allthough no direct 
w:iilmrison of XI"II1 ~ i t h  "Substance T" could 
lw made and, in addition, physical data on the 
iattcr c o n i p u n d  are incomplete, * "  the structural 
eL-itierice adduced for "Substance T" and for the 
unsaturated ketone XL-I11 demonstrates that they 
~ P P  identical. 

Saponification of XVIII gave pregnene-4- 
diol-"Of,3),2l-dione-3,11 (XIX),  which melted a t  
223.5-224.5" and had [aI2'D + l T ( i o  (acetone). 
Partial acetylation afforded the 2 1 -monoacetate 
(XX) in XI', yield, oxidation of which gave dehy- 
droci?rt;~ostcroIie acetate (XI'I >. 

Experimental 
All melting points are corrected. 
Rotations wci c taken in acetone, c = 1.0. 
Absorption spectra \yere taken in alcohol. 
Pregnanediol-17,20-dione-3,11 Acetate-20 (V).--A 

solution of 1l.t i  g. uf crude mixture of A1T,*0- and A20.21- 
prcgneiiol-3(a)-oiie-ll acetate in 100 cc. of 1.1 S metha- 
nolic potassium hydroxide was refluxed for thirty minutes. 
The solution was concentrated in z~ucuo to  a small volume, 
water was added and the organic material taken up in  
ether. Thc ethereal solution was washed twice ryith watcr, 
tlicri co:icentrati.tl to t1ryi:ess 011 the steain-bath. T h e  
.. ~- ~ 

17) (7. Pril l ,  :inti IZeich~teiii, ! € ~ , l ; >  Chini .  ..lcla, 26, 8013 ( !042) .  
( S )  An auihen1, fur comparison was kiii*l!y f:irms!ied ' I S  

?.In!-n Clinic. Rcrcheste:, h l i n ~ ~ e w t a .  
i !?' C k i m  . i c l a  22,  1122 (1939, 

rile cni'!e giyci,l. 
r r f ,  1'). x i r e  n .  2?2-213° f,,r 

nri rotations are 
give.i 

t :  1 )  'ro I[I-. \I' A .  Liasteda. Jr., and ti, hlrs. I<. C Antlerson the 
a i i t hu r  i i  indebted for  the abwrpt ion spectra determinations and t o  
hZess;s K .  S. Boos, I,. Kosalsky, E. Thornton,  W. K. Humphrey 
J H LlcGregnr and hliss J .  Cheng for ail microanalyses, 



residue ( 1 . 2  g.) mas a pale yellow oil whkh consiste:l 
of a crude mixt.ure of 117,2';- a!id i 
one-11. 

l\-etl it: l:!~lO cc. of glacial 
acetic acid, the ,idiitioti cookti t:) 11;' i ~ i ~ ( i  treated over :I 
period of 45 rriiiiute 
acitl in 120 cc. of  a 
solution was stirre 

This material was thcn d 

This material wa.; tlissi.lvetl iti 50 cc. of alis,)lutc ether 
to which Tvas adtlcti a solurion of 8 0 g. of niTiiitiin tetroxide 
in 50 cc. c!f absolut- ether. -If hc a(l:liticri (,f 2 .4  cc. of 
pyridirie t h e  tnixtur-c \vas peril 
at rooin timiperature a:td thirt 
cipitateci os-iiiu;ii coniplex was 

the SolVellt lXlll~J\.e(~ in 
300 cc. of chloroform. 1' 

twice wi ik  frcsh ixxtioiis of ch1orof:Jrrn. T h e  coinliined 
chloroforn, s<;littioil.; I\ ere then waqltetl witti water and 
concentrated t-, 11;:;iics~ VZCIW. The residue weighed 

see l~elow I 
The 3 . C  g. of ":ieutt-al fraction" (1eicril)c il aijovc. v'ns 

acetylated by heatiiig on the steaii:-i)atli for h z l f  ~ I I I  hour 
\i.ith 3 cc. of pyridine aiid 5 cc. of x c t i c  aiihytiritl~~. T h e  
solution was then ct~oled and treatetl \.-itli water. 
tallitie pioduct v;as obtained which IYC 

melted a t  15t5-17.i '. After several reLv. 
benzene-alcohol au(! from ethyl acetate, 
taiiied v h i c h  melted at  218-224' Trith I)iirti:il losq o f  s o -  
vciit. Aftcr drying iii t'nc140 at l: 
nanediol- 17,2~!-di~~iie-3,11 wetai  

A c 

toluene. 
' , < I :  &: C ,  70 7.j; l i ,  V.7';. I ; G L I . ; , ~ :  

~),21-dione-3,11 Diacetat 

of inc~thariol aiid 50 CC. of ivatcr coittai::iiig 7.5 g .  o f  po- 
tassium eatlioiiati aiid l .5 p. ui sotliuiii hydroxide. After 
staritliiig o\-et-night a t  rooin temperature, the solution was 

coiicctitratcil in " ~ I I C Z L O  to  a sinall volume, the gummy pre- 
cipitate taken up  in chloroform, the chloroform solution 
washed with water and concentrated to  dryness. The 
residual diol mixture weighed 5.17 g. 

This procluct was dissolved in a mixture of 10 cc. of 
acetic anhydride and 10 cc. of pyridine and heated on the  
stcain-bath for thirty minutes. was then added, 
the solvents removed in mcuo and the residue taken up  in 
l)enzenc, washed successively with dilute hydrochloric 
acid, dilute potassium carbonate a n d  with water. Con- 
centration of the benzene solution to  a small volume, fol- 
loivetl by addition of petroleum ether t o  turbidity gave 
2.3 g .  of a crystalline precipitate which melted a t  166- 
177 '. This product was taken up  in benzene and chronia- 
tographed over a colunin of 40 g. of alumina (acid washed, 
activated a t  150"). The fractions from absolute ether to  
F 4 ether-chloroform gave pregnanediol-2Oia!,21-dioiie- 

11 tliacetate (X) while the succeeding fractions gave IV. 
he fractions consisting of the diacetate X wcre combined 

aiid iveighetl 1.41 g. After recrystallizatioii from ethyl 
acetatc-l)etroleuiii ether this diacetate hat1 in. p.  181 ', 

L-lnai. Calcc!. for C:;HaeOs: C, 69.42: H, 8.39; C1-I;- 
/CY D + 45". 

CO-, 19.9. I'ouiid: C, 69.12; H, 8.58; CHsCO--, 
1Y.1 .  

The diacetate inothcr liquors after separation of the 2.3 
g. of X was diluted with petroleum ether aiitl chroniato- 
graplieti The fractions from 1 .9  petroleum ether-ether 
to 6 . 4  ether-chloroform gave after several recrystallizations 
iron1 ether and from dilute acetone 1.15 g. of pregnanediol- 
20(8)  ,21-tl io53,11 diacetate (XI), in .  p.  174.5-175.0 ', 
, N ,  2 %  + 71 

x l ~ i d  Calcd. for C?i I I . i~ ,O~:  C, 69.12; H, 8.39; CH.,CO--, 
19.9. Found: C ,  69.63; H, 8.53; CII:jCO-, 18.5. 
Pregnanediol-20(a),2l-dione-3,11 (VIII) and Pregnane- 

diol-20( @),2l-dione-3,€1 (IX).--4 solution of 500 mg. of 
pregnanediol-20(aj,Zl-dione-3,11 diacetate (m.  p. 181") 
 as treated iritli a solution of 300 nig. of potassium car- 
bonate anti 6.50 ing. of pdtassium bicarbonate in 10 cc. of 
water. Tlie mixture was warnied for a few miiiutes to pre- 
x i i t  crystallization of the diacetate and then permitted 
to stand a t  room temperature for twenty-two hours. The 
~ncthaiiol was then removed iiz * L ' Q C ~ L ~ J  and the aqueous mix- 
ture extractetl thrice with chloroform. The chloroform ex- 
tracts were washed with water and concentrated to  dry- 
ness in wciLo. The residue was recrystallized from ace- 
toile-ethcr and melted a t  182-183', [ C Y ] * ~ D  + (i8.5". 

A n d .  Calctl. for CYIHSLOI: C, 72.39; H. 9.25. Found: 
C ,  72.39; H,  9.22. 

Amloemus sauonification of a samule of urernanediol- 

, 

. .  
or CriHaiOI: C, 72.39; €1, 9.25. Found: 

Pregnene-4-dio1-20(~),21-dione-3,11 (XIV'i: --~\ wlution 
of 213 mg. of preg11a1iediol-20(~),2l-dioiie-~i,ll diacetate 
(X'I i n  2 .S  cc. of glacial acetic acid \vas treated \:.ith 276 nig. 
oi !)roiniiic in 2.8 ce. of acetic acid. The mixture was per- 
mittctl to stmid a t  room tcinperaturc until decolorization 
crisaec! (two minutes) and was then poured into ivatcr. 
The bronioketoiie was extracted wi th  chloroform, the 

tratetl to  tli-yiiess. The residue was dissul\-ed iii 5 cc. of 
heiizeiit. and  then treated with 50 cc. of alxolute cthcr. 
The flocculetit precipitate was filtered and the filtrate 
coiiceiitratetl to  dryness. The residue was rrystallizctl 
from a small voluirie of cold methanol, givi~ig 203 mg. of 
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crude diacetate, m .  p. 130-139°, contaminated with X. 
The product could not be readily purified by recrystalliza- 
tion or chromatography. Hence i t  was saponified by dis- 
solving in 7 cc. 3f methanol and treating with a solution of 
200 mg. of potassium carbonate and 300 mg. of potassium 
bicarbonate in 3 cc. of water. After standing a t  room tem- 
perature overnight, the mixture was concentrated in zrucuo 
and the aqueous suspension then extracted with chloro- 
form. The chloroform solution was washed with water 
and concentrated to dryness. The residue was almost en- 
tirely dissolved in 25 cc. of boiling water. The aqueous 
solution was decanted from small blobs of amorphous ma- 
terial and cooled. The crystals were filtered and the piod- 
uct recrvstallized from water. A final recrvstallization 
from acetone-ether gave 75 mg of pregnene-4-diol-20(a) ,- 
21-dione-3,ll (I<Ii'), ni. p 194-195", [ajzOD + 176 5'. 

.4nai. Calcd for C Y I H ~ O O ~ :  C, 72.78;-H, 8.81. Found: 
C,  72,68,73.0,5: H,8.36,  8.68. 

The pure diacetate (XIII j  was prepared by warming 
the diol on the steam-bath with pyridine-acetic anhydride 
for fifteen minutes. I t  was recrystallized from dilutc 
alcohol anti had i n .  p. 15:3.t5-lt54.50, [a]"D + 133". 

.Incii. Calcti. for C,-,HjiOc: C, 69.71; I<, 7.96. Fountl: 
rnax. = 237.5 m u ;  E', = 40:3. 

-2O( 8),21-dione-3,11 Diacetate (XVIII) 
(Reichstein's Substance T Diacetate).-The bromination 
of 663 mg. of pregnanediol-20( (3),2l-dione-3,11 diacetate 
(S I )  was carried out in the same manner as described, for 
X. An amorphous bromoketone (XVII) was obtained 

tcr t! eatnieiit with pyridine and removal of 
aterial, gave 118 mg. of crude product. 
llizctl successively from ether, methanol 

(thrice) ant1 finally frwn a small volume 3f acetone. Thc 
pure ~~rcgneiic--l-t l iol-20(~),21-~lione-:~,l1 diacetate (XVI 11) 
so obtained ha(l in. 11. 207-208", [ a ] " ' D  + 170". Addi- 
tioual recrystallization from acetone or ethyl acetate 
failed to raise the mclting point; X mas. = 237.5 m ; 
Er;. = 3 j 7 .  

.lnni, Calcd for C.;I-I.II06: C, 69.71; II, 7.95. Found: 
C ,  69.71. 13, 7 . i 9 .  

Pregnene-4-diol-20( (3),21-dione-3,11 (XIX) (Reich- 
stein's Substance T) .-The carbonate-bicarbonate saponi- 
fication of XX'III was accomplished as described above 
for XIII. Thi: pregnene-4-diol-20(~),2l-dione-3,11 was 
purified by recrystallization from acetone anti had m. p. 

The substance was slightly 
hygt-osccq~ic a i i d  \vas dried at 130' for otic hour before 
anal?-sii. 

: I w , i l .  Calctl. for C.IH:~04: C, 72 . i8 ;  H, 8.81. Found: 
C, 7:3.41, H, 9.L18. 
Pregnene-4-diol-20(~),21-dione-3,11 Acetate-21 (XV). 

--A solution oE 60 mg .of pregnene-4-diol-20(a),2l-dione 
3, l l  in 1 cc. of ahsolute dioxane was concentrated to  dry- 
ness in x c i f o  t:i remove moisture. The residue was dis- 
solvctl i i i  11.-i2 ic.  of alisolute diosane contaiuing 23.6 mg. 
of dry p!iritline anti 27.4 mg. of redistilled acetic anhydride 

Thc mixture was allowed to stand at room 
The solvents were then re- 

inovetl i n  rwciro, the crystalline rcsitlue dissolved in a mini- 
mum v3lu1nc 01' chloroform and then diluted with benzeiie 
aiitl petroleum ether. The solution was then chromato- 
graphed over 1 5 g .  of alumina. The fractions eluted with 
ether anti 8 .2  ether-chloroform consisted of diacetate. The 
subsequmt fractions down to 2.8 ether-chloroform gave 
crystals of prep 1teiie-~-diol-20(a),2l-dione-3,11 acetate-21, 
which after recrystallization from acetone and then from 
methanol wcighrd 14 mg. and melted at 221-227". 

Pregnene-4-diol-20( L?),Zl-dione-3,11 Acetate-21 (XX). 
-Pregnene-4-diol-20( L?),Zl-dione-3,11 (90 mg.) was par- 
tially acetylated (1.21 moles of acetic anhydride) in the 
same ni:tiiner 3 s  described above for X I V .  The product 
\vas chrtniiato:,.raplic(l and a total of 3(i mg. of recrystal- 
lized monoacetate was obtained. It melted at 101.5- 
162.5". 
Pregnene-4-01-21-trione-3,11,20 Acetate (Dehydro- 

corticosterone Acetate) (XVI). (a) From Pregnene-4- 

3.5-2%-1.3", / u ] ? O D  + 176". 

fw- sisty hours. 

diol-20( P),Zl-dione-3,11 Acetate-Zl.-To a solution of 36 
mg. of SX in 3.3 cc. of acetic acid was added a solution of 
18 mg. of chromic acid in 0.33 cc. of acetic acid and 0.37 cc. 
of water. After standing at 18" for eighty minutes, the 
solution mas treated with sufficient solid sodium sulfite to  
destroy the excess chromic acid and then concentrated to  a 
small volume iiz z'acao. The addition of water gave 29.5 mg. 
of crystalline product, which after recrystallization from 
methanol melted at 182.5-183.5". The mixed melting 
point with an  authentic sample of dehydrocorticosterone 
acetate showed no depression; [ C Y ] ~ O D  + 215 =t 3";  

Anal. Calcd. for CrvH3oOj: C, 71.47; H, 7.83. Found: 
C, 71.20; H,  7.80. 

(b)  From Pregnene-4-diol-20(au),2l-dione-3,11 Acetate- 
Zl.-The oxidation of XV (14 mg.) in a similar manner 
gave 11 mg. of dehydrocorticosterone acetate, m. p. 180- 
181.5'. A mixed melting point with an authentic sample 
gave no depression. Both samples of synthetic dehydro- 
corticosterone gave the characteristic heavy precipitate 
with Tollens reagent. 
Pregnanediol-l7,20-dione-3,11 (IV).-A suspension of 

1.80 g. of pregnanediol-17,20-dioiie-3,11 acetate-20 in 180 
cc. of methanol was treated with a solution of 1.8 g. of 
potassiuni bicarbonate and 11.9 g. of potassium carbonate 
in :30 cc. of water. The mixture was refluxed for forty-five 
minutes and the resulting solution then permitted to stand 
at room temperature for forty hours. The solution was 
concentrated in ' I U C Z ~  to a small volume, the oily precipi- 
ta te  taken up in chloroform, washed with water and con- 
centrated to dryness. The residue was recrystallized 
several timei from ethyl acetate and melted a t  186-187", 
[cy]% + 47". A sample recrystallized from acetone- 
cthcr was solvatcd and melted with decomposition a t  150 ', 
A sample for anslysis was recrystallized from ethyl acetate 
and dricd a t  100 for two hours. 

.~Inci/. Calcrl. for C.1Ha204: C, 72.39; H, 0.25. Found: 
C, 72.K3; 11, %50. 
Pregnano1-17-trione-3,11,20 (VI) and etio-cholanetrione- 

3,11,17 (VII).-A solution of 300 mg. of pregnanediol-17, 
20-dionc-:3,11 in 30 cc. of acetic acid was treated dropwise 
with a solution of 150 mg. of chromic acid in 3 cc. of water. 
After staiiding a t  room temperature for three and one-half 
hours the niixture was treated with sufficient sodium sul- 
fite to  reduce the excess oxidizing agent and then concen- 
trated to  a small volume in zvzcuo. The residue was 
tlilutetl \\it11 water and extracted with chloroform. The  
chloroform layer was washed with dilute sodium carbon- 
a te ,  then with water and concentrated to dryness in tacuo. 
The residue was chromatographed over 8 g. of acid washed 
alumina; the fractions from absolute ether to  1 : l  ether- 
chloroform could all be crystallized by triturating with a 
few drops of warm water. These fractions were combined 
and crystallized from dilute methanol and then from 
ct!icr. A total of 160 mg. of pure efio-cholanetrione-3,11,17, 
i n  11. l : j&l:~,jc,  was ohtained; [LY]"D + 153". 4 mixed 
nielting point with the e~i~~-c l~olar~e t r ione  prepared by osi- 
tiatioii of eiio-cholaiiol-l(in)-~liotie-l1,17 (see helow) showed 

= 237.5 mp, E?; = 386. 

110 tleprc.;sion. 
The chromatographic fractions from 1 : 1 ether-chloro- 

form t o  pure chl&oforni wcre cornbincd (78 rng.) and crys- 
tallized from ethyl acetate. Recrystallization from ace- 
tone-petrolcum ether and dilute acetonc gave pure preg- 
iianol-l7-ti-ione-3,11,20, in, p. 204.5-205.5", [ a ] " D  + 75'. 

.-lniii. Calctl. for C P ~ H ~ U O ~ :  C, 72.78; H, 8.81. Found: 
C,72.(X,72.83; II,8.51,8.79. 
efio-Cholanetrione-3,11,17 from etio-Cholanol-3(~~)- 

dione-l1,17.--b solution of 19.5 mg. of etio-cholanol-3(a)- 
d ione- l l , l i  in 2 cc. of acetic acid was treated with 10 mg. 
of chromic acid in 0.18 cc. of water. After standing a t  
room temiicrature for one hour, the solution was treated 
with a little dilute sodium sulfite and concentrated to  a 
small voluiiic iir wci io .  Water was added t o  turbidity and 
the mixture left in the icebox overnight. The crystalline 
product was separated and recrystallized from a small vol- 
ume oE cult1 dilute methanol. The long needles which were 
obtaiiied inelted a t  about GO", apparently with loss of 



solvent. Kecrystallizatioti f t o i i i  absolute ether gave pure 
material, ni. p. 133.5-134.:5". 

Anizl. Calcd. for CloH2,,01: C, 75.46; H, 3.66. Found: 
C, 75.59; 13,S.iO. 
Pregnene-4-dio1-17,20-dione-3,11 Acetate-20 (XXII).- 

A solution of 860 mg. of pregnanediol-17,20-dioiie-3,11 
acetate-il0 it1 a mixture of 3 cc. of chlorofomi and 3 cc. of 
acetic acid was treated with 370 mg. of liroininc in 3 cc. of 
acetic ac id  XFter a few niinutcs the bromine n a s  con- 
suriietl. The mixture was then poured into chloroform anti 
ivashetl $uccessively v i t h  water, dilute potassium carlioli- 
ate and again with water. 'The chloroform ivas removed 
in  ~ ' ( Z G ~ L O ,  leaving crude bromo ketone as a gel. Tritura- 
tion \r.itl? a small voluinc of absolute alcohol gave 709 mg. 
of 4-bromopregiiatiediol-17,70-dione-3,11 acetate-20 (XXI) 
which melted at 1.50-153" (loss of alcohol of crystalliza- 
tioiii, 

This bromoketone was refluxed for eight hours with 20 
cc. of pyritlinc. The product was worked up as usual (see 
above), iind fiiially crystallized from a small volume of 
ether. A first crop of 189 mg. of prisnis \vas obtained 
which inelteti a t  19-1-2011 '. Recrystallization from ben- 
zene gave fluffy solvated crystals which melted at 104" 
( l o ~ s  of solvent) :tilt1 reiiielted at 215-218". A final recrys- 
tallizatioii froin chloroforn-ether gave unsolvatctl mate- 
rial, in. I). 211) -2.20". 

A 1 f ~ ( l l .  Calcti. for C2,,&0,,: C, 71.09; H, 8.31. Fot~iid:  
C, 70.97; €3, 8.112, 
Pregnene-4-diol-17,20-dione-3,11 (XXIII).--A solution 

of fil t i ig.  of ~i~e~~ici ic- l - t l iol- t i ,2O-~i iol ic-3,11 acetate-20 
i i i  ,? cc. of nir.iiie.tiol aiid 2 cc. of watcr coiitaiiiiiig 60 ~ n g .  of 
potassium I~icarlionate niitl I Oii ilig. of potassium carbonate 
\vas ~icriiii~tt.:l  .-o >tailti at rooin tcriiperature overnight. 
The solutioii \va\ acitlitictl with 3 drops of acetic acid, con- 
ceiitratetl iii tt(icuo and extracted with chloroform. The 
chloroform solution was washed with water and C O ~ I C C H -  
trateti to dryiiess. The reLjidue was triturated with a little 
water giviiig tli: crystalline hydrate. Tn.o rccrystalliza- 

lions from water gave a product of iii.11. 107 - I  10' (-11.0). 
For analysis tlie hydrate was dried in a weighing pig at 
110' for two hours. 

.lnai. Calcd. for C?,HsaO:: C, 72.78; H, 8.81. Found: 
C, 72.42; H, 8.61. 

Adrenosterone from XXIII.--% solution of 00 mg. of 
crude pregnaiiediol-17,20-dione-3,11 (prepared hy hy- 
tlrolysis of 106 ing. of crude acetate of III. 11. 201-211") it1 
2 cc. of aqueous SOT, methanol was treated with 100 tng. 

five hours the solution was diluted 
ed with chloroform. The washecl 

chloroform extract was concentrated to  dryness and the 
residue chromatographed. The fractions from absolute 
ether to 1: 1 ether-chloroform were conibiried and recrys- 
tallized twice from alcohol. Adrenosterone was thus ob- 
tained in characteristic platelets, in. p.  219-221 '. So d e -  
pression was observed in admixture with an authentic 
sample. 
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Summary 
Hydroxylation of a mixture of pregnene- 17- arid 

pregnene-?O-dione-:i, 11 with osniiuiii tetroxide 
gives both of the possible S0,21-glycols and one of 
the possible 17,20-glycols. From each of these 
compounds the corresponding A: s-pregnene-tliol- 
diones KLS prepared. Acetylation of the C-21 
hydroxyl group in the 20,? 1 -glycols followed by 
oxidation gave dehydrocorticosterone acetate. 
I< A I IIYA Y, S ii IV J 11 RSI: Y RECEIVED J c . 1 , ~  18, l!)l(i 
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Studies in Pyrane Chemistry 
BY G. FORREST LVOODS AND HERXAN SANDERS 

It  has, been found that 2,3-dihydrop)-rane is the 
precursor of st number of very reactive and ver- 
satile substances. K. Paul' observed tha t  2,3- 
dihydropyrane reacts readily with bromine to 
yield S,. '~-dibrc~iiiotetriliy~lrop~r~iiie and that  this 
latter substance is relatively unstable. For in- 
stance, (listillation thereof yields in part 1 ,,;- 
epoxy-2--brom )- 1 -pentem with the cliiiiiiiation oi 
hydrogen l)ro.liii(le, wliilc liytlrol!:sis ( d  this sill)- 
stance Ieatls to the heiiii-acetd of L'-t)roino-.'j- 
hydroxypentanwl which does tiot appear to foriii 
any carbonyl derivatives. In his latest report 
which had just been obtained' is described the 
reaction of 2,:3-dihydropj-rane with chlorine. 
The product of this reaction is 2,::-tlichlorotetra- 
hydropyram. I I C .  :ilso observetl that 2,;j-cli- 
chlorote tr~ili?-droi'~r;iiie reacts with methyl al- 
cohol in  the p~esence of sodium methylate to form 
2-inethoxy-:3-chloro tetrali~ilrol)!-r:rii~,. 

This stutly coiiecr!is thv rc.acti:)ii oi  2,:hli-  
broiiiotetrahytli-op~-raiic ( I )  with alcoliiil, a n d  the  

(1) R. I';iul, Rill! A I J L .  c l i i r i i  , [.I 1, 13!17 
( 2 )  I<. Peul, ('oiiip. re izd . ,  218, 122 (1V14); C. 'l., 40, 2147 C l W G ) .  

products derivable therefrom. The difference in 
the reactivity of the two bromine atoms of this 
substance was most noticeable. Alcoholysis of 
the bromine atom on the carbon adjacent to the 
oxygen linkage mas readily accoinplislied in cold 
alcoliol~-sodiuni alcoholate or alcohol saturated 
with dry miirioii ia.  'The product of this rcztction 
W;IS ~ - ~ t l k o s y - ~ ~ - b r o i ~ i o t - e t r ~ i h y ~ l r o ~ ~ ~ - r ~ i ~ i e  ( I1  ) .  
L'iitlcr thcw coiitlitions tlic second broiiiitie atom 
was coiii1)letcly iiiert. 

'The illore drastic treatment of refluxing 2- 
alkoxy-:j-broniotetrahq.clropyrane with alcoholic 
potassiuin hy(Iroxic1e led to the eliniiiiutiori of a 
rno1ec:ilc o f  hydrogen bromide with thc formation 
of  the corresponding ?-alkoxy- A:i-dihydropyraiie 
(I I1 i . ICcduction of ?-ethoxy- A"-dihydropy- 
raiic with Xdams catalyst afforded "-ethoxy- 
tetrahytlrop!-raxie (IT) which, since i t  is an acetal 
TV:IS re:rdily cle:tved by mild acid hydrolysis. 
Thal tlicsc. structurrs were corrwt wis shown by 
tlic ideiitiTy of  the 2,-~-dinitrophenylli~-(lra~(~ne of 
the acid liytlro!ysis product of "-etlio?c?rtctraliy- 
drupyrane with the ?,-l-diiiitrol~licnylli~-~razo~ie 


