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(Received 10 January 1952)

Previous papers in this series (Klyne, Schachter &
Marrian, 1948; Klyne, 1948; Paterson & Klyne,
1948) have described the isolation from pregnant
mares' urine of 5a-pregn-16-en-3,B-ol-20-one, urane-
diol and 5a-pregnane-3,B-ol-20-one as their sulphuric
acid esters. This paper describes the fractionation of
the neutral steroids of pregnant mares' urine and
the detailed examination of some non-ketonic
fractions. Most previous workers have concentrated
their attention on the ketonic fractions (see, for
example, Heard & McKay, 1939; Heard & Hofmann,
1940, 1941; Oppenauer, 1941; Prelog & Fiihrer,
1945; the last-mentioned paper gives full references
to earlier work). Marker and his colleagues in the
years 1937-9 (see references on p. 707) dealt exten-
sively with both ketonic and non-ketonic fractions,
but their work was carried out with commercial
urine extracts which had been so harshly treated
that some ofthe compounds isolated may have been
artifacts. Bauld & Heard (1940) have carried out
a brief examination of the non-ketonic steroid
fraction.

Preliminary accounts ofparts ofthe present work
have already been given (Klyne & Paterson, 1948;
Brooks, Klyne & Miller, 1951 a). The identification
of uranediol as a D-homosteroid has been described
elsewhere (Klyne, 1950).
Nomenclature follows the rules proposed by a conference

at the CIBA Foundation, London, and published in
J. chem. Soc. (1951), p. 3526. Steroid rings are distin-
guished as A, B, C and D (italic capital letters) and not
A, B, c and D (Roman small capitals) as shown in these rules.
Small capitals are undesirable since D (and L) are used for
another purpose in designating configurations relative to
glyceraldehyde or serine (cf. Biochem. J. 1948, 42, 1).
Prof. T. Reichstein draws attention to this point in the
German version of the steroid nomenclature rules (Helv,
chim. Acta, 1951, 34, 1680).

Separation of the major steroidfracton8
The extraction of the steroid conjugates from

pregnant mares' urine and their fractionation have
been described by Klyne et al. (1948). The material
used for the present study consisted ofthe conjugates

in the 'water-insoluble' and 'water-soluble' frac-
tions which could not be purified as sulphates.
These conjugates were hydrolysed to the free
steroids by hydrolysis with N-hydrochloric acid at
1000, and the free steroids were separated into
phenolic and non-phenolic fractions by extraction
of their ether and benzene solutions with sodium
hydroxide. The major separations are outlined in
Fig. 1. In the course of these separations on one
large batch of extracts, a small neutral fraction
insoluble in benzene was removed. This proved to
consist largely of trihydroxysteroids and was called
the 'Triol Fraction'.
The non-phenolic material was separated into

ketonic and non-ketonic fractions by the reagent T
of Girard & Sandulesco (1936), and these fractions
again into digitonin-precipitable (g) and digitonin-
non-precipitable (a) fractions. For one batch the
digitonin precipitation was carried out in 90% (v/v)
methanol according to Shoppee (1946); for another
batch it was carried out in 95% (v/v) ethanol at
room temperature followed by precipitation of the
more soluble digitonides with ether as suggested by
Marker, Rohrmann & Wittle (1938). The latter
method proved a simple way of obtaining uranediol
from the urine extracts.
The non-ketonic f fractions (#(M), B1 (E) and

i2 (E) in Fig. 1) were then submitted to chromato-
graphy on alumina as free alcohols, as acetates and
as benzoates.

The non-ketonic Pfractions
Separation by digitonin in methanol
The non-phenolic, non-ketonic fraction from

530 1. urine (2-39 g.) was submitted to separation by
digitonin in methanol following Shoppee (1946), and
the ,B (M) fraction was chromatographed over
alumina. Benzene eluted a little material which
apparently consisted of monohydroxy compounds;
an imperfectly characterized compound MV, m.p.
61-630, was obtained from this fraction. Most ofthe
material was eluted with benzene-ether mixtures.
This fraction (B) was acetylated and the acetates
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STEROIDS OF PREGNANT MARES' URINE. 4

were chromatographed over alumina. Three main
groups of fractions (BA, BB, BC) were eluted with
hexane-benzene mixtures. The second group (BB)
yielded after tedious fractional crystallizations and
chromatography small quantities of uranediol
diacetate, and of a new acetate called provisionally

unsaturated to tetranitromethane and shows ab-
sorption in the ultraviolet at about 200m,u., which is
compatible with the presence of an olefinic linkage
(cf. Bladon, Henbest & Wood, 1951; Halsall, 1951).
Its melting point is higher than that of any known
isomer of pregnane- or pregnene-diol diacetate.

Conjugates

Hydrolysis with acid

Free steroids

Phenolic
fraction

Girard
separation

Extraction with NaOH

Triol fraction
(benzene-insoluble,
non-phenolic).

5a-Pregnane-3p:16m:
20,-triol.

Uranetriol

Non-phenolic
fraction

Girard
separation

Phenolic Non-phenolic
non-ketones ketones

either in 90% (v/v) methanol*

Non-phenolic
non-ketones

Separation by digitonin

I
or in 95% (v/v) ethanol followed by

treatment with ethert

Digitonin
precipitable.

Fraction ,B(M)

Digitonin
non-precipitable.

Fraction a(M)

Uranediol
Compound MV (1 OH)
Compound MW (2 OH)
Compound MU (2 OH)

* Following Shoppee (1946).

Pptd. as Pptd. as Not pptd.
digitonides digitonides as digitonides.
in 95% ethanol. by ether. Fraction ac(E)
Fraction PI (E) Fraction P2 (E)
5B-Pregnane- Uranediol.
3,:20,B-diol. 5a-Pregnane-

Uranediol. 3fi:20p-diol.
5a-.Pregnane- 5a-Pregnane-
3,B:20o-diol. 3,:20oc-diol.
Compound MM Compound MN.

(2 OH). 5a-Pregnane-
Compounds MN, MR 3P:16x:20p-trioland MS (traces).
5a-Pregnane-
3,B:16ac:20,B-triol

t Following Marker, Rohrmann & Wittle (1938).

Fig. 1. Separation of the major fractions from mares' urine extracts. The compounds so far isolated in this investigation
are listed under the various fractions. The only other non-phenolic, non-ketonic 3,-hydroxysteroid isolated from
pregnant mares' urine is pregn-5-ene-3,B:20o-diol (Marker & Rohrmann, 1938). Marker & Rohrmann (1939) obtained
evidence of the presence of a urenetriol and a new 5a-pregnanetriol.

compound 'MU diacetate', m.p. 206-208'. The
many side-fractions obtained in this process were

later pooled and treated by the digitonin process of
Marker (see p. 696). The third group of fractions
(BC) after repeated crystallizations yielded a

further new compound 'MW diacetate', m.p.
175.5-178o.
Compound MU. The analysis ofthe acetate ofthis

compound and its behaviour on chromatography
suggest that it is a diacetate C,uH38_40O4; it is

Compound MW. The analysis and chromato -

graphic behaviour of MW acetate suggest the
formula C25H4004; it is saturated to tetranitro-
methane. Vigorous hydrolysis of the diacetate with
potassium hydroxide in methanol yielded urane-

diol: butMW diacetate ([M]D, -218) could not be
a polymorphic modification of uranediol diacetate
([M]D, - 120). Lack of material has prevented a

further study ofMW diacetate, but it seems possible
that compound MW may be the 17a-epimer of

Phenolic
ketones
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uranediol, in which the hydroxyl group at position
17a has the less stable 'polar' 17a a-position (as in I).
On vigorous treatment with alkali this might
perhaps rearrange to give the more stable 'equa-
torial' 17af-hydroxyl group (as in II). (See the
general discussion of 'polar' and 'equatorial' bonds

OH3 OH3

H 13 H 13
14 12 12

17 II 17 I OH
117a 117a

CH3 OH CH3 I
OH l H

I II

in steroids by Barton, 1950, where many examples
of the transformation of 'polar' to 'equatorial'
hydroxyl groups under the influence of alkali are

described.)

Evidencefor 17ap configuration of uranediol
The formulation of uranediol as a 17a-methyl-D-

homoandrostane-3p:17a-diol has been discussed by
one of us previously (Klyne, 1950). The molecular
rotation of uranediol dibenzoate, which has now

been determined, shows that the 17a-hydroxyl
group in this compound is p-oriented. The indices
a and p at C(L7a) are allotted here in their modem
significance according to the proposals made by
Goldberg, Sic6. Robert & Plattner (1947) on the
basis of the rates of hydrolysis of the 17a esters and
the androgenic activity of the alcohols. Goldberg
et al. in their paper of 1947 actually use the 'old'
indices ('ax' for the androgenically active com-

pounds which are now referred to as p-compounds).
The following are the calculations supporting the

conclusion that uranediol is a 17a,B-compound.

[M]D Uranediol dibenzoate (+ 118)
- [M]D uranediol (+ 13)

increment on benzoylation
(A2 value at C(3) and C(17a))

= + 105.

The A2 value at C(3) for a 3fl-hydroxy-5o-steroid
(Barton & Cox, 1948) is + 5. Therefore A2 value at
C(l7a)= + 100 for uranediol.
For 17a-epimeric alcohols Goldberg et al. (1947)

found the following A&2 values: at 17aac, - 152;
17a,B, + 227. Exact agreement between these A2

values and that for 17a in uranediol dibenzoate
cannot be expected because of the possibility of
vicinal action between the two benzoate groups,

and between the C(17a) benzoate group and the C(17)
methyl. However, the positive sign of the A2 value
in uranediol dibenzoate indicates that it most
probably has the 17a,B-configuration.

The compounds MM, MV and MW were named
M, V and W in our preliminary communications
(Klyne & Paterson, 1948; Brooks et al. 1951 a).
They have been renamed with the prefix M
to avoid confusion with the adrenal steroids of
Reichstein.

Separation by digitonin in ethanol and ether
The non-ketonic material from 270 1. urine

(5-18 g.) treated according to Marker, Rohrmann &
Wittle (1938) yielded the following three fractions:
p1 (E), compounds precipitated by digitonin in
95% (v/v) ethanol at 15-20° (1.03 g.); p2(E),
compounds not precipitated by digitonin in 95%
ethanol, but precipitated in ether (380 mg.); a (E),
compounds not precipitated by digitonin (3-5 g.).

Fraction ,1 (E). This material was chromato-
graphed as free alcohols on alumina, yielding three
main fractions eluted with benzene-ether mixtures,
IA, IB, and IC (total about 800 mg.); the less
easily eluted fractions (about 200 mg.) have not
been studied in detail. Each of the three main
fractions was again chromatographed; IA gave
a gum, very easily eluted with benzene containing
10% ether, and then some impure uranediol: IB
gave more impure uranediol and 5a-pregnane-
3P:20,-diol (cf. Bauld & Heard, 1940): IC (410 mg.)
gave much material which after crystallization from
ethyl acetate-light petroleum appeared to be fairly
pure 5a-pregnane-3,:20,-diol (170 mg.). Data
proving the identity of this compound (m.p. 194-5-
1960) with authentic material are given in Table 2
(p. 702).

Chromatography of benzoate8. The finding of 5cx-
pregnane-3,:20,-diol in such large quantities led to
a search for the 20a-epimer, which had been isolated
from pregnant mares' urine by Marker & Rohrmann
(1938). It was known from previous synthetic work
(cf. Klyne & Barton, 1949) that 20-epimeric hydr-
oxysteroids could not be readily separated by
chromatography oftheir acetates. It was, therefore,
proposed to try the use of the benzoates, which had
been employed successfully by Barton & Miller
(1950) to separate the epimeric 5a:6a- and 5P:6p-
epoxycholestan-3p-ols. Pilot experiments with
synthetic mixtures of 20-epimeric benzoates showed
at once that these could be separated almost quanti-
tatively in a single chromatogram on alumina, the
20p-benzoate being eluted before the 20a. (These
pilot experiments have been described briefly by
Brooks, Klyne & Miller, 1951 b; a fuller account of
this work is in preparation. Turner & Voitle (1951)
described the use of benzoates for separating 20-
epimeric steroids almost simultaneously with us.)

All those portions offraction P,1 (E) which had not
been separated as pure uranediol or 5a-pregnane-
3,:20,-diol were benzoylated and chromatographed.
The chromatograms yielded four major constituents
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as dibenzoates in the following order: 5oc-pregnane-
3,:20,-diol, 5cx-pregnane-3P:20oc-diol, uranediol and
a new compound MM. All these benzoates have
sharp melting points and crystallize well; a solvent
suitable for crystallizing many steroid benzoates is
chloroform-methanol (20:80 v/v). This appears to
be the first occasion in which a pair of 20-epimeric
hydroxysteroids has been isolated from the same
urine. Dataproving the identity ofthe 5a-pregnane-
3,:20a-diol from mares' urine with authentic
material are given in Table 4. The constitution of
compound MM has not been elucidated. From the
analysis of its benzoate and from the chromato-
graphic behaviour ofthe alcohol and the benzoate it
seems probable that it is an isomer of pregnanediol
(C21H3,02) or pregnenediol (C21H3402). It is not
identical with pregnane-3#:20fi-diol or 5a-pregn-16-
ene-3p:20fl-diol, which it resembles in some pro-
perties (see Table 5).

Fraction B2 (E). This was chromatographed on
alumina after the removal of material insoluble in
benzene. Most of the material was eluted with
benzene-ether mixtures; the earlier fractions yielded
almost pure uranediol, the later fractions, crude
5cx-pregnane-3,:20,B-diol. As was the case with
fraction p,1 (E) the compounds could be separated
much more easily as benzoates than as alcohols.
Thus uranediol and 5a -pregnane - 3,B:20,B - diol
appeared in both P1 and ,l2 fractions; the 5a-
pregnanediol chiefly in the P1 fraction and the
uranediol in the P2 fraction.
The benzene-insoluble portion of fraction ,2 (E)

was chromatographed after benzoylation. 5x-
Pregnane-3,:20f,-diol dibenzoate was eluted first,
followed by a fraction consisting of the tribenzoates
of the triols-chiefly 5oc-pregnane-3f:16m:20P-triol.

Quantities i8olated. It is impossible after such
a lengthy fractionation process to estimate the
quantities of the various steroids originally present
in the urine, but the quantities of the principal
steroid diols isolated in a fair state of purity from
2701. urine are as follows. (The figures include
material isolated as alcohols, as benzoates and as
sulphate, all calculated as alcohols.) Uranediol,
390 mg.; 5oc-pregnane-3#:20fl-diol, 250 mg.; 5x-
pregnane-3p:20oc-diol, 20 mg.; compound MM,
40 mg.

Fraction oc (E). This has not been investigated
fully, but the benzene-insoluble portion of it yielded
a new polymorphic modification of uranetriol
triacetate.

The triol fraction
This fraction contained no phenols and very little

ketonic material. The non-ketonic portion has
yielded two compounds, namely 5ac-pregnane-
3,:16ce:20,B-triol (first isolated by Haslewood,
Marrian & Smith, 1934; constitution determined by
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Hirschmann, Hirschmann & Daus, 1949) and
uranetriol (Marker, Kamm, Crooks, Oakwood,
Wittle & Lawson, 1938; Marker, Kamm, Oakwood,
Wittle & Lawson, 1938). No generally satisfactory
method of separating these triols has yet been
found. The two isomers could be separated from one
batch of extract by fractional crystallization of
their acetates from methanol and aqueous methanol
(Marker, Kamm, Crooks et al. 1938). The identity of
our uranetriol triacetate (m.p. 135-136°) and that of
Marker (m.p. 1360) was proved by the identity of
their infrared absorption spectra which were kindly
determined by Dr K. Dobriner and Mrs P. Hum-
phries of the Sloan-Kettering Institute, New York.
The triol fraction from the other batch of extract
could not be separated by chromatography and
fractional crystallization of the acetates in this way.
However, fractional crystallization of the mixed
acetates from light petroleum followed by methanol
yielded a compound of m.p. 153-154°; this was
shown by the identity of its infrared absorption in
carbon disulphide with that of uranetriol triacetate
(m.p. 135-136o) to be a polymorphic modification of
the latter. Both forms of uranetriol triacetate on
alkaline hydrolysis gave uranetriol, the melting
point of which agreed with that found by Marker,
Kamm, Crooks et al. (1938).

After it had been found that steroid diols, which
could not be separated efficiently by chromato-
graphy of their acetates, could often be separated
well by chromatography of their benzoates,
attempts were made to separate the two triols in this
way. These attempts were unsuccessful except
where one or other triol predominated in the
mixture; in such cases the predominant isomer
could be obtained pure.

EXPERIMENTAL

Material
The material used consisted of all the 'water-insoluble'
conjugate fractions (Klyne et al. 1948), which had not been
separated as sulphates of 5ac-pregn-16-en-3f,-ol-20-one, 5xc-
pregnane-3,-ol-20-one and uranediol, and the 'water-
soluble' conjugate fractions from two batches of pooled late
pregnancy urine. Batch B (2701. urine) was obtained from
the Ovaltine Research Laboratories and British Drug
Houses Ltd.; batch D (5301. urine) was obtained from
N.V. Organon, Oss, Netherlands.

General method.s
Melting point8. These were determined on the hot-stage

apparatus of Klyne & Rankeillor (1947), and are corrected
for emergent stem.

Specific rotations. These were determined for the D line,
using a 0 5 dm. microtube. The errors are calculated as
described by Klyne et al. (1948) except that five pairs of
readings with the solutions and five pairs with a solvent
blank were taken in each case. Temperature, where not
stated, was 20-25°.
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Micro-analyses. These are by Dr J. W. Minnis, Edinburgh,

or Drs Weiler and Strauss, Oxford. Compounds were dried
to constant weight at 1100 in vacuo unless stated otherwise.

Ultraviolet absorption spectra. These were determined in
ethanol (sometimes containing 1% (v/v) CHCl,), using a
Beckman spectrophotometer, model DU.

'Usual working-up.' See Klyne (1948).
Chromatograms. These were carried out using A120, as

described by Paterson & Klyne (1948). The proportions of
mixed solvents are given as % (v/v). The activity of the
A12O0 was determined according to Brockmann & Schodder
(1941), and was II-III where not stated otherwise.

Light petroleum was the fraction of b.p. 60-80'.
Benzoates. These were prepared by dissolving the steroid

in pyridine (1 ml./100 mg.), cooling the solution in ice and
adding benzoyl chloride dropwise (0.1 ml./100 mg. ofsteroid
for each hydroxyl group). The solution was allowed to stand
for 18 hr. at room temperature and then ice was added to
react with the excess benzoyl chloride. After being allowed
to stand for a further 2-3 hr. the mixture was worked up in
the usual way.

Acetate&. These were prepared in the same way as the
benzoates using acetic anhydride (0.2 ml./100 mg. of
steroid) in place of benzoyl chloride.

Hydrolys8i of conjugates
The following notes describe the hydrolysis and fraction-

ation of batch D. Batch B was treated in a similar way,
except for the digitonin separation described on p. 701. The
'water-insoluble' and 'water-soluble' fractions were com-
bined in 2-5 1. water; conc. HCI (200 ml., I1N) was added
and the mixture was heated at 100° for 2 hr. It was
cooled and extracted with ether (2 x 500 ml., 1 x 300 ml.,
3 x 200 ml.); a little tarry material which adhered to the
sides of the separating funnels was dissolved in ethanol and
added to the ether extracts. The aqueous solution was
rejected and the ethereal extracts used for the separation of
phenols from non-phenols.

Separation of the major steroidfractions
Phenolic and non-phenolic fractions. This separation is

shown diagrammatically in Fig. 2.
Since weak phenols cannot be readily extracted with

N-NaOH from ether, but can be extracted by this reagent
from benzene, the 'non-phenolic' fraction I from the ether
was transferred to benzene and then was further extracted.
This method was very clumsy, due to the unexpected
appearance of a benzene-insoluble fraction (later called the
triol fraction). In future we propose to extract the original
hydrolysis mixtures with benzene, ifiter off the benzene-
insoluble material, and extract the benzene solutions with
N-NaOH.
The products finally obtained were: triol fraction, 0-7 g.

pale-buff solid; non-phenolic fraction II, 5 54 g. dark-
brown gum; phenolic fractions (I and II), 1-50 g. pinkish
sticky crystalline solid. The triol fraction gave a negative
Millon reaction, and therefore contained little or no phenolic
material.

Non-phenolic ketones and non-ketones. The non-phenolic
fraction was separated further using the hydrazide reagent
T of Girard & Sandulesco (1936) in the conditions described
by those authors. The first Girard separation yielded a
ketonic fraction (2-25 g.) and a non-ketonic fraction
(2-82 g.). Each ofthese fractions was submitted to a further

Girard treatment since this process does not effect a clean-
cut separation. The final ketonic fraction weighed 1-59 g.
and the final non-ketonic fraction 2-39 g.

Separation of non-phenolic non-ketones
by digitonin in methanol

The final non-ketonic fraction from the Girard separation
of batch D was submitted to digitonin separation in 90%
methanol as described by Shoppee (1946) yielding the
following fractions: non-ketonic, precipitated by digitonin;
fraction ,B (M), 968 mg.; non-ketonic, not precipitated by
digitonin, fraction cx (M), 843 mg.

Fraction P (M)
This fraction (968 mg.) was dissolved in benzene and

chromatographed on 30 g. AI,03 (activity I-II) giving the
following fractions (solvents used for elution are given in
parentheses). A (benzene), 30 mg.; B (benzene-ether
mixtures), 727 mg.: C (ether), 15 mg.; D (acetone), 42 mg.;
E (methanol), 39 mg.
The main fraction B from the first chromatogram was

acetylated and the acetates dissolved in 5 ml. benzene and
95 ml. hexane and chromatographed on A1303 (27 g.,
activity IV). The following fractions were obtained: BA
(hexane: benzene, 95:5), 253 mg. gum; BB (hexane: ben-
zene, 95:5), 340 mg. crystalline solid; BC (hexane: benzene,
50:50 and 40:60), 169 mg. crystalline solid; BD (benzene),
33 mg. partly crystalline; BE (ether), 62 mg. gum.
Compound MV. Fraction A was again chromatographed

on 1 g. A120, (activity IV). Pentane eluted 27 mg. partly
crystalline material, which when crystallized twice from
methanol-ether formed leaflets, m.p. 61-63'. This sub-
stance, provisionally called compound MV, was readily
soluble in ether or CHCl3 and sparingly soluble in methanol.
It gave a precipitate with digitonin in 90% (v/v) ethanol.
It gave no colour with tetranitromethane in CHCl8, or in the
Liebermann-Burchard test. It was sublimed for analysis at
90115'/3,u. (Found, C, 84-1; H, 13-7. C2lHMO requires C,
82-9; H, 11-9. C27H480 requires C, 83-5; H, 12-4. C30H5O0
requires C, 84-6; H, 11-7. C30H520 requires C, 84-2; H,
12.0%.) Lack of material prevented further work on this
compound.
Compound MU diacetate. Fraction BB was crystallized

from hexane (4ml.) giving 66mg. of crystals (fractionBB 1),
m.p. 150-165°. This material after three further crystalliza-
tions from hexane yielded 7-5 mg. of thick plates, m.p.
202-2060 after subliming at about 1800 and softening at
1970. This material, provisionally called compound MU
diacetate was sublimed at 160-180/1 H. (Found C, 74-4; H,
9-1. CuHNO4 requires C, 74-6; H, 9-5. C,5HNO4 requires
C, 74-2; H, 10-0 %.) [a] 2 -89-5±1-0°inCHCl3(c, 0-58). If
molecular formula is C25HnO4, [M]D is - 360.
The ultraviolet absorption of compoundMU diacetate in

the region 200-220 m,u. was measured with a Unicam
SP500 spectrophotometer (at Birkbeck College, University
of London, through the courtesy of Dr D. H. R. Barton).
The compound showed the following values for c (assuming
the molecular formula C,4H"O4): at A,,,., 203 mi.; c, 2240:
at 210 m,u.; E, 810: at 220 m,u.; E, 87. These values are com-
patible with the presence of an olefinic linkage, probably
trisubstituted (cf. Bladon et al. 1951; Halsall, 1951). The
compound gave a faint but definite yellow colour with
tetranitromethane in CHC13.

698 I952



STEROIDS OF PREGNANT MARES' URINE. 4
Ethereal extracts from hydrolysis

Ether

Eth4

Non-phei
fraction

I
Benzene

Washed with water
(3 x50 ml.)
evaporated to
dryness

Non-phenolic
fraction II
(5.54 g.)

Washed with N-NaCO (1 x 250 ml.; 3 x 100 ml.)

Na,CO,
washings

acidic material
(rejected)

Extracted with N-NaOH (12 x 100 ml.)

Washed with water
(3 x 100 ml.) and
evaporated to
dryness

nolic
.I

Dissolved in ethanol
(50 ml.) + benzene
(50 ml.); diluted with
benzene (600 ml.);
extracted with N-NaOH
(2 x 100 ml.; 6 x 50 ml.);
white solid formed
ifitered off after third
NaOH extraction

So

NaOH
washings

Acidi
witi
witl
5xX

.n
Benzene extracts
washed with water
(3 x 50 ml., rejected)
evaporated to dryness.
Phenolic fraction II
(0-08 g.)

1
;olid
3enzene-insoluble
fraction
(Triol fraction)
(0-7 g.)

--,
NaOH extracts

phenols

Washed with ether (100 ml.)
and acidified to pH 2
(HCI); extracted with
ether (1 x 200 ml.;
7 x 100 ml.)

Aqueous
Ether solution

(rejected)

Washed with water
(3 x 50 ml.),
evaporated to dryness

Phenolic fraction I
(1.42 g.)

Iified to pH 2
h HCl, extracted
h benzene (1 x 100 ml.,
50 ml.)

Aqueous
solution
(rejected)

Fig. 2. Separation of phenolic and non-phenolic fractions.

Uranediol diacetate. The mother liquors of fraction BB1
after further chromatography and crystallization from
hexane and from aqueous methanol yielded some uranediol
diacetate. Fraction BA and all the material from fraction
BB which had not been purified as uranediol diacetate or

compound MU were combined and hydrolysed with KOH;
the alcohols were submitted to the Marker digitonin separa.
tion (as described on p. 701). Uranediol was obtained pure
in this way very much more easily than by chromatography
and crystallization of the acetates.

Vol . 5 I 699
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Compound MW diacetate. Fraction BC (169 mg.) was

recrystallized twice from aqueous methanol, once from
aqueous ethanol and twice from hexane to give a product,
rectangular leaflets, m.p. 175-5-178°, provisionally called
compound MW diacetate. (Found after subliming at 150-
180°/1,u., C, 74-8; H, 9.7. C2,H80O4 requires C, 74-6; H, 9.5.
C25H4004 requires C, 742; H, 10.0%. [a]19 -54 0±1.1° in
CHCls (c, 1.03).) Insufficient pure material was available for
a duplicate determination of the rotation, but since the first
determination gave an unexpectedly large negative value,
a second determination was carried out, using less pure
material of m.p. 173-176°. The value found, [i]19°-46-0
±0.60 in CHOl, (c, 1.00), was in rough agreement with the
previous value. MW diacetate gave a barely perceptible
colour with tetranitromethane in CHCl3.

chromatographed on A12O.. The material eluted with light
petroleum-benzene mixtures (70: 30-50:50), after crystal-
lizationfrom CHCl,-methanol, formed leaflets, m.p. 214-218°
(softening from 209°). This product gave a considerable
depression in melting point on admixture with uranediol
dibenzoate of m.p. 211-213°. The product has [a]20' - 24 9
±0.50 in CHCl, (c, 0.82). The ultraviolet absorption showed
maxima at 228 and 272 m&.; ElCj' 317 and 20-2. These
values are far too low for the dibenzoate of a C21 diol;
Pearlman (1944) found El % 525 and 37-6 for the corre-
sponding maxima for 5cx-pregnane-3fl:20fl-diol dibenzoate.
Cholestan-3fl-ol benzoate (mol.wt. 492) had A... 228 and
272 mi,., E I°/ 284 and 17-1 (unpublished observations by
Mr H. S. Wiggins). The E l % values calculated from this for
a C21 acetate-benzoate of mol.wt. 466 are 300 and 18 1, with

Fraction ,lB(E);
digitonides
insoluble in
95% ethanol
(1.10 h.)

Chromatographed
as alcohols
(Table 1)
and then as
benzoates
(Table 3)

Non-phenolic, non-ketonic fractions

(5.18 g.)
Digitonin separation

Fraction ,2(E); digitonides
soluble in 95% ethanoL but
insoluble in ether (380 mg.)

Treated with benzene

_

Benzene-
insoluble
fraction

,B2(E)A j114 mg.)

Chromatographed
as benzoates

Benzene-
soluble
fraction

,B2(E)B (260 mg.)

Chromatographed
as alcohols

Fraction a(E);
not precipitated
by digitonin
(3.5 g.)

Treated
with
benzene

Fraction a(E)A Fraction a(E)B
benzene-insoluble benzene-soluble
material material
(470 mg.) (3 0 g.); chro-

matographed
(part) as

Chromatographed alcohols, then
as acetates, as benzoates
then as ben- (see subse-
zoates quent paper)

Fig. 3. Fractionation of non-phenolic non-ketonic fraction following Marker, Rohrmann & Wittle (1938).
Outline of method.

Hydroly8i8 of compound MW diacetate with potas8ium
carbonate. The diacetate (8 mg.) in methanol (0B5 ml.) was
hydrolysed by refluxing with K2CO3 (10 mg.) in water
(0.1 ml.) for 1 hr. The usual working-up yielded a product
which was readily soluble in ethanol, sparingly soluble in
hexane, more soluble in ether; this on crystallization from
hexane-ether gave rosettes of very small needles, m.p.
152-156°. This material gave no precipitate with digitonin
in 90% ethanol, and no colour with tetranitromethane in
CHC13. It dissolved in conc. H2804 to give, after a few
seconds, an orange-red colour with a slight green fluor-
escence; in the Liebermann-Burchard reaction both layers
developed a golden-yellow colour in a few seconds. Evidence
presented later indicates that this material may have been
compoundMW monoacetate.
The mother liquors ofthe crystallization from whichMW

diacetate had been obtained were hydrolysed with K2CO3 in
aqueous methanol; the crude product was benzoylated and

which the experimental values for the benzoylation product
of m.p. 214-218' are in fair agreement.

Hydroly8i8 of MW e8ter8 with potassiUm hydroxide. The
presumed acetate-benzoate of m.p. 214-2180 (18 mg.) was
refluxed for 2 hr. withexcess KOH inaqueous methanol.The
usualworking-upyielded 10mg. solidwhich, after crystalliza.
tion from ether-light petroleum, gave small needles m.p.
2150 (after subliming in needlesfrom 1900). Mixed m.p. with
uranediol, 212-215°. The product gave, during heating on
the Kofler block, the characteristic smell of heated urane-
diol. Concentration of the mother liquors gave a further
quantity of the same material. [ac] 20' + 2-9 ± 1.00 in CHCl,
(c, 0.62). Two previous determinations of the rotation of
uranediol gave [a]D +2-1±0.80 and +3.7±0.80 in CHC1,.
The hydrolysis product on acetylation gave an acetate

which on crystallization from methanol formed prisms,
m.p. 163-165°; not depressed on admixture with authentic
uranediol diacetate.
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The presumed monoacetate of compound MW (m.p. 152-
1560) was similarly hydrolysed with KOH in aqueous
methanol. The product had m.p. 214-217°, not depressed by
admixture with uranediol.

Separation of non-phenolic non-ketone8
by digitonin in ethanol and ether

The non-ketonic material from batch B (5.18 g.) was
dissolved in boiling ethanol (95% v/v, 450 ml.) and a hot
solution of digitonin (15 g.) in ethanol (95% v/v, 900 ml.)
was added (cf. Marker, Rohrmann & Wittle, 1938). The
separations are outlined in Fig. 3. The mixture was cooled to
15-20° and after 3 hr. the precipitate which formed was
filtered off, washed with ethanol (95% v/v) and decomposed
with pyridine and ether. The digitonin-free product
(fraction ,1(E)) weighed 1-10 g. The ethanolic filtrate
was concentrated in vacuo on the water bath until solid
began to separate (volume of solution, approx. 40 ml.). Dry
ether (800 ml.) was added and the precipitate which formed
was filtered off after standing 1 hr., and washed with ether.
This second digitonide precipitate was decomposed like the

Run

1-3
4
5-9
10-12
13-14
15-17

1-5
6-7
8-9
10
11-25

1-11
12-13
14
15
16-18
19-20

1-8
9-11

12-15
16-23
24-25

1-2
3-5
6-9
10-12
13-26

first, giving fraction B2 (E) (380 mg.). The ethereal filtrate
was evaporated to dryness giving fraction m (E) (3 5 g.).

Chromatography offraction 1 (E) as free alcohols

The fraction (1-10 g.) was dissolved as much as possible in
benzene-ether (80:20), filtered from a little undissolved
material, and chromatographed on A12O3. The results ofthis
and four subsequent chromatograms on the material as free
alcohols are shown in Table 1.

Uranediol. Fraction IIIB (Table 1) after crystallization
from aqueous ethanol or from ethyl acetate-light petroleum
gave uranediol, 50 mg., m.p. 216-219°, not depressed by
admixture with an authentic sample obtained from the
sulphate (Klyne, 1948). Further quantities (30 mg.) were
obtained from fractions IIC and D by chromatography
and crystallization.

5a-Pregnane-3fl:20P-diol. Each of the seven groups of
fractions IVB-H (Table 1) on crystallization from ethyl
acetate-light petroleum yielded a product of melting point
between 186 and 1940, total wt. 170 mg. The three best
fractions were combined and crystallized again from the

Table 1. Chromatography offraction fl (E) as alcohol8

Eluate

Fraction Weight
Eluent no. (mg.) Appearance
Chromatogram I: Fraction P1 (E); 30 g. AI,03; each run 100 ml. of eluent

Benzene-ether (80:20) IA 352 Gum, see chromatogram II
Benzene-ether (80:20) IB 219 Solid, see chromatogram III
Benzene-ether (80:20) IC 376 Solid, see chromatogram IV
Benzene-ether (50:50) ID 537 Gum see chromatogram V
Ether ID 26 Gum see chromatogram V
Ether-methanol (50:50) and IF 240 Gum
methanol

Chromatogram II: Fraction IA; 10-5 g. AJ103; each run 35 ml. of eluent
Benzene-ether (90: 10) IIA 133 Gum
Benzene-ether (90: 10) IIB 25 Crystals
Benzene-ether (80:20) IIC 32 Crystals
Benzene-ether (80:20) IID 8 Crystals
Benzene-ether (60:40 and 20:80) IIE 12 Gum
and ether

Chromatogram III: Fraction IB; 18 g. Al,03; each run 20 ml. of eluent
Benzene-ether (up to 25% ether) IIIA 21 Gum
Benzene-ether (70:30) IIIB 80
Benzene-ether (70:30) IIIC 29
Benzene-ether (70:30) IIID 33 Crystals
Benzene-ether (70:30) IIIE 39
Benzene-ether (60:40) IIIF 20 Gum

Chromatogram IV: Fractions IC + IIIE; 27 g. A1403; each run 40 ml. of eluent
Benzene-ether (85:15 and 80:20) Nil
Benzene-ether (75:25) IVA 113 Crystals
Benzene-ether (75:25)
Benzene-ether (70:30) 1
Benzene-ether (60:40)

IVB-H 309 Seven groups of crystallineI fractions

IVJ 19 Crystals

Chromatogram V: Fractions ID +IE + IIE; 2-2 g. Al,0,; each run 7 ml. of eluent
Benzene-ether (66:33) VA 23 Gum
Benzene-ether (66:33) VB 13 Gum
Benzene-ether (33:66) VC 5 Solid
Ether
Ethanol-methanol mixtures and VD 12 Gum
methanol

Melting
point

182-1920
155-1750

170-1900
203-2100
193-2050

207-2170
190-2000

j 145-1600
155-1800

150-1800
165-1900
mainly
180-1900
150-1650

90-1100
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Table 2. Identification of urinary 5m-pregnane-3p:20fi-diol

Diol
M.p.
Mixed m.p.
[aOD in CHC13

Analysis

Diacetate
M.p.
Mixed m.p.
[a]D in CHC13

Analysis

Dibenzoate
M.p.
Mixed m.p.
[M]D in CHCl3

Analysis

Urinary
compound

194-5-1960
195-1980

-0-7±0 70
(c, 1.11)

C, 78-7; H, 11.2%

140-5-141-50
139.-51410

+20-8+0-80
(c, 1-00)

C, 74-0; H, 10.1%

236.-5237.50
235-5-237.50

7.7±0 40
(c, 2.04)

C, 79-6; H, 8.6%

Authentic 5B-pregnane-
3#:20#-diol*

194-1950

+2.9+0.90
(c, 1.02)

C, 78-7; H, 11.3%
(cale. for C21H3802)

141-1420

+220
(c, 5'2)

C, 74-2; H, 10.0%
(calc. for C25H4004)

237.5-2390

-101± 0.50
(c, 2.08)

C, 79-5; H, 8-4%
(calc. for C,5HOj4)

* Data for the diol are from Klyne & Miller (1950); data for the diacetate from Klyne & Barton (1949); data for the
dibenzoate are new.

Table 3. Chromatography of part8 offraction P1 (E) a.s benzoatea

Eluate

Fraction Weight
Eluent no. (mg.) Appearance*

Chromatogram VI: Benzoylated mother liquors of 5x-pregnane-3fl:20fl-diol
from fractions IVB-H (Table 1). 12 g. A120,; each run 20 ml. of eluent

1-8 Light petroleum-benzene (90: 10) VIA

9-13 Light petroleum-benzene (85:15) VIB
14-16 Light petroleum-benzene (80:20) J
17-19 Light petroleum-benzene (70:30) VIc
20-25 Light petroleum-benzene (50:50) VID
26-29 Light petroleum-benzene (25:75) VIE
30-32 Benzene I

82 Crystals
(5a-pregnane-3P:20P-diol)

32 Solid
(50c-pregnane-3,B:20x-diol)

4 Trace gum
35 Solid (compound MM)

23 Gum

Chromatogram VII: Fractions IID, IIIC, D, F, IVA, Table 1 (intermediate between uranediol and
5o-pregnane-3f:20-l-diol in alcohol chromatograms); benzoylated; 15 g. A1203; each run 25 ml. of eluent

1-3 Light petroleum-benzene (95:5)
4-13 Light petroleum-benzene (90: 10)

14-16 Light petroleum-benzene (85:15)
17 Light petroleum-benzene (85:15)
18-20 Light petroleum-benzene (80:20)
21 Light petroleum-benzene (70:30)
22-25 Light petroleum-benzene (70:30)
26 Light petroleum-benzene (70:30)
27 Light petroleum-benzene (60:40))
28-32 Light petroleum-benzene (60:40)
33-40 Light petroleum-benzene (50:50 and

25:75) and benzene

VIIA
VIIB

VIIC

VIID

VIIE

VIIF

VIIG
VIIH

10 Gum
111 Solid

(5a-pregnane-3fi:20fi-diol)
13 Solid (as VIIB)

18 Solid

54 Solid (uranediol)

16 Solid

29
22

Solid (compound MM)
Gum

* Compounds present, as benzoates, shown in parentheses.

[Run
Melting
point

230-2400

158-1700

145-1570

234-2380

223-2320

120-2160

202-2110

135-1970

183-1960
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same solvent mixture yielding 40 mg. 5x-pregnane-3ft:20fl-
diol. The properties of this product and its diacetate, and of
authentic 5x-pregnane-3fl:20fl-diol are listed in Table 2.

Chromatography offraction P1 (E) as acetates
Fraction IF (Table 1) was the material eluted last from

A1203: it was expected that this would consist of triols.
It was acetylated and chromatographed on AI203. Light
petroleum-benzene mixtures (60:40 and 50:50) eluted solid
fractions (56 mg.) with melting points in the range of 126-
1550. This material was combined and recrystallized twice
from methanol (0 5 and 0 3 ml.) and once from light
petroleum (0-5 ml.) to yield 5zc-pregnane-3i:l16m:20fl-triol
triacetate, m.p. 164-168° (not depressed by admixture with
authentic material), [c]20' - 51-3+0-60 in CHC13 (c, 1.35).

m.p. 163-164°, which depressed the m.p. of 5zx-pregnane-
3,B:20a-diol dibenzoate. A second recrystallization from the
same mixture (about 4 ml.) gave rectangular leaflets
(15 mg.) which were a polymorphic modification of the
compound, m.p. 191-5-192-5°. (Found: C, 79-7; H, 8l1.
C35H4404 requires C, 79-5; H, 8-4. C35H4.04 requires C, 79-8;
H, 8.0. CuH4004 requires C, 79-2; H, 8-1. C,3H.04 requires
C, 795; H, 7.7 %.) The ultraviolet absorption of MM
benzoate was compatible with its formulation as the
dibenzoate of a C21 diol; ;Ammax 230 and 273 m,u., E 1%° 527
and 39 0. Pearlman (1944) found for 5o-pregnane-3f:20p-
diol dibenzoate AA,,., 231 and 272 m,., El 525and376.

Recrystallization of fraction VIIG from CEHCl3-methanol
mixture yielded a further 18 mg. of compound MM
benzoate.

Table 4. Identification of urinary 5oc-pregnane-3f:20cm-diol

Dibenzoate
M.p.
Mixed m.p.
[w] 20 in C013s

Diol
M.p.
Mixed m.p.
[aC]D in CHR03

Urinary
compound

170.5-1720

+ 27-7 +0.70
(c, 0 84)

217-2180

+20-0± 1.40
(c, 0 64)

Authentic 5o-pregnane-
3#:20x-diol*
170-1710

168.5-169.50
+27-8+0.20
(c, 2-10)

218-2200
217-218-50

+22-6+ 1.30
(c, 0 93)

* 5cx-Pregnane-3,B:20x-diol dibenzoate (authentic). (Found: C, 79-2; H, 8-3. C3,H4404 requires C, 79-5; H, 8.4%.)

Chromatography offraction fl (E) a8 benzoate8
The mother liquors (116 mg.) from the crystallization of

5oi-pregnane-3fi:20fl-diol in fractions IV B-H (Table 1) were
benzoylated and the product (1.90 mg.) chromatographed on
A1203. (Chromatogram VI, Table 3.)
The mother liquors from the crystallization of uranediol

were combined with fractions IID, IIIC, D, F, and IVA
(Table 1) and benzoylated. The product (260 mg.) was

chromatographed on Al,03. (Chromatogram VII, Table 3.)
From these chromatograms four benzoates were readily

separated, namely those of 5a-pregnane-3fl:20a- and
-3ft:20fi-diols, uranediol and a new compound MM.

5oc-Pregnane-3fl:20l-diol. Fraction VIA on recrystalliza-
tion twioe from CHCl3-methanol (25:75) yielded needles,
m.p. 236.5-237-5°. Details ofthe comparison with authentic
5ac-pregnane-3fl:20fl-diol dibenzoate and analysis are given
in Table 2. Further quantities were obtained from fractions
VIIB, C and VIII B, C by crystallization.

5a-Pregnane-3B:20ac-diol. Fraction VIB was recrystal-
lized twice from CHCl3-methanol (20:80) yielding 12 mg. of
prisms which proved to be the dibenzoate of 5a-pregnane-
3,:20a-diol. The properties of this product, of its parent diol
and of authentic material are listed on Table 4. Dr K.

Dobriner (Sloan-Kettering Institute, New York) kindly
determined the infrared absorption of the dibenzoate ob-
tained from the urinary material and stated that it was

identical with that of the authentic material 'with the
exception ofa small band at 1040 cm.-', whichmay be due to
some impurity'.
Compound MM. Recrystallization of fraction VID

(Table 3) from CHCl3-methanol mixture (20:80, about
6 ml.) yielded 24 mg. of compound MM dibenzoate, plates,

Hydrolysis of the benzoate (24 mg.) by refluxing with
methanolic KOH yielded 13-5 mg. of a product which was
recrystallized twice from ethyl acetate-light petroleum to
yield compound MM (5 3 mg.), rosettes of elongated
prisms, m.p. 184-185° after subliming in needles from 162°.
Compound MM gave a precipitate with digitonin in 95%
ethanol, but gave no colour with tetranitromethane. In the
Liebermann-Burchard test it rapidly gave a reddish brown
colour in the conc. H2S04 layer; the CHRa0 layer remained
colourless.
Compound MM was acetylated and the product was

chromatographed on A1203 and recrystallized from light
petroleum giving needles, m.p. 108-109-5°.

Table 5 shows a comparison of the properties of com-
pound MM and its derivatives with those of pregnane-
3,B:20,B-diol and 5oc-pregn-16-ene-3,:20fl-diol. MM is
clearly not identical with pregnane-3fl:20f-diol. Dr K.
Dobriner kindly examined the infrared absorption ofMM
acetate; he stated that it was not identical with that of
5a-pregn-16-ene-3,B:20f,-diol diacetate, but that compound
MM may contain an olefinic double bond.

Uranediol. Fraction VIIE (Table 3) was recrystallized
twice from CHCl3-methanol (20: 80) to yield leaflets (30 mg.),
m.p. 209-210°, not depressed by admixture with an auth-
entic sample of uranediol dibenzoate, [x]2' + 18.60 +0.60
(in CHC13, c, 1-05). The authentic sample of the dibenzoate
had m.p. 211-213°. [z]D+22-40+1-20. (Found: C, 79-4;
H, 8 1. C,5H4404 requires C, 79 5; H, 8.4%.) Ultraviolet
absorption, Am,.. 230 and 272 m,u., log e.,L 4-43 and 3-26.

Other compounds. Fraction IIA (Table 1; 133 mg.) con-
sisted of material more easily eluted from A1203 than the
pregnanediol isomers. It was chromatographed again on
Al,03 but, since no apparent separation occurred, the bulk
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of the material was combined and benzoylated. Chromato-
graphy of this product on A1208 yielded chiefly gums, but
small quantities of two solid compounds were obtained. The
first solid fraction (4 mg.) eluted with light petroleum-
benzene (90: 10) was recrystallized twice from methanol to
yield plates of m.p. 167-171° (compound MR benzoate).
The second compound was eluted with light petroleum-
benzene (60:40) mixtures and had m.p. 185-188° after
being recrystallized twice from methanol (compound MS
benzoate). Neither compound was identical with any known
benzoate.

eluted BR (50 mg.) and methanol BS (50 mg.). Since
uranediol and 5x-pregnane-3fl:20fl-diol were subsequently
obtained more easily by chromatography oftheir benzoates,
it seems unnecessary to give details of their isolation as
diols from these fractions.
The mother liquors from the crystallization of 5a-preg-

nane-3f:20ft-diol and uranediol were combined with similar
material from the urine of batch D and benzoylated. The
product (179 mg.) was chromatographed on A1203. Light
petroleum-benzene mixtures (85:15) eluted 70 mg. of solid
which was recrystallized from CHCl3-methanol to yield 5a-

Table 5. Compari8on of compoundMM with pregnane-3p:20/3-diol and 5ct-pregn-16-ene-3g:20P-diol
Dibenzoate

M.p.

[OdD in CHCl3

Analysis

Diol
M.p.
Mixed m.p.
[z]D in EtOH

Diacetate
M.p.
Mixed m.p.

Compound MM
163-1640
and 191-5-192-50
- 14-6±0*40
(c, 1-04)

C, 79 7; H, 8.1 %

184-1850

- 5.9±0.70
(c, 0 55)

108-109-50

169-1780

104-1100

Pregnane-3fi:20fl-diol
Gum

- 13° (calc.)*

C, 79 5; H, 8.4%
(calc. for CsH4404)

177-178-i

+4.9±0.40
(c, 1.91)

108-11001

5a-Pregn-16-ene-3p:20fl-diolt

C, 79-8; H, 8.0%
(calc. for C35H4204)

188-190°

102-1040

[OdD in CHC13 - 14-0±0.70 +32.9±0.80
(c, 0 59) (c, 1-04)

* From tables of standard values given by Barton & Klyne (1948).
t Data from Marker, Turner, Wagner, Ulshafer, Crooks & Wittle (1941).
t Authentic pregnane.3fi:20ft-diol was prepared from pregnan-3,-ol-20-one by reduction with LiAlH, as described for

pregn-5-en-3,-ol-20-one by Klyne & Miller (1950) except that the reaction mixture was not heated. The 3,:20a- and
3P:20fi-diol dibenzoates were separated by chromatography. Marker, Kamm & Jones (1937) and Marker, Kamm, Wittle
et at. (1937) give for pregnane-3,:20,B-diol m.p. 1740, and for its diacetate m.p. 1110.

The bulk of the material from chromatogram V (fractions
VA, B and C) was benzoylated and chromatographed on
A1203 (chromatogram VIII). Nearly all the material was
eluted with light petroleum-benzene mixtures. The first
four 10% benzene runs eluted a little 5a-pregnane-3f:20ft-
diol dibenzoate (fractions VIIIB and C). Runs 6 and 7
(10% benzene) eluted 11 mg. crystalline material which
after two recrystallizations from CHCl8-methanol formed
plates m.p. 185-5-187°. This material was apparently
different from all the other benzoates isolated in this work
and has been called provisionally compound MN benzoate.
It gave a depression in melting point on admixture with the
benzoate of similar melting point (MS) from fraction IIA
above. Lack of material has prevented further study.
Later runs with increasing benzene content (10-50%)
eluted material melting chiefly below 1000, from which no
homogeneous product has been obtained.

Fraction ,2 (E)
This fraction (380 mg.) was treated with benzene

(50 ml.) and separated into a benzene-insoluble fraction
,2 (E) A (114 mg.) and a benzene-soluble fraction $2 (E) B
(266 mg.).

Benzene-solublefraction. Fraction ,2 (E) B was chromato-
graphed on A1.03: benzene-ether mixtures (75:25) eluted
first fraction BP (46 mg., fairly pure uranediol of m.p.
205-207°) and then BQ (70 mg.); this was a mixture con-
taining uranediol and 5B-pregnane-3,:20B-diol; acetone

pregnane-3fl:20fl-diol dibenzoate. Further solid fractions
were eluted with 20% benzene (10 mg.) and 30% benzene
(34 mg.); these on recrystallization yielded the dibenzoates
of 5a-pregnane-3,B20a-diol and uranediol, respectively.

Fraction BR was benzoylated and the product chromato-
graphed on A1203. The first solid fraction eluted (3 mg.) with
light petroleum-benzene (80: 20) was recrystallized from
CHCl3-methanol to yield plates, m.p. 181-184°. (Mixed
melting point with compound MN benzoate-from
chromatogram VIII-183-187'.) Fraction BS was ben-
zoylated and the product chromatographed on A120,. Light
petroleum-benzene mixtures (80:20 and 70:30) eluted solid
fractions (79 mg.) with indefinite melting points in the range
100-1400. Crystallization of these fractions has not, so far,
yielded a homogeneous product.

Benzene-in8oluble fraction. Fraction P2(E)A was ben-
zoylated and the product (183 mg.) chromatographed on
Al,00 (chromatogram IX). The principal solid fractions,
eluted with light petroleum-benzene mixtures, were as
follows. Fraction IXB, eluted with 20% benzene (8 mg.)
contained 5a-pregnane-3fl:20P-diol dibenzoate. Fraction
IXD (25 and 30% benzene; 32 mg.) and fraction IXF
(40% benzene, 54 mg.) yielded the tribenzoate of 5a-
pregnane-3,B:16x:20,-triol after one crystallization from
methanol as elongated prisms m.p. 211-214°, not depressed
by admixture with an authentic sample. The intermediate
fraction IXE (30 and 40% benzene, 48 mg.) consisted ofless
pure 5z-pregnane-3P:16cz:20fi-triol tribenzoate.
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This was separated, by warming with 30 ml. benzene and
filtering, into two fractions, a(E)B (soluble in benzene.
3-0 g.) and a (E)A (insoluble in benzene, 470 mg.). Fraction
a (E)B has been kept for further study; fraction ac (E) A was

treated like the triol fraction from batch D (see below).

The triol fraction
Separation of acetates by crystallizationfrom methanol. The

triolfraction from batchD (0-7 g.) (seep. 698) was acetylated
and the product submitted to the Girard separation. The
ketonic fraction (28 mg.) has not been further investigated.
The non-ketonic fraction (767 mg.) was chromatographed
on A1203 (activity II). Hexane-benzene mixtures (60:40
and 40: 60) eluted white, crystalline fractions, which were all

apparently mixtures. These fractions (TA) were combined
(440 mg.) and recrystallized twice from methanol (2 ml. and
1 ml.) (cf. Marker, Kamm, Crooks et al. 1938) giving 177 mg.

of needles, m.p. 158-160°. After a further recrystallization
from methanol this material had m.p. 164-166'. The mixed
m.p. with a sample of 5a-pregnane-3fi:16=c:20fi-triol tri-
acetate of Haslewood et al. (1934), m.p. 163-165°, kindly
supplied by Prof. Marrian, was 163-164°. The methanol
mother liquors from the first crystallization of the fractions
TA (1.5 ml.) were treated with water (0-5 ml.), warmed to
dissolve the precipitate which formed and then cooled. The
crystalline solid which separated (200 mg., m.p. 134-137°)
was recrystallized from 70% methanol-30% water giving
uranetriol triacetate, small plates, m.p. 135-136°. Marker,
Kamm, Crooks et al. (1938) give m.p. 1360. This substance
sublimed at 1800/0.5 IL. (Found: C, 69-6; H, 9-2. Calc. for
C27H4502: C, 70-1; H, 9.2%.) [oc]21 +7.80±1.30 in CHCI3
(c, 1.00); [m]2 + 0.00±0.90 in ethanol (c, 1-01). [M]D in
CHC13, +37.

Separation of uranetriol triacetate by crytallization from
light petroleum. It was expected that fraction oc(E)A from
batch B (see above) would consist of triols; this fraction
(470 mg.) was therefore acetylated and the acetates
(560 mg.) chromatographed on A12O.. Light petroleum-
benzene mixtures and benzene eluted 430 mg. gum

(fraction TB); benzene-ether and ether eluted approx.

130 mg. yellow gum (fraction TC). Fraction TB was

chromatographed again yielding 370 mg. almost colourless,
partly crystalline material (some fractions melted at
approx. 80-90°). This material failed to crystallize from
methanol when the Marker fractionation of triacetates was
attempted. However, when the material was allowed to
stand at 00 with 1 ml. light petroleum (b.p. 40-600) for a

week, crystals formed. The supernatant liquid was removed
and the crystals triturated twice with 0-5 ml. light petro-
leum. The final crystalline product (103 mg.; m.p. 123-125°)
was crystallized three times from methanol and once from
ethyl acetate-light petroleum yielding a compound m.p.
153-154° (15 mg.). (Found, on material sublimed at 170-
1800/0.1 ,u., C, 69-7; H, 8-8. Calc. for C27H42,0: C, 70-1; H,
9-1%) [ac)2 + 12.20 ±0.6 in CHCl3 (c, 1.00). Subsequent
comparison of the infrared absorption of this material
(form b) and of our previous uranetriol triacetate (form a;
m.p. 135-136°) by Dr K. Dobriner and Mrs P. Humphries
showed that the two substances were identical. Mixed
melting point determinations with uranetriol triacetate
(form a) were inconclusive. Form a melted at about 128-
131° and remained liquid on further heating; form b melted
at 151-153°.
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Separation of uranetriol tribenzoate by chromatography.
Mother liquors from the crystallization of uranetriol tri-
acetate from urine of batch B were hydrolysed, benzoylated
and then chromatographed as their benzoates (293 mg.).
The first two fractions eluted with light petroleum-benzene
mixture (60:40) were gums (53 mg.). These were followed by
four solid fractions (108 mg.), m.p. 199-230°, eluted with the
same mixture. Repeated recrystallization of these solid
fractions from CHCI2-methanol gave uranetriol tribenzoate as
fine needles, m.p. 233.5-235°, undepressed by a specimen
prepared from an authentic sample of uranetriol. [c] 2 +
82.50±0.40 in CHC13. Another sample had [C]D + 80.8±0.40
in CHCl, (c, 1F02) [M]D+524. (Found, C, 77-3; H, 7-5.
C42H4606 requires C, 77-7; H, 7.5 %.) Ultraviolet absorption,
Ax. 231 and 272 mIA., log Em.. 4-61 and 3-48.

Uranetriol. Samples of the two forms of the triacetate (a,
of m.p. 135-136°; b, of m.p. 153-154°) were hydrolysed with
boiling aqueous methanolic KOH. The products obtained
by the usual working-up and crystallized from acetone-
methanol were solids of no definite crystalline appearance.

Triol from the triacetate (form a) had m.p. 296-298'
(uncorr.) after subliming to long needles at 2300 on the
Kofler block. [M]20' +29.8±3.10 in ethanol (c, 0.41). The
triol from the triacetate (form b) had m.p. 297-299°
(uncorr.) after subliming at 2350, [a]2r+28-5±1.50 in
ethanol (c, 0-53); another sample [a] 20' + 26-2 ± 1-4° (c, 0 56);
[M]D + 94. Mixed melting point of triols from the two forms
of the triacetate, 294-2970 (uncorr.). Marker, Kamm,
Crooks et al. (1938) give m.p.295-3000foruranetriol. Urane-
triol gave no precipitate with digitonin in 90% (v/v) ethanol
and no coloration with tetranitromethane. In conc. HgS04
it gave an orange solution with a yellow-green fluorescence
and in the Liebermann-Burchard test an orange colour.

5ax-Pregnane-3,:16a:20,B-triol and derivatives. 5ax-Preg-
nane-3,B:16a:20,-triol obtained from the triacetate by
hydrolysis with methanolic KOH had m.p. 309-310°
(uncorr.), [a] - 162±4 1.70 in ethanol (c, 0 47), [MIlD -54-
Haslewood et al. (1934) give []20 -44.10 in pyridine. The
triacetate had [a]2 - 45.3±0-60 in CHCl8 (c, 1.07), [a] 25

-45.70±0.60 in ethanol (c, 1-01); [M]D - 208.
The tribenzoate formed long thin needles from CHCl3-

methanol, m.p. 211-213° (Marker, Kamm, Wittle, Oakwood
& Lawson, 1938, give m.p. 2180) []20 - 14-1 ±0-80 in CHC13
(c, 1-06), [M]D -91. (Found: C, 77-3; H, 7-5%. Calc. for
C42H4606: C, 77-7; H, 7.5%.)

DISCUSSION
Configurations at C(20)

Configurations at C(20) in the steroid skeleton in this
paper are allotted following Fieser & Fieser (1948,
1949) who first related the stereochemistry of C(20) to
that of the nucleus. They proposed a convention for
representing side-chain configurations in which C(21)
is imagined as lying in the rearmost possible position,
as in Fischer projections of aliphatic compounds:

CH3 21 CH3

H-C--OH 20 HO-C-H

17

III IV
20a-Hydroxysteroid 20,B-Hydroxysteroid
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They produced evidence which indicated that, for

compounds carrying a 17a-hydroxyl gkoup, the
20a- and 20fl-configurations were as in III and IV.
This allotment of configurations was extended to
compounds not carrying a 17oc-hydroxyl group by
Sarett (1949) and by Klyne & Barton (1949). The
arguments of Fieser & Fieser regarding these con-
figurations were recently called in question by
Lardon & Reichstein (1951); evidence confiing
the Fieser configurations was subsequently dis-
cussed by Klyne (1951).

The occurrence of 20P-hydroxy8teroid8 in urine

The chief result of this work to date is the con-
firmation of the finding by Bauld & Heard (1940)
that 5a-pregnane-3,B:20,B-diol is one of the major
steroids of mares' pregnancy urine. No 20p-
hydroxysteroid has ever been reported in human
pregnancy urine, in spite of the fact that the
'pregnanediol' fractions have been studied bymany
workers. (For review, see Pearlman, 1948.) Mares'
pregnancy urine contains another 20fl-hydroxy-
steroid-the 5a-pregnane-3,:16a:20,-triol isolated
by Haslewood et al. (1934), the structure of which
was finally elucidated by Hirschmann et al. (1949).
Two triols of somewhat similar structure have
recently been identified in the urine ofa boy with an
adrenocortical tumour (Hirschmann & Hirschmann,
1950a, b). These compounds, pregn-5-ene-3p:16ac:
20cx-triol and -3fl:17a:20a-triol, like all other human
urinary steroids carrying a hydroxyl group at C(20),
have the 20a-configuration.
Marker & Rohriann (1938) claimed to have

isolated 5a-pregnane-3,B:20ac-diol from pregnant
mares' urine, but they obtained this compound only
from a fraction which had been epimerized by heat-
ing with sodium in xylene. We found a much smaller
quantity of 5cx-pregnane-3fi:20oc-diol than of the
20,B-isomer, and it is surprising that Marker &
Rohrmann did not isolate the 20,B-isomer.
At an early stage in this work we suspected that

Marker's 3,B:20ac-diol might be an artifact formed
from the 3,B:20,B-diol by epimerization at C(20)-
However, our own experiments in which 5a-
pregnane-3,B:20,B-diol was heated with sodium in
xylene confirmed the findings of Marker, Kamm,
Wittle, Oakwood, Lawson & Laucius (1937), who
stated that no appreciable epimerization at C(20)
takes place in these conditions.
The present work appears to be the first occasion

on which a pair of 20-epimeric hydroxysteroids has
been isolated from the same urine. The only other
source from which a pair of 20-epimers has been
obtained is the adrenal glands, from which Reich-
stein (1936) and Steiger & Reichstein (1938) isolated
5oc-pregnane-3j9:17a: 20ac-triol and -3,9:17o:20P-triol
('substances 0 and J').

Two 20,-hydroxysteroids have been isolated
from ox bile, namely 5oc-pregnane-3,9:20,P-diol
(Pearlman, 1944, 1946) and pregnane-3oc:20,9-diol
(from pregnant cows' bile, Pearlman & Cerceo,
1948).

Value of alternative digitonin separations

The Marker digitonin separation using ethanol
and ether (Marker, Rohrmann & Wittle, 1938) offers
a considerable advantage over the digitonin separa-
tion using methanol in that the two principal 3,B-
hydroxysteroids of the mares' urine extracts (5a-
pregnane-3,B:20,B-diol and uranediol) are partly
separated, one being concentrated in each of the
two digitonin precipitates of the Marker method.
The separation is, however, far from perfect, and
before the benzoates were used in chromatography,
the separation of the two major constituents in
pure condition was difficult, and the separation of
the minor constituents almost impossible.
The fact that some minor constituents (com-

pounds MU, MV and MW) have been isolated only
from the urine extracts submitted to the methanol-
separation, whilst others (compounds MM, MN,
MR and MS) have been isolated only from the
extracts treated by the Marker method may be due
to differences in the solubilities of the acetates and
benzoates of the compounds, or to chance differ-
ences in the composition of the two batches of
pooled urine. It is possible that MU or MW
(obtained as their acetates) may be identical with
MN, MR or MS (obtained as their benzoates), but
the quantities ofmaterial available at present do not
enable us to test these hypotheses.
Although neither of the two triols (5oc-pregnane-

3,B:l16a:20,B-triol and uranetriol) is precipitated from
pure solution by digitonin in the usual conditions,
the fractionation ofbatch B by the Marker digitonin
method shows that the 5a-pregnanetriol may be
partially precipitated from mixtures by digitonin.

SUMMARY

1. The fractionation of the steroids of pregnant
mares' urine into phenols and non-phenols, ketones
and non-ketones, and the further separation ofsome
fractions with digitonin are described.

2. The non-phenolic, non-ketonic, digitonin-
precipitable fraction has been studied in detail. The
isolation of uranediol, 5cx-pregnane-3,9:20P-diol and
5ac-pregnane-3,B:20cx-diol from this fraction is
described. This is the first reported isolation ofa pair
of 20-epimeric hydroxysteroids from any urine.

3. The isolation of seven apparently new com-
pounds of undetermined structure from the same
fraction is described. Compounds MM, MU and
MW are probably C21 dihydroxysteroids; they were
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isolated as their acetates or benzoates. Compound
MW may be a 17a-epimer of uranediol. Compound
MV is apparently a monohydroxy compound. The
three remaining compounds, MN, MR and MS,
have been obtained only in traces.

4. The significance of the isolation of 20,B-
hydroxysteroids from mares' urine is discussed. All
20-hydroxysteroids obtained from huumn urine are
20x-compounds.

5. Uranetriol has been obtained from the tri-
hydroxysteroid fraction and studied.

We are indebted to the Agricultural Research Council for
grants for expenses which have largely defrayed the costs of

this work, and for personal grants to two of us (R.V.B. and
E.M.). We are most grateful to N. V. Organon (Oss, Nether-
lands), Messrs British Drug Houses Ltd. (London) and
Messrs Ovaltine Laboratories (King's Langley, Herts) for
their generous help in the provision of mares' urine; to
Syntex S.A. (Mexico City) for gifts of steroids for the pre-
paration of reference compounds; to Prof. G. F. Marrian,
F.R.S., for his encouragement and advice during the earlier
part ofthiswork,whichwas carried out in Edinburgh; tothe
lateDr K. Dobriner and Mrs P. Humphries, Sloan-Kettering
Institute for Cancer Research, New York, for determining
the infrared absorption spectra of some of our compounds;
and to Dr B. D. H. Heard and Dr W. S. Bauld (Toronto) for
their courtesy in sending us details of their work on 5cc-
pregnane-3fi:20#-diol before publication.

REFERENCES

Barton, D. H. R. (1950). Experientia, Baael, 6,316.
Barton, D. H. R. & Cox, J. D. (1948). J. chem. Soc. p. 783.
Barton, D. H. R. & Klyne, W. (1948). Chem. & Indu8tr.

p. 755.
Barton, D. H. R. & Miller, E. (1950). J. Amer. chem. Soc.

72, 370.
Bauld, W. S. & Heard, R. D. H. (1940). Unpublished obser-

vations cited by Heard, R. D. H. (1948).
Bladon, P., Henbest, H. B. & Wood, G. W. (1951). Chem. &

Industr. p. 866.
Brockmann, H. & Schodder,H. (1941). Ber. dt8ch. chem. Gem.

74, 71.
Brooks, R. V., Klyne, W. & Miller, E. (1951a). Biochem. J.

49, xl.
Brooks, R. V., Klyne, W. & Miller, E. (1951 b). Biochem. J.

49, lxxii.
Fieser, L. F. & Fieser, M. (1948). Experientia, Basel, 4,285.
Fieser, L. F. & Fieser, M. (1949). Natural Products Relted to

Phenanthrene, 3rd ed. New York: Reinhold.
Girard, A. & Sandulesco, G. (1936). Helv. chim. Acta, 19,

1095.
Goldberg, M. W., Sic6, J., Robert, H. & Plattner, P. A.

(1947). Helv. chim. Acta, 30, 1441.
Halsall, T. G. (1951). Chem. & Indudtr. p. 867.
Haslewood, G. A. D., Marrian, G. F. & Smith, E. R. (1934).

Biochem. J. 28, 1316.
Heard, R. D. H. (1948). In The Hormone, ed. by Pincus, G.
& Thimann, K. V., vol. 1, p. 620. New York: Academic
Press.

Heard, R. D. H. & Hofmann, M. M. (1940). J. biol. Chem.
135, 801.

Heard, R. D. H. & Hofmann, M. M. (1941). J. biol. Chem.
138, 651.

Heard, R. D. H. & McKay, A. F. (1939). J. biol. Chem. 131,
371.

Hirschmann, H. & Hirschmann,F. B. (1950a). J. biol. Chem.
184, 259.

Hirschmann, H. & Hirschmann, F. B. (1950b}. J. biol.
Chem. 187, 137.

Hirschmann, H., Hirschmann, F. B. & Daus, M. A. (1949).
J. biol. Chem. 178, 751.

Klyne, W. (1948). Biochem. J. 43, 611.
Klyne, W. (1950). Nature, Lond., 166, 559.
Klyne, W. (1951). Chem. & Indu8tr. p. 426.
Klyne, W. & Barton, D. H. R. (1949). J. Amer. chem. Soc.

71. 1500.

Klyne, W. & Miller, E. (1950). J. chem. Soc. p. 1972.
Klyne, W. & Paterson, J. Y. F. (1948). Biochem. J. 42, i.
Klyne, W. & Rankeillor, J. (1947). Chem. & Industr. p. 224.
Klyne, W., Schachter, B. & Marrian, G. F. (1948). Biochem.

J. 43, 231
Lardon, A. &BReichstein, T. (1951). Helv. chim. Acta, 34,

756.
Marker, R. E., Kamm, O., Crooks, H. M., Oakwood, T. S.,

Wittle, E. L. & Lawson, E. J. (1938). J. Amer. chem. Soc.
60, 210.

Marker, R. E., Kamm, 0. & Jones, D. M. (1937). J. Amer.
chem. Soc. 59, 1595.

Marker, R. E., Kamm, O., Oakwood, T. S., Wittle, E. L. &
Lawson, E. J. (1938). J. Amer. chem. Soc. 60, 1061.

Marker, R. E., Kamm, O., Wittle, E. L., Oakwood, T. S. &
Lawson, E. J. (1938). J. Amer. chem. Soc. 60, 1067.

Marker, R. E., Kamm, O., Wittle, E. L., Oakwood, T. S.,
Lawson, E. J. & Laucius, J. F. (1937). J. Amer. chem. Soc.
59, 2291.

Marker, R. E. & Rohrmann, E. (1938). J. Amer. chem. Soc.
60, 1565.

Marker, R. E. & Rohrmann, E. (1939). J. Amer. chem. Soc.
61, 2537.

Marker, R. E., Rohrmann, E. & Wittle, E. L. (1938).
J. Amer. chem. Soc. 60, 1561.

Marker, R. E., Turner, D. L., Wagner, R. B., Ulshafer, P. R.,
Crooks, H. M. & Wittle, E. L. (1941). J. Amer. chem. Soc.
63, 779.

Oppenauer, R. (1941). Hoppe-Seyl. Z. 270, 97.
Paterson, J. Y. F. & Klyne, W. (1948). Biochem. J. 43,614.
Pearlman, W. H. (1944). J. Amer. chem. Soc. 6, 806.
Pearlman, W. H. (1946). J. biol. Chem. 166, 473.
Pearlman, W. H. (1948). In The Hormone8, ed. by Pincus,

G. & Thimann, K. V., vol. 1, p.407. New York: Academic
Press.

Pearlman, W. H. & Cerceo, E. (1948). J. biol. Chem. 176,
847.

Prelog, V. & Fiihrer, J. (1945). Helv. chim. Acta, 28i 583.
Reiohstein, T. (1936). Helv. chim. Acta, 19, 1107.
Sarett, L. H. (1949). .J. Amer. chem. Soc. 71, 1165, 1169,

1175.
Shoppee, C. W. (1946). J. chem. Soc. p. 1147.
Steiger, M. & Reichstein, T. (1938). Helv. chim. Acta, 21,

546.
Turner, R. B. & Voitle, D. M. (1951). J. Amer. chem. Soc.

73, 2283.
45-2


