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The synthesis of 17,20;20,21-bismethylenedioxy pregnanes (BMD's) from 17a,21-dihydroxy-20-ketopregnanes is re- 
ported. This general method for protecting a side chain is discussed, the properties of the bismethylenedioxy grouping are 
outlined and conditions for formation and reversal are described. 

The synthesis of modified adrenocortical steroids 
has been a subject of major emphasis among steroid 
chemists during the past several years. These 
modifications have often involved lengthy syntheses 
since the activity-enhancing groups had to be 
inserted a t  an early stage in a bile acid or sapogenin 
precursor. Frequently the dihydroxyacetone side 
chain is not sufficiently stable or inert to the 
reaction conditions needed to modify the steroid 
nucleus. 

With this fact in mind, several years ago we 
investigated methods for protecting the sensitive 
dihydroxyacetone side chain. The initial paper in 
this series3 briefly reported the synthesis of five 
17,20;20,21-bismethylenedioxy steroids which rep- 
resented the accomplishment of this objective. 
The present communication will enlarge upon the 
details of that work and also present some new 
information on the bismethylenedioxy (BMD) 
group. 

In  the interim period a number of communi- 
cations from our laboratory's4 and from our col- 
leagues a t  Merck5 have appeared in which the bis- 
methylenedioxy protecting group was used to 
synthesize A-, B-, and C-ring modified adreno- 
cortical steroids. 

Because of the precedent in the hexose series6 
for preferential formation of 1,3-acetals with 
formaldehyde, it was hoped that reaction of the 
dihydroxyacetone side chain with formaldehyde 
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would yield a 17a,21-methylenedioxy compound 
(I). It was then expected that further protection of 
the Go-carbonyl group would be required to render 
the side chain completely inert. Instead, formalde- 
hyde gave a spiroketal system (11) which we have 
termed the bismethylenedioxy function. This group- 
ing has proven to be remarkably stable to many of 
the reagents which were later incorporated into the 
various syntheses that have been reported. 1,4,5 
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The first successful experiment in this investi- 
gation was conducted with cortisone (111) and 
employed a two-phase system of chloroform- 
formalin and concentrated hydrochloric acid. 
After the reaction mixture had been stirred a t  
room temperature for fifty-two hours, the layers 
were separated and the organic phase washed with 
mild base and concentrated. From the crude 
residue, which contained considerable formalde- 
hyde polymer, a crystalline compound was ob- 
tained directly in good yield. I ts  infrared spectrum 
did not preclude the presence of a 20-carbonyl 
group, such as in I, as a band a t  5.85 p could be as- 
signed to the nonresolved 11- and 20-ketones. 
The ultraviolet spectrum showed that the 3-keto- 
A4-chromophore was untouched. At this stage the 
predicted partial structure (I) was an acceptable 
one. However, elemental analysis of the product 
conformed more closely to that for introduction of 
two formaldehyde units than one. When a quanti- 
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tative methylenedioxy determination was done, 
iising chromotropic acid to measure the formalde- 
hyde generated by acid hydrolysis, the presence of 
two such groups was confirmed. Thus, the structure 
I T T  seemed more probable. Further structure con- 
firmation was obtained by rerersal of 11' to I11 
(Gee below). Replacement or cortisone by hydro- 
cvrtisone in the reaction gave a product without a 
saturated carbonyl, which proved unequivocally 
that the 20-ketone was involrrd in the reaction. 
Structure ITT \vas then secure. Although stereoiso- 
mers a t  Czo in IT are theoretically possible, only 
one isomer has been isolated in this and all other 
examples. 

The extension of the above findings to other 
steroids a i d  other aldehydes was next inxsti- 
gated. It'ith respect to the latter it was fouiid that 
aldehydes other than formaldehyde (butyralde- 
hyde and aryl aldehydes for example) do indeed 
react to give bisalkylidencdioxy substituents. 
However, as these products were noncrystalline, 
iormaldehyde remains as the reagent of choice. 

When hydrocortisone (T?) (or prednisolone) was 
allon-ed to react with formalin and acid, an un- 
predicted sidr rcactioii took place. The 1lp- 
hydroxyl functioii reacted, in part, to form a ketal. 
The methanol present in conimercial formalin and 
mother inoleculc oi' iornialdehyde gave an 1 lp- 
methoxymt~thyleneoxy substituted bismethylenedi- 
o x -  compound (YII) as well as the desired bis- 
methyleriedioxy hydrocortisorie (TI). The struc- 
ture of VI1 was assigned on the basis of quantita- 
tive niethyleiiedioxy airalysis, lack of a hydroxyl 
hand in the infrared spectrum, and acid hydrolysis 
of VI1 to hydrocortisone (T7). 
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+ 
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A mixture of bismethylenedioxy hydrocortisone 
and the 11-ketal would be useful in syntheses 
involving k i n g  modifications but it would ob- 
viously be desirable to form only VI if a multistep 
synthesis were to be anticipated. Efforts to ac- 
complish this objective were partially successful. 
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Fig. 1. BMD formation 

Because the rate of bismethyleiiedioxy formation in 
the 11-hydroxy series is appreciably faster than in 
the 11-keto series, shorter reaction times were 
studied. One can avoid formation of most of the 
11-ketal (particularly in bismethylenedioxy pred- 
nisolone) by shortening the reaction time to an 
hour or less. However, a more effective method for 
hydrocortisone involved the use of low-nirthanol 
formalin (0.5% methanol) and alcohol-free chloro- 
form or methylene chloride. In this way we were 
able to  prepare bismethylenedioxy hydrocortisone 
in SOYc yield, but the yield was not consistently 
reproducible. The best ]yay to prepare pure VI is 
by dioxolanation of bismethylenedioxy cortkorie, 
reduction a t  CI1 with lithium aluminum hydride 
and dioxolane removal. 

I t  is of interest that 11-ketals were not isolated 
when Sa-fluoro-1 lp-hydroxy compounds were sub- 
jected to  bismethylenedioxy-forming conditions. 
If this reaction does occur, it is only to a minor 
extent. 

Early in our studies it became apparent that the 
rate of bismethylenedioxy formation was markedly 
influenced by the substituent a t  the 11-position. 
Cortisone was much slower to form a bismethyleiie- 
dioxy compound, as judged by the disappearance of 
the blue tetrazoleum (BT) test, than hydrocorti- 
sone. As a result of this observation quantitative 
blue tetrasoleum data on rates of bismethylene- 
dioxy formation were obtained and these are pre- 
sented in Fig. 1. It can be seen that 50% of the 
side chain of hydrocortisone is transformed in about 
one rninnte n-hereas cortisone requires about five 
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Fig. 2. BMD hydrolysis 

minutes and cortexolone (Reichstein’s S, no oxy- 
gen a t  &) about ten minutes. In  addition, the 
final conversion yields differ with the three steroids 
(ca. 1% unchanged cortexolone, ca. 2.5% hydro- 
cortisone and ca. 6% cortisone after forty-four 
hours). We do not have a satisfactory explanation 
Lor these differences in rate and equilibria. Further, 
it is noteworthy that in the rate studies, cortexo- 
lone was entirely in solution a t  the beginning of the 
reaction while hydrocortisone dissolved completely 
after about five minutes and cortisone did not 
completely dissolve for about fifteen minutes. 
The yields of product do not necessarily parallel 
the blue tetrazoleum data, as one hour is not opti- 
mum for preparation of bismethylenedioxy cor- 
tisone. Rather is this optimum time more nearly 
twenty to forty hours. 

The hydrolysis of the bismethylenedioxy group 
to the dihydroxyacetone side chain was first studied 
with bismethylenedioxy cortisone. Later it was 
found that the ll-keto compounds mere more 
slowly hydrolyzed than the 1 l-hydroxy steroids or 
compounds not substituted a t  CI1. The equilibrium 
in acid medium also favors the spiroketal in the 
ll-keto compounds more than in the other two 
groups of compounds. 

The stability to acid hydrolysis is illustrated by 
the following findings. One part of 1OAT sulfuric 
acid and nine parts of methanol a t  reflux for 
eleven hours gave a product with a weak blue 
tetrazoleum test. Similarly use of hydriodic acid 
in methanol or in a two-phase system gave dis- 

couraging results (ca. 10% “blue tetrazoleum 
yields”) as did also the addition of a “formalde- 
hyde scavenger” (dimedone or chromotropic acid). 
The use of organic acids (acetic or formic) with or 
without added mineral acids provided more 
satisfactory yields, In  the case of bismethylene- 
dioxy prednisolone one can obtain 70-75% yield 
when 60% formic acid is used a t  100” for ten 
minutes. 

The rates of bismethylenedioxy-hydrolysis were 
significantly different for different substituents a t  
C1, (Fig. 2). Bismethylenedioxy cortisone was the 
most sluggish and hydrocortisone the fastest to 
hydrolyze. Using 50% acetic acid at  loo”, the for- 
mer leveled off a t  about 10% “blue tetrazoleum 
yield” after two hours whereas the latter had 
reached nearly 75% “blue tetrazoleum yield” 
in this time. Prolonged treatment under these 
conditions caused the “blue tetrazoleum yield” 
to diminish, undoubtedly because of side chain 
destruction under the acid conditions. Again we do 
not have an entirely satisfactory explanation for 
the influence of the Cll-substituent on the rate of 
acid hydrolysis. It has been found7 that variation 
a t  even more remote positions of the steroid-as, 
for example, in the A-ring-can have a marked 
effect on the rate of bismethylenedioxy-hydrolysis. 

This acid stability has been useful in a number of 
synthetic applications. For instance, a 9,ll-oxide 
was cleaved with hydrochloric acid without dam- 
age to the protecting group.’ Brominations have 
been carried out on bismethylenedioxy steroids. 
Dioxolane formations and reversals have been 
accomplished in the presence of this protecting 
gro~p.~p5 Even short-term exposure to  catalytic 
amounts of boron trifluoride etherate has been 
used.8 In addition we have prepared 3-enamines 
of the bismethylenedioxy steroids. 

The physical properties of this class of steroids 
are of interest. In  general, they are high melting 
crystalline solids which can be crystallized from 
polar or nonpolar solvents. Methanol and ether 
are generally very satisfactory. I n  both partition 
and adsorption chromatography they are markedly 
less polar than the parent steroid. They always 
exhibit strong C-0-C absorption a t  9.0-9.4 p 
in the infrared. The molecular rotation of a large 
number of bismethylenedioxy compounds shows a 
levorotatory shift of 400 to 600” from the corre- 
sponding l7,2 l-dihydroxy-20-ketone. 

In  addition to the bismethylenedioxy compounds 
reported in our initial communication we have 
made a number of others, some of which”are re- 
ported in the experimental section. These include 
saturated 3-ketones, 4,6-dienones1 and various 
alkylated bismethylenedioxy compounds. It is 
significant that  16a- and 16p-methyl corticoids 

(7) Dr. Ralph Hirschmann, private communication. 
(8) R. E. Beyler, Frances Hoffman, L. N. Sarett, and M. 

Tishler, J. Qrg. Chem., 26, 2426 (1961). 
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also form bismethylenedioxy derivatives satisfac- 
torily. For instance, bismethylenedioxy dexametha- 
sone was prepared in 50% yield in the usual way. 

The biological activity of the bismethylenedioxy 
S I  eroids indicates that, the animal is able, in part a t  
least, t o  remove the bismethylenedioxy group. 
T'Xminished but significant activity was found in 
the biologically active steroid bismethylenedioxy 
vompounds t e s t ~ d . ~  The approximate liver glycogen 
(glyc.) and granuloma (gran.) activities in termfi 
of hydrocortisone for some of these are as follows: 
Bisrnet,hylenedioxycortisone (glyc. 0.3, gran. 0) ; 
bismethylenedioxy hydrocortisone (glyc. 0.25, gran. 
0 )  ; bismcthylenedioxy prednisone (glyc. 1.0, gran. 
ca. 1.9) ; bisrnethylenedioxy prednisolone (gl ye. 
1 .0, gran. cu. 1.8) ; bismethylenedioxy-9a-Ruoro- 
hydrocortisone (glyc. 1.25, p a n .  1.8). 

EXPERIMENTAL10 

1 '740;20,2f -BismethylenedioxyC-pregnene-11 P-ol-3-one 
(IzydrocortzscnP-RMn) (V I ) .  Method A .  Two grams of hydro- 
cortisone (V) were dissolved in 100 ail. of chloroform which 
had been shaken with sulfuric acij, dried over calcium 
chloride, arid distilled. To this mixture was added with 
cooling BO ml. of eonrd. hydrochloric acid and 60 ml. 
aqueous 3794 formaldehyde (containing 0..5'% methanol). 

ion mixture  vas stirred for 7 lir. a t  room tempera- 
cliloroform was separated and the aqueous phase 

extrarted with Innre chloroform. The combined extract was 
washed with aqueous hicarLonate, dried, and concentrated. 
Froin the residue hy mc~thnnol trituration and washing there 
was obtained 1.0 q. of bismethylenedioxyhydrocortisone 
(VI), in p. 2C0-2?Oo, Rt~crystallizstioil from ether and 
rnrthxiol containing a trace of meihriene chloride gave the 

Calcti. for CnjH&: C, 68.29; W, 7.97. Found: C, 
ial sample, ~ . p .  230-223". 

68 01; H, 7 37 
2.88, 5.95, 6 IO, q.0 p. 

M c f h o d  if" 17rr,20'~U,~I-Bislnethylened~oxy-6ethl/lenedi- 
ozy-6-pregncra~- ll8-31. To 2.16 g. of bismethylenedioxycor- 
tisone-3-iiinxolin~1, r h 5 *  jr- 20 ml. of tetrahydrofuran was 
added 200 in::. of Irihium aluminum hydride. The mixture 

at room temperature and then re- 
I amount of water was carefully added 

to cl~composc t k  exrejs lithimi aluminum hvdride and the 
mnkrial filter t + tl7rough Fuperce?. Concentration of the 

g n1 cr) stailine residue. Recrystallization 
v c 3  i c10 g. of bismethylenedioxy hydrocor- 
~ n1.p 3 62-:135" second crop of 204 mg., 
IIP :now rwrystallization of the first crop 

t3 311 mzlFtica1 sample, M p. 167- 

Anal .  Cplrd. 7or C261Ty1F;O;: C, 66.54; W, 8.09. Found: C, 

01 ti bismethylenedioxy dioxolane in 
added 20 mg. of p-toluenesulfonic 

acid. The rxi ui  urp rn 35 a 1 h  ed to ?rand a t  room temperature 
for 1: hr. It wa, poured into saturated aqueous sodium 
bicarbonate arid thc Ecotone distilled off undw reduced pres- 
q n w .  J t  nns  then e x t r w t d  7ith threr portions of methylene 

I c y /  1- 26'. A,,, 211.5 m/.t, E 15,600. X:::' 

Frorit meth: rid f UTD 

P m L ' .  

67.41, 66.62. H. 8.30, 7.84. 2.83, 8.9-9.3 p. 

(t?) STP aye in6ebtc.d $0 I k ,  9. fS Pilber of the Merck 
inktitutti f o r  'Thernpc~Lt,c Research for the biological test 

( i i j )  1911 mdi iag  poi-its were determined on a Kofler 
micro-hot stage, ukra? iolet absorption spectra were taken 
in methanol and rotations were taken in chloroform a t  
approximately I :& concentration unless otherwise specified. 

rOSli!tQ 

chloride, dried and concentrated to give 176 rng. of cry.- 
talline residue. Recrystallization from methanol yielded 1st; 
mg. in two crops of bismethylenedioxy hydrocortisone, 
m.p. 222-227'. A mixed m.p. and infrmed spectrum proved 
this compound to be identical with the sa,mple prepared by 
Method A. 

17a,bO;%!O,bl -Bisniethylenedioxy-C-preg7le77e-il~-ol-3-one 
( V I )  and 1 r,dO;bQ,Wl-bisrrcethlllenediorrM-ii-pregnene-ll p-01-3- 
one-11-methoxymethyl ether ( V I ) .  Thirty grams of hgdro- 
cortisone wa5 conibined with 1500 nil. of chloroform and t o  
this solution mas added a cooled. mixture of 6(10 nil. of 
concd. hydrochloric acid and 600 ml. of forma,lin. The re- 
action mixture was stairred a t  room temperature for 1 hr. 
The two layers were separakd, the aqueous layer extrscted 
with chloroform, and the solution combined. 'The chioro- 
form extract was washed with sodium carbonate, dried, and 
concentrated in vacuo. The entire residue (30.8 g.) m a 8  chro- 
matographed on 900 g. of acid washed alumina. Elution of 
the column wit,h 1 :4 petroleum ether (h.p. 40--60")-ether 

lded 7 g. of crude crystalline 17a.,2O;2OJ3!-bisrnothylene- 
xy - 4 - pregnenc - 11.8 - 01 I :3 - one ~ I1  I methoxy- 

methyl ether (VII). Recrystallization from ether ga,vc 4 g. of 
analytically pure VII, m.p. 160--16j0. 

Anal .  Calcd. for GjHp6O1: C, 66.94; R, 8.09; CH20, 20,O; 
C&O, 6.9; mol. wt., 448.54. Found: C, 67.31; I-I,8.11: C&O, 
20.1; C€&O, 8.8; mol. wt. (Rast), 476 45. X ~ ~ ~ ' , ' '  241 mp? 
E 15,900. X ~ ~ ~ . '  6.0, 6.15, 9.0-9.4 /I. 

From the ether and ether-chloroform (2:  3) effluents there 
wae obtained 10.5 g. of bismethylenedioxy hydrocortisonc 
(VI), m.p. 217--222', 

A d  hydrolysis of a sample of VII, using 5 0 %  acetic 
acid a t  100' for 8 hrS7 acetylation and chornatogrrLphy 
yielded cu. 2.5% of hydrocortisone acetate. 

17a,WO;WQ,dl-Biamethy~en&~i~~?~-i ,/t-pregnadiene-S,l i- 
d i m e  (prednisone-8llr"n). To a susprnsion of 500 mg. of 
prednisone in 25 ml. of chloroform was added a. mixture of 
10 mi. of formalin and 10 ml. of concd. hydrochloric acid. 
The two-phase system was stirred at room teinpcrature for 
70 hr. The two layers were separated, the aqueous layer 
extracted with chloroform! and the chloroform ext,ract,s 
combined with the original org;tnic solvent layer. The chloro- 
form was washed with H saturated solution of sodium bicar- 
bonate, dried, and concentrated under reduced pressure to a 
semicrystalline solid rreighing 71.2 mg. This crude product 
was tritiiratcd with boiling methanol giving 352 mg. of 
crystalline bismetl~ylenedioxy prednisone m.p. 175-195". 
Mter recrgsta!lization from metone and met,hanoi, a pure 
sample of 17a,20;2(1,2 L-bismeLhylenedinxy-I,.i-pregnadienc- 

6.2 p. 
17c(,,~Q;10,dl-Risrnethylen(,d~ox?~- f , l -pwgnndirne-  1 l p-01-3- 

one (prodnisolone-BMD) a d  17n,b0;~cmn,el-hisrnc~h~l~n~- 
diosy - 1,Q - pregnudiene - i 1 p  - 01 - 3 .- @ne-Ii-methozymethyl 
ether. Tu-enty-five grains of predni~oloae was suspended in 
1250 ml. of chloroform. To this nas  added a precooled (ca. 
10") mivture of 500 ml. of forniaiin and 500 nil. of concd. 
hydrochloric acid. The tmo-phase system was stirred vig- 
orously at room temperature for 20 min., i,he prednisolona 
dissolving completely after about 1 min. The layers were 
separated and the aqueous phase extracted with 500 ml. of 
chloroform. The combined chloroform extract n w  washed 
with mater and saturated aqucous sodium bicarlmnat?. 
dried, and distilled. The residne issolved in 250 m!. of 
met,hariol and concentratcil to dr 1,wice to mmow most 
of the formaldehyde polyiner. i.cw:ltant crystallin(? 
product was recrystallized from mechn.no! t n  give 20.8 g. 
of critde product, n1.p~ 230--26Oo. lircr.,-Ht:illiRation from 
methanol-nicthyiene ch!orjdn yielded I5.0 g. or bismet,hyl- 
prednisolone m.p. 267-271 '. An analytical sample was pre- 
pared by recryfit,aXlizrttion from ethyl acetate, m.p. 270- 
274'. 
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Anal. Calcd. for CZ3H3,,06: C, 68.63; H, 7.57. Found: C, 
68.37; H, 7.70. A,,, 242 mp, e 14,600. Az:f 2.90, 6.05, 6.15, 

Concentration of the mothor liquors from above gave 
4.0 g. of bismethylenedioxy prednisolone-1 1-methoxymethyl 
ether, m.p. 210-220'. Recrystallization from acetone gave 
the analytical sample, m.p. 217-220'. 

Anal. Calcd. €or C&a@7: C, 67.24; H, 7.68. Found: C, 
66.85; H, 7.46. A::: 6.00, 6.14, 6.2, 9.2 p. 

Sa-Fluoro-l ? a,dO;b0,d1-bismethylenediozy-4-pregnen-l1~- 
ol-3-one(Sa-Fluorohydrocortisone-Bil!fD). This preparation 
has been described previously.' 

17a,dO;RG,dl-Bzsmeth$enedioxy-4-pregnene-3-0ne (cor- 
texolone-BMI)). To 500 mg. of cortexolone (4-pregnene- 
17a,21-diol-3,20-dione) in 25 ml. of chloroform was added a 
mixture of 10 ml. of formalin and 10 ml. of concd. hydro- 
chloric acid. The two-phase system was stirred at room tem- 
perature for 44 hr, (Quantitative blue tetrazoleum meas- 
urements subsequently indicated the reaction was essen- 
tially complete in 1-2 hr.) The two phases were separated 
and the ayueous phase extracted with two portions of chlo- 
roform. The combined chloroform was washed with aqueous 
sodium bicarbonate and water, dried, and distilled. The 
residue, 464 mg., was washed with petroleum ether to give 
327 mg. of 17~,20;20,2l-bismethylenedioxy-4-pregnene-3- 
one, m.p. 220-245'. A Rample was recrystallized from 
methanol and methylene chloride-ether, m.p. 250-255'. 

Anal. Cdcd. for C2aTlazOa: C, 71.10; H, 8.30. Found: C, 
70.76; €I, 8.29. A,,, 242 mp, E 16,500. 6.0, 6.15, 9.05- 
9.15 p. 

1 b'or-Meth yl-9a-jluoro-1 '7a,1O;dO,dl-bismethylenedioxy-l ,4- 
pregnadiene-llD-ol-3-one (dexamethasone-BMD). Five hun- 
dred milligrams of dexamethasone in 25 ml. of chloroform 
was stirred with 10 ml. of 37% aqueous formaldehyde and 
10 ml. of concd. hydrochlorir acid for 1 hr. a t  room tempera- 
ture. An additional 25 ml. of chloroform was added and the 
layers separated. The chloroform layer was washed with a 
saturated solution of sodium bicarbonate, dried and evapo- 
rated to dryness zn vacuo. Twenty-five milliliters of methanol 
was added to the solid residue and it was again evaporated 
to dryness. The total residue was recrystallized from methyl- 
ene chloride-methanol to yield 255 mg. of analytically pure 
16a - methyl - 9a - fiuoro - 17~~,20;20,21 - bismethylene- 
dioxy-1,4-pregnadiene-l lp-ol-3-one, m.p. 310-20'. 

Anal. Calcd. for Cz4Ha10~F: C, 66.33; H, 7.19. Found: C, 
66.43; €1, 706. A:::' 2.80, 6.0, 6.2, 9.2 p, Xmax 238 mp, Q 

14,900. 
1 Y a,90;%0,dl-Bisnteth ylenedioxy-3-p yrrolid yl-J,6-pregna- 

diene-1 1-one. Five hundred milligrams of bismethylenedioxy 
cortisone was dissolved in 10 ml. of ethanol containing a 
little methylene chloride. This was concentrated to ca. 
5 ml. to remove methylene chloride. To this was added 0.5 
ml. of pyrrolidine and the mixture heated for I min. on the 
steam bath. The resultant precipitate was cooled and filtered, 
washing with ethanol, to give 540 mg. of light yellow prisms, 
m.p. 205-212" dec. The compound was analyzed without 
further purification. 

Anal. Calcd. for C27H370aN: C, 71.18; H, 8.19; N, 3.07. 
Found: C, 70.57; R, 8.21; N, 3.14. A,, 271 mp, c 17,000. 

17a,dO;~O,~l-Bisbut~raldioxy-~-pregnene-l1~-ol-Pone.  To 
500 mg. of hydrocortisone, dissolved in 25 ml. of methylene 
chloride, was added 10 ml. of 40% aqueous butyraldehyde 
and 10 ml. of concd. hydrochloric acid. The reaction mix- 
ture was stirred a t  room temperature for 6 hr. The solvent 
layers were separated and the aqueous layer extracted with 

6.2, 9.15 p [LY]D - 20'. 

A:$' 5.90, 6.10, 6.19, 9.0-9.5 p. 

fresh methylene chloride. The combined methylene chloride 
extract was washed with water, dried over magnesium sul- 
fate, and concentrated. The residual oil, containing butyral- 
dehyde, was chromatographed on 12 g. of acid washed alu- 
mina. From the 4:1 petroleum ether-ether to ether eluates 
there was obtained 263 mg. of 17a,20;20,21-bisbutyral- 
dioxy-4-pregnene-llp-ol-3-one as a clear glass. 2.9, 6.0, 
6.15, 8.6-9.0 p. h2f:o" 241 nip, E% 296. Quantitative blue 
tetrazoleum, 7.370 of hydrocortisone. 

The above 263 mg. of product was heated under nitro- 
gen with 50 ml. of 50Oj, acetic acid on the steam bath for 
8 hr. The acetic acid was removed by vacuum distillation 
and the residue purified by extraction into methylene chlo- 
ride, removal of the organic solvent, and acetylation by heat- 
ing 10 min. with pyridine-acetic anhydride. The acetylated 
inaterial (125 mg.) was chromatographed on 5 g. of acid 
washed alumina. Hydrocortisone acetate was obtained in 
the 1:4 ether-chloroform eluates, m.p. and mixed m.p. with 
authentic material 210-217'. The infrared spectrum of this 
material was essentially identical with that of hydrocorti- 
sone acetate. 

Rismethylenedioxy group formation time study. Cortisone, 
hydrocortisone and cortexolone were all trrated in exactly 
the same way as follows: 500 mg. of steroid was dissolved 
(or suspended) in 25 ml. of rhloroform. To this was added a 
mixture of 10 ml. of formalin and 10 ml. of concd. hydro- 
chloric acid and the mixture immediately stirred a t  room 
temperature. This was taken to be "zero time." At time 
intervals about 1-ml. aliquots of the chloroform layer were 
withdrawn and washed with saturated aqueous sodium bi- 
carbonate solutions. The chloroform layers were taken 
to dryness and the residues submitted for ultraviolet and 
B T  analysis.ll All quantitative blue tetrazoleum results 
were calculated with reference to the steroid used in the re- 
action as cortisone, hydrocortisone, and cortexolone give 
different intensities of absorption at  510 mp. Because the 
residues have varying amounts of formaldehyde polymer 
in them the ultraviolet absorption intensities mere used to 
correct the blue tetrazoleum results with the assumption that 
the 3-keto-A4-chroniophore waR not affected by the reaction 
conditions. These corrected blue tetrazoleum results are 
plotted in Fig. 1. 

Bismethylenedioxy group hydro1 yses time study. One hun- 
dred twenty milligrams of steroid (cortisone, hydrocortisone, 
and cortexolone) were heated in 10 tnl. of 50% acetic acid 
at 100'. Aliquots were removed and Concentrated to dryness 
periodically for ultraviolet and blue tetrazoleum assay. 
There was only about 5% loss of ultraviolet up to 4 hr. 
but after that the maximum a t  m. 240 mp diminished in 
intensity. Both bismethylenedioxy cortisone and bismethyl- 
dioxy hydrocortisone were homogeneous in a minute or 
less whereas bismethylenedioxy cortexolone required about 
4 hr. to dissolve completely. The results of these time studics 
are presented in Fig. 2. 
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