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formation of cleavage product 4. It subsequently was 
found that diborane6 cleanly converted the amide into 
3 in 90% yield. The identity of 4 was confirmed by 
catalytic hydrogenolysis of 3. 

R 
2 COPh 

4 H  
5 Me 

3 CH,Ph 

6 CD, 

Reaction of 3 with X e I  afforded the methiodide 
which mas converted into methochloride 7. Catalytic 
hydrogenolysis of 7 gave 5 HC1 which was obtained also 
from 4 using the Leuckart reaction. Reaction of 5 with 
either PhCH2Br or with X e I  afforded the corresponding 
quaternary salts, which were converted into 8 and 9, re- 
spec t ively . 

Deuterated quaternary ammonium chlorides 10-14 
were prepared using the same synthetic procedure ex- 
cept that  CD3Br was employed instead of hIeI in appro- 
priate alkylation steps. The deuteromethyl tertiary 
amine 6 was prepared by hydrogenolysis of 10. 

R R' 
7 Me CH,Ph 
8 CH,Ph Me 
9 Me Me 
10 CD, CH,Ph 

I c1-  11 PhCH, CD, 
12 CD, Me R' 
13 Me CD, 
14 CD, CD, 

The fact that  the exo-and endo-I\Ie groups of 9 pos- 
sessed different chemical shifts (Table I) enabled us to  

TABLE I 
CHEMICAL SHIFTS OF N EPIMERIC QUATERNARY 

2-OXA-~-.~ZONIABICYCLO [2.2.1]HEPTANE CHLORIDES 

Chemical Chemical 
Salt Exo shifta Endo shifta 

7 CHI 184.0 CH2Ph 286.0 
8 CHzPh 279.0 CH3 193.2 
9 CHs 196.8 CHI 199.0 

10 CD3 CHiPh 285.0 
11 CHzPh 270,O CDs 
12 CD3 b CH3 198.8 
13 CH3 196.0 C D 3  C 
Expressed in Hz at 60 NHz. * A low intensity signal having 

a chemical shift identical with that of the em-RIe protons of 13 
and contg approx 5% of the endo proton integral was observed. 

A low intensity signal having a chemical shift identical with 
that of the endo-hfe protons of 12 and contg approx 5% of the 
exo proton integral was observed. 

determine, by measurement of the N-hIe nmr peak 
areas, the isomeric purities of 12 and 13 derived from 
trideuteromethylation of 5 and methylation of 6, respec- 
tively. It was found that S-alkylation occurred on the 
same side of the molecule with about 95% stereoselec- 
tivity. Comparison of the chemical shifts of the ben- 
zylic protons (Table I) in the benzylmethyl derivatives 

(6) H .  C. Brown and P. Heim, J. Amer. Chem. Soc., 86, 3566 (1964). 

(7 ,8)  and in the benzyltrideuteromethyl derivatives (10, 
11) showed that these quaternizations were essentially 
stereospecific. Although the chances of separating one 
of a pair of stereoisomeric quaternary ammonium salts 
by fractional crystallization was greater with the ben- 
zylmethyl quaternary salts than with the methyltrideu- 
teromethyl salts, the ir spectra of the major crops of 
benzylmethyl salts which crystallized directly from the 
reaction mixtures, were identical with the spectra of the 
crude materials obtained from evaporation of the re- 
spective mother liquors. 

While it can be concluded that the bridged system 
exhibits a high degree of stereoselectivity toward qua- 
ternization, unequivocal stereochemical assignment to  
the exo and endo substituents could not be made. The 
nmr data showed conclusively that l\'-alkylation took 
place almost quantitatively from the same side of the 
molecule in these systems, but did not reveal from which 
side alkylation took place. A reasonable assignment, 
however, can be made on the basis of reported studies on 
the stereochemical course of quaternization in a number 
of bicyclic Of the bicyclic derivatives that 
have been investigated, the racemic 2-axabicyclo [2.2.1]- 
heptanes prepared by Gassman and Heckert7 most 
closely resemble the 2-oxa-5-azabicyclo [2.2.1 ]heptanes. 
These workers reported that alkylation of N-methyl-2- 
azabicyclo [2.2.1 ]heptane and N-ethyl-2-azabicyclo [2.- 
2.11heptane with Et1 and NeI ,  respectively, produced 
two different quaternary salts, and that  alkylation pro- 
ceeded with exceptional stereospecificity. Configura- 
tional assignment of N-alkyl substituents in these salts 
was made specifically on the assumption that the endo 
position is more sterically hindered than the exo posi- 
tion, and hence alkylation would be more likely to  take 
place from the relatively unhindered exo side of the 
molecule. Our tentative stereochemical assignments 
are based on the same reasoning. 

Pharmacology.-On the guinea pig ileum 7 and 8 
were found to  be 1/750 and l/jOo as active as atropine sul- 
fate (pA2 = 8.1) in their effect upon antagonizing the 
stimulant action of methacholine as suggested by paral- 
lel shifts of dose-response curves to  higher concentra- 
tion. The analysis of covariance showed that the dif- 
ference in the slopes of dose-response curves for 7 (6.94) 
and 8 (6.86) were not statistically significant. These 
data are indicative of competitive postganglionic block- 
ade and show that in the bicyclic system the effects of 
enantiomeric quaternary K on anticholinergic activity 
were comparable. 

The agonist activities of 9 and 14 were approximately 
l/2500 that  of methacholine. It is of interest that there 
was no significant difference in potencies between the 
+S;\Ie2 and +N(CD3)2 groups. This is in accord with 
the work of Belleau14 who observed that the cholinergic 
activities of acetylcholine and its deuterium-substituted 
analogs were the same. 

(7) P .  G.  Gassman and  D. C.  Heckert, Tetrahedron, 21, 2725 (1965). 
(8) H.  0. House and  C.  G. P i t t ,  J. O w ,  Chem., S1,  1062 (1966). 
(9) H.  0. House and  B. A .  Tefertiller, i b i d . ,  31, 1068 (1966). 
(10) D. R. Brown, J. McKenna, J. M. McKenna, J. M. Stuar t ,  and G .  B .  

(11) G .  Fodor, J. D. Medina, and N .  Mandava,  i b i d . ,  581 (1968). 
(12) C. C.  Thu t  and A .  T. Bottini, J. Amer. Chem. Soc., 90, 4752 (1968). 
(13) D. R .  Brown and  J. McKenna, J .  C h e n .  Soc. ,  571 (1969). 
(14) B. Belleau in "Isotopes in Experimental Biology," L. S. Roth ,  Ed . ,  

Hutley, Chem. Commun., 380 (1967). 

University of Chicago Press, Chicago, Ill., 1965, p 458. 
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Discussion 

'rlie wtio of antagonistic activities between 7 and 8 
is 1.5: 1.l5 This would suggest that  the anonic site 
vliich :wsociates with the enmtiomeric quaternary 
groups in 7 and 8 is not located in a highly dissymmetric 
environment. It should be recognized, however, that 
tlic potencies of these stereoisomers are IOU- relntive t o  
that of :ttropine, :mtl consequently more conclusive evi- 
dence regarding this point must be obtained with asym- 
inct ric c1uaternnry antagonists possehsing niucli higher 
a f f i i i i ~  ic.. 

I~:llcnbroel<, et al.,Is liave reported low stereoselectivi- 
ociated with the 0-C of the choline moiety in 

wterh Iiaving antagonistic properties. Our study com- 
~ ~ l m i e ~ i t s  these datal6 arid suggests that the ei i t i / 'e  cho- 
liric moiety is relatively insensitive to  steric effects in 
tlic :~iitagonist-receptor interaction. It appears that 
t l ic t opogr:iphic features of the sites that bind common 
r t  ruc twi l  elements of agonist and antagonist iiiolecules 
diffcr substantially, since it is well li110~1i tlirit chiral 
muscnrinic compounds sliow a high order of stereose- 
1t.c t ivi t >. . ,5 

Experimental Sectiont7 
(lS,4S)-S-Benzyl-2-oxa-5-azabicyclo[2.2.l]heptane (3).- 

T ( r  73 nil of a 1 J/ sohi of diboraiie in  THF'8 (0.073 mole) was 
ndtled 5.h2 g (0.02s mole) of 2 in 23 ml cif anhydrous THF under 
N2. The temp was maintained at approximately 0" during the 
l5-niiii additioii period, aft,er which the s o h  was refluxed for about 
1 hr, cooled to room temp, and t,reated cautiously with 3 nil of 
G 5 1IC1. The T H F  was removed by heat,itig 011 a &am bat,h 
n t i d  KaOH pellets were added to the residue n-hich was then 
estd with several 50-ml port,ions of Et&. The exts mere com- 
biiied atid dried (Ta2S04) and the solvent was removed in ~ 'ucuo  
to give a11 oil. The oil was treated with 1 0 5  HC1 and the resid- 
r:iiit wlii \VLS estd with E t20 .  The aq phase was neutralized 
with KOII pellets in the cold and n a p  extd with several portion., of 
KtXl .  The ests \+-ere combined and treated as above to furnish 
3.40 g (qiiaiititative yield) of a colorless oil, which was chroma- 
tographically homogeneoiis and \vas employed withoiit further 
piirificatioii i n  the prepn of quaternary salts. 
(lS,4S)-2-0xa-5-azabicycl0[2.2.1] heptane Hydrochloride (4. 

HCI).--rS soln coritg 2.0 g (0.009 mole) of 3 dissolved iii 2 -L' HCl 
(20 nil) wah shaken at an  iriitial pressiire of 3.87 kg,'cin2 in  the 
presence of 0.3 g of l O C ,  Pd, 'C iuitil no further uptake of H2 was 
noted. The reactioii mist was filtered and the solvent removed 
in V U ~ U O .  The solid residite was nzeotroped several times with 

11 ( l leOH-Et20)  gave 1.02 g ( 8 5 C - i )  of product, 
dncd .  (CaHl"C1xO) c, 11, N .  

( 1S,4S)-e.co-5-~ethyl-end0-5-benzyl-2-oxa-5-azoniabicyc~o- 
j2.2.l]heptane Chloride (7),-lIeI ( 2 3  nil) was added to a sohi 
o f  1.0 g (0.0O.i:3 mole) of intermediate 3 dissolved iii  10 ml of aba 
Et011 :tiid the mist \vas allowed to stand at  room temp for 24 hr. 
The cryst solid was collected by filtratioii, riiised with several 
poi,iiotih of niihyd Et20,  and dried to give 1.16 g of methiodide, 
nip 217-21S.tjo dec. . h i  additional 0.46 g of product, mp 217- 
21S0, \+-as oblaitied from the mother liqiior. The ir spectra of 
cxc.11 fr;ic:tioii were identical. The combined fractions accounted 

~ 13) I t  is notevorti iy t h a t  ditierences in the neuromuscular blocking 
rb of coniine and  of conlsydrine also are  of a l o w  order 
tenlake, I 'Toor.  .lllrd. Chem. ,  3 ,  12 (1'363). and  ref cited 

t lcrrr in] .  
(16)  1:. \\-. .J .  I~:llenl~roek, I t .  J. F, Sirarc!, .J. A I .  Van Roasum, a n d  E.  .J. 

.\ri@:i>, .1. I ' lmrm.  I ' l iarnmcol . ,  17, 3'33 (1'365). 
(17) Netting points (T1iomas-IIooi.er capillary melting point apparatus) 

uf trll giiiaternary ammonium chloride salts are corrected. All other melting 
points  a r r  not corrected. The ir data  are expressed in cm-1 (Perkin-Elmer 
? , ' ( i l l  u r  1'wkin-I':lmer G21 spectropliotometers, mull or  IiIJr disc). The  
li:l:r <lata '7) liere ohrained nit l i  a Varian .\-60 spectrometer using I)?o as 
-0lvent an(! 11% as internal standarc!, iinless othern-ise indicated. Specific, 
iutaaions ncre  (letermined with a I'erkin-Elmer 141 polarimeter. The  i r  
ani! nmr d a t a  of all of the compds were consistent \\it11 the  proposed striic- 
t iirvb. 

118) .\lfa Inorganics, Inc. ,  13everly, AIaas. 

for 93cc. The product wit3 remstd  (twice) (abs ZtOFI) I O  

yield colorless crybtali of 3.11e1,' nip 21s-222". A n d .  I  C13- 
I-TiJNO) C,  H ,  N 

To 2.55 g i t i .0o i  mole) of the nieihiodide dihnolvetl i i i  10 nil t i l  

1320, was added 1.43 g 10.01 mole) of freshly prepd hg(,'l. The 
aiihpeiisioii wa-: stirred vigoroiidy for 10 miii niici rlieii ~ : i - :  1ic:iird 
on a steam bath for several niiri. After decoloriziiig iTirrit! t l i e  

rough Celite, the x)lveiil removed i n  t,' 
d from EtOH-Et& to give 1.67 g (!)I 
[a126 11 + 17.2' l ~ ( ~  t . IT,  I<tOIIj. 

chided higrials at 6.93 ( 3  H, hiiiglei> XC:H3) and 5 .23  i 2  11, hiiiglet 

( lS,4S)-exo-~-Trideuter~omethyl-endo-5-benzyl-2-oxa-5-azoni- 
abicyclo[2.2.l]heptane Chloride (10).--T~ 1.97 g (0.01 mole) of 
iiitermediate 3 disolved iii 10 nil of aiihyd Et011 in  :i cooled 
Cariits tube wab iiitrodiiced 2.03 g (O.021 mole) of C1)313~,.1g 
The Carius titbe wai immediately sealed, ntid the reaci ioii mist 
was allowed t o  staiid at room temp for 24 hr. Iluriiig thiy period, 
:i prodiict crystd f r o m  the soh .  The ni:iterial w:is cwllected ti), 
filtration f r u m  the reactioii tube :inti 1v:is washed with :iiihyd 
EtuO. Ai second crop of prodiict waa recwvered f l u i l l  the b;t 2 0 -  

treated mother liqiior. . i f ter  re 
there 1v:ih ohrained 2.53 g I 3 ' ;  ;I 
dec. 

The qiiateriiaq. bromidc halt (2.50 g 0.0087 mole 1, TY:~, tre:iieti 
with 1.43 g (0.01 mole) of freshly prepared AgCl a-i deicribed fiir 
7 to give 2.14 g of 10: recrystn (EtOII-EtLjj; nip 242-24.io, 
[a]% + 1S.2" (c  l . l 5>  EtOIl) .  The timr spectriuii \+-:I. ideritical 
with that of 7 except for the ab-eticre r i f  the signal at 6.03 !T:il i lc 
11. 
(lS,4S)-S-~ethyl-2-oxa-5-azabicgclo[ 2.2.11 heptane (5 j from 

7.-A rolii of 1.67 g (0.0069 mole) id  7 dissolved iii 10' ( liCl 
was hydrogeriated i i i  the preaetice of Pd/C (O..i g j  at ati iiiitial 
presslire of : L S i  kg/ rm iiiitil i i o  ndditioiial uptake of TI: ~ I I ' -  

ciirred. AfWr filtering through Celir e i i i i d  removiiig the 5ol 
in cacuo, the hygrobcopic prodiict W:I> :izeotroped Xvith ( 
,-evernl tinier io give 1.07 g ( I f  t wlid, nip 275' (lev. 
free ba+e \\-:I< genernted i t )  : i h ~  I!t Iiy treiitnieiit w i t h  0. :  C I  

NCIlePh). d ~ t ~ ~ i .  {,C'13HisClSO) C, 11, T. 

of Ag2O. 
(lS,4S)-.\'-hlethyl-2-oxa-5-azabicyclo[2.2.l]heptane ( 5 )  from 

g (0.0029 mole) of 4 n-as added 0.23 in1 (0.OO::'L mole) 
1120 h o l i i  follovml by dropwiie xdditioti of 0. t(i 1111 
e) of a !)Or( TIC0011 with it IIainiltoii .yritige :I 

rat,e Tvhich mniiitairied spcit:taiieoiis i,efiiis. The rencftioti i i i isi ,  

\+-as refliixed foi I hr. cooled, and theii wtd v-ith solid KOII. 
The mist T\-R< estd with Et,O, titid the est> were tiiied ( S i t 8 0 i ) .  

The holveut was removed i72 ~ ' U C I ( O  t i J  give i i i i  oi l  havitig \pei*tr:d 
rhrtrac:teri>tic< ideiiticnl with those of the prixliic,t olitaiiied f1, i )ni  

hydrogeiioly-i-; of 7. 
(IS ,4S)-.\~-Trideuteroimethyl-2-oxa-5-azabicyclo [ 2.2.1 j heptane 

(6).--Ititelmedinte 10 (2.14 g, 0.00s mole), was h1llijected 111 
catalytic hydrogeiidyhi:, i n  the zame niaiitier n i  i vah  employed 
i i i  the prepnra1ioii of 5 .  
verted directly iiitri the baw wit 
piirificatioil for prepii of qitaterti: 

( 1S,4S )-er0-5-Benzyl-~nrio-5-methyl-2-oxa-5-azoniabicyclo- 
12.2.lIheptane Chloride (8) . - -Ai~i  EtOII sohi ( 2  nil) r'oiirg 0 . 2  
g of 5 ~v:ic treated with .i nil of PhCIIzBr atid :dloared t,o 3t :Lt id  
24 lir diiritig which t ime cry-tti i i f  piodiict t o o k  place. 'rhvre 
was obtaiiied 0.4 g of rhe hromide -nlt aiid ati :dditioii:il 0.0:; 

The I1C1 d t  ( 1  .:23 g, 

e mother liqiiiir. The i 
1. The ialt was cr\-.td 

The bromide s i l t  (0.4 g,  0.00083 mole: waz 
I I 2 0  :iiid treated with 0.12 g (0.001 molej of A 
7: crystii (EtOEI-EtiO 10 : l ) ;  0.11) g 194r i ) :  nip 212-21;1"; 
[ C Y ] ~ D  t 3 5 . 5 "  (c 1.62) EtOH). The iimr spectrum iiiclitded rcw- 
iiances at 6.77 ( 3  JI, singlet, S C H 3 )  and 5.35  (2 11, hiriglet, S('I1:- 
Ph j  (Table I) .  d n n i .  (C13HlsClXO) C, I%> S. 

( 1S,4S)-e~0-5-Benzyl-enc~0-5-trideuteriomethyl-2-oxa-5-azoni- 
abicyclo[2.2.l]heptane Chloride ( 11.)-PhC€12Br (3 1x11) w a i  
added t o  an EtOH sohi ( 2  ml) coiitg 0.2 g of 6 and the reactioil 
mist was allowed t o  atand 24 hr. There was obtained 0.X3 g 
(combined fractioiia) of quateriiary salt, mp 22ho dec. The ir 
spectra of the major arid mitior fractiolis were identical. Thc 

I < I )  . \n ampule con tg  ,i ml of CIIaI3r (Isotopes specialties C o . ,  l{ilrlJ5ink, 
('alif.) u a s  fitted u i t h  a lireak-seal, solid glass slug, ancl a generatur tulle 
interposed nit11 a l'elion i-alye s topcock.  The liquid ,\a- ailon.eci t u  vlJl3- 

illize spontaneonsly at r u u m  temp into a preriolisly cooled ani1 trtreil Par i l is  
tube.  

. . .  ~ 
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quaternary bromide salt (0.27 g, 0.001 mole) was treated with an 
equiv amt of freshly prepared AgCl to furnish 0.23 g of 11: crystd 
(EtOH-Et20 15:1), mp 223-235', [ a I 2 6 ~  +41.4 (c  1.15, EtOH). 
The nmr spectrum included a signal a t  5.35 (2 H, singlet, NCHz- 
Ph)  and was identical with the spectrum of 8 except for the ab- 
sence of the N-Me resonance a t  6.77 (Table I). 

( lS,4S)-N,~V-Dimethyl-2-oxa-5-azoniabicyclo [ 2.2.11 heptane 
Chloride (9).-Ail EtOH soln (4 ml) contg 0.4 g of 5 was mixed 
with 10 ml of Ale1 and allowed to stand for 24 hr during which 
time crystn of product (0.50 g) took place. Two recrystns 
(ab EtOH) afforded the pure methiodide, mp 292-294" dec. 
This salt (0.50 g, 0.002 mole) was dissolved in 10 ml of HzO and 
treated with 0.35 g (0.0025 mole) of freshly prepared AgCl to 
give 0.29 g (927,) of product after crystn (EtOH-Et20 1O:l): 
mp 292-294" dec; [ a I z 6 ~  +59.0° ( c  1.1, EtOH). The nmr spec- 
trum included signals a t  6.67 and 6.71 (6 H, two singlets, N- 
(CH3)2) (Table I). Anal. (C7HI4C1NO) C, H, N.  

( 1S,4S)-ero-5-Trideuteriomethyl-end~5-methyl-2-oxa-5-azo- 
niabicyclo[2.2.1] heptane Chloride (12).-An EtOH soln (6 ml) 
contg 0.6 g of 5 was treated with 1.48 of CD3Br in a sealed Carius 
tube for 24 hr. The yield of product (mp 300" dec) which crystd 
spontaneously from soln was 0.44 g. The E t 2 0  treated mother 
liquor yielded an additional 0.07 g of product which had an ir 
spectrum identical with that of the major fraction of product. 
The bromide salt (0.40 g, 0.0019 mole) was dissolved in about 10 
ml of H20 and treated with 0.35 g (0.0025 mole) of freshly prepd 
AgCl to obtain after recrystn (EtOH-EttO) 0.27 g (86%) of 
product, mp 300" dec, [aI26n +58.0" (c 1.21, EtOH). The nmr 
spectrum was identical with that of 9 except that the signal corre- 
sponding to exo A\r-Me was of very low intensity (Table I). 

( lS,4S)-ezo-5-Methyl-endo-5- trideuteriomethyl-2-oxa-5-azo- 
niabicyclo[2.2.l]heptane Chloride (13).-An EtOH s o h  (25 ml) 
contg 0.25 g of 6 was mixed with 5 ml of Me1 and allowed to stand 
for 24 hr during which time crystn of a product occurred. The 
crude (0.44 g) was twice crystd (abs EtOH), mp 297" dec. Mate- 
rial obtained from the mother liquor was identical in all respects 
with the product that crystd. The quaternary iodide salt (0.35 
g, 0.0013 mole) was dissolved in 10 ml of distd H20 and the soln 

treated with 0.35 g (0.0025 mole) of freshly prepared AgC1. 
Crystn (EtOH-Et20 10: 1) afforded 0.21 g (93%) of 13, mp 300' 
dec, [ a I z 6 ~  +53.6" (c 1.24, EtOH). The nmr spectrumwas iden- 
tical with that of 9 except that the peak corresponding to endo 
N-Me was of very low intensity (Table I). 

( 1S,4S)-S,~V-Ditrideuteriomethyl-2-oxa-5-azoniabicyc~o [ 2.- 
2.llheptane Chloride (14).-An EtOH soln (7  ml) contg 0.7 g of 
6 was treated with 1.20 g of CD3Br in a Carius tube as described 
for the prepn of 12. The crude product (0.74 g)  was crystd (abs 
EtOH), mp 297" dec. The bromide salt (0.40 g, 0.0019 mole) 
was treated with AgCl as previously described to obtain 0.29 g 
of 14: crystn (EtOH-EtOAc); mp 300" dec; [ a I z 6 ~  +56.1" 
( c  1.04, EtOH). The nmr spectrum was identical with those of 
9,12, and 13 except for the absence of S-Me resonances. 

Pharmacological Testing.-Testing was carried out with iso- 
lated guinea pig ileum obtained from freshly sacrificed animals 
(av wt, 300 g). Pieces of ileum were sutured at each end through 
the mesenteric side of the organ. The intestinal strips were sus- 
pended in s tliermostated muscle bath (37.5') contg 16 ml of 
modified Tyrode soln,20 through which was bubbled a continuous 
flow of Carbogen (95/5). Recording of muscle contractions were 
made with a lightly loaded (ca. 500 mg) isotonic lever attached to 
a C. F. Palmer Super 10 recording drum and stand. In  studies 
with antagonists, drugs were allowed to remain in contact with 
the ileum for 1 min prior to the introduction of an agonist. Ileum 
strips were rinsed 3 times between administration of doses of 
agonist compounds. 
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versity of Rhode Island, for performing the statistical 
analysis on the biological data. 

(20) J.  M .  Van Rossum and E. J.  Ariens, Arch. In t .  Pharmacodyn., 118, 
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Synthesis of Some 6-Chloro-3,7-dihydroxy-A5-pregnene Derivatives 
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The progestational activities and syntheses of the 6-chloro-3,7-dihydroxy-As-pregnene derivatives 4a,b,c,d, 
Several of these compounds exhibited high progesta- and 5 as well as their 16-methylene analogs are reported. 

tional activity when tested in the rabbit. 

It is well known that cholesterol is converted into 3P- 
hydroxycholest-5-en-7-one, cholest-5-ene-3~,7p-diol, and 
the corresponding 7a-hydroxy isomer by different frac- 
tions of rat liver homogenate. Cholest-5-ene-3P,7a-diol 
is also converted by these homogenates into 7a-hy- 
droxycholest-4-en-3-one2 probably via the intermediate 
formation of a 3-keto-Aj-steroid. If 3-hydroxy-A5- 
pregnenes are metabolized in this manner, dehydration 
of the resultant 7-hydroxy metabolite would lead to the 
4,6-dien-3-one system. The high activity of such pro- 
gesterone derivatives, incorporating the 6-chloro-4,6- 
diene system, is well known.3 It is also reported that 
various 3-hydroxy-A5-pregnenes have the same activity 
as the corresponding A4-3-ketones.4 We therefore felt 

(1) I .  Bjorkhem, K .  Einarsson, and G .  Johansson, Acta Chem. Seand., 14, 
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it to be of interest to prepare some A5-pregnenes incor- 
porating the 6-chlor0-3~7-dihydroxy system. 

Chlorination of 3P,17a-diacetoxypreg-5-ene-7,2O-di- 
one5 (1) followed by dehydrochlorination with pyridine 
gave an inseparable mixture of 2 and the 8-C1 impurity 
3 (Scheme I). Purification was accomplished by treat- 
ment of the mixture with Zn in HOAc which converted 
3 into 2. Reduction of 2 with LiAl(t-BuO)pH gave the 
desired 7-OH isomers 4a and 5 in 53 and 7% yield, re- 
spectively, after column chromatography. 

The stereochemistry a t  C-7 in 4a and 5 was assigned 
on the basis of the nmr spectra. In  4a the C-7 H ap- 
peared as a broad signal a t  6 3.92 (half-band width 
-11 Ha), which is consistent with axial-axial coupling 
with the C-8 H.6 The broadening of the signal is prob- 
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