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'The configurations a t  the 3 positions of 3D-hydrosy-4-oxn-5or-cstrane and of 3a,17@- 
dihydrosy-4-oxa-5a-estrane were assigned frorn a study of the anomerizatior~s of these 
compounds in aqueous tetrahydrofuran. 3a-Chloro-4-oxa-5a-estrane solvolyzed in alkalirie 
rnethanol to  give a mixture of 3a- and 3D-methoxy-4-oxa-5a-estrane, the former predominating. 
'The differer~ce i n  the solvolytic behavior of 3a-chloro-4-osa-cia-steroids arid of a-glycosyl halides 
is discussed. 

The  solvolysis of 3cr-cl~loro-4-oxa-5~-cholesta1~e in buffered or alltaline alcohols gives 
3-allcosy derivatives 116th predoininant retention of configuration (1). The solvolysis of 
acylglycosyl halides, on the contrary, generally gives a product of inverted config~~ration 
(2) if participation by neighboring groups is avoided (3, 4) and if there is not excessive 
hindrance to  approach of the substituting molecule (5). A possible explanation for the 
behavior of the steroidal chloroether \\las considered to  be the shielding of the 0 face of 
ring X by the angular methyl group (I).  Although the shielding of this ring is believed to  
be less complete than the shielding of rings C and D (6), i t  has been invoked frequently 
to explain cases of preferential reaction of ring A on its a face; a recent exanlple is the 
h ydroboration of A'-, A2-, A3-, and A4-cl~olestenes (7). 

T o  test this possibility, n-e have synthesized a cl~loroether ( IX,  X = I-I) laclting the 
angular methyl group, and have studied the stereochenlistry of its solvolysis in methanol. 

Synthetic Routes 
The synthetic route t o  the desired cl~loroether I X  (X = I-I) is outlined in Reaction 

Sche~ne 1. The  three-stage preparation from estrone of the unsaturated ltetone I (X = I-I) 
is described in the literature (8 ) .  Ozonolysis of this ltetone gave the lceto acid I1 (X = I-I), 
\vhich \\-as reduced \vith sodium borohydride to  the hydroxy acid I11 ( X  = I-I, Y = OH). 
On acidification, the latter fornled the lactone IV (X = I-I). The  a configuration a t  the 
5 position of the lactone \lras indicated by its nuclear magnetic resonance (n.m.r.) spectrunl 
(discusscd in ref. 9),  and by the negative shift in molecular rotation (Table I) when i t  
was hydrolyzed in allcaline solution (10, 11). I-Iydrogenation of the lactone over platinuill 
in acetic acid containing a small amount of perchloric acid gave the ether V (X = I-I), 
whereas reduction with lithium alu~niniunl hydride (cf. refs. 1 and 12) or diborane (cf. 
ref. 13) gave the cyclic he~niacetal VII (X = 1-1). The  evidence for the 0 configuration 
of the hydroxyl group of the crystalline hemiacetal is discussed belo\v. An exanlination of 
the ultraviolet and infrared spectra of the hemiacetal in solution and in the solid state 
revealed no detectable amount of hydroxyaldehyde present (cf. ref. I). 

Dehydration of the heiniacetal with phosphorus oxychloride in pyridine yielded the 
dihydropyran VIII  (X = I-I), which in ether solution added hydrogen chloride (cf. refs. 
1 and 14) to give the reactive chloroether I X  (X = I-I). This reaction is ltnolvn to  be 
reversible (1, 15), and the sanlple of chloroether sent for analysis lost hydrogen chloride 
conlpletel y when allowed to  stand, and analyzed as the dihydropyran. I-Iomever, the 
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freshly prepared chloroether used in our experiments \\.as free fro111 the dih3-dropyran, as 
s h o \ ~ n  by the absence from its n.1li.r. spectrum of characteristic peaks a t  3.74 T (doublet, 
J 6.0 c.p.s.) and 4.47 T (triplet, J (3.0 c.p.s.) caused by the 3- and 2-hydrogen atoms, 
respectively, of VIII (X = El). Instead, the spectrum shon-ed a single one-proton peak 
a t  3.77 T having a half-width of G c.p.s., diagnostic of an equatorial hydrogen (16, p. 134; 
17). Further~nore, the infrared spcctrunl showed a band a t  581 cm-l characteristic of an 
axial chlorine atom (IS), and no trace of the pealrs a t  3 05s and 1 63.2 cnl-l found in the 
spectrum of the dihydropyran. 

The cr configuration of the chlorine atom indicated by these spectral data \\.as in accord 
with the molecular rotation of the compound. The  3P-chloroethcr should have &out the 
same molecular rotation as the parent ether V (X = H),  and the 3a-chloroether should 
have a more positive nlolecular rotation (1, 19, 20). The chloroether obtained in our ~vork 
did indeed have a inore positive molecular rotation (Table 11), although much less than 
anticipated from the rotation of 3a-chloro-4-oxa-Ga-cholestane (1). This inay indicate a 
sinall deformation in ring A when the angular methyl group is present (cf. ref. 21) ; 
Brewster (19) has already dra~vn attention to this possibility. 

'I'ABLE I 
Molecular rotation ( [ M I D )  values of Iirctones and of compounds derived from them 

Ltrcto~le [ d i l ] ~  Derived compound [llfln A[~{]D 

IV, S = I-I* +166" 1 1 1 ; s  = H, Y = 0-* +70° -96" 
IV, S = OH* +193O 111; S = OH, Y = 0-* +So -1Sj0 
IV, s = OH? +200° 111; S = OH, Y = XI-lzt +Xio -154" 

'"11 methanol-water (00:l v/\,). 
t1r1 methanol. 
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ilIolecular rotation ( [ ~ l i l ] ~ )  values of 3-substit~~ted 4-oxa-5a-steroids 
-- -- -- ~ 

3-Substituent Compoi~nd [ilI]u (calcd.) [dl111 (obs.) Solvent* 
-- 

4-Oxa-5a-cholestanes (ref. 1) 
(Hydrogen) 
a-H ydroxy 
6-hydroxp 
a-bIethoxy 

. - -  
+465" +460° TEI F-hIeOfI 

(1 : 1 v lv )  
+T5" +T3" 'I'HF-MeOl-I 

(Hydrogen) V , S  = H  (+94") +93" CHCI, 
+9.i0 'I-H F 

a-I1 ydroxy VI, S = H +264" - 
p-Hydroxy VII, S = H + 64" +67" 'I-HF-1120 (0: 1 v/v)  

+G'L" CHCI3 
a-h,Iethoxy XI,  S = EI +36g0 +363" 'I'HF-iLleOH 

(1 : 1 v/v) 
+348" CHCI? 

170-Hydroxy-4-oxa-5n-estranes 
(Hydrogen) V, S = OH ( + l l l " )  + l l l "  CHC13 
a-Hydroxp 1'1, S = OH +2S1° +273" Ilioxane (26) 

+203" 'I-HF-HsO (I): 1 v/v) 
p-Hydroxy VIT, S = OH +81° - 
"TI-IF = tetraliydrofliran. 

This axial configuration of the chlorine atom v-as expected; the compound having 
equatorial chlorine \vould be less stable, because of the "anomeric effect" (1,3,  15, 21-25), 
and would be expected to iso~nerize easily to the axial compound. For the same reason, 
glycosyl halides are gellerally more stable when the halogen is in an axial orientation 
(2, 3 ,  20, 24, 26), and frequently the equatorial halide is so unstable as to elude isolation. 
For compound I X  (X  = I-I), the data of Lelnieux and Hayalni (24) indicate that the 
3P isomer, if in equilibrium with the 3a isomer, would be present to the extent of about 
5%. Such an amount would be close to the limit of detection by our spectroscopic metliods. 

An attempt \\-as made to synthesize 17~-acetoxy-3a-chloro-4-oxa-5a-estrane (IX, 
X = OAc) by a similar reaction sequence, starting with conimercially available 19- 
nortestosterone acetate (I,  X = OAc). This attempt succeeded as far as the hemiacetal 
VI (X = 01-I), but was frustrated by our failure to  prepare a crystalline diacetate of this 
hemiacetal. The 5a configuration of the lactone IV (X  = OH),  and of the C O I I I ~ O L I I I ~ S  

derived from it ,  was indicated by its n.Ii1.r. spectruln (9) and by the sign of the rotational 
shift when the lactone ring was opened to form the liydroxyamide (111 ; S = 01-1, 
Y = NI-12) or the sodium salt of the hydroxy acid (111 ; X = OH, Y = 0-) (Table I). 

After most of this work ~vas  completed (27), Pettit et al. (28) described the synthesis 
of the lactone IV (X = OAc) by direct oxidation of 19-nortestosterone acetate with 
persulfuric acid, and its further conversion into the hemiacetal VI (X = 01-1). \I7e had 
also used persulfuric acid to oxidize nortestosterone to the hydroxylacto~le IV ( X  = OH) 
in lo\\; yield (27). This reaction would be expected, on the basis of Pettit 's lnechanisl~i (13) 
and of the known stereospecificity of the Raeyer-Villiger reaction (29), to yield a 5a- 
lactone, and hence may be construed as further evidence for the configurations shown in 
Reaction Scheme 1. 
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lluring the present I\-orlc it was found tha t  6-lactones such as IV (X = I1 or OM) and 
others (see Experimental) were hydrogenolyzed over Adams' catalyst in acetic acid 
containing a small amount of perchloric acid to  yield cyclic ethers.* The  rate of the reac- 
tion varied greatly n-it11 different batches of catalyst. With any one batch i t  was strongly 
dependent on the concentration of perchloric acid, as  shown in Table 111. This unexpected 

TABLE 111 

Eifect of addition of differing volunles of 70% 
perchloric acid to the solvent acetic acid (5 ml) 
on the rate of absorption of hydrogen by 4-oxa- 

5,-cholestan-3-one* 
- 

Volume of 
~crchloric acid (ml) Initial rate (ml/min) 

"Conditions: 20 mg Ihctone, 10 mg prered~rced platinum 
oxide, magnetic stirring. 

reaction accounts for the low yields of lactones sonletimes obtained (e.g. refs. 11 and 31) 
from the hydrogenation of Iceto acids in acetic acid. Thus hydrogellation of I1 (X = OH) 
with 1 mole of hydrogen yielded a mixture of lactone IV (X = 01-I), ether V ( X  = OH), 
and etarting material; hydrogenation with an excess of hydrogen gave the ether in good 
yield. Tlie stereocheinistry of this hydrogenation is discussed in ref. 9. 

Solvolysis of 3a-C/~loro-/t-on-a-5a-estra?le in Alkaline Methanol 
Solvolysis of tlie chlorocther I X  (X = I-I) in allialine methanol gave a mixture from 

n~hich two isomeric n~ethoxy colnpounds (X and X I  ; X = 13) were isolated. The  con- 
figurations of these methoxy compounds niere sllon-n by their differing n.m.r. spectra. For 
both compounds the pealr a t  lo\\-est field must be due to the anomeric 3-hydrogen atom, 
and numerous studies (17,32) have sholvn that  this peal< is a t  higher field and has a greater 
width ~vhen the hydrogen atom is axial than when it is equatorial. Consequently, the 
isomer having this peak a t  5.46 T (half-n.idth 4 c.p.s.) must be the 3a-nlethoxy derivative 
(XI ,  S = I-I), and the isomer having it a t  5.53 T (half-width 16 c.p.s.) nlust be the 
3p-niethoxy derivative (X, X = FI). The latter pealr was a poorly resolved quartet. These 
values of chemical shift and half-uridth agree closely with those found for tlie anomeric 
protons of 2-nlethoxy-4-iiiethyltetrahydropyran (25). 

These config~irations \yere also indicated by the inolecular rotations of the compounds, 
I\-hich agreed well nit11 the values calculated by Bremster's method (19) (Table 11). The 
calculations made use of group parameters (Table IV) that  were slightly altered from 
Brelvster's paraineters to give better agreement bet\veen the calculated and observed 
rotations of 4-oxa-5a-steroids,? including colnpounds from previous studies (1, 15). 

The  proportions of 3-metlioxy anomers obtained irom the solvolysis of the chloroether 
1X (X = I-I) \\.ere: 78% of the a anoiner (XI,  X = I-I) and 22% of the /3 anoiner (X, 
X = I-I). These are almost the proportions in which the 3a- and 3P-benzyloxy derivatives 

" A  preliminary account of this reactio?; has been pziblished (SO). 
tTBe sz~periorily, for ozlr pzirposes, of the reoised paranreters i n  Table IV ?nay be explained by  the parlicz~lar 

soloenls zlsed i n  our studies. Bre70ster1s calcwlatzo?ls take no accol~trt of the effect oj solueilt, althonglr obaiortsly the 
eutent to zolricl~ a group i s  soloated will @ct i ts  torsional asy?iznzetry and hence its effect on tnolecz~lar rolatio?s. 
The large effect of cha~lgitrg soloent i s  apparent frow the data i 7 s  Table I ,  ref. 1 .  
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Contributions to inolec~~lar rotation of zroups (S) attached to thc 

Group S I3re\vster's para~neters Revised parameters 

n-1-1 ydroxyl 
P-I-Iydroxyl 
or-&Iethoxyl 
B-1\lIethoxvl 

\\rere formed in the solvolysis of 3a-chloro-4-oxa-5a-cllolestane in beiizyl alcohol. The  
exact proportions of 3a- and 3P-methoxy derivatives formed from the solvolysis of the 
latter chloroether in metlianol are not l<no\\;n, although the 3a-niethoxy derivative clearly 
preponderated (1). 

I t  thus becomes apparent tha t  the angular nietliyl group a t  the 10 position has little 
or no effect on the stereoclielnistry of the displacement reactions of 3-cliloro-4-oxa-5a- 
steroids. I t  \\;ould seem that  the intermediate oxocarboiiiuin ion (see ref. 1 for a detailed 
discussion of the mechanism) has an i n l ~ r e n t  tendency to react 011 its a rather than its p 
face. A similar tendency is sho\vn by 19-nor-5a-steroids having a 3:4 double bond in 
adding diborane (33), although the absence of the angular ~iiethyl group lllalres the 
preference for reaction 011 the a face less complete (7). Various speculations based on 
stereoelectronic considerations may be advanced to explain this behavior (34), but 
discussion is best deferred until niore experilneiltal data  have been accumulated. 

If oxocarbonium ions derived fro111 chlorotetrahydropyrans in the C1 confor~llation (35) 
have this tendency to react on their a face, the question arises: why do the ions derived 
from most a-glycosyl halides in this conforination react with alcohols on their P face? -1 
possible explanation lies in the greater reactivity of the latter oxocarboniuni ions, de- 
stabilized by many electro11-withdrawiilg methoxy or a c e t o x ~ ~  groups. For this reason these 
ions ("encumbered ions") will react \vith alcohol before the halide ion formed by rupture 
of the carbon-halogen bond has diffused away and \\;bile i t  is still blocking the a face. 

Acid-Catalyzed ~Uutarotation of Sa- and SP-ilfet11o.vy-4-oxa-5a-estrane 
Although 3a- and 3P-methoxy-4-oxa-5a-estrane are stable in neutral or allialinc solution, 

in acidic ~liethanol either one is rapidly converted into an equilibriuni mixture, she\\-n by 
its optical rotation to contain G7% of the 3 a  and 33% of the 3P compound (Fig. 1). About 
the same proportions (65% of 3a ,  35% of 3P) were obtained by reaction of the hemiacetal 
1711 (X = I-I) with methanol containing 3% hydrogen chloride, neutralization, and iso- 
lation of the products b j ~  chromatography. As expected (36), the 3P isomer, having the 
equatorial methoxyl group, \\;as eluted more slon~ly than the 3a  compound froin the 
cllronlatographic colunin. 

The proportions of the a and P anoiners are about the sanie as  those found from the 
equilibration of 3-all;oxy-4-oxa-5a-cholestanes (15). 

Mt~tarota/ion of SP-Hydroxy-4-oxa-5a-estralze and Sa,l7P-Dihydroxy-4-oxa-cia-estra7ze 
The optical rotation of 3P-hydroxy-4-oxa-;5cu-estrane (VII, X = I-I) dissolved in  chloro- 

form did not change \\hen the solution uTas allobved to stand. I-Io\vever, in 90% (v/v) 
aqueous tetrahydrofuran the rotatioil increased, follo\~ing a first-order rate equation 
(Fig. 2). This indicated a partial conversion into 3a-hydroxy-4-oxa-5a-estrane (171, 
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Time (min) Time (min) 

1 7 1 ~ .  1. Change in specific rotation of 30- (A) and 3p-metlioxy-4-oxit-5a-cstrane (B) in metlia~lol- 
tetrahydrofuran (1:l v/v) containing 0.012 d l  hydrogen chloride a t  24 +.z 0.5". I'ointx: experimental; 
curves: theoretical for first-order reactions having k = 0.063 min-1. 

FIG. 2. Change in specific rotation of (A) 3p-hydrosy-4-oxa-5,-estrane and (B) 3a,l'ip-dihydrosy- 
4-oxa-5a-estrane in tetrahydrof~~ran-water (9: l  v/v) a t  24 & 0.5". Points: experimental; curves: theoretical 
for first-ordcr reactions having rate constants of (A) 0.0044 min-I and (B) 0.0052 min-I. 

X = H), known from Hudson's rules of isorotation (37; cf. aIso ref. 19) to have a higher 
rotation. The i~~olecular rotation of the 3a  compound, estimated by Bre~vster's method (19) 
with the revised paranleters of Table IV, is given in Table 11. If this value is accepted, it  
rnav be calculated that the equilibriuin ~nixture contains 41% of the 3a and 59% of the 
3 B  isomer a t  equilibriunl. 

These results received a rough confirnlation from i1.m.r. analysis of equilibrated material 
isolated a t  a loiv temperature as quickly as possible (and so, it  was hoped, with as little 
change in coillposition as possible during the isolatioi~ process). In pure, dry dimethyl 
sulfoxide this isolated material sho\ved unresolved multiplets* a t  3.83 and 4.26 T caused 
by hydroxyl hydrogens, since they disappeared oil treatment of the solution with deu- 
terium oxide, and pealis a t  5.00 and 5.56 T caused by 3P and 3 a  protons. Pure 3P-hydroxy- 
4-oxa-5a-estrane showed only the pealts a t  3.83 and 5.56 7. The relative areas of pealts ill , 

the spectrum of the mixture indicated that i t  contained 38% of the 3a-hydroxy and 62% 
of the 3P-hydroxy anomcrs. 

The chemical shifts of the ar~omeric hydroxyls are a t  higher field than the values for 
the anomeric hydroxyls of the common monosaccharides in dimethyl sulfoxide (39), as 
should be expected froin the presence of illally electron-~vithdraWing hydroxyl groups in 
the latter, but have the same order: axial hydroxyls absorb at  higher field than equatorial 
hydroxyls. Thus, both n.1n.r. data and optical rotation shoui the crystalline heiniacetal 
to have the 3P-hydroxy structure (VII, X = I-I). On the other hand, the crystalline 
l~emiacetal isolated from the reduction of IV (X = 01-1) has the 3a-hydroxy structure 
(VI, X = OH). This is apparent froin its inolecular rotation (Table 11), and from the 

*The atto?neric lzydrozyl, perhaps becaz~se of its greater acidity, dzffers in this respect front the hgdrosyl of 
secotrdary alcohols, which itr di~netltyl sulfo.vide gioes rise Lo a dozablel (36). 
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ED\'l'dRD A N D  FERLAND: STEREOCtIEMICAL STUDIES. VI 1305 

decrease in optical rotation of a solution in tetrahydrofura~l-xx~i~ter (90: 10 v/v) 1vhe11 i t  
is alloxved to stand (Fig. 2). If the calculated value shon:n in Table I1 for the molecular 
rotation of the 3P isonier is accepted, the final rotation indicates the equilibrium ~nixture 
to consist of 43% of the 3a and 57% of the 3P isomer. 

The 3-hydroxy-4-oxa-jcr-estranes thus differ fro111 3-hydroxy-4-oxa-5a-cholestane, in 
which the 3a isomer predominates a t  equilibrium (1). (If the revised molecular rotation 
for 3~-I~ydroxy-4-oxa-5a-cholestane given in Table I1 is accepted, the equilibrium mixture 
contains 61% of the 3a  isomer, and not 5.5% as reported earlier (I).)  I-Ioxvever, the 
differences (in terms of free energy diflerences) are small, and iiiay reflect slight changes 
in the shape of ring A brought about by the presence of the angular methyl group. 

The predominance a t  equilibrium of the 30-n~ethoxy over the 3P-methoxy isomer is 
more decisive in both the 4-oxa-5a-cholestane and the 4-oxa-5a-estrane series. This 
prcdoininance of the a isomer has also heen noted in the inutarotation of methyl glycosides ; 
in contrast, in the nlutarotatio~l of the parent sugars the p isonler may predominate 
(16, p. 411). I t  is apparent that in these equilibria the hydroxyl group behaves as a 
"larger" group than the metlioxyl group, probably because of solvent interactions (25). 

EXPERIMENTAL 

Melting points were determined in a Gallenl;amp apparatus and are corrected. Optical rotations were 
measured with a Carl Zeiss automatic polarirlleter with chloroform as solvent. Infrared spectra were deter- 
mined on a Perkin-Elrner 337 grating spectrophotometer with 1 mrn sodium chloride cells and carbon 
tetrachloride as  solvent. Nuclear magnetic resonance spectra were recorded on a Variali .A-60 instrument 
\vith carbon tetrachloride as solvent. \\ioelrn alumina \\.as used for column chrornatography, and Mercli 
A.G. silica'gel for thin- and thick-layer chromatography. Magnesi~rrn sulfate was used to dry all solvent 
extracts before concentration. 

5-O.vo-S,5-seco-~-~zorestran-S-oic Acid (11, S = H )  
A solution of 3-oxoestra-4-ene (1, X = 1~1) (30 g ( 8 ) )  in glacial acetic acid (300 ml) and ethyl acetate 

(300 ml) was cooled in an ice bath while being treated \\,it11 oxygen containing ozone for 1.5 h. The solution 
was allo\ved to  warm to room temperature, an aqueous 10yo solution of hydrogen peroxide (60 ml) was 
added, and the mixture was left overnight. I t  was diluted tvith ether (2 1) and ~vaslied with water to remove 
acetic acid and hydrogen peroxide; the acidic product \\.as then dissolved in 2y0 sodium hydroxide solution. 
!~cidificatio~i of this solution gave an oil nrhich was dissolved in ether ilncl crystallized from hesane to  give 
colorless crystals (13.9 g, 64761, m.p. 116-119°. After recrystallization several times from hexane - mcthylene 
chloride it melted at 117-llYo, [ o l ] ~ ? O  -8.84' (c, 1.0s). 

Anal. Calcd. for CI~M?GOX: C, 73.34; H ,  9.41. Found: C, 73.12; 1-1, 9.20. 

3-0x0-4-oxa-5ol-estrane (I V, X = I-I) 
The keto acid I1 (X = H) (4.00 g) in ethanol (300 ml) -\\rater (100 ml) \\.as treated with sodium boro- 

hydride (2.00 g) in water (20 ml) for 3 h a t  room temperature. The reslction mixture was p o ~ ~ r e d  into ice 
water, acidified with concentrated hydrochloric acid, and extracted with ether. Evaporation of the ether 
gave a solid which \\,as crystallized from methanol-water to give a first crop (2.01 g) ,  m.p. 128-13O0, and a 
second crop (0.52 g), m.p. 125-129"; total yield, 70%. T\vo more recrystallizations fro111 methanol-water 
gave an analytical sample, 1n.p. 135-136O, [a]~"'+$.92.3" (c, 0.72), v,, 1748  cm-1. 

Anal. Calcd. for CI~HZGO?:  C, 77.82; M, 9.99. Found: C, 77.54; I-I, '3.98. 

.$-Oxa-5~~-estra?ze ( V ,  X = H )  
3-Oso-4-oxa-5ol-estrane (0.200 g) in acetic acid (15 ml) containing TOYo perchloric acid (0.05 ml) was 

hydrogenated over platinalm oxide (0.105 g)  ~ ~ l l t i l  thcre was 110 further i~ptal;e of hydrogen. The solutio~l 
was filtered, diluted with ether, nrashed with 2% sodium hydroxide solution and with \\.ater, and dried. 
Evaporation of the ether left a solid \vhich crystallized from nietlianol-ether as  needles (0.lG2 g, S9yO yield), 
m.p. 74-76", [ol]~,?'l +37.R0 (c, 1.08). 

Anal. Calcd. for C171-12sO: C, 82.20; 1-1, 11.36. Founcl: C, 81.88; I-I, 10.SB. 

,%~-I-Iydroxy-/t-o.v~~-~'i~~-c~t~'~z~~~c ( V I I ,  = =I) 
( ( 2 )  l,liitl~ Diborclnc 
Iliborane generated from sodiurn borohydricle (5.00 g) and boron trifluoridc etherate (27 ml) in dicthylcne 

glycol d imet l i~~l  ethcl- (100 n ~ l )  was passed ill a stream of nitrogen through dry tetr;rhydrofuran and the11 into 
a solution of lactone IV (X = 1-1) (2.05 g) i11 dry tetrahydrofuran (100 ml). After 3 h the solution was poured 
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into ice water and extracted with ether. 'She oily residue from the extract was chro~llatographed on neutral 
alurnilia. Elution with benze~~e-ether (70::30 v jv )  removed a solid (O.!)S2 g, 49%) melting a t  138-142"; 
o n  recrystallization from hesanc - methylene chloride this solid niclted a t  143-144", +62.4" (c, 1.1 I ) ,  
U,D, ,X 3 610 c ~ i i - ~ .  

;\rial. Calcd. for Cc71-I?s02: C, 77.23; 1-1, 10.67. 1;ound: C, 76.96; 11, 10.40. 

( b )  TILitl~ Lithizt~' ~ I ~ z L ~ I z ~ ~ z ~ L L ~ '  IIydride 
Lithium aluminium hydride (58 mg) in a~lhydrous, peroxide-free tetrahydrofuran (50 ml) was added 

urtder nitrogen over a period of 5 mi11 to a stirred solution of lactone I\' (S = 11) (3.00 g) ill tetrahydrofuran 
(50 ~ n l )  cooled by a11 ice bath. 'She mixture was allowed to warn1 to room tenlperature and stirred for another 
60 nlin. I t  \\Ins then poured into cold 1 N sulfuric acid (100 1111). A4 white solid precipitated and was removed 
by filtration, washed with \\rater, and dissolved in ether. 'Ihe ether solution was dried (Mgs0.1) and 
evapor;ltcd, ancl the residue crystnllizcd from hex;lilc a s  n white solid (1.47 g,  i4']&), 1n.p. 13!)-142". r\ 

recrystallized sample was shown by mised melting point and infrared spectrum to he identical with the 
:3P-hydrosy-4-oxa-5a-estrane obtained above. 

4-O.vn-5a-estrn-W-elle (17111, X = E-I) 
.-\ solution of 3~-11ydroxy-4-0sa-;jol-estrane (0.500 g )  and phosphorus ~ s ~ c h l o r i d e  (1.5 ml) in pyridi~te 

(5  ml) was rellused for 1 h.  The solution was cooled, d ih~ted with water, and extracted mith ether. 'The 
ethereal solution, on  evaporation, gave all oily residue which crystallized from metliariol-ether a s  plates 
(0.382 g, Sl7 , ) ,  m.p. 59-0"". Recrystallization raised the ~nelting point to 61-63', [a]u21 +12G0 (c, 0.66), 
a,:,, 3 058 and 1652 cm-I, €210  5 000 (in cyclohexane; end absorption only). 

AIIRI. Calcd. for C~.H?GO: C, S2.87; H ,  10.64. Found: C, 83.13; H ,  10.18. 

301-C1~loro-4-ora-Scr-e~7tra1~~ ( I X ,  X = I I )  
A solution of -l-oxa-5cu-estra-3-e11e (0.300 g) in allhydrous ether (20 mi) saturated with dry Iiydroge~l 

chloride mas kept 1111der nitrogen for 2 h. Evaporation of the ether by a jet of dr). 11itroge11 left crystals ~vhich 
sintered a t  7S0, m.p. 84-88', [alo2-l +74.0° (c, 1.00), v,,;,, 580 CIII-1. 'I'he compound contained chlorine, ;uid 
urns used inl~nedia~ely,  \vithout purification. !\ sample sent for anal>rsis appeared to have deco~l~posed to 
starting material. 

3a- clftd YP-~l~etiho.vy-/r-o.vnn6a-estru~te (11- and X I ;  S = I I )  
( a )  F7,ov? SP-IIyd~~oxy-4-oxan5a-eslralte 
A solution of the herniacetal V11 (S = I-I) (0.360 g) in n mixture of anhydrous ether (15 ml)  and a ~ ~ h y d r o u s  

methanol (15 1111) containing 3y0 hydroge~l chloride was refluxed for 30 mill. To  the cooled solution was 
added excess silver carbonate (40) (3 g ) ,  with stirring. 'l'lie silver salts were removed by filtration and 
washed \\!it11 a n h y d r o ~ ~ s  ether. The filtrate and washings, evaporated a t  reduced pressure, left a n  oil which 
was chrooiatographed 011 alumina (50 g, neutral, grade 11). Elution with hexanc removed 3a-tnethoxy-4- 
osa-5a-estrane (XI ,  S = 1-1) (0.234 g), m.p. 59-G'2". This was purified by thick-layer chromatography to 
give a solid, m.p. 61-63°, [a]l~?-' -8,'L.O (c, 0.75). 

;\rial. Calcd. for CIs[-13002: C ,  77.65; 11, 1O.SO. Found: C, 77.61; 1-1, 10.43. 
Elution with hexane-benzcr~e (SO:20 v jv )  rernoved the 30 isomer (S, S = 1.1) (0.116 g) which, after 

pirrificatio~i by thick-layer chro~natography, melted a t  79-81', [a]u'" $125' (c, 0.71). 
i\nal. Calcd. for Clsl-IaoO:: C,  77.65; 1-1, 10.86. 1;outtd: C, 77.07; 1-1, 10.64. 

( b )  Froltz Sa-Cl~.loro-/r-o.z.n-5a-estrnnc 
Sodium (70 mg) was dissolved in absolute methanol (15 1111), and the 3n-chloro compound ( I S ,  S = 1-1) 

(0.250 g) \\,\.as added. 'Ihe sol~1tio11 was r e f l~~sed  for 1 11, and the solvent then rernoved under red~lced pressure. 
The residue was treated with water (15 ml) and ether (30 ml), and thc ether layer was washed with water, 
clried, and evaporated. The oil thus obtair~ed was chromatographed 011 alumina (50 g ,  neutral, grade 11). 
Elution with hexane removecl the 3, compound (XI, S = 1-1) (0.179 g, i s % ) ,  m.p. 59-62', idelltical (mixed 
melting point and infrared spectrum) with the 3a compound described above. Elution with hesane-benze~le 
(SO:20 v/v) removed the 30 compou~ld (S, X = H )  (0.050 g, 32%) a s  an oil. Thick-layer chrolnatography 
of this oil gave a solid which n7as identical (mixed nleltillg point and infrared spectruni) with the 3P-111ethox~ 
compound described al~ove. 

17P-I~ydro.~y-6-oso-3,6-seco-4-?~orestrc~-3-o~ Acid ( I I ,  X = OH) 
19-Xortestosterone acetate (1, S = 0.-\c) (1.007 g) dissolved in ethyl acetate (60 ml) was treated with 

oxygen containing 6% ozo~le for 1 h a t  room temperature. I-lydrogen peroxide ( lo%,  6 1111) atid methanol 
(10 ml) were then added a ~ t d  the mixture was left overnight. I t  \\,as concentrated to half volume, diluted 
wiLh ether, and extracted nrith 3% sodiunl hydroxide. 'l'lie alltaline extract, after stancling for 12 h, was 
;~cidifircl ancl the 1;eto ncicl dissolved i l l  ether. Re~uoval of thc ethcr gave a crystalline solitl (0.81:; g, 95%), 
1n.p. 85-92', 'I'\vo cr)~stallizations from acetone-hesane gave the pure 1;cto xcid (11, S = OH), m.p. 108-109", 
[~Iu', '  + I S o  (c, 0.449), v2f:,"l3 :3 538 and 1710 cm-I. 

Anal. Calcd. for C171-12G01: C, 69.36; I-I, 8.90. Found: C,  G0.37; I-I, 8.79. 
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17a-~lceto~y-5-0~0-Q,G-~eco-~-~10restra~1-3-o~ic Acid (IT, X = 0COH8) 
Potassium carbonate (0.25 g) in water (4 ml) was added, with v igo ro~~s  stirring, to a solution of 

I!)-l~ortestosteror~e acetate (0.500 g) in t-butanol-water azeotrope (30 ml), folloxved by 5 ml of a solrltion 
prepared from sodium metaperiodate (2 g) and water (25 IIII), and then 0.5 ml of 0.8% aqueous potassium 
per~nanganate. The rest of the periodate was added a t  a rate of 5 ml /~nin  for 2 ~ u i n  and then 2 n ~ l / ~ n i n  for 
5 min. Permal~ganate solution urns added as necessary to ~nainta i r~  the p~lrple color. 

.!\fter 1 h excess permangallate \\'as destroyed with sodium bisulfite. 'The so lu t io~~  was concentrated a t  
reduced pressure to 30 ml, cooled to 4', acidified with ice-cold 50% sulfuric acid, and extracted with ether. 
'I'he ethereal extract xvas mashed with sodi~lin bisulhte until free from iodine, and then with water. Evapora- 
tion gave an oil (0.446 g) which was chromatographed on 3% deactivated silica gel. Elution xvith ether 
removed a crystalline fraction (0.068 g, L20/o), 1n.p. SO-S0", which, after two recrystallizations from methanol- 
water, gave lteto acid I1 ( S  = OCOCIH,), m.p. 114-115", -3.8' (c, 0.457), V,~:,S 1 708 and 1733  cm-' 
(lit. (41) ri1.11. 11?,-115°, [ a ) ~ ? ~  -4.05"). 

Anal. Calcd. for CLeM?80j: C, G7.S::; 1-1, 8.30. Found: C, 67.32; 11, 8.33. 

17~-Hydro~y-S-oxo-~-o.~a-5a-estrn~~e ( I  17, S = OFI) 
(a) T.l/itlt Sodiu?tl Bnrohydride 
r\ mixture of keto acid I1 ( S  = 014) (1.00 g) in 25% aqueous ethanol (50 rnl), and of sod i~~rn  borohydridc 

(1.00 g) in water (15 mi), was left overnight and then heated under reflux until decomposition of the boro- 
hydride was complete. 'She solution was acidified to p1-I 3, concentrated under r e d ~ ~ c e d  pressure to half 
volume, and diluted \\,it11 ice-colcl water. .After 12 h a crystalline solid (0.404 g, 5'2(%), m.p. 105-115", was 
collected. Recrystallization from ethl-I ether yielded pure 17p-hydroxy-3-oxo-4-oxa-5a-estrane, m.p. 131- 
1:Uo, [a]n21 +70,1° (c, 0.50'2), ~2::'~ :3 630 and 1 725 cm-1 (lit. (28) m.p, lY2-134°, [a]D20 f78.9"). 

r\nal. Calcd. for C17[j?6o3: C, 73.31; M, 0.41. Fonnd: C, 73.00; I-I, 0.13. 

(6) TVitR Litltizlttt A111111i?tizl1?1 Tri-t-bz~toxy FIydridc! 
Iceto acid I1 (S = 01-1) (0.972 g) dissolved in tetrahydrofuran (15 ml) was added to a suspension of 

lithiu~n aluminium tri-t-l~utoxy hydride (4.0 g) i n  the same solvent (15 rnl). 'The nlixture was left a t  0" for 
30 min and a t  room temperature for 60 min, and then was poured into an  excess of dilute hydrochloric acid. 
\Vhen allowed to stand overnight the solution deposited a solid (0.675 g, 61%) which, after recrystallizatio~l 
from ethyl ether, melted a t  131-13'2', [alD2.L +70.1° (i:, 0.504), ~:f:~~ 3 630 and 1 725 cm-I. 

(c) TVi'itlt Potassiun~ Persulfate 
A so l~~ t ion  of 19-nortestosterone acetate (0.909 g) ill glacial acetic acid (22 ml) was treated with a mixture 

of potassi~l~n persulfate (1.3 g) and sulfuric acid (1.4 g) in acetic acid (22 ~ n l )  according to procedures already 
described (28). The product, after saponification with potassium hydroxide in aqueous dioxane, was obtained 
as  a n  oil (0.158 g) which crystallized from ethyl ether, m.p. 131-132", [a]uU '70.4" (c, 0..517), identical by 
rnised melting point and infrared spectrum with the product obtained in esperi~nents n and 6 above. 

5~,17~-D~l~ydroxy-S,5-scco-~-?~orestrnn 5-Carboxn?ilide (111; S = OFI, -I,[ = 1VIfr) 
I\ sol~rtion of 17~-hydroxy-3-oxo-4-osa-5a-estra11e (0.200 g) ill metha1101 (20 1111) s;it~lrated with ammonia 

cleposited ~leedles of the hydroxyamide (I11 ; S = 01-1, Y = XI-I,) (0.165 g) which, after recrystallization 
from methanol, melted a t  208-300°, [a]"" +1S.S0 (c, 0.461 in methallol); v::; 3 465, 3 360, 3 150, 1 680, 
a ~ ~ d  1 610 c~n-1. 

.-\rial. Calcd. for C 1 ~ 1 1 ~ 9 0 ~ N :  C, 60.11; H I  9.90; N, 4.74. Found: C, 69.31; 1-1, 0.73; 1-1, 4.01. 
011 treatment with dilute hydrochloric acid the amide regenerated the Iactol~e ( I \ / ,  S = 01-I), identilied 

by melting point, mixed melting point, infrared spectrum, and optical rotation. 

I7p-Hyd70Ny-4-oN0-5a-e~trn?1.~ (I.: X = OH) 
(a) Ijroi?~ Redz~ctio?t of I7p- I~dr0xy-3 -0~0- . / t -o .~n-5a-es t ra~ te  zoitlt Lithizln~ Alll7?ziniz~iil Ilydrzde - Bo~ott 

T~ijluoride 
17p-I-I~~dros~~-3-oxo-4-oxi1-6a-estr:~1ie (0.263 g) dissolved in boron trifluoride - ether complex (0.840 g) 

\\as added to a suspensiol~ of lithium alu~ninium hydride (0.080 g) in ether (90 ml). 'The ~n ix t~ l r e  was left a t  
0" for 1 11, refluxed for 2 11, and poured illto an  excess of dilute hydrochloric acid. The aqueous mixture was 
extracted with ether, and the extract n~ashed with 20/;, sodium hydroxide and \\,it11 water. Evaporation of 
the ether gave a crystalline solid (0.216 g, SBOjo), 111.p. 166-16S0, raised by two recrystallizations from cther 
to 17:3-175°, [a]nYl +4'2.S0 (c, 0.492) (lit. (26) m.p. 175-17Go, [ C Y ] ~ , ~ ~  +2S.S0). 

Anal. Calcd. for CliI-I?8O?: C, 77.22: I-I, 10.67. Found: C, 77.19; I-I, 10.63. 

(6) Fro112 Ifydrogc?aatiort of 17p-FIydroxy-3-o&-oxaQ5~-estrn?zc 
l'iP-l-lydroxy-3-oxo-4-oxa-5~-estr:~11e (0.200 g) dissolved in glacial acetic acid (15 ml) was 111-drogenated 

over Adams' catalyst (0.0!)0 g) until 110 more hydrogen \\,as al,sorl)cd (2 11). 'She catalyst was removed by 
Liltratio11 and the product, ~vorlced up :IS above, \\,as obtainecl as a white cr).stall i~~e solid (0.185 g, DO%), 
1n.p. 173-175°, identic;~l (mixed mcltillg point, infrared spectru111, a ~ ~ d  optical r o t a t i o ~ ~ )  with the product 
obtail~ed above. l'he same conlpourld was obtained in 87% yield b1- hydl-ogel~ation of the lactone ill acetic 
acid (15 1111) containing TOTo perchloric acid (0.1 ml), hydrogenation no\v being co~nplete in 45 min. 
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(c) Fronz &Iyd~oge~tntiolz of 17p-fIydroxy-5-oxo-3,5-seco-~-~tor~~t~a~z--oc Acid 
Iceto acid I1 (S = 011) (0.831 g) in glacial acetic acid (15 ~ n l )  was hydroyer~ated over Xdwus' catalyst 

(0.420 g) a t  room temperature and pressure. After 48 h, 3.7 moles of hydrogen/mole of lceto acid had been 
absorbed. 'l'he catal>rst n a s  removed by filtration and the filtrate diluted with ether. 'l'he ether solution was 
\vashed with 2y0 aqueous sodium hydroxide and \vater. Evaporation gave colorless needles (0.545 g, 74y0), 
1n.p. 168-17'Lo, raised by  recrystallizatio~~ from ether to 17S-175°, [ a ] ~ "  +22.6" (c, 0.496), ~ $ y : ~ ~  1103 
and 1 093 cnl-l. 

Hydrogenntion of 17~-fIydro.vy-5-oN0-3,5-seco-~-norest~a~~-3-oic Acid witlt 1 Mole of Hydrogen 
111 the presence of Adarns' catalyst 10.420 g),  Iceto acid I1 (X = OH) (1.142 g) dissolved in glacial acetic 

acid (15 ml) absorbed the theoretical amount of hydrogen after 3+ In a t  room temperat~lre and pressure. 
The catalyst \\.as removed by filtration, and the filtrate diluted wit11 ether and washed with 2yb sodium 
hydroside solution. The ether solution, 0 1 1  evaporation, gave an oil (0.142 g, 14%) that  sloivly crystallized 
and which, after recr);stallization, was identified (melting point, mised melting point, and infrared spectrum) 
as  17B-hydroxy-4-oxn-,ia-estranc. 

'l'he sodium hydroxide solution was acidified and extracted with ether. The ether solution mas \vashed 
with 5y0 sodiuun carbonate and with water, and dried. Evaporation of the ether gave arl oil (0.487 g) ~v l~ ich  
was chromatographed over activated silica gel. 'The fractions (0.287 g, 26%) eluted with benzcnc-cther 
(50:50 v/vj crystallized from ether to give 17p-hydros)~-3-0~0-4-os~1-5a-estrane, m.p. 125-129O, [a]u?l 
+67.6" (c, 0.4$)3,), identified by mixed melting point, thin-layer chromzltography, and i~~f ra red  spectrum. 

Thesodilum carbonate sol~rtion, after acidification, gave the starting Iceto acid I1 (X = OH) (0.456g, 40%). 

Prepamtion of Tetrn/~ydropyrans by Hydvogenolysis of 8-Lactones 
(a) /i-Oxa-5a-cI~olestanc 
3-0x0-4-osa-5m-cholestane (0.200 g) in acetic acid (15 ml) containing 70% perchloric acid (0.1 ml) was 

hydrogenated over .;\dams1 catalyst (0.090 g) for 45 win. The product was obtained, after crystallization 
froin nlethanol, as  plates (0.187 5, 92y0), m.p. 59-90', [ m ] ~ ? ~  +43.4' (c, 0.577), ider~tified as 4-oxa-5cr- 
cholcstane (12) by mised rneltir~g point and infrared spectrum. 

( b )  4-0.z-a-5p-cholestnne 
Sirnilar hydrogenation of 3-0x0-4-oxa-5p-clnolestnne (0.200 g) gave 4-osa-5p-cholestane (0.1'75 g, S9%), 

m.p. 51-52", +3.5" (c, O.G"D), identified by connparisoi~ (inixed nleltii~g point and iqfrared spectru~u) 
with a n  atrthentic specirnell (12). 

( 6 )  I-Oxadccalin 
2-Oso-1-osadecalin (42) (1.688 g), on hydrogenation, gave an oil (1.421 g, 807,), b.p. 184-185", 7zn2' 

I .96SG, v,,, 1 09s cm-I. 
Anal. Calcd. for CsI-I,,jO: C, 77.09: 1-1, 11.50. Found: C, 76.51: 1-1, 11.23. 

Sm,l7~-Dihydro.~y-/,-ox~~-5m-est~a~~e (VI,  X = OH) 
Lactone 1V (I\: = 01-1) (2.2 g) was reclliced mith diborane accordil~g to I'ettit et ai. (28) to give the 

hemiacetal (0.8 g), m.p. 106-100°. After several recrystallizations from ether- ethyl acetate it had tn.p. 
202-?05", [L~]D" +62" (c, 0.98) (lit. (28) 1n.p. 204-207"). 
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