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SUMMARY
PART 1

Ozonization of nortestosterone acetate, followed by alkaline
hydrolysis and acidification, gave ITé-4uﬁ:oxyh5~oxo-3,S-seco—h-

norestrane-3-oic acid.

Reduction of 17@ ~hydroxy-5=-0x0-3,5~seco-li~norestrane-3~oic aciad
with sodium borohydride or lithium tri-t-butoxyaluminum hydride gave
17@ -hydroxy-3-oxo-l~oxa-5d ~estrane, The 5¢ configuration was
ghown by studies of the nuclear magnetic resonance and optical rota-

tion of the lactone.

The same lectone was obtained by Baeyer-Villiger oxidation of 19~
nortestosterone acetate. A consideration of the mechanism of this

reaction again indicates a 5 e configuration in the product.

Eydrogenation of this and of two other steroidal d -lactones over

Adam's catalyst in acid solution was found to give tetrahydropyrans,
This reaction was shown to be responsible in part for the low yield
of d -lactones from the catalytic reduction of some sterpidsl keto-

acids,

PART 11

The wood of poinsettia (euphorbia pulcherrimma) were found to contain
arabinocse and sucrose and ten of the common aminoacide, They were

free of phenolic acids.




B, An acetate, cjonhosoa, m,p. 279 « 281°, was obtained from the petroleunm

ether extracts. An alcohol, m.p. 170 - 17H9C was obtained from this

compound by treatment with lithium aluminum hydride,

The acetate and the alcohol appeared from infrared and n.m.r. studies
to have an trialkyl-substituted double bond and from ultraviolet

studies & second tetraalkyl-substituted double bond,




Y a-t-il au monde rien de plus grand et de plus
désinteressé que le coeur dlune mére, d'un pére

et dtune fiancée?
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4~OXASTEROIDS



HISTORICAL INTRODUCTION

As part of a general investigation into the effects of
changes in the basic carbon skeleton of steroids on their physiological
and chemical properties, a number of androstane and cholestane derivatives
having an oxygen in place of a carbon at the L-position have been

prepared since 1950,

Turner (1) obtained by catalytic hydrogenation of 5-o0x0-3,5-
seco-A-norcholestane-3-ocic acid (IIa) (2), two lactones, m.p. 116-116.5°C
and m.p. 109.5-110°C, the latter in large amount. He provisionally
assigned to these compounds the structures IXa and VIIIa respectively
because of their optical rotations and because hydrogenation of 4-
oxacholest-5-en-3-one (IIIa) (3), which should be expected to give
lactone 1Xa, gave the higher melting isomer, The fact that the lower
melting lactone was the major product of the hydrogenation reaction (4)

was also in agreement with Turnerl!s proposed configuration at carbon 5.

Klyne (5) found further evidence for these structures from
the molecular rotations of the lactones by an extension of Hudsonls
"Lactone Rule" (6,7) which states that the stereochemistry of thelcarbon
atom carrying the potential hydroxyl group determines the sign of the

rotational contribution of the lactone ring,

Unequivocal proof for the correctness of Turnerts assignment

was afforded by the Baeyer-Villiger oxidation of A-nor-5p-cholestan-3-



one (Xa) (8) with organic peracids to the lactone with the lower
melting point. Since the configuration at the 5-position of Windaus!?

norketone (Xa) (9) is well established and since it is known that this
reaction proceeds with retention of configuration (10,11,12), the

lactone obtained must have the structure VIIIa.

As expected (8,13,14) the lactone IXa was the preponderant

epimer in the borohydride reduction of the keto-acid Ila.

Atwater and Rolls (14) found that ozonolysis of testosterone-
17B-benzoate (Ib) gives not only l7B-benzoyloxy-5-0x0-3,5~s8eco~4-nor-
androstane-3-oic acid (IIb) but also an isomeric neutral compound 17B-
benzoyloxy;B-on-a—oxa;S-hydroxy;androstane (Ivb). Turner (1) assumed
it to be IIb. Borohydride reduction (14) of IIb and IVb gave a 59%
yield of a lactone assumed to be IXb from the known course of boro-
hydride reductions, Similarly catalytic reduction of IIb gave the

expected VIIIb,

Reductions of lactones VIIIa and IXa with lithium aluminum
hydride gave the diols XIa and XIITa from which the 4L~oxacholestanes
XIIa and XIVa were obtained by treatment with benzene sulfonyl chloride
in pyridine or lutidine (8). As expected the 4-oxacholestane having
the trans fusion of rings A and B had a higher melting point than the

cis compound (8,15).

This transformation can now be done more conveniently using
a novel method discovered by Pettit et al. (16,17,18,19) in which
lactones such as VIIIa and IXa are reduced directly to their corresponding

ethers with a mixture of boron trifluoride and lithium aluminum hydride,



_a

'Ia.R=C8Hw
b. R=0C OPh

Reagents: a, ozone; b, AcCl, Ac203 Cy

S0CL,; d, H,

O; e, Heat; f, pyridine;

g, HQ/Pt (X = OH); h, NaBHh (X =o0H); i, H2/Pt; Js NH3 (H= NH2)

k, PhCOBH; 1, LiAth

or lutidine.

5 m, LiA1JH + BFS; n, ArS0

" 2

Cl in pyridine



This method seems to be general for the direct transformation of esters
and lactones to ethers and has been used on B, , and d lactones of
steroids (19). It does however fail with lactones having a primary

carbon atom attached to the ether oxygen of the ester group (19).

Reduction of the lactone IXa in tetrahydrofuran with one-
quarter of a mole of lithium aluminum hydride (8) or with diborane
(20,21) gives h-oxa~5a~cholestan-3a-ol (XV). The sterochemistry of
this molecule had been studied by Edward et al. (22), who proved the

tautomerism of the lactol ring:

—.Ch

XVI LVil

|
o

XVIIiI

The reactions of 3a-chloro-i-oxa-5a~cholestane (XVIII), obtained from
XV with phosphorus oxychloride and pyridine, were also investigated as
model studies of similar carbohydrate reactions (22), It was found that
the replacement of the chlorine atom by alkosyl groups takes place,
contrary to expectation, with predominant retention of configuration,

This result was explained by postulating steric hindrance in the reaction



from the 19-methyl group.



RESULTS AND DISCUSSION

In order to assess steric importance of the 1l9-methyl group
in the reactions of 3a-chloro-4-oxa-steroids, an attempt was made to

synthesize several representative L-oxaestranes which lack the 19~

methyl group.

OR
H H
\_X_l_ XX X X1
XX / cl N‘
N O
x..
XX SVEVAY]
[ X X1V XXV y
/
/
¢
Ch— %
cu -0 HO" ™0
H H
XXV X XV X X1

Reagents: a, 03; b, Ac,0 + AcONa; c, Ac,0 + AcCl; d, NaBHh or H2/Pt;

e, H'; £, O™ for X =073 g, NMi, for X = NH,; h, LiAlH +

BF3 or Hz/ Pt.




Compounds of this type have been prepared previously as
intermediates in the series of reactions leading to the introduction
of radioactive carbon into the steroid molecule, Dreiding et al. (23)

obtained the keto acids (XX; R = CQle, COPh and CO.CéHh.qu-g) by
ozonization of the appropriate l9-nortestosterone esters (XIX), The
keto acids were cohverted into isomeric unsaturated lactones, assigned
the structures XXIII and XXIV on the basis of their optical rotations

and infrared spectra, by acetic anhydride with basic and acid

catalysts respectively.

Our own researches started with l7B-acetoxy-5-0x0-3,5-seco-A-
norestran-3-oic acid (XX; R = Ac), which was obtained in 88% yield by
an improvement of the ozonization procedure of Dreiding et al. (23).
From this compound the synthesis of the 3-chloro-4-oxasteroid (XXVII)
was envisaged by the route indicated; this synthesis has been carried
as far as the lactone (XXVI; R = H and Ac), and the remaining reactions
(indicated by broken arrows) have yet to be carried out. However, the
work of this part of the thesis is concerned with an exploration of the
stereochemistiry and the side-reactions accompanying the reduction of

the keto acid (XX; R = H and Ac),



(a) Hydride Reduction of 17B-Hydroxy-3,5~seco-4-norestran-3-oic Acid

Sodium borohydride reductions of ketones produce predominantly
the more stable isomer, provided that addition from one side of the
carbonyl group is not excessively hindered (4,24,25,26)., This is
attributed to "product development control", i,e, to the fact that
the transition states for these reductions resemble the products (24,
25,26). Thus sodium borohydride reduction of Windaus! keto acid (IIa)
(38) afforded about three times as much of the equatofial hydroxy acid
(VIIa; X = OH) as the axial hydroxy acid (VIa; X = OH), as evidenced
by the isolation of the corresponding lactones IXa and VIIIa in 64%
and 17.5% yields respectively (13). Similarly House et al. (29)
found that borohydride reduction of the keto acid (XXVIII) gave a
mixture made up of about two-thirds of the lactone (XXIX), arising
from reduction of the carbonyl to an equatorial hydfoxyl, and one-third

of the isomeric lactone (XXX)., It should accordingly be expected that

HOC o™ o0

XXVIII XXIX XX

borohydride reduction of the keto acid (XX; R = H) would give mainly
the hydroxy acid (XXV; R = H, X = OH), which would cyclize readily to

the 5a-lactone (XXVI; R = H),

In fact, from this reaction, one lactone, m,p. 131-132°C was



isolated in 52% yield, which is shown by the evidence cited below to

be the 5a-lactone, No other crystalline product could be isolated,
although a small amount of a second compound was detected as a faster-
moving spot by thin-layer chromatography of the crude reaction products
(Fig. 1). This could be (XXVI; R = H) since the 58-lactone VIII moves
faster than its S5a-isomer IXa under the same conditions in thin-layer

chromatography (Fig.3 ).

The use of lithium tri-~t-butoxy aluminum hydride which has
been shown by Wheeler and Mateos (27,28) to give a higher proportion
of equatorial hydroxyl than borohydride in the reduction of keto-
steroids, raised the yield of 5a-lactone to 61%; in this case the spot
attributed to the 5B-lactone was no longer visible on thin-layer

chromatography (Fig. 1).

The evidence for the 5a-configuration (XXVI; R = H) of the
ma jor reduction product is as follows:
1. lactonization produces a positive shift in molecular rotation, in
accordance with the Klyne-Hudson Rule (5,6,7). Strictly speaking, this
rule should apply to the shift in rotation in going from the hydroxy
acid (XXV; R= H, X = OH) to the lactone (XXVI; R = H). In practise
(5), it is often difficult to isolate the pure hydroxy acid, and it
is often necessary to determine the rotation of some isolable derivative
of the hydroxy acid, such as the amide (8) with the assumption that this
has almost the same molecular rotation., This has been done in the
present instance, the amide (XXV; R=H, X = NH2) being obtained as a

nicely crystalline product from the reaction of the lactone (XXVI; R = H)
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with ammonia in methanol. The difference between the molecular rotations

of the lactone and the amide ([N, =+ 55°) and ([M] = + 200°) is + Lu5°.

An attempt was made to obtain the rotation of the hydroxy acid
(XXV; R = H, X = OH) without isolating it from solution. However, it
was found that while the lactone ring of XXVI (R = H) opened almost
instantaneously in 0.0l N sodium hydroxide, in methanol-water (99:1 v/v)
as shown by a drop in molecular rotation to a constant value of + 8°
within 1-2 minutes, the hydroxy acid obtained by acidifying this alkaline
solution cyclized back to the lactone in less than one minute as shown
by the rise in rotation of the solution ( [q;]glF + 65.2 unchanged on further
standing; the lactone (XXVI; R = H) had [“JS7 + 69.8 in the same solvent).
However, the changes again are in the direction predicted by the Klyne-
Hudson Rule if it is assumed that the hydroxy acid and its sodium salt

have almost the same value, The shift is + 192°,

2. The lactone, m.p., 131-132°C was also obtained by oxidation of the
unsaturated ketone (XIX; R = OCOCHB) with persulfuric acid. This reaction
would be expected to give the 5a-lactone (XXVI; R = H) as it has already
been found in a similar oxidation of cholest-4-en-3-one (Ia) (19) from

Pettit?!s mechanism (20) for this reaction.

o — —
h— ~ g_# HO, HO,C

OHC OHCO

XXX1 XXII

- HCOZH
—p IVa
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This mechanism involves the formation of the aldehyde (XXX1)
as an intermediate which is then oxidized by a second Baeyer-Villiger
reaction to the formate (XXXII). Since this is a slow reaction, the
aldehyde group of XXXI can be expected by equilibration in the acidic
solution to be preponderantly in the equatorial configuration, and
hence also the formate group of XXXII (remembering the stereospecific

character of the Baeyer-Villiger oxidation (10,11,12)).

Several authors (19,20,30,31,32) have applied this reaction to
the oxidation of steroidalAl"—B—ketones, and have assumed theJ -~lactones
thus obtained to have the Sa~configuration but this configuration has been

proved only in the case of the oxidation of cholest-4-en-3-one,

3. The compound shows a peak (7 = 6.,23) in its n.m.r. spectrum having a
chemical shift to be expected for an axial rather than an equatorial
hydrogen on the alcohol carbon of the lactone (39); about the same
chemical shift is showﬁ by the hydrogen of IXa (7 = 6.16), while the
equatorial hydrogen of VIIIa absorbs at a lower field (7= 5.91). House
(29) found that the axial hydrogen of XXIX absorbed at about the same
rield (T = 6.18) as the steroidal 5a-lactones, but the equatorial hydrogen
of XXX absorbed at considerably lower field (T = 5.57).

(b) Hydrogenation of 17B-Hydroxy-3,5-seco-4-norestrane-3-oic Acid

Hydrogenation of cyclohexanones of fixed conformation over

platinum in acetic acid gives usually a preponderance of the axial

N.m.r, spectra were taken on a Varian H.R. 6 spectrophotometer apparatus
in deuterated chloroform. Tetramethylxylene (7 = 10.00) was used as an
internal standard,



alcohol (33,34) because the hydrogen must approach the absorbed ketone
from the catalyst surface, and because the ketone is more easily
absorbed on the less-hindered equatorial side (33,34). However, 3-
methylcyclohexanone (XXXIII), which should be about 90% in the
conformation (XXXIIle) and 10% in the conformation XXXIIIa (35), and

hence which should be expected to he hydrogenated mainly to the irans

OH
CH,
CH
Jeny ﬂc Q____, ot
: H
OH
XXIV XXX11Te XXI1la
C
Hoﬂ H3
xv

alcohol XXXIV, gives 73% of the cis alcohol XXXV (33). This isomeric
composition‘of the hydrogenation product was determined from its
density; a reinvestigation using other methods of analysis (e.g. vapor
phase chromatography) would be indicated, The effect of having an
acid or alkaline solvent on the proportions of isomeric alcohols formed

(33) is also difficult to explain and worthy of reinvestigation,

Hydrogenation of the keto acid (IIa) over platinum in acetic
acid would be expected to give mainly the 5g-lactone (VIIIa). The

yield of crude 5p-lactone, however, was low (about 34%) and several re-
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crystallizations were necessary to obtain a pure compound, (The
reasons for the low yield of lactone become apparent from later work

in this thesis),

In similar fashion, hydrogenation of the keto acid XX (R = H)
over platinum in acetic acid would be expected to gi§e chiefly the
hydroxy acid XXI (R = H) and hence the 5B-lactone XXII (R = H).
However, hydrogenation with the theoretical amount of hydrogen gave a
26% yield of the crude 5a-lactone (XAVI; R = H), 14% of 17B-hydroxy-i-
oxa-5a~estrane (XXIX; R = H) (the formation of which is discussed in
the next sectioh), and 40% of starting material., Thin~layer chromato-
graphy of the crude reaction product revealed, besides these three
compounds, a trace of the compound (mentioned previously) (Fig, 2)

tentatively identified as the 5B~lactone (XXII; R = H).

The results indicate that the presence of an angular methyl
group in place of a hydrogen atom at the 10-position makes it easier
to add hydrogen from the catalyst surface to the topside of the 5-
carbonyl group, It is usually assumed that the angular methyl groups
make reaction with the topside of steroid molecules more difficult (36).
These results are most surprising, While various possible explanations
can be offered for the reversal of the expected stereochemistry of
hydrogenation of the keto acid XX (R = H), these must remain highly
speculative until more experimental work has been done with a variety

of compounds related to the keto acid,
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Hydrogenolysis afdllactones to Tetrahydropyrans

17g-Hydroxy-4~oxa~5a~estrane (XiIX; R = H) is readily obtained
in 86% yield from the 5a~lactone (XXVI;‘R = H) by reduction with lithium
aluminum hydride in the presence of boron trifluoride according to
Pettit (19,20)., Very surprisingly, this ether is also obtained in 14%
yield when the keto acid (XX; R = H) is hydrogenated with one mole of
hydrogen, The latter reaétion must proceed through the 5a-~lactone
(XXVI; R = H) as an intermediate, and indeed the ether can be obtained
by hydrogenation of the lactone in 90% yield. Hydrogenation of the
keto acid (XX; R = H) with an excess of hydrogen gave the ether in 74%

yield,

Similarly, hydrogenation of the lactones VIIla and IXa gave
the ethers XIIa and XIVa in 89 and 92% yields respectively. The poor
yields of the lactone VIIIa obtained by Turner (1) and by Morand (8)
from the hydrogenation of the keto acid Ila thus receive a possible
explanation, An examination by thin—layéf chromatography (Fig. 3) of
the crude product obtained from IIa with one mole of hydrogen indicated
the presence of the lactones VIIié and IXa and the ethers XIIa and

XIVa,

The catalytic reduction of lactones to cyclic ethers has not
previously been reported in the literature, though catalytic reduction
of one of the carbonyl groups of phthalic anhydride to phthalide has
been reported (37). A possible mechanism for the lactone reduction

is:
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XXVI
8]
H, 0~ ~0 o ~0
XXXVIIT Ho XVIT
Pt
!
|
|
v
. @ ==
H,cO ~0 o o
H
XXXIX

An attempt to trap the intermediate XXXVII by carrying out
the hydrogenation of IXa in methanol containing hydrogen chloride, in
which XXXVII should be converted to XXXIX, was unsuccessful, only the
tetrahydropyran being obtained, This is perhaps to be expected because
XXIX like XXXVII, should be in equilibrium with XXXVIII in acid solution

and hydrogenation of the latter should give the ether.
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Further investigation with other lactones and esters is
required to define the scope of the reaction; the mechanism outlined
above suggests that the ability of lactones to undergo catalytic
reduction may be related (among other things) to their basicity and

hence ability to form the intermediate ion XXXVI,
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FIG, 1

Thin-layer chromatography of crude product isolated (a) after sodium
borohydride reduction and (b) after lithium tri-t-butoxy aluminum
hydride reduction of 17B-hydroxy-5-oxo-3,5~seco-4~norestrane-3-oic

acid,



Solvent System: Ethyl Acetate-Ether (75/25, v/v)
H = Solvent Front
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FIG, 2

Thin-layer chromatography of crude product from the hydrogenation of

17B-hydroxy-5-~0x0~3, 5-seco~4~-norestrane-3-oic acid with one mole of

hydrogen,



Y

Solvent System: Ethyl Acetate-Ether (75/25, v/v)
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FIG., 3

Thin~layer chromatography of crude product isolated from hydrogenation

of 5-0x0-3,5-seco-~,4-norcholestane-3-0ic acid with one mole of hydrogen.



Solvent System: Ether-Ethyl Acetate (90/10, v/v)
A - Pure 3-oxo-4~0xa~5B-cholestane
B - Pure 3~oxo-4-0xa-5a~cholestane
C - Pure 4-oxa-5B~cholestane
D - Mixture after Hydrogenation
E - Pure j-oxa-5a~cholestane

H = Solvent Front,
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FIG. 4

Infrared spectrum of chloroform solutions of 17p-hydroxy-3-oxo-i4-oxa-

5a-estrane from sodium borohydride reduction (-) and from hydrogenation

(e).
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FIG, 5

Infrared spectrum of chloroform solutions of 17B-hydroxy-4-oxa-5a-
estrane from boron trifluoride~lithium aluminum hydride (~) and

from hydrogenation (=),
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FIG, 6

Infrared spectrum in KBr of 178,5pg-dihydroxy-3,5-oxo-4~norestrane~3-

carboxamide,
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FIG. 7

Infrared spectrum of carbon tetrachloride solutions of Lj-oxa-5a-~
cholestane from benzene-sulfonyl chloride-pyridine (-) and from

hydrogenation (+*).
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FIG, &

Infrared spectrum of carbon tetrachloride solution of L-oxa-5B-cholestane

from benzene-sulfonyl chloride-pyridine (-) and from hydrogenation (),
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EXPERIMENT AL

Chromatography was done on Grace and Davidson activated silica
gel., Thin-layer chromatography plates were developed with concentrated
sulfuric acid, Magnesium sulfate was used to dry all solvent extracts

before concentration,

The melting points reported for analytical samples were
observed on a Gallenkamp melting point apparatus under reduced pressure
but are not corrected, Other melting points were performed using open

capillary tubes and are also uncorrected,

Infrared spectra were recorded on a Perkin-Elmer Model 21
spectrophotometer, Optical rotation measurements (in chloroform solution
unless otherwise noted) were taken on a Carl Zeiss'Apparatus (No, 367732).
Microanalyses are by Dr, C, Daessle of Montreal, Canada., Each compound

was proved to be homogeneousvby thin-layer chromatography before analysis,

178-Acetoxy-5-0x0~3, 5-8eco-L-norestrane-3-oic acid (XX; R = COCHBl

Potassium carbonate (0.28 g) in water (8 ml) was added with
vigorous stirring to a solution of the 1l7p-acetate of 1l9-nortestosterone
(0.5 g) in t-butanol-water azeotrope (30 ml), followed by 5 ml of a
solution prepared from sodium metaperiodate (2 g) and water (25 ml)
and then 0.5 ml of 0,8% aqueous potassium pefmanganate. The remainder
of the periodate was added at a rate of 5 ml/minute for 2 minutes and
then 2 ml/minute for 5 minutes, Permanganaté solution was added when

necessary to maintain the purple color,
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After one hour, the excess permanganate was destroyed with
sodium bisulfite, The resulting iodine-colored solution was concentrated
at reduced pressure to a volume of 30 ml, cooled at 4°C, acidified with
ice-cold 50% sulfuric acid, and extracted with ether. The ethereal
extract was washed with sodium bigulfite until free from iodine, with

water until neutral and dried.

The oil (0.446 g) obtained on evaporation was chromatographed
on 3% deactivated silica gel and a crystalline fraction (0.068 g; 1.2%
yield) m.p. 80-89°C was obtained on elution with ether, Two recrystal-
lizations from methanol-water gave l7B-acetoxy-5-oxo-3,5-seco-4~nor-
estrane-3-oic acid (XXb) (0.032 g) m.p. 114-115°C, [anh - 3.8 (c 0.457).
(Lit. mp. 13-115%, (222 - 4.08 (cHOL,) (23). VELh 1708 and 1733
en 2,

Cale, for 019st°5 C: 67.83%; H, 8.38%

Found: C: 67.52%; H, 8033%0

17g-Hydroxy-5-0x0~3, 5~seco-4~norestrane-3-oic acid (XX; R = H)(23)

19-Nortestosterane-17B-acetate (1.007 g) was dissolved in
ethyl acetate (60 ml) and treated with oxygen-containing ozone (6%)
during one houi at room temperature., After that period, 2 ml of
hydrogen peroxide (30%) in 4 ml of water and 10 ml of methanol was

added to the mixture which was allowed to stand overnight.

After its volume had been reduced to one~half under reduced

pressure, the solution was diluted with ether, extracted with sodium
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hydroxide (2%), and left at room temperature for 12 hours. The sodium
hydroxide extract was then acidified to pH 3 with conc. hydrochloric
acid and extracted with ether, After being washed with water and dried
the ethereal solution was taken to dryness to give a crystalline solid
(0.813 g; yield 95%) m.p. 85-92°C, Two recrystallizations from acetone-
hexane gave the pure 1l7g-hydroxy-5-oxo-3,5-seco-4-norestrane-3-oic

GHC1
acid (Xa), m.p. 108-109°C, [o]2* + 1.8 (¢ 0.449) V"2 3538 and 1710

-1
cm .
Calc, for Cl7H2604: C, 69.36%; H, 8.9%

Found: C, 69.27%; H, 8,79%.

17p-Hydroxy-3-oxo-/~oxa~5a-estrane (XXVIa; R = H)

A, By reduction of 17B-hydroxy-3,5-seco-4-norestrane-3-oic
acid with sodium borohydride

To the keto acid (1.00 g) dissolved in 25% ethanol (50 ml),
sodium borohydride (1.0 g) in water (15 ml) was added, The solution
was left overnight, then heated under reflux until no more decomposition
of sodium borohydride was noted., The aqueous ethanol solution was
acidified to pH 3 and concentrated under reduced pressure to one-half
of its initial volume, It was then poured into ice-cold water and
left at room temperature for 12 hours, A crystalline solid (0.404 g;
yield 52%) m.p. 105-115°C was collected, Recrystaliizations from ethyl
ether yielded the pure 17B-hydroxy-3-oxo-i-oxa-5a-estrane, m,p, 131-

CHC1
132°C, [a]‘;" 3 3630 and 1725 em L.

+70,1 (g 0,502) V'

Cale, for Cl7H2603: C, 73.31%; H, 9.41%
Found: C, 73.09%; H, 9.13%.
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B. By reduction of 17B-hydroxy-5-0x0-3,5-seco~/-norestrane-
3-oic acid with lithium aluminum tri-t-butoxy hydride

The keto acid (0.972 g) dissolved in tetrahydrofuran (15 ml)
was added to a suspension of lithium aluminum tri-t-butoxy hydride
(6 equi.) in the same solvent, The mixture was allowed to stand at
0°C for half an hour and at room temperature for one hour, and the
mixture was then poured in excess dilute hydrochloric acid, On standing
overnight the solution deposited a solid product (0.575 g; 61% yield).
Recrystallizations from ether yielded pure l7B—hydroxy;h-oxa-3-oxo-5a-

CHC1

estrane, m.p. 131-132°C, [o)2* + 70.1 (¢ 0.504), V'3 3630 and
1725 eu™T,

C. By oxidation of 19-nortestosterone-l78-acetate with
potassium persulfate

Potassium persulfate (1.3 g) and conc, sulfuric acid (l.4 g)
were mixed in a mortar and diluted with glacial acetic acid (22 ml).
The resulting mixture was added to a solution of 1l9-nortestosterone-
17p-acetate (0.999 g) in glacial acetic acid (22 ml), Following a
seven~day period of intermittent shaking at rbom temperature in the
absence of light, the mixture was cooled and treated with aqueous 5%
potassium hydroxide, Precipitated salts were removed by filtration and
the solution was evaporated to dryhess under reduced pressure at 60°C,
A solution of the residue in ether was washed successively with water,
5% sodium carbonate and water, The solvent was removed and residual
solid saponified (1 hour) in a refluxing solution of potassium hydroxide

(2 g) in dioxane (12 ml) and water (12 ml).
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The mixture, after being acidified with dilute hydrochloric
acid, was extracted with ether, The extract was washed with water,
dried, and concentrated, It yielded an oil (0,158 g) which was
crystallized from ethyl ether to give the pure 17B-hydroxy-3-oxo-4-oxa-
5a~estrane, m.p. 131-132°C, [o.]gl" + 70.4 (¢ 0.517). This compound was
shown to be identical with the product obtained in (a) and (b) above

by mixed melting point and infrared spectrum,

17p-Acetoxy-3-oxo-i-oxa-5a~estrane (XXVI; B = COCH,)

178-Hydroxy-3-oxo-4-oxa-5a~estrane (0.200 g) was acetylated
with a mixture of acetic anhydride (2 ml) and pyridine (2 ml). Follow-
ing recrystallizations from ether-acetone, l1l7B-acetoxy-3-oxo-4-oxa~5a-
estrane (0.095 g) was collected, m.p. 208-209°C, [q) ]230 + 40.2 (¢ 0.501)
v N
max 1733 em ~,
Calc, for Cl9H2801+= C, 71.22%; H, 8.81%

Found: ©, 71.31%; H, 8.69%.

1 ~Dih -3, 5~0xo-h-norestrane-3-carboxamide (XXVII; R = NH})_

A solution of 17B~hydroxy-3-oxo-i-oxa-5a-estrane (0,200 g) in
methanol saturated with ammonia gas deposited needles of 17B,5p-dihydroxy-
3, 5-oxo-~4~norestrane~3-carboxamide (0,165 g; yield 83%), which after
recrystallizations from methanol melted at 298-300°C, (a] %l‘ + 18,8 (¢
0.461 in methanol) g';; 3465, 3360, 3180, 1680, 1610 cm -

Calc. for Gy H,(0N: C, 69.11%; H, 9.90%; N, L.74%

Found: C, 69.31%; H, 9.73%; N, L4.91%.
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After treatment with dilute hydrochloric acid the amide
regenerated the starting lactone identified by melting point, mixed

melting point, infrared spectrum and optical rotation.

Hydrogenation of 178-hydroxy-5-oxo-3,5-seco~4-norestrane-3-oic acid

(XX; R=H)

The 17p-hydroxy keto acid (1.142 g) was dissolved in glacial
acetic acid (15 ml) and hydrogenated in the presence of Adam!s catalyst
(0,420 g) at room temperature and atmospheric pressure, At the end of
two and a half hours, 99% of the theoretical amount of hydrogen had

been absorbed,

The catalyst was removed by filtration and the filtrate diluted
with ether and washed with 2% sodium hydroxide. The ethereal fraction
was dried over magnesium sulfate, The oil (0,142 g; yield 13.8%)
collected after evaporation of ether, slowly crystallized from ether,
and was identified as 17B-hydroxy-4~oxa-5c-estrane by comparison with

authentic material described below,

The sodium hydroxide solution was acidified with dilute
hydrochloric acid and extracted with ether. The ethereal solution was
washed with 5% sodium carbonate, with water, and dried, Evaporation
of the ether left an oil (0.487 g) which was chromatographed over
activated silica gel., The fractions (0.287 g; 26.2%) eluted by benzene-
ether (50/50) were crystallized from ether to give 17p-hydroxy-3-oxo-4-
oxa-5a-estrane, m.p, 125-129°C, [a)2* + 67.6 (¢ 0.492). The identity

of the compound was established by mixed melting point, thin-layer
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chromatography (Fig. 2), infrared spectrum,

The sodium carbonate fraction was acidified and after the

usual treatment gave the starting material (0.456 g; 4LO%).

17p-Hydroxy-4~oxa-5a-estrane (XXIX; R = H)

A, From reduction of l7B-hydroxy-3-oxo-4-0xa~-5a-estrane
with lithium aluminum hydride-boron trifluoride

17Bp~Hydroxy-3-oxo-4-oxa-5a-estrane (0,262 g) dissolved in
boron trifluoride-ether complex (0,840 g) wasvadded to a suspension
of lithium aluminum hydride (0.080 g; 2 equivs.). The mixture was
left at 0°C for one hour and refluxed for 2 hours, It was then
poured into excess dilute hydrochloric acid and the mixture was
extracted with ether., The ethereal fraction was washed with 2%
sodium hydroxide, water, and dried, Evaporation of ether gave a
crystalline solid (0,216 g; yield 86%) melting at 166-168°C., Two
recrystallizations from ether gave pure 17B-hydroxy-L4-oxa-5a-estrane,
m.p. 173-175%C, (2% + 12.8 (¢ 0.492).

Calc. for C,H,0,: G, 77.22%; H, 10.67%

Found: C, 77.15%; H; 10063%0

B. From hydrogenation of 17p-hydroxy-5-0xo-3,5-seco~l~
norestrane-3-oic acid

178~-Hydroxy-5-0x0-3, 5-seco~4-norestrane-3-oic acid (0.831 g)
dissolved in glacial acetic acid (10 ml) was hydrogenated over Adam!s

catalyst (0.413 g) at normal temperature and pressure until no more
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hydrogen was absorbed (234 cc after 48 hours 370%).

The catalyst was removed by filtration and the solution
diluted with ether, The ethereal solution was washed with 2% sodium
hydroxide, water, and dried, Evaporation of ether gave a white
crystalline solid (0.545 g; yield 74%) m.p. 168-172°C, Recrystallization
from ether gave needles melting at 173-175°C, [ﬁ]%b + 42,6 (e 0.496).

Calc. for CinH,40,: G, 77.22%; H, 10.67%

Found: G, 77.17%; H, 10061%-

The compound was identical with that prepared above, as shown

by mixed melting point and infrared spectrum,

C. From hydrogenation of 17p-hydroxy~3-oxo-4~oxa-5a-estrane

178-Hydroxy-3~oxo~4~oxa-5a~estrane (0.210 g) dissolved in
15 ml of glacial acetic acid was hydrogenated over Adam!s catalyst

(0.090 g) until no more hydrogen was absorbed,

The solution was diluted with ether and filtered, The ethereal
solution was washed with 2% sodium hydroxide, with water and dried.
Evaporation of ether gave a white crystalline solid (0.185 g; yield 90%)
m.p. 173-175°C, [0} 2% + 42.8 shown by mixed melting point and infrared

spectrum to be identical with the products above,

L~Oxa-5~cholestane (VIII)

3-0xo-4~0xa-5~-cholestane (0,200 g) was dissolved in glacial
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acetic acid (15 ml) and hydrogenated over Adam!s catalyst (0.090 g)
until no ﬁore hydrogen was absorbed, The prodﬁct obtained after the

the usual work-up gave, after one crystallization from methanol,

cosettes of white needles (0,175 g; yield 89%) m.p. 51-52°C, [GJ%B + 3.5
(c 0.629) (Lit, m.p. 51-52°C, [a]l])'7 + 3.8 (01{013) (12)). The compound
was identified as l~oxa-5B-cholestane (12) Ey mixed“melting point, thine-

layer chromatography (Fig, 3) and by cbmparison of infrared spectra.

L-Oxa-5a-cholestane (XIV)

3-Oxo-4~0xa-5a-cholestane (0,201 g) dissolved in glacial
acetic acid and hydrogenated over Adam!s catalyst (0,090 g) until
no more hydrogen was absorbed, gave a ﬁroduct which after one crystal~
lization from methanol afforded white colorless plates (0,187 g; yield
92%) at 89-90°C (] ‘;3 + 43, (¢ 0.577) (Lit. m.p. 89-90°C, (]2 + 42.3
(12)). The compound ‘had the same infrared spectrum as that reported

for L-oxa-5a-cholestane (12).
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EXTRACTIVES OF EUPHORBIA PULCHERIMMA
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HISTORICAL INTRODUCTION

A great variety of compounds have been extracted from the
leaves and stems of various species of euphorbia such as sugars, fatty
acids, proteins and amino-acids (1,2,3,4,5,6). The flowers of these
species have furnished alcohols such as L-inositol (7,8) (I), coumarin
derivatives such as aesculetin (II) (9) and daphnetin (III) (10), acids
such as ellagic acid dimethyl ether (IV) (11) and glucosides such as
quercitin (V) (12,13), xanthoramnin (VI) (14,15), and aucubin (VII)
(16,17,18). However, the latex of these plants has been most intensively
investigated. It has furnished B-ethyl malic acid (19), biglandulinic
acid (VIII) (20,21), methyl gallate (19) and several important triterpenes:
cycloartenol (IX) (22,23,24,25,26), lanosterol (X) (27,28,29,30), euphol
(X1) (31,32,33,34), taraxasterol (XII) (35,36,37), tinucallol (XIII)

(38,39,40), euphorbol (XIV) (41,42,43) and isolupeol (XV) (4k,45,36).

While many species of euphorbia have been intensively investig-
ated, very few studies have been made of the chemical constituents of

euphorbia pulcherimma (poinsettia). Our own work originated in an

attempt to extract from the wood of this plant the chromogen responsible
for an orange coloration when the wood is treated with a solution of
concentrated aqueous hydrochloric acid in methanol (1.5/100 v/v). This
attempt proved fruitless but a number of other materials were obtained
by extraction of the wood with petroleum ether, followed by benzene,

ether, ethanol, water, and acetic acid.
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RESULTS AND DISCUSSION

Montant (5) reported 17 common amino-acids in 19 species of
euphorbia (not including poinsettia) with a preponderance of aspartic
acid. Examination by paper chromatography of ethanol and water
extracts of the wood of euphorbia pulcherimma proved the presence
of 10 common amino-acids with a preponderance of serine., Sucrose and
arabinose (13) were also found in these fractions by the same method.
No phenolic acids could be detected by paper chromatography in any of

the extracts, even after acid or alkaline hydrolysis.

Chromatography on 3% deactivated silica gel of the solid
obtained from the petroleum ether extracts gave, on elution with benzene,
a crystalline solid. The recrystallized product A, m.p., 279-281°C,
analyzed for CBOHZ;QZ’ and had the general characteristics of a steroid
or a triterpene in its infrared and n.m.r. spectra. Peaks in the
infrared spectrum at 840 — (47) and in the n.m.r. spectrum (T = 5.1)
(48,49) showed a vinyl hydrogen. However, the double bond could not

be brominated by the procedure of Fieser (52).

A proved to be an acetate, since treatment of it with lithium
aluminum hydride gave a compound B, C28HA60’ m.p. 170-174°C, and reacetyl-
ation of B in pyridine-acetic anhydride solution gave back the starting
product A, B showed a peak at T = 8.1 in its n.m.r. spectrum which can
be attributed to an hydroxy group, since it disappeared on treating
the compound with deuterium dioxide. Shoolery and Rogers (48) reported

a chemical shift atT = 8.0 for B-hydroxy steroids, A triplet at7T = 6.8
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(w/2 = 6.5 c/s*) can be assigned to the hydrogen adjacent to the hydroxyl
group, indicating probably a secondary alcohol., Musher (50) gives
values from™ = 6.62 to T = 6.10 in 10-methyl-decalols-2 for the 2-

hydrogen atom, with a half width equal to 6.7 c¢/s when this 2-hydrogen

atom is equatorial,

A peak in ultraviolet spectrum at 208 mu (€ = 14,100) indicated

a tetraalkyl substituted double bond (51).

* w/2 = half-width in cycles per second., Solvent: spectroanalyzed

carbon tetrachloride.
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EXPERIMENTAL®

A. The chopped wood of poinsettia (4 kg) was extracted in a
Soxhlet apparatus with four liters of various boiling solvents.
Petroleum ether (60-80°C) removed 22.1 g of a yellow solid (yield: 0.5%);
benzene, 79 g of a brown oil (yield: 1.5%); ether, 31 g of a brown oil
(0.6%); ethanol (95%), 57 g of a brown oil (1.1%). Extractions with

acetic acid and water are still in progress.,

B. The ethanol fraction was submitted to two-dimensional ascending
paper chromatography on Whatman No, 1 filter paper using the following
solvent systems: butanol-acetic acid-water (5:1:4) (vols.) and water
saturated phenol and containing 3% sodium cyanide, Spraying with 1%
nynhydrin in butanol-ethanol (1l:1, v/v) gave ten, well-defined blue

zones having RF values for leucine, phenylalamine, valine, tyrosine,

alanine, threosine, glycine, serine, aspartic acid and arginine.

C. Portions (100 mg) of each fraction were hydrolyzed with 10%
hydrochloric acid and with 10% sodium hydroxide at 0°C for 12 hours,
After acidification of the alkaline solutions to pH 2, each portion

was extracted with ether. The residues from evaporation of the ether
were submitted to descending paper chromatography using the following
solvent systems: benzene-acetic acid-water (6:7:3) (vols) and 2%

formic acid, It was impossible to detect any phenolic acids after ultra-
violet examination or after spraying with ferric chloride or diazotized

sulfanilic acid solutions.

* Ultraviolet measurements were recorded on a Beckman D.K.l spectrophoto-~
" meter (solutions in spectroanalyzed cyclohexane),
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Product A

The solid extracted with petroleum ether (60-80°C) was
chromatographed on 3% deactivated silica gel. A crystalline compound
eluted by benzene and was recrystallized from ether-methanol to give
transparent plates (1,21 g; yield 0,03%), m.p., 279-281°C, 3457 =+ 27,3°
(¢ = 0.463).

Calc, for C, H ,0,: C, 8L,76%; H, 10.98%

30482
Found: C, 81.76%; H, 10.90%.

Product B

A solution of product A (0.080 g) in ether (15 ml) was
added to a suspension of lithium aluminum hydride (0.15 g) in ether
(20 ml) over two minutes, The mixture was refluxed for 1-1/2 hours
and then 10% aqueous sodium hydroxide (1 ml) was added dropwise with
continued stirring. The preecipitated inorganic salts were removed by
filtration and washed with more ether, Evaporation of the dry solvent
gave a white crystalline material (0,073 g; yield 89%), m.p. 164-169°C.
Several recrystallizations from methanol-water gave needles melting
at 170-174°C, [9)37 = 19.3° (¢ = L.09).

Cale. for CygH, 03 C, 84.35%; H, 11.63%

Found: C, 83.81%; H, 11.60%.

Acetylation of this compound with a mixture of acetic anhydride
(1 ml) and pyridine (1 ml) gave, after several recrystallizations from

ether-methanol an acétate, m,p. 268-271°C, &437 =+ 27.5° (¢ = 0,512)
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shown by mixed melting point and infrared spectrum to be identical with

preduct A,



- .
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