
gpncous on papcr chromatograyhy in solveiits A and D 
~ i t h  It,,l 1.91 and 1.60, rcepectively, 
.4nd. Cnlcd. for C,,HI,X,0,: C, 61.3; H, 6.11; N, 22.4. 

I ' o i i n t l :  C, til .9; H, (j.dS; N, 22.2. 
2,t '-  !p-( 2 , 4 - U i u c e ( u i r i l ' d o - O - E l i i y i - 5 - p U r i n l i t ~ ~ -  

? i ~ i ~ t o ~ d ~ e L / ~ n r ~ o /  (XXIII) .  To a cold (0') soliltion of 0.45 g. 
( 1 , 14 rnmol~~s)  uf the ?i-aniiiiolJhcn~lp~-rimiciine (XXIV) 
in '7.5 ml. of SOqZ aqucoiis acetic acid was added 0.50 g. 
( I  I .O nimolcs) of cthylene osidt and the solution was kept 
!it 0' for 15 hr., then was evuporatcd to dryness in VQCUO 
at . IO". 'The rcsidiie i',.as dissolved in 10 ml. of chloroform, 
thr chloroform \cas washcd with 5 nil. of saturated aqueous 
5odii:m hicarbonate solution and the bicarbonate mash 
lmrli-extracted Tcith 5 mi. of chloroform. The chloroform ex- 
tracts were comiiiiicd, dried over magnesium sulfate, filtered, 
aiitl the filtrate eval~orxted I'n vacuo to lenvc 0.42 g. (73y0) 
of a \vI! i t r  glas ; 3.0-3.1 ((~11, SIT),  5.!)0 (amide 
('=O), 6.80 (l~yriniiditie riiig, amide S H ) ,  9.55 (C --OH), 
12.25 (p-disulratitutcd lwnzcne). The crude prodtirt was 
h~~~l ro lyzc t l  to tlinminoI)?.rimidiiie (XX) described above. 

2, $-I)iuwino-6- ( p -  [()is.( 5-c,ii!oroethi/l)amino]phenyl J-6-e!h!d- 
p v i  i r ~ i d i n e  dl'hydrocli1orzde (XXI). A stirred suspension of 
( l . , j ( J ( l  g. (1.27 mmoles) of the bis(2-bydrosyethyl)aniine 
ilihytlrochloritlc (XX) in 10 ml. of thionpl chloride xas 
!ir:ttcd a t  05-70' for 35 min., then was cvaporated in vuruo 
( l ia i  h trmpcrature !20-25'), ,leaving a dark solid residue. 
'Tho rcsitliie was triturated with 4 nil. of cold absolute etha- 
z i o l ,  yicltling 0.450 g. of undissolved solid whose infrared 
spcct~rum and paper chrorhatogram showed it to contain 
:I small amouiit of startirig hydroxy compound (XX). The  

solid was largely dissolved in 20 mi. of absulutc Ptt!arioI a t  
room temperature by vigorous stirring and the soluti:in \I :IS 
frecd of 0.018 g. of XX by filt,ration. Ethnnolic hyilrog<3rl 
chloride (10 1111. of a sollition fittturated a t  i U " )  was n : i i i t d  tn  
the filtrate, which wvas thcn evaporatcd Z N  vamo ( h i t l i  ;it 

in the rangc 2:iO--38O0 but tlicl  riot melt. Its iiii'r:irw! s 
vas identical v ith tha t  of tlie ana1ytic:il sample. ' Y ~ P  an:i!>.i i-  
tal sample, obtained l y  n:ashiiig tlic Imdurt 11 i i h  coltl 
cthanolic hydrog,cri chlork!e xiid drying over p!ios~ihoI~is 
peritoxide a t  room tcmpcrature, had h:'2$) 3.03,  IO aiid 
3.1s (NH), 4.31-4.GO (XI+), (3.10 and 6.12 (p~~in i i i l i i i e  
ring), 11.31 (p-disuhstituted henzene); there wns 110 C- ( ) H  
absorption in the 9,6-\l.S p region. On papcr chron7etc~grnri1,y 
in solvent E, t.hc product moved 3 s  a single spot with I( 
3.90, easily distiiigiiished from XX ( I : A d  1.03). 

33.3; 9, 16.3, Foumd: C, 15.0; IT, 5.07; C1, 33.2;  3 ,  16.;;. 

sample dried at 100" shoneil the fulloivirig analysis: 

' ) - o  -3 ), affording 0.35 g. (TOO/;) of tan solid nhich d t ~ (  

Anal. Calccl. for ClsH2,C1:Ni.2€lCI: C, 46.0; IT, 5.48; CI, 

Compoiirid S X I  lost hycirogrn chloride on hvatiiig n i l t i  :L 

Found: C, 45.9; 11, 5.89; Gl, 31.4; K, lti.3. 

Acknowlcdgnzcnt. The authors are indebted to 
Dr. Peter Lim and his group for infrared intcrprc- 
tations and paper chromatography and to hlr .  
0. P. Crews and his group for the large-scale prcp- 
nration of intermediates. 
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Lactones Derivcd from 17p-Hydroxyandrostan-16p-ylacetic Acids' 
PAUL KURATH AND WAYNE COLE 

Received August 29, I960 

Thc condensation of 3~-hydroxy-l7-oxo-5-androstene with glyoxylic acid gavr risc to 3~-hydrory-17-oxo-5-a11droslen- lti- 
y1ideri;Lcetic acid. The latter served ILS the intcrrnediate to prepare 3~,17~-dihydroxy-5-androst~ri-lG~-ylacetic acid lactolie 
:Lnd its s:tturated analog. These lactolies were converted in turn to  1T4-l1vdrox~-3-oxo-.l-nlltlroste1t-lG~-~lac~tic acid l:ictonc,, 
17~-li~tlroxy-3-oxo-5a-androstun-l6~-yl;tcetic acid lactone, 
lactolie. 

As part of a study of new ring D substitiitcd 
steloids, i t  brcame desirable to  make some of the 
lactones having a two-carbon side chain a t  position 
I ( \ .  This scrics was apprnached by condensation of 
Lhe available 3&hydroxy-17-oxo-5-androstene (I) 
\\ith glyoxylic acid to obtain the desired 3P- 
h y d r o ~ y  - 17 -oxo - 5 - androsten - 16 - ylidenacetic acid 
(112) in good yield. The recently described method 
of XeLvrnman, Sagar, and Cochrane2 for this type of 
glyoxylic acid condensation \$as used. The new 
compound IIa \vas  further characterized by prc- 
parnig the corresponding ncctate IIb, the methyl 
c \ k r  IIc, arid the acetate methyl cster IId. 

The reduction of IIa with sodium borohydride 
afforded 3/3,17fl-dihydroxy-5-androsten-l 6-yliden- 
acetic acid (IIIa), and the latter (IIIa) was con- 

(1) This paper mas presented at the 138th National 
Meeting of the American Chemical Society in New York, 
X. Y., September 11-16, 1960; Abstracts of Papers 14-0. 

(2) M. S. Newman, W. C. Sagar, and C. C. Cochrane, 
J .  Orq. Chetti., 23, 1832 (1958). 

vertcd into the diacctntc 11111. In  nccordancc \I 1111 

established principlcs, the ncwly formed hydro\>, 
group on C-17 of IIIa WLLS assigned the p-position. 
The side chain at C-16 of I1 luy in the general planc 
of the molecule and for that  reason uas riot cs- 
pected to interfere with the attack of the reducing 
agent from the less hindeied cy-side.3 

Partial hydrogenation of I I Ib  led to the isoln- 
tion of 3p, 17~-diacetosy-6-androsten-lGP-ylacetic 
acid (IV), while complete hydrogenation gave 
3/3,17~-diacctoxy-5~~-nndrostan-16~-ylacetic nric: 
(V). The reduction of IV gave V as expected. Aftclr 
the treatment of IV or V with potassium hydroxitlc 
and subsequently hydrochloric acid, the 3p, 17p- 
dihydroxy-5-androsten-16p-ylacetic acid lnctonc 
(VIII) and the 3P, 17P-dihydroxy-5a-androstan-lG- 
P-ylacetic acid lactone (VI) , respectively, were ob- 
tained. 

(3) L. F. Fieser, Experienlia, 6 ,  312 (1950); for a similar 
example see F. A. K i d  and M. Garbia, Cheni. Be?., 92, 5'35 
(1959); F. Neumann, 0. Mnncera, G. Rosenkranz, and F. 
Soiidhciincr, J .  Ani. C h e m  SOC., 77, 5GTG (1'355). 
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I IIa. R = R ' = H  IIIa. R = H  
IIb. R=CH,CO, R '=H 
IIc. R = H ,  R '=CH3 
IId. R=CH,CO, R'=CH3 

IIIb. R =  CHBCO 

&Eoz- & H3 OCOCHB 

r;l';scH2-cooH CH2-COOH - 
HO CHSCOO CH3COO 

H H 

i" V I V  

i 

VI1 X 

A study of molecular models deinonstrated that, 
the a-side of IIIb was less hindered sterically than 
thr p-side. aiid thtts'thr: reduction of IIIb would 
lead predominantly to the B-oriented side chain 
at (3-16 in IV aiid V.3 This assignment was con- 
firnied whcn the case of lactonc formations (IV-. 
1'*1111 and l'dY1) was observed. These facile 
lactone i'orniitt,ions conld oiily be expected if both 
substituents on C-16 and (3-17 were 011 the same side 
of the molecule. 

Lactone formation from IIIa might be expected 
il' the carhoxylic acid group were cis with respect to 
C-17 as shown by partial structure A but not if it 
were trans as indicated by B. It was of interest to  
not,e that IIIa was isolated in the form of the 
frw acid. The fact that  no lactone was formed 
ullows t,he tentative assignment of the trans con- 
figuration to  IIIa. This assignment of trans con- 
tigiira(,ion also i~pplics to the related structures TI 
and 111. 

A B 

When VI was oxidized in a two phasc systcin14 
the desired 17P-hydroxy-3-oxo-5a-androstan-16p- 
ylacetic acid lactone (VII) was obtained. The 
oxidation of VI11 under acidic conditions5 led to the 
isolation of 17P-hydroxy-3-oxo-4-androsten-1Bp- 

(4 )  \V. I?. Bruce, O/g. Syntheses, Coll. Vol. 11, 139 (19-4:;). 
(5 )  P. L. Jrilian, \V. Cole, .4. Magii:iiii, : t i i d  11:. \\'. A'IvJ c ~ ,  

J .  Ani. Clienz. Soc., 67, 1728 (1945). 

IX VI11 

ylacetic acid lactonc (IX). From the latter (IX) 
17p-hydroxy -3  -oxo - 1,4-androstadien- 16B-ylacetic 
acid lactone (X) \\as prepared by selenium dioxidc 
dehydrogenation.6 The lactone X was also obtained 
from 17p - hydroxy - 3 - oxo - 5, - androstan - 168- 
ylacetic acid lactone (VII) hy brominatioii fol- 
lomed by elimination of thc elements of hydrogrii 
bromide according to thc procedure of Joly, 
Warnant, Yomin6, and Brrtin ' 

E X I W I H M E S T A L ~ - ~ ~  

3-8-liudro.r!/-l ?-oxo-5-androsten-l B-!/lidenacelic acid ( IILk). 
The general proccdurc of Ncwman, Sagar, and Cochranc2 
was followed. To a cooled suspension of 1i.12 g. of tri- 
sodium periodate (para), partly dissolved in 1.0 nil. of 

(6)  CJ., J. S. Baraii, J .  Ani. Chem. So(.., 80, ]ti87 (1958). 
( 7 )  It. Joly, J. Warnant, G. PiominC, aid I). Hertiit, 

Bu/l. SW. chiin. France, 366 (1958). I-'. Ric,latid, IC. Hcnslcr, 
and A .  Wettstein, Helv.  Chim. Acla, 43, 523 (1<)60). 

(8) The melting points were determined on il. Fisher-Johns 
melting point apparatus and are not furthvr c,orrected. The 
optical rotations were determined in a 1 din. tube in chloro- 
form solution at 25" except whcre noted othc.rwisr3. The va1uc.s 
havc a limit of error of 3 ~ 5 " .  

(9) We wish t o  thank Mr. Elmer Shelberg and his staff 
for microanalyses. 

(10) The infrared spcctra wercs rc~cwrrlc~cl on a Pvrkiti- 
Elmer Infrared Spectrophotomc.t,rr b1odi:l 21 using 0.2A1 
chloroform solutions or 0.02111 pot,assiiinl 1)rc;niidc~ pcllc~ts. 
We are indebted t o  Mr. William \V:tshburii arid his asso- 
ciates for t,he recording and interpretation of the infrared 
spectra. 

(11) \Ye wish to  t,hank Mr. Frank Chndde for thc rc- 
cording of the ultraviolet, spectra. 

(12) In the cat,:ilyt,ic reductions u'r h:td thc, :usist.zncc of 
Mcssrs. hl. Frc~if(~l(l(~r : t i i d  (Iiwrgc' S~oiiv, 1 0  l ) l J ~ l l  o f  \ ~ ~ h o n i  
we express ou r  thanlts. 
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concd. sulfuric acid and 96 ml. of water. was added 12 g. 
of d-tartaric acid in 15 ml. of water. After 5 inin. the ice bath 
was removed and the mixture was shaken mechanically for 
25 inin. a t  room temperature. Sp-Hydroxy-17-oxo-5-an- 
drostene ( I )  (23.04 g.), 12 g. of sodium hldroxide in 216 
ml. of water, and 200 ml. of methanol were lidded in se- 
cluence. Stirring a t  room temperature was continued over- 
night. After heating the reaction mixture for 1 hr. at 80°, 
the solution was diluted with 700 nil. of ice and water, and 
the resulting slurry was extracted with rther. The ether solu- 
tion was washed with 2.V sodium hydroxide solution and 
water. The dried ether solution was evaporated to  leave a 
residue of 2.14 g. of crude starting material. 

The alkaline layer was acidifird and thr  resulting pre- 
cipitate was filtered and washed with water. The com- 
pound was recrystallized from mrthnnol-watc,r to give 21.82 
g. (79%) of IIa,  n1.p. 239-241". The substance was not 
changed by sublimation a t  200" and 0.2 mm. 

A sample was recrystallized for analysis, m.p. 241-242"; 
[ a ] o  -94" (c, 0.66); A 2 : O H  239 inp ( t  12,700); A::: 2.95 p, 

Anal. Calcd. for Cs,H&,: C, 73.2:3; H, 8.19; 0, 18.58. 
Found: C, 73.29; H, 8.25; 0. 18.78. 

30-A retor~/-l7-oxo-ti-androaten-l6-~1lidenacelic acid ( IIb).  
A solution of 5 g. of the above keto acid IIa in 30 ml. of 
pyridine arid 15 inl. of acetic anhydride {vas allowed to  stand 
a t  room temprrature overnight. Following the addition of 
15 ,nl. of wat>er to  the rcmtion mixture, the latter waa 
warmed on the steam bath for 1 hr. The cooled solution was 
poured upon a mixture of ice and dilutc hydrochloric acid, 
and the resulting slurry was extracted with ether. The ether 
liiyer was washed with 107; h~~drocliloric :wid and water 
niid dried over anhydrous ni:igric>siuni sulfate:. .\fter cvapo- 
r:itioii of the solvent, 5.3 g. of ttic crude accbt:ttr I Ib  was ob- 
t i n e d .  The product was recr>~st:tllizrtl from inrth:~nol to 
>.ichld 4.54 g. (81c/,) of IIb.  m.p.  2ti5--2tii0. 

A s:tmplr was further purified for :m:ilj.sis, 1n.p. 271- 

3.6-:~.9p,5.85,,6.1p, 1 2 . 4 ~ .  

r J - 8  - 1 . 3 " ;  [ a ] D  -105" (C, 1.22); h::,?,""" 2:3') inp ( E  11,070); 
hl~,;: 3.2-3.9 p ,  5.75-5.85 u, ,5.95 p )  8.1 p .  

.Inn[. Calcd. for C~sH,dh: C, 71.48: H ,  7.82; 0, 20.70. 
I'ouird: C, 71.51: H, 7.90: 0, 20.5ii. 

3p-H ydrox~/-~7-ozo-5-n~idro.~len-~6-i / l ir l~ric~c~~(ic  / /r id  ticethyl 
csler ( I Ic ) .  Thc gciieral proccdiirc: of 1,orcttc. : t i i ( l  Brown13 
\vi is followed. .Z mixture of 7.5 g. of thc. krto :wid IIa ii i  

7.5 nil .  of methanol, 2 nil. of concd. hj-tllochloric~ acid and 
7.5 1n1. of 2,~-diiiirthoxypro~,alir was  i\-ariii(d to 50". Threc 
7.3-1111. portioiis of 2 ,2-d i i i i c~ thosyl ) ro~)~i i~~ w r e  ad&d a t  
iiitc,rvals of 1 hr .  Tlic rwctioii i i i i s t i i r c ~  i v w  kept u t  50" 
civc'riiight. The solvcrit w:ts rcJincivcd iiiitl(8r rediicecl prrs- 
siire and thv rt:siiltirig solicl IV:LS rc~c,ryst:dlizcd from ncotoiir- 
pttrolcuni ttlivr (b.1). 90-100") to g iw ti.? g. (79%) of IIe, 

Tlic ~ii:iI~.ticitl s:~iitple h:d :L iiieltiiig I)oiiit of 141-142'; 
1w11, -87" (c ,  1.30). 

. I  i i r i / .  C : i l c c l .  f(ir C?1H.,,OI: C, 73.71; H, 8.41. Vound: 
( I ,  ZI.86; H, 8. ti5. 

de-- 1 c~elor! / - l7-o~o-c i -cc /~t l ) .o~~e/ i -~6-! / l i t l e , iac~elz 'c  acid i / d L l / l  

c , \ l i ' /  ( I Id) .  Tho itlwvc, irit~tli).l rstiar IIc (3.20 g . )  \vas awtyl- 
: t l d  u.ith pyridine--acc.tic : tnl iydrid~~ i i i  th(b usiial manner. 
1 1 1 c b  wsiiltiiig comporiiid \ v u  rt,crj.st:tilized from nictli~uiol- 
nxtc'r tu givc 2.905 g. (81 :;,) of IItl, m.p. 147-118°. 

Thc :ui:tlj.ticitl sample, liad a iiieltiiig point of 148-149'; 

.liiuZ. Culcd. for ( ' ~ ~ l i : , 4 ~ ~ :  C ,  71.9T; H, 8.05. Found: 
( ', 7 1 07; 13, 8 05. 

:IO, 1 ;8-L)ih!/dro~c!i-j-(i/Icl,.o.?.lc,t-l 6-~/ZItle,cc~celic ucid (I1 Ia). 
' Y e )  ttw c:olti solutioii of 25.5 R. of 3p-hydroxy-17-oxo-5- 
:iiiclrostm-l 6-yliden:tcc.tic acid (IIa) in  1200 nil. of nictha- 
iiol, 10.2 g. of sodium I)orohj.dride in 3,5 nil. of water was 
;rclrlcd Ironi a droi)ping frinnrl. The latter \vas rinsed once 
nith 10 1111. oC \v:ctc,r. Th r  renction mixt,ure wm krpt for  

111.1,. 140-111°. 

r .  

i a l n  -101" ( c ,  1.17). 

30 min. in an ice bath, was allowed to  reach room tempem- 
ture during a period of 1 hr. and was thcn refluxed for 30 
min. The addition of 240 i d .  of a 25% sodium hydroxide 
solution was followed by the evaporation of most of thc 
methanol under reduced pressure. Thc resulting slurrj, was 
acidified with dilute h:;drochloric acid; the residue was 
filtered and washed with several small portions of wxtcar. 
The crude product w:ts dried a t  75" under vacuum and rfx- 
crystallized from methanol. A first crop of 19.201 g. of IIIu, 
m.p. 810-312" dcc., was obtained. Upon concentratioii of 
the mother liquors, a second crop of 2.737 g., m.p. 309-31 1' 
dec., was isolated. Th(1 yield was 85y0',. 

Recrystallization gave an ana1,vtical sample, m.p .  3 1  l -  
312" (capillary, dec.); [ a ] ~  -157" (c, 0.38 in ~ ~ O S R I I C ) ;  
A::,?:"" 220 m, ( e  12,500);14 A:!: 2.95 p, 3.6-4.0 p, 5.88 p ,  

.-Inn/. Calcd. for C~,€IXOO,: C, 72.80; H, 8.73. Forinti: 
C, 72.76; H, 8.87. 

3p.17p-Diacefozy-5-androsten-16-ylidenarelic ar.id (1111) ). 
The solution of 27.92 g. of 3p,lip-dihydrox~~-5-androstrll- 
16-ylidenacetic acid ( I I I a )  in 180 ml. of anhydrous pyridine, 
and 90 inl. of acetic anhydride was allowed to stand a t  
room temperature overnight. After the rnrcfiil addition of 
90 ml. of water to the react'ion mixture, it was warmrd 
on the steam bath for 2 hr. The cooled solution was pourcd 
iiito 1600 ml. of ice cold wat,er; the residue \vas filtered and 
wmhed with several portions of water. The compound was 
recr)rst,allized from inet,hanol-\vater to givc a first crop of 
32.98 g. (9570) of I I Ib ,  m.p. 209-211". A second crop of 
0.973 g., m.p. 175-180°, was not satisfactory for further usc. 

.4ri analytical mniple melted at 210-512'; [ a ] ~  -13ti' 
( r , l . l 2 ) ; A ~ ~ ~ ~ 3 . 1 - 4 . 0 p , ~ 5 . 7 0 p , 5 . 8 0 p , f ~ . 0 4 p , 8 . l 5 p ,  1 2 . 3 ~ .  

Anal. Calcd. for C?,H,,OS: C, 69.74; B, 7.96: 0, 22.30. 
Found: C, 70.02; H, 8.12; 0, 22.04. 

3p,1 ?~-Dii~c.clox!/-5-nn rlrosle/i - I h'B-!jlrcc.d ic w i d  ( IF' ) . The 
soliitioii of 8.G2 g. of :38,17~-tli:tcc~to. 
ylideriacetic acid ( I I Ib )  i n  150 i i r l .  of glac 
reduced over a 2% ratio of plntiniiin osi 
was stoppcd aftor 110- 120"; of th r  c:tlciilatrd amount of 
hydrogrii \\.as almirlicd. The, cnt:tlj.st \vas sc~pnr:ttcd liy 
filtr:itioii : ~ i i t l  thc solvc,iit, c'v:ij)or:ttcd from thr rcssulting 
clear soliitioii. Thc crj~st;iIliii~ rc.siducs was ro 
twice from :icetoiic~-pc~troic~i~in cTth(sr to yicJltl 4.18 
of IV, n1.p. 251-25:3'. ITl)O1i coiicc~itr:~tio~i of the niother 
liquors, an :idditional 1 . W  8 ,  of cr!-stallincL iii:tteri:il, 
m.p. 220-2%ti0, \\.:is oI) t : t i i i~~l .  

Tlic :iii:iI~~tic:il s:tiii1)1c: h:uI : t  iii~ltiiig Imirit of 252-253'; 

a ni:isiniiim :it 220 iiip. :{.1-3,8 p ,  5.77 p ,  5.88 p ,  

A n d .  C::i l (d. for ( : J ; € i 3 6 0 6 :  c',  (Xl.42; H, 8.;39: 0, 22.I:l. 

6.06 p ,  12.35 p .  

[a]D -50" ((', ().:):j). T i l ( '  I tv io l~ t  spc~*triini did not show 

8.0-8.1 p ,  1 2 . : < p ,  12 .5p .  

l~ouiicl: C, ti!l.44; H, 8.57: 0,  22.18. 

soliltion of 4.:<1 g .  of ~ ~ ~ . ~ ~ ~ - d i : r c r ~ t o s y - ~ - a ~ i ~ ~ r ~ ~ s t c ~ ~ - ~ ~ -  
ylidt~ir:tcc~tic3 : i c . i t l  (1111)) i n  150 1111. of glacial acetic acid 
was hytirogcwitcd ovw :L 10' r: t t io of platiniim ouitlc. 
Thc~ catalyat , \ v i i s  st.p;ir;itt.tl l i ~ .  filtratiori : t i i d  ttic solvoiit 
rc~iiiovcd t'roin thc filtratcb i i i i t lcr  rc~tliiccd prcwiirc. Th(3 
cr!.st:tlliiicb rcsitluc u:is rc~cr~.st:rllixcd t\viccL froin mc>i h:tiiol- 
nat(!r to givo 2.85 g. (65' C )  of V, ni.1). 242-244'. ?ftcr coil- 
criitr:tt~ion of thr i1iothc.r liquors, I .  158 g. of ni:ttcriitl inclting 
nt l(iA-li!)' K : L S  ol)t:tinetl. 

1'11rific:itioii for :iii:tlJ4s g:ivc, :L ssriil)l(~ wit11 :L inc3ltiri:: 

poitit of  21:I-244"; [a],, - 1' (c ,  1.2.1): A::: 3.1-5.8 p ,  5.75 p ,  

. Inai. Cal(d. for C2:,H<,06: C, ti9.00: H, 8.82. I ~ ~ ~ i i i d :  (,', 
6!).:38; H,  8. 

The above voiiipound V \l:is ol)taiiirtcl in 809; yield after 
thv complete reduction of IV. Further rcldtiction of thv 
second crops from the preparation of I V  yielded the saturated 
prodrirt \' in 40-60$; yicsld. 

~ 3 p , 1 7 8 - I ~ i o i ~ c l o . r ~ ~ - ~ a - r i r i d r o . ~ i r r 1 i - 1 ~ ~ ~ - ~ ~ l a c e ~ i c  (wid (V) .  

5.S5 p ,  8.0--8.1 p .  
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38,l Y~-llihydrozy-5a-androstan-lOfl-ylacetic acid lactone 
(VI). A solution of 2.76 g. of 3~,17p-diacetoxy-5a-androstan- 
168-ylacetic arid (V)  and 3.19 g. of potassiiini hydroxide 
pellets in 120 ml. of methanol and 12 ml. of water was 
heated under reflux on the steam bath for 2 hr. The solu- 
tion was diluted with 400 ml. of water and then concen- 
tratrd under vacuum to  approximately 180 ml. After the 
addition of 440 ml. of water, the warm slurry was acidified 
with 300 ml. of 10% hydrochloric acid. The suspension was 
warmcd on the steam bath for 15 min. The solution was 
cooled and the solid was sei-aratcd by filtration, washed 
with several small amounts of water, and dricd overnight 
at 75' under vacuum. The crude product was recrystallized 
from acetone to  give a Grst crop of 1.565 g. (7470) of I'I, 
n1.p. 233-235". 11 second crop of 0.180 g., m.p. 229-231", 
was obtained aftcr further concentration of the mother 
liquors. 

The :tnal>tical sample had a rnrlting point of 236-237'; 

Anal. Calcd. for C21H3203: C, 75.86; H, 9.71; 0, 14.44. 
Found: C, 75.98; H, 9.08; 0, 14.55. 

1 ;E- Hydroxi~-3-oro-5a-an drostan-16p- ylacet ic acid lactone 
(VII ) .  To the cooled solrition of 4.63 g. of sodium dichro- 
mate, 6.3 nil. of concd. sulfuric acid and 3.4 ml. of acetic 
acid in 20 nil. of water was addid dropwise with vigorous 
stirring the xvarm solution of 2.90 g. of 3&17&dihydroxy- 
5a-androstan-lGp-ylacetic acid lactone (VI)  in 155 ml. of 
benzene according to  the general procedure of Bruce.' The 
mixture \vas stirred a t  room temperature for 20 hr. The 
aqueous phase nas separated and extracted txice wit;h 
benzene. The organic solution n-m mashed.with water, dried, 
and thc solvent removed to leave 2.73 g. of a colorless crys- 
talline rcsitlu-. This was rt:ryst,allixcd from acetone to  give 
2.091 g. (72%) of JTI, u. p. 222-224". From the mother 
liqiiors a second crop of 0.363 g., 1n.p. 217-221 ', was isolated. 

An analytical snmplc h:td a melting poiiit, of 223-225"; 

. lnal.  C:~!cd. for C?I€I&: C, 7 1; 11, 0.15. Pound: C, 
70.36; H, 9.38. 

Sp,f 7 , ? - ~ i I i ~ c l ~ o . r ~ - ~ ~ - a n d ~ o s l ~ i i - l 6 ; 3 - ~ ~ l u c c ! i r  cicid laclone 
(L'III). \ solution of 3.00 g. of .78,178-diucptosy-j-an- 
tirostcri-I 68-\.l:icrtic acid ( IV)  i ~ n d  3.75 p. of potu.4uni Iiy- 
clrosidc pcllcLts i i i  130 ml. of niei,ii;inol a i d  13 nil. c;f mt.m 
\vas rcflused on the strain bath for 2 hr.  The wactioii 
niixtitrc n : i s  diluted {vith X53 nil. of 1vntr.r i t ~ i d  coiirr'n- 
trated to ;Lpproxini:iteIy 180 nil. T! ie  rc,s:ilting slrirry IKIS 

t i i l u t c d  \+it11 500 ml. of bvatcr, and 340 nil .  of 10% hydro- 
cliloric ncitl was added. 'I'h(, p r ~ c i ~ ~ i t i ~ t c  w n ~  filtcsrcd. \rtLshcd 
with rlvcra! sinal1 mioiiiits of water, ruid tlried :it 75' under 
viiriiriiii ovcirnight. The material !vas theti rerrystrtllizcd 
froiii arctoni, to give it first crop of 1.888 g. ( S 2 % )  of J,.III, 
1ii.p. 2&- 2 3 ) " .  A scrond crop of 0.312 g. ,  m.p. 22G-22S0, w : ~  
isolatod from Ih(. mother liqwrs. 

Thc annlytic:il snmplc mcltcd nt 237-230"; [ n ] ~  -38' 
( c ,  1.07); X ~ ~ ~ 1 ' 2 . 7 G p ,  2 . S 7 p , 5 . G G p , 8 . 5 3 p >  1 2 . 3 i p .  

. 4 n d  Calcd. for G I H J 0 0 3 :  C, 76.33; H, 9.15. Found: 

[ a ] ~  $22" (c, 1.28); 2.76 p, 2.80 fi ,  5.67 p ,  8.53 l.r. 

[uli) +48" ( c ,  1.05); Xcz.":3 5.60 p, 5.85 p ,  8.5:i p .  

c, 76.44; rI,9.22. 
1 78-11 ~~i -or~~-3 -o . ro -~ - r znr l ros~e1~- l  fi&!/lacelic clcirl Indone 

( I S ) .  Tllc solution of 1.80 g. of 38,1ip-dihydrosy-5-nri- 
rIrostcii-lB3-?.l:icctic :qid 1:ictonc (1'111) in 80 mi. of glaci:tl 
:wetic ticid iva -  trcatcd succcmivcly n.ith 0.80 g. of bromine 
in 8 ml. of acetic aciil, O.i .3  g. of chromic anhydride in 1.5 
nil. of 1vatr.r and 11 nil. of acetic acid for 2 hr. Chromous 
chloride solution (70 mi., 1 X )  was added a.nd t.he solution 
allo\v.c.d t o  stand under nitrogen for 2 hr.5 The rc:tction mix- 
ture w'w diluted \\.it11 700 ml. of distilled water; the pre- 
cipitate was scparatcd by filtration and washed with several 
small portions of water. The product was dried at 55' under 
vacuum overnight and recrystallized from %&one to  yield 
1.15 g. (G4%) of the desired lactone IS, m.p. 250-252'. 

The analytical sample melted a t  251-253' and showed 

[a]" $113' ( c ,  1.34); X ~ ~ ~ " "  240 mp ( e  1G,200); A:::' 5.65 p ,  

Anal. Calcd. for C21H110J: C, 76.79; H, 8.59. Found: 
C, 76.76; H,  8.67. 

178-Hydroxy-Poxo-1 ,~-androstatlian-~6~-~jlacetic acid lac- 
tone (X). ( A ) From 17p-h~~droz~-3-oxo-~-androsten-16p-l/luce~~c 
acid lactone ( IX) .  The mixture of 2 g. of IX, 0.80 g. of freshly 
sublimed selenium dioxide and 0.4 ml. of glacial acetic acid 
in 40 ml. of t-butyl alcohol was refluxed with stirring for 
5 hr.O After thc addition of 0.25 g. more selenium dioxide, 
stirring and refluxing were continued for 18 hr. The react,ion 
mixture xvas allowed to cool and the residue was removed 
by filtration. The solid  as Fashcd with a total of 30 ml. 
of t-butyl alcohol and discarded. The combined filtrates 
were evaporirted to drynrss under reduced pressure, a i d  
the residue (2.475 g.) was dissolved in 200 ml. of methylene 
chloride. The turbid solution was filtered, the filtrate was 
washed with 107' hydrochloric acid and vatcr.  Thc re- 
sulting yellow niathyknc chloride solution xas dricd over 
anhydrous magiiwiurn su!fate. The drying agent was rc- 
moved by filtration and tlic solritiun evaporated to 1e:tvc a 
rcsidtic of 2.242 g. of crude niatcrial \vhich \vas further puri- 
fid by chromatography on 100 g. of silica grl. The cthcr- 
acetone (9 :  1 )  eluates gnvc, nftcr cvapor:ition of the solvent, 
a totnl of 1.018 q. of pxrtly cr llinc in:iterial. Two rc- 
rrystallizntions from acc.tonc-p:,trolcriin tsthcr produccti 
0.478 g. of  ellon on. crystals, m.p. 231-233". Upon further 
conccntration of tlic mother liquors, a sc~oiid crop of t,lie 
snnic conipouiitl amounting to 0.315 g.> 1n.p. 220-231 O ,  

was isohtcd. The yield amounts to 40%,. 
A small sample of the first crop \vas sriblimed under  high 

vacuum at 180-210" and thcn recryst:illizcd tlirec times 
from acztone-pctroleiiin ether. This :malyticd sample had 
the folloniiig physical coilstants: m.p. 238-239'; [ a ] u  
$29" ( c ,  1.38); A":"" 213 niH ( e  16,000); 5.G5 p, 

5.99u16.17p,8.53p, 11 .54~ .  

G.00 p ,  6.15 p ,  0.23 p ,  8.53 p ,  11.24 p .  
Anal. Calcd. for C ~ ~ H X O ? :  C. 77 .27:  11, 8.03. Found: , .  .. ~. 

C, 77.36; H, 7.01. 
( E )  Froin f7B-h~dro~~~-3-o~o-Sa-u~Idros lcn- f  6,9-&celic acid 

laclone (VII). T\vo gr:inis of VI1 \viis dIss:,lved i n  80 Inl. of 
glacial acetic acid and trcntcti \vit,h 3.0 1 p. of 3 0 5  hydfogc.ir 
bromide i n  ncctic acid anrl  then with 2.092 g. of I)roininc i n  
8 nil. of ncrt.ic x i d  \\-it.h stirring :it :ik)r,\it, 15' for 5 rniii. 
Stirring of the rrnction iiiixtiire a(, room t c~i1ipc~r:tturc wits 
continued for 15 min.  .Ift.cr odtlitiou of 250 ml. of natcr,  
the precipitate w:is collected on a filtcr ;inti wi ra l i i~ t l  with 
sm:d tiinmints of ivatcr. The matrri:il \v:~s tlissolved iri h n -  
zcnc and tlir solution was washcd nit,!i wat,c.r. Thc I)rxnz(,np 
W:IS cvapnr:Ltrtl uiidcr reduced prcssiirc at, :tt)orit 40". 'lh 
cr)-stdlinc: residue of crude dibromidc n:ts dissulyvtl iii 25 
in l .  of .\~,.~'-dimethylComl:lnlide arid atldcd tlJ :I st,iim><l SIIS- 

pc'nsion of 3.02 g. of lithium broniidc and 3.02 g. of l i t l i i i i m  
cnrbonatr in 45 mi. of A',!~-dimctliZllfori~~nlilide a t  ! ) S o ,  
under nitrogen, and thr  mixtiire was stirred overnigltt.' 
The cooied reaction mixture was diluted with 200 nil. of 
na tc r  and 80 nil. of 2A; hydrochloric acid arid then (BxtrtLctd 
n-ith three 150-nil. portions of methylene chloritlc. Tlie or- 
ganic phase IVBS mushed neut,ral with water, dricd, and con- 
centrated to give 1.775 g. of crystalline resichie, Tvhich \viis 

purified by chronxttography on 90 g. of silica. From lJIi> 
ctlier-acctonc (9:  I )  eluatrs a total of 1.230 g. of S was oil- 
tained. Rccrystallizat,ion from acetonc-pctrolcuru etlicr g:t\ u 
1.002 g., m.p. 237-339". .4 second crop of 0.205 g., 111.1). 

235-23io,  \vas obtained from the mothcr liquors to b r i w  
the yield to  G1 yo. Further purification by sublimation : I I I ~ ~  
recrystallization gave a sample, m.p. 239-240";  ID + 2 4 "  
(c, 1.03); A",:"" 243 nip ( E  10,003); A::::"" 5.65 p ,  (3.00 g2 

6.15 A I ,  6.22 p, 8.53 pr 1 1 . 2 4 ~ .  
Bnal .  Calcd. for CllH260;1: C, 7 i . 2 7 ;  H, 8.03. Found: 

The products from prcparntion A and B are idrntical. 
NORTH C r r ~ c ~ c o ,  ILL. 

C, 77.49; €1, 8.09. 


