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the others since it is a stronger acid than the 
beiizo~,lferrocenoic acid. A possible explanatioii 
of the greater strength of this acid could lie in hy- 
drogen bonding of the carboxylate ion with the CY- 
hydroxy group, stabilizing the ionized form, 
similar to the explanation advanced by Branch7 
for the large acid constant of salicylic acid. 

EXPERIMENTAL 

Acetyl- and  benzoylferrocenoic acids were prepared by the 
methods previously described.* 

Ethylferrocenoic acid was prepared by Clemmensen reduc- 
tion of acetylferrocenoic acid according to  the procedure 
described by Nesmeyanov.8 

I - (  a-Hydro.ccybenzyl)-l '-carbarnylferrocene. To a n'arni 
solution of 8.4 g. (0.017 mole) of 1-benzoyl-1'-diphenyl- 
carbamylferrocenez in 'LOO ml. of methanol containing 0.2 
ml. of 50% sodium hydroxide was added 27 mi. of a 10% 
sodiuin borohydride solution made up in 10% aqueous 
sodium hydroxide. The reaction mixture was stirred at  room 
trinperature for 30 min. and at, gentle rcflus for 5 hr. On 
cooling, the product crystallized. A yicild of 6.7 p. (79.555) 
\vas o h i n e d ,  n1.p. 15'2-154'. The analytical saniple was 
rccrystallized from hexane and mrlted at 154.8-156". 

.lnal. Calcd. for C30HliSO?Fe: C, 73.93; H, 5.17. Found: 
C, 74.04; H, 5.14. 

ru-Hydrozybenzylferrocerioic acid. a-EIydroryi)rnz~ltli- 
phenylcarbamylferrocene (2.60 g. 1 was dissolved in a 
mixture of 25 ml. of benzene and 50 ml. of lo(?, cthanolic 
potassium hydroxide. The niixture was held a t  reflus for 2 
hr. and was allowed to stand overnight at 50'. The solvent 
\\-as reinoved and the residue \vas shaken with watrr (75 
1111.) for 3 hr. The aqueous srisppnsiori \ms  filtrrpd, and thr  
filtrate yielded upon ncidificatiori \vit,h hydrochloric acid 
1 . 4 j  g. (8ly0) of crude ol-lij~dros~l~tiiizyl~errocenoic aril{. 
Ilrcrvstallization froin bc~nzc~ne ~ i c ~ l t l t ~ t l  a nrodrict ini.ltiiio. 
:it l.L!).5-130~. 

.Anal. Calcd. for C&H,sO,Ft~: C, 64.31; €TI 4.80. I'ountl: 
C, 64.54; H. 4.!% 
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We wish to  report here on sonie aspecets of thc  
chemistry of the 3-ethylenedioxy-a5 grouping 1 , 1  

the presence of a double bond at C-S,1 I in  the stcroicl 
molecule. 

When 2l-acetoxy-3,20-bisethyleiiedioxy-5,!1( 1 I ) -  
pregiiadieii-17a-ol (I)? wap treated with one equiv- 
alent of perbeiizoic acid an epoxide was formed i l l  

68'& yield which was assigned the structure, 21- 
arct oxy-3,20- bisethyleiiedioxy-:,P,GP-epoxy- 9( 1 I I -  
pregnen-17a-ol (11). The structure IT was estal)- 
liahed by it. synthesis from 21-acetoxy-3,20- 
I~isethylenediou~-.jp,6p-cpoxypregria~ie-l1P, 17a-dioJ 
(IIIh)3 by w 1 r h . e  dehydration of the 1 lp-lis- 
drcixyl group with phosphorus oxychloride in pyi I- 

d111e.~J I t  would appear then that 111 a 5,9(1 1 ) -  
diene 3.20-bisethylene ketal the C-5,R-double boml 
is more renctix-e ton-ard epoxidatioii than the 9 , l I -  
double bond, and moreover frontal attack is 
favored. 

\\;hen the 5J9(1 l)-dieiie hirketal 1 was treate 1 
nl th  two equivalents of perbenzoic acid, a diepox- 
idc T I r  separated in 74% yield. As the same product 
could he obtained by reactioii of 21-acetoxy-3.20- 
h i  ic,thyit.iiedioxy-.ii3.(iP-epoxjr-O( 1 1 )-pregiien- 17a- IA 
(11) with an addit i o i i d  eqiiivaleiit of pcrbenzoic. 
:wid, the structure of I\i wab tlchignnted a5 21- 



acetosy - 3,'L'O - b i s ~ ~ t h y l ~ ~ i i c ~ i o x y  - 5/3,(iB;Oa,l la -  
(1  i epnxypregu ail- 17 a-01.' 

111 view of a prf>vious reporlx t h t  a :Z-.cthylciict 
ketal grouping has ilri irnpori,:int iriflucticvx O I I  the 
:: t w c v  icheniist ry of osmylat,i oi 1 01 : L 5 ,  ti-clou h ie 1 )oi  id, 
a study of the hydroxylatioil of the 5,9( 1 I)-dieiic 
tisketal I was made. \Vlien the latter reactccl \\it11 
osmic acid ( t  176 excess for two tloiible tmiids) in 
benzene, a 70@4 yield of 2 l-acotosy-:l,20-bisethyl- 
eiietiioxy-!l)(l l)pregueiie-;iP,GP, l ia-triol  ()'a) was 
obtained. Uiilike the peroxidatinn reaction the osmic 
wid  attacked oiily the C-5.6-double but, in 
an analogous ni:bniier, frontal attack a t  the C-5,G: 
positioii \vas favored. 

The struct w e  of Va. was estxblished bjr ncetyla- 
t i n i i  to give the GPJ21-diacetate Vb and also by 
hydrolysis with aqueous acetic wid'" to give 
21 - acetoxy - 20 - ethyleiicdioxy - GP,Iia - dihy- 
drosy - 4,0 (11) - pregiiadirii - 3 - one (17). The 
hyposchronic shift in the ultrwviolet absorption 
spectrum of 1'1 (A,,, 233 nip) cornpared to  that 
of the correspondiiig 6-tleosy wmpoui i d  (A,,,, 
220 mM) i1idir:itcd the 6-lijdroxyl grniip t o  be :It- 
tached in t hc (i/3(:isi:il) -coiiligiir:i t i (  ) ]  I ,  I t  is kiiown 
that wheii a ;Ip-hyt.lro ' (or :3~-~lrctrlsy)-r,p,(i~- 
epoxide is treated \vith hiiim alumiiiuiii hydride 
the eposiclc is opciicd to give maiiily a (iP-hydrosy 
compound along rvith il small anmalit of the .iP- 
hydroxy isomer. I 3  However, when 21-:tretosy-:3,20- 
~,isethylenediox3r-riPJC,P-eposy-!) (1 1)pregiicii - I ia-ol  
(11) \vas heated under refliix with a large cycess of 
lithium aluminum hydride i l l  tetrahydrofuran 
followed by acetylation of the prndrict, thi. st:irtirig 
material was recovcred in 767; yicltl. .It tcmptcd 
reduction of the 5/3,C,P; 9a,11 cY-dieposy k)iskctnl T\? 
likewise rcturiicd starting niaterinl after itwty1:i- 
tion, albeit in only 20yo yield.14 Liidcr the Barn(: 

(7 )  F;pozitlation of :i 9, I 1-dorihlr I K I I I ~  h:ls t m i i  s h u h  to 
proccwi hy rcar-attack, we e.g., L. E'. Fiewr anti S. l$itjogo- 
p d m ,  .J .  Chon.  Soc., 73, 118 (1!151 ). The s:lrne stcrle 
I niirsc h:is Ijcen as~~iiiiicd for thc c ~ p ~ i i l a t i o n  of t i i c y  (;-:!, 11- 
double i m r i t i  in I. 

(8) S. Wcrnstcin. IV. S. .Ulen, (.!. Lq;. I'in 
mente, J .  . I n i .  (,'hein. Soc., 77, 661% ( I ! )  

droxylation of thc his-c~thylrne ketal c > f  11 
nium tptroside give the 5p,G$-tliol in .1'3(<; yicld. The  
imcric e-diol could not be isolat,eti. 
(9) Th(, 9.11-tlouble bond of 21-:1ceto. 

dio?c;.-!)( 11 j-prrgnenc-5ay, lie-diol has 
with osmic :wit1 widor forcing contlitiona to givc the ! )<~;1 I c ~ -  
diol i n  ln\v yir,ltl (rcf. 4) .  

( IO) I t .  :\ntoniirci, 8. Tjernstcin, M. FInller. I{. €r .  1,cn- 

~ _ _  

hard, It. Littcli, :in(] .J. 11.  TVillianis, J .  O r 7 .  C'hcna.. 18, 70 
( 1 n5:i ), 

( 1 1 )  C.  1'. 13:rlant :ind hf. Ehrenstem. ,1. (hg. ! 'hem.,  17, 

(12) 8. Rcsrnstrin and It. Littell, J .  O r g .  (:hem., 2 5 ,  ; j l : i  
1587 (19.52 i. 

i 1960 j. 
( 1 3 )  P. A .  I'lattner, H. Heusser, and 11. Feurer, He!z,, 

( ' h i ~ j ~ .  :lc/ci, 32, 587 (1949). 
i 14)  Thta st:ihility of a 9e,llol-eposidc* in cert;iin striics- 

tiirtss to  lithiuni :ihiminum hydride h:iR Iieen notrtl; B ~ P ,  

I , .  I:. F i twr  and S. Itn,jopopalan, J .  I t / /( .  Pheu),. doc.,  73, 
I 18 i 1051:: and '2. A. Hallsworth and H. U. Hc~n lwt .  , J ,  
L ' h o t L .  Soc., 4604 (1057). 

coiidi tioiis the .',p.C,B-eposide (I I1 t))  of hydrocor- 
t isone acetate I)iset hylriie kctnl  was recovered 1111- 

changed i n  727,  yicltl. l5 These results suggrst 1 tiat. 
the stability of thc riP,(ip-e'poxide is related to tht> 
presence of the C-3-ketal group which may he due 
to the 1,Miaxial  iiiteraction of t'he :IcY-group (of the 
k ~ t a l )  arid of the elitering hydride reagelit' i i i  the 
transition state. 16 ETon-ever, application of such 
Fteric considerations to explain generally the course 
of the peroxidation and osmylatioii reactioiis 011 the 
5,9( 11)-diene hisketal I, hydrocortisone hisketal 
\'a,b, and other A5-ketals (in which Ring C is 
saturated and unsuhstituted) becomes difficult 
hecause of the divergent findings. However, i t  is 
apparent that  a C-9,ll-douhle bond exerts :t 
derisive iiifluence ftlvoriiig frontal attack oii :t 
A5-:J-ketwl grnuping iu the react ions dewribed. 

1.; X P E R I M E NT A L 

illelling points. .\I1 melting points are uiicorrertetl. Pp!ro- 
l eu in  ether. The fraction iisrd had a h.p. 60-70'. dbsorption 
ypectra. The ultr:tviolt*t ahsorption spectra were de te rmind  
in methanol unlcss nthwwisc specified. The infrared absorp- 
tion spectra \\.errs mrricd oiit iii pressctl pot:ixsium hromide. 
Rolalions. All opticul rotations werc tlctc-rmincd in chloro- 
form iinlcss otherwise sperifiod. 

~ l - i l c e l o x t ~ - S , 2 0 -  h i s e ~ h ~ l m ~ d i o r i ~ - ~ ~ p , f i P - e p o x ~ ~ - 9  (1 1 )  - p e g -  
nen-I T~r-ol (11). A .  To a solution of 1.22 g. (2.57 mmoles) of 
2 1 -act~tos~-:J.20-hi~ethyIeiie~~iosy-5,9( 1 1)-pregnadien- 1 ie-  01 
(I) in 15 rnl. of chloroforin was added 365 mg. (2.65 mmoles) 
of perbeiisoic a,cid in 25 mi. of benzene and the mixtiire wm 
allowed to stand at room temperature for 7 days. The reac- 
tion mixture was diluted with chloroform, and the extract 
was washed ta-ice with satiirated potassium carbonate solri- 
tion, twice with water, dried, and evaporat,ed. Crystalliza- 
t ion of the r c d u e  from acetonr-pftro1c.um ether gave 800 

tls, m,p,  198--200". Three further crystal- 
lizntiniis froni act~tone-~if~trolriim ether gave 570 mg. of the 
piire 53,Bi3-cpnxitlr 11, m.p. 203--206"; [n]*r;" - 9"; vlllnT 
:35L'O nnrl  I 746 cm. - 1  

.Inal Calcd. for C,,H:I& (490.57): C1, 00.10; H, 7.81. 
Foiiild: C, k 5  06; If, 8.03. 
19. To it c d e d  solution of 400 mg. of 21-aretosv-3,20- 

t:i~etl;yIaiirdiosy - 5&6P - elmxyprrpnarie - 116,liU - diol 
>) i n  4 mi. of pyridine. \\.its adtled 0.1 mi. of phosphoru~ 
hhride. The solution w:ts allowed to stiiml at - 15" 

for IC, hr. :ind thrn :it +5'  for 21 h r .  when it w w  poiired 
into ir-e water to give 360 mg. of white rrvstnls, ii1.p. 1 % -  
l!)Ao. Three cryslnllizations f rom acctoric: ~ j w t r n l ( ~ ~ i i n  (Ither 
gave ;)lire 2 1 - : t c e t o x y - 3 , 2 0 - l ~ i ~ c . t h y l ~ i i ~ ~ t l i o x ~ - ~ 3 , t i p - ~ ~ ~ , o ~ ~ ~ - ~ ~ -  
i I l)-t!r~-4nen-17a-o1 (II), n1.p. lUi--19ilo; [a]',: +- [i*, In.. 
fr:trwi spectral analysis and admixtiire melting point d(,- 
trrniiriution indicntd this product tn I i ( 3  idt~~~tic:iI  n i t h  the 
s:inipie prrpircd in :i nhovcl. 

. Inn/ .  Found: C, 66.00; H, 8.00. 
2 I .  A cetox y -5 ,20-5 ise th~~lent .d io~~j - :~~,  f i p ; 9 ~ , 1  I a-tliepor y - 

pregnmn-17a-ol ( T V ) .  A .  A solution nf  1.05 g. of 21-:tcrto\cy- 
:1,20-hiseth!.lenedioxy-5,9(~ lj-piegria:lien-1ia-ol (I) itri t i  870 
n ~ g .  of ~irrhcnzoic mid in 6 ml. of chloroform snd  :30 m;. of 
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ethyl acetate was allowed to  stand at, room tempersture for 
72 hr. Crystals separated during the course of the reaction. 
Thc mixture was c o o l ~ d  and product was collected by filtra- 
tion to give 830 mg. (74%), m.p. 232--237". Two cr),stalliza- 
t ions of a 200-mg. portion from chloroform-metliarlo1 gave 
105 mg. of the purct dicpoxidc I\', m.p. 236--237"; [a]:; 
- 16"; vmax 3540 and 1752 cm:-' 

~ l n a l .  Calcd. for Cr7H3,09 (506.57): C, 64.01; H, 7.56. 
Found: C, 63.93; H, 7.78. 

B. .4 solution of 170 mg. of 2 ~-acetoxy-3,20-bisethylene- 
dioxy-5p,6~-epoxy-!l(l I)-pregnen-17a-ol (11) in 15 ml. of 
ethylacetate containing 61 mg. of perhenzoic acid \vas 
allowed to stand a t  room temperat.ure for 3.5 days. The 
product was cxtractcd n.ith ethyl acctate and the extract wis 
washed with sodium crtrtmnate and sodium chloride solut,ions. 
Aftrr tieing dried, the extract was evaporated and crystallized 
from cxther to give 1x5 nig. of \\.hit(, crystals, m.p. 231-237". 
Two fiirthrr crystallizations from' ac.etonc~-pc.trolel~m ethcr 
gave 80 mg. of 117,  n1.p. 238-240'; - 14". Infrared 
q)rctral :truly& showed the producst to ho idt.ritirn1 with the 
tlicyoxide preparcd in A atmve. 

21 -Acetox!l-3,80-hiseth r/lcnedioxy-!J ( 1 l ) - p r e y n  enc-,58.68,1 Ya- 
t r i o l  (Vn). A solution of 830 mg. (1.74 mmoles) of 21- 
:icwtoxy - 3,20 - t)isethylilncdioxy - 5,9(11) - pregnsdirn- 
17a-01 (I) :ind 1.00 g. C4.92 mmolcs) of osmic acid in 20 ml. 
of benzene and 1.0 ml. of pyridine was allowed to stand a t  
room temperature for 90 hr. with occasional stirring. Arter 
the addition o l  69 ml. of water, 46 ml. of methanol, and 7.15 
g. each of sodium sulfite and potassium bicarbonate, the mix- 
ture was ltirred for an  additional 5 hr. The inorganic precipi- 
tatc was collected by filtration and washed with chloro- 

CH~OAC CHZOR 

IV IIIa.  R = H  
b. R = A c  

form. The combined filtrates wcw washed x i th  $:itur:itrrl 
saline, dried, and evaporated. Thr criide residue n x s  t w i w  
crystallized from acetone-petroleu1n rthcr to give 610 my 
(70y0) of :t white solid, m.p. 176-178'. Four frir thu cr3,sf:tI- 
lizations from thc same solvent pair gave pur(' X h ,  ni.ji. 
182-183'; Xmax none; [a]': 4- 20'; v,,,.Lx 3520, 1752, 1725% 
1650, and 1230 cm.-' 

A4nal. Calcd. for C2?H,o09 (508.50): C,:, 63.76; H, 7.9:j 
Found: C, 63.80; H, 8.20. 

6'p!wl -Diacetozy-3,20-bisethylenedio.ry9 (1 1 ) -pregnene-6p,.  
17a-dioL (Vb). A solution of 240 mg. of 21-ncrtosy-Y,2OO- 
biseth~lrnedioxy-9(1 l)-pregnenc-5p,6p,17a-triol (Vs )  in :$ 
ml. of pyridinc arid 1 ml. of acetic mhytiride was a i l o n d  to  
stand at  room temperature for 18 hr. The eolvrnts iv rn  
evaporated, and the oily residue was crystal1izc.d from ai+ 
tone-petroleum ether to  give 220 mg. of whitc po\vtic>r. 
m.p. 165-185". Two further crystallizations from thr  stini(' 
solvent pair gave the pure diacetate Vb, m.p. 206-2008"; 
[a]:  - 7"; vmnX 3520, 1746, and 124.5 cni.-' 

k n a l .  Calcd. for C ~ ~ H ~ Z O L O  (550.65): C, 63.25; H,  i.60: 
.kc, 15.6. Found: C, 63.45; H, 7.88; Ac, 15.1. 

21-4 cetoxy-2?O-ethylenediox~-6p, 170-dih1~droxy-4,~9 (1 1 'I - 
pregnadien,-%one (VI). .4 solution of 150 ma. of 21-acetos) - 
3.20 - bisethylenedioxy - 9(11) - pregnene - 5/3,64,17ru- 
triol (Va) in 1.5 ml. of acetic acid and 0.75 ml. of Jvatclr XI. 
heated a t  100" for 45 min. The mixture wiscooled and tiilutr~~l 
with water to give 50 mg. of a white solid, m.p. 217--220". 
The product was crystallized three times from aceton<%- 
petroleum ether to  give pure VI, m.p. 224-226'; 2:35 
rnb (E 13,500); urnax 3600, 3450, 1740, 1685, and 1210 cni.'-' 



(3) D. H ZIcD:inirl aiid I T  C Brnnn,  .I Org Chem , 23, 
420 (1958) 


