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TABLE I1 
aNHCOCH*NH~ 

R c=o R C=N 

111 IV 
I11 r IV 

Yield, C ~ y s t . ~  Yield, Cryst. 
R Ri % M.p. from % M.p. from 

a H H 41 76-770 b. + h. 
b c1 H 61 101-103c Cold b. + h. 53 214-215d Hot b. 
C CF* H 13 197-201' h. 
d c1 c1 74 121-122c b. + h. 
e H KO2 78 201-203f.0 m. + e. 
f CHtO H 60 2 1 5-2W b. + h. 

a b. = benzene, h. = hexane, m. = methanoi, e. = ether. Anal .  Calcd. for ClbHl,N20?: C, 70.85; H, 5.55; N, 11.02. 
Found: C, 71.61; H, 5.81; N, 10.70. L. H. Sternbach and E. Reeder, J .  Org. Chem., 26, 4936 (1961). 
e G. Saucy and L. H. Sternbach, Helv. Chim. Acta,  45,2226 (1962). Iso!ated as hydrobromide. Anal .  Calcd. for ClsH,,- 
BrNSO,: C, 47.38; H, 3.71; N, 11.05. Found: C, 47.93; H, 4.00; N, 11.09. Free base will be described in paper X 
of this series. 

See footnote 1. 

stirred for 2 hr. a t  room temperature, kept overnight a t  
room temperature and then heated for 1 hr. on a steam bath. 
The solvent waa removed by distillation in vacuo and the 
residue then dissolved in 75 cc. of benzene, washed with dilute 
hydrochloric acid, water, and dilute sodium bicarbonate. 
After drying over sodium sulfate, the solvent was removed 
in uucuo and the residue crystallized from ethanol to give 600 
mg. (30% yield) of (2-benzoyl-4-chlorophenylcarbamoyl- 
methy1)carbamic acid benzyl ester, m.p. 114-116". A 
mixed melting point with material prepared above showed 
no depression. 

(2-Benzoyl-4-chlorophenylcarbamoylmethyl)carbamic 
Acid Benzyl Ester (IIb) (Acid Chloride Method).-To a 
solution of 7.1 g. of crude carbobenzoxyglycine chlorides 
in 150 cc. of dry pyridine 7.0 g. of 2-amino-5-chlorobenzo- 
phenone waa added. After warming for 1 hr. on a steam 
bath, the solvent waa distilled in vacuo. The residue was 
dissolved in methylene chloride and washed successively 
with dilute hydrochloric acid, water, and dilute sodium 
carbonate. After drying over sodium sulfate, the solvent 
wm removed in vacuo and the residue crystallized from 
ethanol to give 800 mg. of (2-benzoyl-4-chlorophenylcar- 
bamoylmethy1)carbamic acid benzyl ester, m.p. 109-1 13'. 
Recrystallization from ethanol raised the melting point to 
114-115'. A mixed melting point with a sample prepared 
above showed no depression. 
5-Chloro-2-glycylamidobenzophenone (IIIb) .-A solution 

of 3.1 g. of (2-benzoyl-4+hlorophenylcarbamoylmethyl)- 
carbamic acid benzyl ester in 30 cc. of 20% hydrogen bro- 
mide in acetic acid' was stirred for 35 min. a t  room tempera- 
ture. Then 175 cc. of anhydrous ether was added rapidly 
while stirring. The gummy material that separated waa 
stirred for 10 min., the supernatant liquid decanted, and 
the product again stirred for 10 min. with 125 cc. of ether. 
The ether was decanted and the residue dissolved in 100 cc. 
of water to  produce a turbid solution of pH 2.1. This 
solution waa extracted twice with ether and the washings 
discarded. On addition of ammonia to the aqueous solution 
to  pH 11, a white crystalline product separated. This waa 
extracted with methylene chloride and after drying over 
sodium sulfate, the methylene chloride wm evaporated in 
uucuo a t  20" leaving a residue of 1.75 g. Crystallization 
from cold benzene-hexane gave 1.4 g. (61% yield) of 5- 
chloro-2-glycylamidobenzophenone, m.p. 101-103". 

7-Chloro-5-phenyl-1 ,J-dihydr0-2H-l,4-benzodiazepin-2- 
one (IVb).-A solution of 3.1 g. of (2-benzoyl-4-chloro- 
phenylcarbamoylmethy1)carbamic acid benzyl ester in 30 

(9) M. Bergmann and L. Zervas, Ber., 65, 1192 (1932). 

cc. of 20% hydrobromic acid in glacial acetic acid was stirred 
for 45 min. a t  room temperature. On addition of 175 cc. 
of anhydrous ether, a gummy solid separated. After several 
minutes, the ether solution was decanted. About 155 cc. 
of ether was added to the residue and after chilling in an ice 
bath, 10% sodium hydroxide was added until the mixture 
was alkaline. The ether layer was separated, washed twice 
with water, and dried over sodium sulfate. After filtration, 
the ether solution was concentrated to dryness in vacuo. 
The residue was crystallized from hot benzene to yield 1.05 
g. (53%) of 7-chloro-5-phenyl-l,3-dihydro-2H-l,4-benzo- 
diazepin-2-one, m.p. 214-215". 

Acknowledgment.-We are indebted to Dr. A. 
Steyermark and his staff for microanalyses and 
Dr. A. Motchane and Mr. S. Traiman for the in- 
frared spectra. 
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The synthesis of polyhydroxylated steroids has 
been the subject of an extensive investigation in 
these laboratories. In  addition to their synthesis, 
considerable effort has been directed to effect 
selective protection of the various reactive hydroxyl 
groups in these molecules. We shall discuss in 
this Note some aspects connected with the use of 
ortho esters as protective groups and as inter- 

( 1 )  Paper XXIII, s. Bernstein, R. B. Brownfield, R. H. Lenhard 
S. Mauer, and I. Ringler, J .  Org. Chem., 97, 690 (1962). 
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mediates for the selective preparation of IG-esters. 
The acid-catalyzed reaction of llp,lGa,17a,21- 

tetrahydroxypregn-4-ene-3,20-dione (I) with tri- 
methyl orthoformate afforded the enol ether ortho 
ester, ll~,21-dihydroxy-16a,l7a-methoxymethyl- 
enedioxypregna-3,J-dien-20-one (111). When the 
reaction was applied in the Sa-fluoro series with 11, 
the corresponding fluorinated derivative IV was 
obtained.2f3 As isolated, these compounds formed 
very stable hydrates which impeded their purifica- 
tion. In  each case the crude enol ether ortho ester 
could be acetylated to give the respective 21-ace- 
tates, Tr and VI, also isolated as solvates. At- 
tempted recrystallization or removal of the incor- 
porated solvent by heating a t  reduced pressure 
resulted in part in cleavage of the enol ether func- 
tion. However, a purification could be achieved by 
dissolving the crude solvate in methylene chloride 
and passing this solution rapidly through a syn- 
thetic magnesium silicate adsorbent. The com- 
pounds were eluted with low concentrations 
(0-4%) of acetone in methylene chloride. Al- 
though the infrared spectra of the crude compounds 
indicated complete conversion to the enol ether 
ortho ester, poor recoveries from the columns \\-ere 
encountered. Moreover, the homogeneous frac- 
tions so obtained underwent extensive hydrolytic 
cleavage on rechromatography. 

Selective removal of the enol ether function in 
the presence of the ortho ester grouping was ac- 
complished only with moderate success. In  the 
Sa-fluoro series, the corresponding A4-3-ones, T'II 
and YIII, were obtained through brief acid treat- 
ment (p-toluenesulfonic acid-dioxane ; perchloric 
acid-aqueous dioxane). Experiments in the Sa- 
hydrogen series were not conclusire. Brief' acid 
treatment usually resulted in iiicompletc hydrolysis 
of the enol ether f u n c t i ~ i i , ~  while prolongcd re- 

CH20H CHZOH 

$00 R $OH - - @ O k g - + E +  
--OXOCH, --O OCH3 

(2) The reaction of ortho caters with stcroidal ltiu,l7u-glycols [L. 
L. Smith and A I .  AIarx, J .  Am. Chem. Soc., 82, 4625 (1960)l in  A1.4-3- 
one systems has been reported. References to cyclic ortho ostcrs in 
other than the steroid field have been collected in this reference. 

(3) The reaction of the steroid dihydroxyacetone side chain with 
ortho esters has recently been reported [R. Gardi, R. Vitali, and A. 
Ercoli, Tetrahedron. Letters. 448 (196l)l t o  give the 17u,21-cyclic ortho 
esters. 
(4) The ease of hydrolysis of the AaJ-enol ether appears t o  be in- 

fluenced b y  Ring C substituents. The presence of a C-11 @-hydroxyl 
group contributes to its instability which is increased by the addition 
of a C-9 fluorine atom, such that  compounds 111, IV, V, and V I  are 
liydrolyzed noticeably on standing a t  room temperature even after 
semovnl of the solvatinx molecules. 

action conditions also partially hydrolyzed the 
ortho ester grouping to a 1Ga-ester. One possible 
mechanism for the formation of such 16-esters 
may be generally illustrated as follows. Protona- 
tion of the 17-oxygen would be assisted by the 
presence of the 20-carbonyl group. The attack of 
mater would then bring about the cleavage of the 
cyclic ortho ester and give rise to, e.g., a formate (R 

The acid hydrolysis (p-toluenesulfonic acid- 
dioxane; hydrochloric acid-methanol) of llp,21- 
dihydroxy - 3 - methoxy - 16a,17a - methoxymethyl- 
enedioxypregna-3,5-dien-20-one (111) or of its 
Sa-fluoro analog IT' gave the respective 1Ga- 
formates, IX and X. To demonstrate that there 
still remained a readily acylable hydroxyl group, 
treatment of X with pyridine and acetic anhydride 
afforded the mixed ester XI. The structure as- 
signed to XI was supported by the hydrolysis of 
21-acetoxy-9 a-fluoro-3-methoxy-16 a,  17 a-me thoxy- 
methylenedio~ypregna-3~5-dien-20-one (VI) to the 
identical mixed ester. In  this manner the formate 
ester was shown to be a t  C-16 and the acetate 
ester a t  C-21. Vigorous hydrolysis of VI (hydro- 
chloric acid-methanol) afforded 2 1-acetoxy-S a- 
fluoro-1 lp, lGa, l7a-trihydroxypregn-4-ene - 3,20 -di- 
one (XII).' 

Finally, the extension of the partial hydrolysis 
of a 16,17-ortho ester function to provide a 16a- 
acetate was studied. For this purpose, Sa-fluoro- 
11 p, lGa, 17 a,21-tetrahydroxypregna-l,4-diene-3,20- 
dione (XIII) in dioxane was treated with triethyl 
orthoacetate in the presence of 72% perchloric acid 
t o  give the known ortho ester XIT'. The latter in 
methanol on hydrolysis with 10% aqueous hydro- 
chloric acid vas  converted into the desired 1Ga- 
ace tox y-0 a-fluoro- 1 1 p, 17 a,  2 1 -trih ydroxypregna- 1 ,4 
dienc-3,20-dionc (XI') .2 

= H).5!6 

Experimental 

llelting points :ire uncorrected. The ultraviolet spectra 
were determined in methanol and the rotations in the sol- 
vents specified. The infrared absorption spectra were 
determined in pressed disks of potassium bromide. The 
authors are indebted to William Fulmor and associates for 
the infrared, ultraviolet absorption, and optical rotation 
data. We wish also to thank Louis RI .  Brancone and as- 
sociates for the analyses. 

1 1 p,2 1 -Dihydroxy-J-methoxy-l6a, 17~~-rnethoxymethylene- 
dioxypregna-3,5-dien-20-one (111) .-One gram of 1 l~,lBa,- 
17cu-trihydroxypregn-4-ene-3,20-dione (I) was suspended in 
dioxane (10 ml.), trimethyl orthoformate (1.0 ml.) and 
methanol (4 drops). Two drops of 707' perchloric acid were 
added; solution was obtained in 1 min. and the reaction 

( 5 )  The appearrtnce of 16o-esters has been noted (ref. 2) under 
ortho ester forming conditions. These may have arisen from subse- 
quent hydrolysis of the cyclic orthoester according to  equation 1 where 
R is a n  alkyl group. 

(6) The acid hydrolysis of 17a,2l-ortho ester (ref. 3) led to  a mix- 
ture of 17a- and 81-esters. I n  this case preferential protonat,ion of 
either the 17 or 21-oxygen might not be expected. 

(7) Prepared through acetylation of the 16o.17a-boratc C O I I I ~ J ~ C X  

[I,. J. Leeson, J. A. Lowery, G. ?if. Sieger, and S. AIuller, J .  P\~flrm. 
Sci., 50, 606 ( l O t i l ) ]  xyith no physical constants supplied. 
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CHPOH CHPOR CH2OR 

&EH --OH --+ do --:xOCH3 H - --OXOCH3 H 

0- 

1.X = H 

11. X = F 

XIII.  AI, X = F 

CHZOH 
HO k0 

CH30 0 w 
111. R = H, X = H 

IV. R = H, X = F 

V. R = i CH,, X = H 
0 
II 

VI, R = CCHs, X = F 

VII. R = H 

VIII. R 8 CH, 

I CH2OCOCH.1 CHzOR 

XIV 

0 

IX. R = X = H, R' = JII 

XII.  R = & CH,, R' = H, X = F 

X I  
0 
I1 

X. It = H, It' = CH, X = F 
0 

0 
I/ 

XV. A', R = H, R' = CCH3, X = E 

wily allowcd tu proceed fur an additional 1 min. The reac- 
tion was terminated by the addition of pyridine (1.0 ml.). 
The entirc reaction mixture was poured into water and fil- 
tered to provide 1.03 g. of the enol ether ortho ester 111. 
The infrared spectrum of this material indicated complete 
conversion to the enol ether. 

The dried solid was dissolved in methylene chloride and 
chromatographed on Florisil8 (40 g.). The material eluted 
in the late 2% acetone-methylene chloride fractions (4 X 
100 ml.) and the early 4% acetone-methylene chloride 
fractions (3 X 100 mi.) was combined to give 0.35 g. of enol 
ether orthoester. An aliquot of the 2y0 acetone-methylene 
chloride eluates gave material of m.p. 176-177" (dried in 
vacuo); [ C Y ] ~ D  -18' (1% pyridine in chloroform); A,,, 
237 mp ( e  21,900); X2::H-HC' 244 mp ( e  19,500 based on 
regenerated A4-&one); vmnx 3520,3480,1728,1665,1640 and 
1175 cm.-'. 

Anal. Calcd. for C2aH3407 (434.51): C, 66.34; 11, 7.69. 
Found: C, 65.89; H, 7.99. 

9a-Fluoro-l l p,2 1 -dihydroxy-3-methoxy-l601,17~-methoxy- 
methylenedioxypregna-3,5-dien-20-one (IV).-To a suspen- 
sion of 9~~-fluoro-11p,16cu,l7cu,21-tetrahydroxypregn-4-e~ie- 
3,ZO-dione (11) (2.0 g. )  in dry dioxane (20 ml.), trimethyl 
orthoformate (2.0 ml.) and absolute methanol (0.1 ml.) was 
added concentrated sulfuric acid (0.1 ml.). The mixture 
became homogeneous in 5 min. and the reaction time was 
extended another 15 niin. a t  which time the solution had 

(8) Florisil, a trade name of tile Floridin Corporation for a synthetic 
magnesium silicate adsorbent. 

become dark red. Thc reaction was terminated by the addi- 
tion of pyridine (1.2 ml.) which dissipated most of the color. 
The light yellow reaction mixture was poured into water and 
filtered to give the crude enol ether ortho ester IV (2.2 g.). 

The crude material was dissolved in methylene chloride 
and chromatographed on Florisil.* The desired material was 
eluted with the later 2% acetone-methylene chloride frac- 
tions ( 5  X 100 ml.) and the 4y0 acetone-methylene chloride 
fractions (18 X 100 ml.) to give a total of 1,011 g. of crystal- 
line material. Numerous attempts a t  recrystallization of 
this material were unsuccessful. A combination of the 2% 
acetone fractions provided 0.7 g. of product IV  which, after 
being dried in vucuo, exhibited a m.p. of 197-206'8; [ c Y ] ~ ~ D  
&OD (1% pyridine in chloroform); Am.= 240 mp ( e  20,600); 
vmax 3500, 1730,1670, 1645, 1240, and 1175 cm.-'. 

And .  Calcd. for C2dH3307F (452.50): C, 63.70; H, 
7.35; F, 4.20. Found: C, 63.36; H, 7.45; F,4.17. 

2 1 -Acetoxy-1 1 P-hydroxy-3-methoxy-1 6a, 17~methoxy-  
methylenedioxypregna-3,5-dien-20-one (V).-A solution of 
11P,21- dihydroxy - 3 - methoxy - 16a,17o1- methoxymethyl- 
enedioxypregna - 3,5 - dien - 20 - one (111) (1.05 g.) in pyri- 
dine (5.0 ml.) was treated with acetic anhydride (3.0 ml.). 
After standing overnight a t  room temperature, the reaction 
mixture was poured into water and extracted with ether. 

(9) The  broad melting point ranges exhibited by I V  and V I  may 
well be ascribed to  their instability, see ref. 4. It should be noted 
tha t  in ortho ester formation a new asymmetric center is generated, 
and consequently the melting points of I V  and V I  may also be a re- 
flection of the existence of a n  unresolved epimeric mixture. 
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The ether extract waa washed with a saturated saline solution 
and dried. Evaporation of the solvent gave a semicrystal- 
line residue which waa dissolved in methylene chloride and 
chromatographed on Florisils (30 g.). The early methylene 
chloride fractions (25 ml.) were combined to  give 0.29 g. of 
desired material V, which after being dried in vacuo ex- 
hibited m.p. 194-196'; [ a ] z 5 ~  -17' (lye pyridine in chloro- 
form); Xmn, 235 mp (e 20,200); vmax 3570, 1758, 1655, 1632, 
1233, and 1170 em.-'. 

Anal. Calcd. for CtsHssO* (476.55): C, 65.53; H, 7.67. 
Found: C, 65.89; H, 7.74. 

2 l-Acetoxy-9a-fluoro-11P-hydroxy-3-methoxy-16a, 17a- 
methoxylenedioxypregna-3,5-dien-2O-one (VI).-A solution 
of Sa-fluoro-1 Ip,21-dibydroxy-3-methoxy-l6a, 17a-methoxy- 
methylenedioxypregna-3,5-dien-20-one (IV) ( I  .96 g.) in dry 
pyridine (15 ml.) and acetic anhydride (10 ml.) was allowed 
to stand at  room temperature for 20 hr. The reaction mix- 
ture was poured into water and was extracted thoroughly 
with ether. The extract was washed with a saturated saline 
solution, dried (sodium sulfate), and evaporated to give a 
glass. The latter was dissolved in methylene chloride and 
chromatographed on FlorisiP (60 g.). 

The desired material was eluted with methylene chloride 
(10 X 100 ml.), and amounted to 1.1 g. of crystalline 21- 
acetate VI. A portion (0.3 g.) of this material was re- 
chromatographed to yield 75 mg.; m.p. 176-19409 which 
could not be recrystallized; [aIzs~  +2' (1% pyridine in 
chloroform); Xmax 240 mp ( e  15,300); vmaX 3570, 1740, 1667, 
1642, and 1238 em.-'. 

Anal. Calcd. for CzeHssOsF (494.54): C, 63.15; H, 
7.14; F,3.84. Found: C, 63.17; H, 7.52; F,3.79. 

Pa-Fluoro-l l p ,2 1 -dihydroxy-1 ~ C U ,  17~methoxymethylene- 
dioxypregn-4-ene-3,20-dione (VII) .-To a solution of 9a- 
fluoro - 116,21 - dihydroxy - 3 - methoxy - 16a,17a - meth- 
oxymethylenedioxypregn-4-ene-3,20-dione (IV) (0.89 g.) in 
dioxane (10 ml.) was added a solution of p-toluenesulfonic 
acid (0.375 g.) in dioxane (2 ml.). After standing at room 
temperature for 5 min., the reaction mixture m a  poured 
into water and filtered. After several crystallizations from 
acetone-petroleum ether, there was obtained 0.16 g. of the 
product VII, m.p. 222-223'; [ a l Z 5 ~  $139' (methanol); 
A,,, 239 mp (e 16,000); vmax 3500, 1740, 1667, and 1184 
cm. -l. 

Anal. Calcd. for C2aHal07F (438.45): C, 63.00; H, 
7.13; F,4.34. Found: C,62.77; H,  7.31; F,4.10. 

2 1-Acetoxy-9a-fluoro-1 1@-hydroxy-16~~, 17~~-methoxy- 
methylenedioxypregn-4-ene-3,2O-dione (VIII).-A solution 
of 21-acetoxy-9a-fluoro-llp-hydroxy-3-methoxy-l6a,l7a- 
methoxymethylenedioxypregna-3,5-dien-20-one (VI) (0.6 
9.) in dioxane (6.0 rnl.) and water (0.6 ml.) was treated with 
2 drops of 72% perchloric acid. After standing for 2 min. a t  
room temperature, the reaction mixture was treated with 
pyridine (0.5 ml.) and poured into water. The precipitated 
solid was collected and dried. The material was dissolved in 
methylene chloride and chromatographed on Florisil.8 
The material eluted by 4% acetone-methylene chloride, and 
6% acetonemethylene chloride was combined and crystal- 
lized from ether-petroleum ether to give 0.36 g. of a material 
VI11 with a solvated m.p. 125-GOo, with effervescence; 
[ a I z 5 ~  $192" (methanol); Amax 239 mp ( E  14,700); vmX 
3450, 1755, 1667, and 1235 cm?. 

Anal. Calcd. for CuHslOsF (450.51): C, 62.45; H, 
6.92; F, 3.96. Found: C, 65.00, 64.50; H ,  5.23, 7.93; 
F, 3.50. 

16a-Formyloxy-1 lp ,  17a,2 l-trihydroxypregn-4-ene-3,20- 
dione (TX).-Three hundred milligrams of 116,21-dihydroxy- 
3 - methoxy - 16a,17a - methoxymethylenedioxypregna - 3,5- 
dien-20-one (111) was dissolved in dioxane (10 ml.) and 
treated with a solution of p-toluenesulfonic acid monohy- 
drate (0.19 g.) in dioxane (20 ml.). After 5 min. of standing 
a t  room temperature, the reaction mixture was poured into 
water and extracted with ethyl acetate. The extract was 
washed with saturated saline and dried. Evaporation gave a 
residue which upon crystallization from acetone-petroleum 

ether gave 0.13 g. of the 16-formate IX, m.p. 200-202'. 
Another crystallization gave the analytical sample, m.p. 
201-203'; [a15n $114' (methanol); hmDx 242 mp ( e  
16,000); vmax 3490, 1723, 1655, and 1198 ern.-'. 

Anal. Calcd. for CznH3007 (406.46): C, 65.01; H, 7.44. 
Found: C, 65.01; H,  7.49. 

9a-Fluoro-l6a-formyloxy-l1~, 17a ,2 l-trihydroxypregn-4- 
ene-3,20-dione (X).-One gram of 9a-fluoro-llp,21-dihy- 
droxy - 3-methoxy- 16a,17a -methoxymethylenedioxypregna- 
3,5-dien-20-one waa dissolved in methanol (30 ml.) and to 
this solution waa added 0.5 N hydrochloric acid (4 ml.). 
After standing 5 min. a t  room temperature, the solution waa 
poured into water and neutralized with aqueous sodium bi- 
carbonate. The methanol waa partially removed at  reduced 
pressure and the precipitate waa collected to give 0.5 g. of 
the formate X. Crystallization from acetone gave 225 ma., 
m.p. 252-254'. The melting point waa raised to 257-259" 
after a subsequent crystallization; [ a ] 2 6 ~  $101" (methanol); 
Xmnx 239 mp ( e  16,300); vma, 3500, 1735, 1680-1670, and 
1174 em.-'. 

Anal. Calcd. for CnHs07F (424.45): C, 62.25; H, 
6.89; F,4.48. Found: C, 62.34; H,  7.14; F, 4.69. 

2 1-Acetoxy-l6~-formyloxy-9~-fluoro-1 Ij3,17~-dihydroxy- 
pregn4-ene-3,20-dione (=).-A. 21-Acetoxy-Sa-fluoro- 
116-hydroxy-3 -methoxy - 16a,17a -methoxymethylenedioxy- 
pregna-3,5-dien-20-one (VI) (0.5 9.) waa dissolved in dry 
dioxane (10 d.). To this solution waa added p-toluene- 
sulfonic acid monohydrate (0.31 g.) in dioxane (2.0 ml.). 
After standing a t  room temperature for 5 min., the reaction 
mixture was poured into water and filtered. Crystalliza- 
tion of this solid from acetone-petroleum ether gave 0.105 g. 
of the desired product XI, m.p. 228-235'. Recrystallization 
raised the m.p. to 239-241"; [ a ] Z 5 ~  $92" (chloroform); 
Xmsx 239 mp ( E  17,000); vmax 3430, 1750, 1672, 1245, and 
1175 ern.-'. 

Anal. Calcd. for CarHplOsF (466.49): C, 61.79; H,  
6.71; F,4.05. Found: C,62.09; H, 6.93; F ,  4.12. 

B. A solution of 9a-fluoro-16a-formyloxy-ll~,l7~,21- 
trihydroxypregn-4-ene-3,2O-dione (X) (0.11 g.) in pyridine 
(1.0 ml.) and acetic anhydride (1.0 ml.) was allowed to 
stand at  room temperature for 17 hr. and then poured into 
water and filtered. Several crystallizations of this material 
from acetone-petroleum ether gave the 16-formate 21-ace- 
tate XI,  m.p. 239-241'; [ O ~ ] Z ~ D  $85' (chloroform): A,,,= 
239 mp ( E  15,000). Ita infrared spectrum w a ~  identical to 
that of A above. 

Anal. Calcd. for C2dHalOsF (466.49): C, 61.79; H, 
6.71; F,4.05. Found: C,61.73; H,6.65; F,4.12. 

2 l-Acetoxy-9a-fluoro-llp,l6~~, 17a-trihydroxypregn-4-ene- 
3,2O-dione (XU).-A solution of 21-acetoxy-9a-fluoro-llp- 
hydroxy-3-methoxy - 16a,17a -methoxymethylenedioxypreg- 
na-3,5-dien-20-one (VI) (0.20 g.) in methanol (10 ml.) waa 
refluxed for 10 min. with 0.5 N hydrochloric acid (2.5 ml.). 
Water then was added to  the point of turbidity and upon 
cooling there precipitated the desired 21-acetate XII. After 
several crystallizations from acetone-petroleum ether 100 
mg. were obtained, m.p. 239-241'; [CY]*~D +123O (meth- 
anol); X,,, 239 mp(e 16,500); vmal 3430, 1753, 1728, 1675, 
1630, and 1232 em.-'. 

And. Calcd. for CnHs,O,F (438.48): C, 63.00; H ,  
7.13; F,4.34. Found: C,63.54; H.7.23; F,4.35. 

16a, 1 7 ~ (  l-Ethoxy)ethylidenedioxy-9a-fluoro-11,?,21-di- 
hydroxypregna-l,4-diene-3,20-dione (XIV).-To a suspen- 
sion of 9a-fluoro-l16,16a, 17~,21-tetrahydroxypregna-l,4- 
3,20-dione (XIII ,  0.5 g.) in dry dioxane (5 d.), triethyl- 
orthoacetate (0.5 ml.) and anhydrous ethanol (4 drops) waa 
added 72% perchloric acid (2 drops). In 5 min. the reaction 
mixture had become essentially clear and this then was 
filtered into a flask containing pyridine (0.5 ml.). The addi- 
tion of water gave a very fine suspension which was collected 
after the addition of solid sodium chloride. The moist pre- 
cipitate was dissolved in methylene chloride and dried over 
sodium sulfate. Evaporation of the solvent and recrystal- 
lization of the residue from acetone-hexane provided an ini- 
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tial 105 mg. of the ortho ester XIV with a solvated m.p. < 
200". Slight concentration of the mother liquor afforded an 
additional 105 mg. of the ortho ester (XIV), also with a 
solvated m.p. < 200". The infrared spectrum of thia 
material wa8 identical in all respects to that of an authentic 
sample. 2 

16a-Acetoxy-9a-fluoro-l1~, 17a ,2 1 -trihydroxypregna-l,4- 
diene-3,2O-dione (XV).-A solution of 1&,17a-( 1-ethoxy)- 
ethylidenedioxy - 9c~ - fluoro - 118,21- dihydroxypregna - 1,4- 
diene-3,20-dione (XIV) (0.1 g.) in methanol (3 ml.) waa 
treated with 10% aqueous hydrochloric acid (0.5 ml.). 
After standing at room temperature for 5 min., the reNtion 
mixture waa neutralized with sodium bicarbonate and most 
of the methanol removed at reduced pressure. Water waa 
added and the precipitate so obtained waa collected and dis- 
solved in ethyl acetate. Evaporation of the dried solution 
gave 80 mg. of the 16a-acetate XV. Cyrstallisation from 
acetone-hexane yielded 43 mg. of compound, m.p. 230- 
231"; [ (Y]*~D +63" (methanol); Amax 239 mp ( e  15,050); in- 
frared spectrum identical to that reported; lit.* m.p. 2 2 4  
228"; [(Y]*~D $49.7" (methanol); Amax 238 mp ( E  15,450). 

The Reaction of Alkoxalylated Steroid Ketones 
with Dihenzoyl Peroxide. A Synthesis of 

160-Hydroxytes tosterone 

GEORGE R. ALLEN, JR., AND MARTIN J. WEISS 

Organic Chemical Research Section, 
Lederle Laboratories Division, 

American Cyanamid Company, Pearl River, hTew York 

Received July 19, 1962 

The utility of alkoxalylated or formylated steroid 
ketones for the introduction of alkyl1 and cyano2 
groups as well as the  halogen^,^^^ including fluo- 
rine,b is well documented. We now wish to report 
the direct preparation of certain steroid' a- 
keto1 esters via the reaction of an alkoxalyl ketone 
with dibenzoyl peroxide.6 It may be noted that 
the benzoyloxylation of various sodio malonates 
with dibenzoyl peroxide has been r e p ~ r t e d . ~  

Addition of an equivalent of sodium hydride 
followed by an equivalent of dibenzoyl peroxide 
to 16 - ethoxalyl - 3 - ethylenedioxy - 17 - hydroxy- 
androsta-5,16-diene (I)5bb8 and subsequent acetate- 

(1) J. A. Hogg. F. H. Lincoln, R. W. Jackson, and W. P. Schneider, 

(2) H. M. Kissman, A. 9. Hoffman, and M. J. Weiss, J .  Org. Chem.. 

(3) H .  Ruschig, Ber., 88, 878 (1956). 
(4) J. A. Hogg, P. F. Beal. A. H. Nathan, F. H. Lincoln, W. P. 

Schneider, B. J. Magerlein. A. R. Hanse, and R. W. Jackson, J .  Am. 
Chem. Sac., 77, 4436 (1955). 

(5 )  (a) H. M. Kiasman. A. M. Small, and M. J. Weisa, ibid., 81, 1262 
(1959); (b) H. M. Kissman, A. M. Small, and M. J. Weisa. J .  Org. 
Chem., 26, 973 (1961); (0) A. H. Nathan, J. C. Babcock, and J. A. 
Hogg, ibid., 24, 1395 (1959); (d) A. H. Nathan, B. J. Magerlein. and 
J. A. Hogg, ibid., 24, 1517 (195W); (e) J. Edwards and H. J. Ringold, 
J .  Am. Chem. SOC., 81, 5262 (1959). 

(6)  The two-step preparation of o-keto1 esters from alkoxalyl steroid 
ketones ie well known; cf. ref. 3. 

(7) S.-0. Lawesson and T. Busch, Acto. Chem. Scand., 13, 1716 
(1959). 

(8 )  Spectral evidence suggests that thie ethoxalyl derivative exist8 
in the enol form depicted by I. 

J .  Am. Cham. SOC.. 77, 6401 (1055). 

26, 2610 (1961). 

induced C-dea~ylation~" afforded a 40% yield of 
16p - benzoyloxy - 3 - ethylenedioxyandrost - 5- 
en-17-one (11). Reduction of this substance with 
lithium aluminum hydrideg gave 3-ethylenedioxy- 
16p, 17p-dihydroxyandrost-5-ene (111), which on 
acid treatment furnished 16p-hydroxytestosterone 
( I V ) . l 0  The identity of this last substance, as 
well as the diacetate thereof, was established by 
mixture melting point comparisons with authentic 
specimens. l1 

OH 0 
OOEt 0 0  

111 0 
I V  

Similarly, reaction of molar equivalents of di- 
benzoyl peroxide, potassium t-butoxide, and the 2- 
methoxalyl derivative of 17cr,20;20,21-bismethyl- 
enedioxypregn - 4 - ene - 3,11 - dione,12 followed by 
treatment with potassium acetate, afforded an 
8% yield of 2a-benzoyloxy-l7a,20 ;20,21-bismethyl- 
enedioxypregn-4-ene-3,ll-dione (V) . The assign- 
ment of the a-configuration to the benzoyloxy 
substituent in V was made on the basis of the 
molecular rotation contribution ($58') of this 
group. l 3  

Experimental14 

16~-Benzoyloxy-3-ethylenedioxyandrost-5-en-17-one (11). 
-To a magnetically stirred suspension of 0.293 g. (12.2 
mmoles) of sodium hydride in 100 ml. of benzene wa8 added 

(9) J. Fishman, J .  Am. Chem. SOC., 83, 6143 (1960). 
(10) (a) A. Butenandt, J. Bchmidt-ThomB, and T. Weiss, Be?.. 

72B, 417 (1939); (b) H. L. Herzog, M. J. Gentles, A. Basch, W. 
Cascarelli, M. E. A. Zeits, and W. Charney, J .  Org. Chem., 26, 2177 
(1960); (c) R. M. Dodaon and 8. Mizuba, ibid., 27, 698 (1962). 

(11) These samples were kindly supplied by Professor R. M. Dod- 
son of the University of Minnesota and Dr. 8. Mizuba of G. D. 
Searle & Co. 
(12) C. E. Holmlund, L. I. Feldman, H. M. Kissman, snd M. J. 

Weias, J .  Org. Chsm., 27, 2122 (1962). 
(13) 2@-Aoetoxy substituents show a marked levorotatory effect 

(-514 t o  -5586): F. Sondheimer, St. Kaufmann, J. Romo, H. Marti- 
nez, and G. Roeankranz. J .  Am. Chem. Sac., 78, 4712 (1953). 


