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Part 1 A .

The part-synthesis of l2-keto-desoxycorticosterone acetate.

l.Introduction.

When the importance of the hormones of the
adrenal cortex under conditions of stress had been
esteblished, the value of the hormones for the treat-
ment of the injured and fatigued was recognized. The
only hormone of the adrenal cortex, which 1s commer-
cially aveilable for therapeutic application, desoxy-
corticosterone acetate, however, has been found unsatis-

Tactory.

Most adrensl cortical hormones possess an
oxygen atomr in the ll-position, which endows them with
gluconeogenetic activity. Owing to the tedious and
expensive methods for the isolztion of the hormones
from adreneal cortical tissues, the synthesis of the
compounds from the blle acids has been investigated.
Attention wes focussed on the transposition of the
l12-oxygen atom to the ll-position, and several suc-
cessful methods were developed. (389-391,409-412) The
large number of reactions involved and the poor yields

make commercial production economically unfessible.,



An investigation of the gluconeogenetic activity
of the li-o.ygen analogues of adrenal cortical hormones
became of great intcrest, because the synthesis of these
compounds from desoxycholic acid eliminates the costly and

laborious transposition reactions.

The part-synthesis of l2-keto-desoxycorticosterone
acetate had been undertaken in this laboratory by D. Sainte-
Karie (392),who investigated the action of lead tetraacetate
on pregnane-35,le-diol-<0-one and obtained pregnane-3,lz-diol-
2l-acetoxy-20-one zmonzst other reaction products. Fuchs and
Reichstein (393) built up the ketol sidechain frow etioaesoxy-
cholic acid and prepared the l2-keto, l2-hydroxy znd l2-acetoxy
analogues of cortical hormones. ALl three compounds were found
inactive in the Everse-de Fremery test (399). The l2-acetoxy
homologue was also tested in the Anti-Insulin reaction of
Jensen and Grattan (398) and four mg. doses per mouse Were

found to be inactive.

The gluconeogenetic activity of these compounds
had not ceen adequately investigated, and the part-synthesis

of a batch, large enough for this purpose, was undertaken,
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2. Discussicn,

In an attempt to prepare pregnane-2l-acetoxy-3,1&,20-
trione ( XVIII ) from 3,l2-diketo-etiocholanic acid ( XV )
D. Sainte-Marie (392) obtained dark coloured oils, from which
only small amounts of the desired crystals could be isolated,
while Fuchs and Reichstein (393) prepared the corresponding
ketol ( XI ) in good yield from 3,l2-diacetoxy-etiocholanic

zcid ( XX ).

To investigate this unexpected difference in the
behaviour of the 3,1l2-diketo and the 3,lz-diacetoxy acid,
model experiments were conducted with the chegper bisnor-
desoxycholic acid. Methyl bisnordesoxycholate was oxidized
with chromic acid to the corresponding diketo compound (XIV),
saponified, and the resulting acid was purified by recrys-

tallisation and thoroughly dried in a vacuum-desiccator.

In the conversion of the acid ( XV ) to the acid
chloride with thionyl chloride, the solution soon turned
from yellow to red and puryple. As this coloration had not
been described by Fuchs, it appeared, taat the keto compound
was unsuitable for this reaction. The product, however, was
treated with diazomethane, and the resulting oil was heated
with acetic acid. Only brown, amorphous solid;, showing

slight reducing properties, could be isolated.



lhe experiment was repeated with the same results
on znother batch of diketo-bisnorcholanic acid, teking great
care 1o have all reagents and solvents perfectly pure and dry.
A comparison was therefore made of the action of thionyl
chloride on 3,1l2-diketo and 3,l2-diacetoxy-bisnorcholeanic
acid under identicel conditions. Whereas the solution of
the diketo compound rapidly turned red, only a slight yellow
coloration of the 3,l2~diacetoxy-bisnorcholanyl chloride
was observed.The compound was treated with diazomethane,
saponified and decomgosed with acetic acid. The product
could not be crystallized, even after chromatographic sepa-
ration, and on chromic acid oxidation only colourless oils

were obtained.

As tne presence of a ketone group eppears to
interfere with the zcid chloride formation, it was inves-
tigated, whether the l2-keto group alone was responsible.
The 3-hydroxy-l2-acetoxy-etiocholanic acid ( XVI ) was
oxidized to the 3-keto compound ( XVII ), which on treat-
ment with thionyl chloride was observed to turn purple.

The conclusion was reached, that a l2-keto group was not

essentiszl for this untoward reaction.

After these preliminary experiments, the peart-
synthesis of l2-keto-desoxycorticosterone acetste ( VII )

from 3-hydroxy-l2-acetoxy-etiocholenic acid ( XVI ) was



undertaken. A trial run was made on one g. of acid ( XIX ),
rolloving the directions of Fuchs and Reichstein. On acety-
lation the anhydride was formed which, on hydrolysis with

&queous acetic ecid, gave rise to the diacetete ( XX ).

The pure, dry crystals ( XX ) were added to &
solution of thionyl chloride forming a light yellow solu-~
tion. The acid chloride ( XXI ) was not purified, but was
treated with dizzomethane, seponified,and decomposed with
glacial acetic acid. On chromatography crystals were ob-
tained, which showed the characteristic melting point of
pregnane-2Zl-acetoxy-3,l2-diol-20-one ( XXVI ). The prepa-
ration of the compound was repeated a number of times with-
out modification,except for the immediate hydrolysis of
the etio acid anhydride without separation., The yields
varied from 67% on a small scale reaction to 60% on larger

ones.

Oxidation with chromic acid gave rise to the
diketo compound ( XXIX ) in quantitative yield, when only
100 mg. amcunts were treated. In the case of lerger batches,
the yield dropped to 77% and crystals of 3-ol-Zl-acetoxy-

preghane-12,20-dione were also isolated.( XXVIII )

Bromination (404,405) did not rresent any diffi-
culties except in one case, where ultraviolet radiation and

strong sunlight had to be used to start the reaction.
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The yield amounted to 60%. In subsequent browinztions,the
product ( XXX ) was not purified but Gebrominsted directly
With pyridine. The desired end product ( XXXI ) was obteainec
in 58% yield. On debrominztion of the purified bromo cou-
round 69% yields of crystalline materizl ( XXXI ) were
rcached. Crystalline by-products were separated by chroma-
tography.Identification of the compounds, however, was not

attempted,owing to the large number of possible side reactions.

Pure crystals ( XXXI ) were tested by Dr. venning
for gluconeogenetic ectivity. When examined by the glycogen
deposition test of Reinecke znd Kendall (400), l2-keto-des-
oxycorticosterone acetate was found to be toxic at & dose
level of 0.5 to 35 mg. and completely inactive in a 0.2 mg.
dose. The compound was &lso found to be inactive by the
Ingle test (401). From these and ¥uchs znd Reichstein's
results it was concluded,that the compound was inactive, and

toxic in higher dosis.
3, Experimental work.

1. Oxidation of methyl bisnordesoxycholate.

The ester ( XIII ) (10.0327 g.) was dissolved in
glacial acetic acid(100 ml. ), and chromic acid (7.1 g. in
80 ml. 80% acetic acid) was added dropwise to the cocled

solution. After stending for two hours at 0°C, the solution

8.



was‘diluted 10 ten volumes with water and extracted with ether
( 3x600 ml.). The ether extracts were washed with 10% sodium
carbonate solution ( 2x200 ml.),washed neutral with water,

s

dried with sodium sulphate and taken to dryness. The crystals

melted at 140-142°.

All melting points were observed under a cover slip
on & microscope slide heated on the stage of the kofler -
Hilbck micro melting point apparatus. The vslues recorded
are corrected, the limits defining the temperature of first

appearance of liquid and of complete clearing of the melt.
2. Saponification of methyl 3,lz-diketo-bisnorcholanate.

The diketo ester (XIV) (7.825 g.) was dissolved in
36 ml, methanol and 18 ml, €N potassium hydroxide solution,
and refluxed on the steam bath itor three hours. The solution
was then cooled, diluted with ten volumes of water, washed
once with ether (100 ml.),acidified and filtered. The white
residue was crystailized from acetone. m.p.263-264°C. A

guantitative yield was obtained.
3., The action of thionyl chloride on the diketo acid.

After thorough drying in a desiccator,the acid
( Xv )(9 g.) was added to 46 ml, thionyl chloride ( distilled
over quinoline and boiled linseed o0il ), which was cooled

in an ice salt freezing mixture. The solution was kept under

9.



anhydrous conditions at 0°C for 30 minutes,and 20 hours at
room temperature., A colour change from yellow to orange, red
and purple was observed. The solvent was removed under vacuum,

using as little heut as possible. The dark brown residue was

not purified.

4. The action of diazomethane on the product.

Nitrosomethylurea was prepared according to directions
given in Organic syntheses (408), from which diazzomethane was
produced by the method described in the same volume (408).Great

care was taken to prevent the escapge of highly toxic diazometaane.

The oily residue was dissolved in 50 ml. dry benzene
and added to 80 ml. dry ether containing diazomethane ( prepared
from 30 g. nitrosomethylurea) at a temperature of -1500.( salt
ice freezing mixture). The solution was kept two hours at OOC,
and 16 hours at room temperature under anhydrous conditions in
e fume cupboard. The ether and excess diazomethane were dis-
tilled &t room temperature under vacuum,with an acetic acid
trap for escaping diazomethane. When the benzene had been re-

moved under vacuum at 40°C, a brown o0il remained which was not

purified.

5. The decomposition of tae product with acetic zcid.

The residue was dissolved in 100 ml. glacial scetic

acid and heated on the steam bath for 55 minutes. On cooling

lC/.



& black solid settled out. After the solvent had oeen removed
under vacuum on the steam bath, crystallisation of tine re-

. &
Sidue was attempted unsuccessfully. A number of fractions

showed reducing properties with the silver diemine reagent.

The reactions were repeated on anotner batch of
diketo-bisnorcholanic acid,and great care was taken to use
perfectly pure and dry resgents and solvents (407). Identical
results were obtained. The dark brown residue did not yield

any crystalline material zfter chromatography.

6. Comparison of the action of tuionyl chloride on the

diketo and diacetoxy-bisnorcholanic acid.

3,l2-diketo-bisnorcholanic «cid (2.238 g.) and
3,1l2-diacetoxy-bisnorcholanic acid ( 2.31 g.) were dropped
separately into 11.5 ml., thionyl chloride solutions &and
kept at 0°C under anhydrous conditions. The solution con-
taining the dixeto acid turned dark red,while tne other
solution remained light yellow. The thionyl chloride was
removed from the solution,containing the diacetoxy compound,
under vacuum at 40°C.The oily residue was treated with diazo-
methane and extracted as described above. The o0il was ais-
solved in methanolic potassium hydroxide ( 1.5 g. in 38 ml.
90% methanol ) and saponified at room temperzture for 22
hours. 10 the red solution potassium bicarbonate ( 2.75 g.

in 55 ml.water) was added and the methanol was removed under

11,



vacuum at z0°C. The mixture was then extracted with ether,
(3x100 ml.) and tihe ether was washed (3x50 ml.),dried with
sodlum sulphate and distilled. The yellow oil was dried
taoroughly and decomposed with glacial acetic acid,as pre-
viously described. On chromatography of the residusl oil,
light yellow oily fractions were eluted.They were oxidized

with chromic zcid yielding colourless uncrystallizable oils.
7. Oxidation of 3-hydroxy-l2-acetoxy-etiocholanic zcid.

The monoacetate (223 mg.) was dissolved in gleaciel
ecetic acid ( 5 ml.), end chromic acid ( 0.3 ml. 4 N ) was
added dropwise to the cooled solution with constant shaking.
After 3 hours at room temperature,an additional 0.15 ml, 4N
chromic ecid solution was added and allowecd to rezct for 3C
minutes. The solution wes diluted with 10 volumes of wvwater,
znd the crystalline precipitete was filtered. (207 mg. ),

m.p. 239-241°C.

8. The zction of thionyl chloride on 3-keto-lz-acetoxy-
etiocholenic &cid.

The 3-keto acid ( XVII )(2R.7 ng.) wes caded to

tne thionyl chloride (0.25 ml.) et 0°C. Cn standing in ice

under cnhydrous conditi.ns the solution turned orenge,

red and purple after two hours.



9. Acetylation of eticdesoxrycholic acid-lz-ucetate. ( XIX ).

The monoacetate ( XIX )(5 g.) was thoroughly driea
in & vacuum desiccator, dissolved in 50 ml. acetic anhydrice
end allowed to stand for 16 hours at room temperature under
enhydrous conditions., The solvent was then removed under vacuum,
and the residue was taken up in ether (200 ml.) and extrected
with ice cold 5% sodium carbonate solution (3x60 ml.). The
carbonate extracts were guickly acidified with dilute hyaro-
chloric «cid, to prevent hydrolysis of the 3-acetate group,
extrected with ether (3x60 ml.), and the combined ether solu-
tions were washed neutral (3x30 ml.) and taken to dryness.

The 0lly residue weighed ten mg. The neutral fraction (6.01 g.)
was reclaimed from’the washed ether solution, treated with 23 ml.
acetic acid and 10.5 nl. of water and heated on the stezm bath
for two hours. The solvents were removed under veacuum, the re-
sidue dissolved in ether ( 200 ml.) and was separated intc an
acidic and neutrsl fraction with 5% sodium carbonate solution,
as cescribed wbove. In tne @cid fracticn crystals were obtained
on acicdification of the carbonate extracts, which were re-
crystallized from ether-petrol ether.m.p.196-19800. The neutral
fraction ( 0.217 g.of o0il ) did not yield «cidic material on

repeated hydrolysis with aqueous acetic ecid,

In subsequent acetylations the anhydride was not

ceparated, but was imrediately hydrolyzed. The amount of

13.



of neutral,unhydrolyzable 01l variea frow C.S5 - 4p. rure
Ccrystalline aiacetate was obtzined in 75/ yiela. The mother

llquors,reacetylated, ylelded more crystalline diacetate.

10. The action of thionyl chloride on d,l2-diacetoxy-etio-

desoxycholic wcid (XX - XXI).

Thoroughly dried crystals of the diacetate ( XX )
(5.8634 g.) were added to 30 ml. purified thionyl chlorige
(407) &at -15°C ( salt ice freezing mixture ),and the solution
weas allowed to stand 30 minutes at 0°C and 20 hours at room
temperature under anhydrous conditions. ihe solvent was then
removed under vacuum below 50°C. A light yellow 0il was ob-

tained,which was not purified.

ll. The action of diazzomethane on 3,l2-diacetoxy-eticcholanyl

chloride. ( XXI - XXII ).

The o0il ( XXI ) was dissolved in 50 ml. pure benzene
(4C7) and edded to the ether solution (407) of dizzomethane
( prepared from 18.54 g. niirosomethylurea ) at - 15°C. 4
flocculent precipitate settled out. The mixture was then left
stending for 2 hours at 0°C and 20 hours at room temperature
under anhydrous conditions in the fume cupboard. .uxcess diezo-
methane znd ether were distilled with the nececsary precautions
below 40°C, and the benzene wes teken off at 40°C under suction.

"he yellow,0ily residue was not purified.,

14,



l2. Seponification of bregnane-2l-aiazo-4,lc-aiacetoxy-<0-one.

( XXITI - XXIV ),

The 0il ( XXII ) wus saponified wWith methanolic
potassium hydroxide ( 3.91 g. in 92 ml. ¢0% methanol ) on
standing for 20 hours at room temperature. Potassium bicarbo-
nate ( 7 g. in 140 ml, of water ) was added tc the red solu-
ticn,and most of tihe methanol was removed under vacuws at 20°c¢,
The precipitate was extracted with ether ( 3x60 ml, ), and the
ether was washed neutral with water and distilled. An oil
(5.6619 g.) was obtained and thoroughly dried on the high

vacuum at 45°C.

13. The action of glacial acetic acid on pregnane-2l-diazo-

3,12-diol-20-one. ( XXIV - XXVI ).

Glacial acetic acid (32.5 ml.,purified by distil-
lation from lead tetraacetate and chromic ascid ) was added
0 the 0ily residue ( XXIV ) and the solution was heated on
the steamwbath for 40 minutes. The liberzted nitrogen gas
was coliected over water in an upturned measuring cylinder
and measured, allowance being made for the displacement of
water by the expansion of gas inside thne heated flsask. When
the evolution of nitrogen had ceased — 315 ml. nitrogen gas
had been given off ( 95% of theory ) -~ the acetic acid was
removed on the water bath under vacuum,leaving an oily

residue (5.8764 g.) which crystallized partly.

15,



14. Chromatography of sregnane-2l-acetoxy-3,lx-diol-z0O-one.

A coluun of cliumina ( Harshaw, =cia washed znd ire-

activated ) was prepared ( 30x the weizht of zdsorbate in

a column, its height 5x its width) and washed with petrol etner.

lhe 0il ( XXVI ) was dissolved in & minimum amount of dry

benzene, and dry petrol ether wes added to incipient turbidity.

Fractions were eluted with various solvent mixtures,as outlined

below. 50 ml.
rraction Bluant
No.
1 -4 penzene i100%
4 - 7 bz.: ether 40:1
3 -11 bz.: ether <0:1
12 -13 bz.: ether 10:1
i4 -1 bz.: ether 4:1
16 -17 bz.: ether 2:1
18 -21 bz.: ether 1:1
25 =28 bz.: ether 1:1
29 -48 ether 100
49 -50 ether :CHClz 1l:1
51 =52 chloroform 100%
53 -58 ethyl acetate:

CHClz : CHzOH
1:2:7

total 5606.9

mluate

mg.
33.9
8.6
23,3
Kol
35. 4
63. 0
854.8
1012. 9
3086. 1
42.3
16.7
1137.95

nature
oil

n

1}

(1]

n

it

[}

crystals
n

oil

FOUORON

solvent mixtures were used for each frzction.

L. ]:J .

1019, 149-1519¢.

(1] " n

© A et AT —— e . -

The crystals,eluted in frections 25 to 48,were arled

. . O
over vhosphorus pentoxide on the high vacuum at 80 C.They

showed tiie same double melting point and were identified as

compound XAVI (393). On a small batch ( 1 g.) 67.%% yield was

obtained. On larger ones ( 6 - 7 g.) yleids of 58 to 6z

couid only be reached. In addition pregnane-3-0l-12,21-di-

scetoxy-20-one ( XXV ) was obtained as an oil in 6% yleld,

1l6.



which wes identified after chromic zcid oxidation to crys-
talline pregnane-lz,Zl-aiacetoxy-s,20-dione,m.p.118-123°(XXVII)

Compound XXV was eluted with sdvent mixtures benzene : ether

15. Cxidation of pregnane-2l-acetoxy-3,12-diol-20-o0ne (XXVI).

Chromic acid (133.4 g.) was diluted to one litre
wilith distilled water,and its strength was checkea by titra-
tion with O.1 N sodium thiosulphate solution (standardized
with an exact 0.1 N potassium biiouate solution (KI0z.HIOZ ) )
in the presence of potassium iodide ana acetic acid. 4
dilute starch solution served as indicator. The chromic acid

solution was 4 N.

A solution of 98.6 mg crystals ( XXVI ) in 3 ml.
glaclial acetic acid was prepared,and 0.26 ml.4 N chromic
acid solution was added dropwise with sheking to the ice
cold solution. After standing for three hours at room tem-
perature, the test for tae presence of chnromic =cid aid not
give a violet colour.(two ml.dilute sulphuric acid,one uml.
ether and a few drops hydrogen peroxide solution in a small
test tube show on addition of chromic acid a violet streak.)
An additional 0.13 ml.4 N chromic acid solution was aaded
and allowed to react for one hour at room temperature.ix-

cess chromic acid was detected. The solution was ailluiea

with ten volumes water, and the precipitate was extracted

17,



with ether ( 3x20 ml.). The ether was washed vith dilute hydro-
chloric ecid ( 2x10 ml.),with ice cold S/ soaium carbonate so-
lution ( «x10 ml.) end with water until neutrsl,dried with
sodlum sulphate and distilled. Cclourless, thermolabile crystals
were obtained,m.p.189-191°C, showing no depression of the

mixture melting point with pregnane-2l-czcetoxy-3,12,20-trione.

On oxidztion of 100 to 250 mg. batches quantitetive
yields werc obtcined, while vith larger quentities yields
drorped to 73 - 77%. Oxidetion was not complete end on chro-
matogreaphy of the mother liquors crystals of compound (XXIX)
as well as crystals of pregnane-Zl-acetoxy-3-0l-12,20-dione
(XXVIII) were eluted. The crystazls (4aVIII). on chromic acid

oxidstion gave rise to pregnane-2l-ucetoxy-3,12,20-trione.

U
rraction XKluant Eluate
No. o0 ml, mg. neture m.p. forwula
1 - 2 Pet.E.:Bz.l:1 - 46.4 0il
3 - 14 benzene 100% "14.3 crystals 189-1910 XXIX
+ 15 - 19 Dbz.sether 50:1 86.9 " 148-151° XXVIII
=C - 21 " 20: 1 47,C " " "
2 - 23 " 8:1 40,0 " " " ﬁ
24 - 25 " 4:1 02.1 " " " ;
1 26 - 27 " 2l 238.4 oil :
28 = 35 " 1l:1 043, 6 " !
36 - 44 Ether 100% 374.5 " .
45 - 48 ZIEther:CHClz 1l:1 36.7 " .
49 - 50 CHCl, 100» 5.8 "
51 - 52 ethy? acetate: 189.6 u
CHCIQ:CHSOH

| l:2:

o S

| total 2722.9

LB STivh = ke A AT o . AT S
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6. Brominetion of pregnane-zl-acetoxy-3,1%,z0-trione. (X4I1x)

Approxinctely lc g. bromine were dissolved in 100 ml.
glacial acetic acid. One ml. of this solutior was neutralized
by 15.25 ml 0.1015 N sodium thiosulphate solution ( restan-
derdized with potassium biiodste solution ) The bromine solu-

tion, therefore, contained 12.38 g.bromine per 100 ml,sclution.

Compound XXIX (786.8 mg.) was dissolved in glacial
ccetic acid ( 8 ml.) and 0.1 ml.bromine solution wes «aded.
After 30 seconds the solution turned colourless,end 2.55 ml.
bromine solution (1.05 equivalents) wus added from a burette
dropwise with cocling and sheking.When the solution wes de-
colorized, the acetic acid was removed at 3COC under high vacuul
and the residual o0il was crystallized from ether.m.p.l&6-1900C.
On recrystallisation from metheanol, the crystals showed a
double melting point at 144° and 176°C and decomposed on stand-
ing in the open., Recrystallized from ether,their melting point

was egain 190-192°C.

The mother liquors were dissolved in acetic acid
( 10 ml.) and reduced with zinc &t 20°C for 4 hours. The
solution was diluted to 10 volumes with water, extracted with
ether ( 3x30 ml.),and the ether was wuashed with iced 9% sO-
diur carbonate solution (1x20 ml.), washed neutral,dried and
distilied.Crystals of pregnene-2l-acetexy-93,1z,20-trione,

( XXIX ) were isolated,m.p.190-121°C.

19,



In one bromination experiment & 60% yield was Ob-
tained.On & larger batch the yield of the bromo compouna (Xas)
was consicerably smaller, and the isolation of the unstable
bromo coupound was eliminated in later trials.The bromination

product was directly debrominated =zfter thorough desicceation,

17. Debromination of pregnane~2l-acetoxy-4-bromo-3,12, 20-

trione. ( XXX ).

The bromo compound (XXX)(948.4 mg.) wuas dissolved
in enhydrous pyridine (10 ml.) and gently refluxed for five
hours at 115 - 120°C on an o0il bath, under &z stream of dry
nitrogen., The pyridine wes removed at 70°C under high vacuum
and the olily residue crystelliged on stending. The crystels
were dissolved in chloroform ( 10 ml.). The soluticn was
diluted with 4 volumes of ether, washed with 10% hydrochloric
acid soluticn (3x1C ml), with ice cold 5% sodium carbonate
solution (3x10 ml.) and with water until neutrsl, dried with
sodium sulphate and taken to dryness at 459C.Crystals were
obtained,which melted from 180-190°¢. They were chromgstographed
as shown on page 21 and recrystallized from methenol.The moler
extinction coefficient atAmax 240 mp of the crystals,m.p.184-6° C,
was calculated to be 16600 indicating 100% pure crystals of

12-keto-desoxycorticosterone acetate. ( XXXI ).

The yield of the reaction amounted to 69% (XXXI).
When the bromo compound was not isolated,the yield was only

58%, but 17.4% crystalline unidentified material was also

20,



obtained. As the number of possible bromination and cebromi-

nation products is large,

graphed side-reaction

Chromatogram of debromination product.

KFraction
No.

Eluant
20 wml,

1L -5
& - 8
9 ~-10
11 =17
18 -20
<l -24
25 =28
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U] "
n n
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-products was not attemptzd.
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18. Bioassay of 1l2-keto-aesoxycorticosterone acetate. (4xXI1).

) The compound XXXI was tested by Dr. Venning for
gluconeogenetic activity by tune glycogen deposition test of
Reinecke and Kendall (400). The compound was injected in 7
equal doses at hourly intervals into adrenalectomizec mice,
whose liver glycogen had been depleted. The livers of these
animels were then examined for glycogen. The results are

combined in a table.

. Compound dose number of observations or slycogen 1
| mg. animals deposition/ 100 g. mouse '
§ AXXI ) é all diea after 4 injections '
KXXI 0.5 6 2 wooomoop
1 66 mg
1 66 mg sick
1 1 mg sick
1 14 mg
npn 0.022 66 mg
nAn 0.070 66 mg
_———— ———— £10 mg

Compound XXXI was rechromatographed,to remove
traces of toxic bromo compounds,and again tested by Dr.Venning.

No impurities could be discovered.

0.5 mg XXXI proved toxic for 10 out of 10 animals.
0.2 mg XXXI did not cause glycogen deposition in any
of the test animels,
the compound was also tested by tne Ingle test.

Three to 7.5 mg.doses were found to be inactive.

no
o
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Part 1 B.
ihe Nitration of A9:11-lithocholenic scid.
1. Introduction.

Sir.ce the 1lR-keto analogue of dehydrocortico-
sterone zcetate proved to be inactive and toxic, attenticn
wzs turned to the problem of transposing the oxygen atom
rrom the lz to the ll-position, where its presence is
essentiacl for gluconeogenetic activity of adrenal cortical

hormnones.

The transposition was accoumplished by Reichstein
(389), Kendall(391), Gallagher(409), Wallis(410), Sarret(41l),
and Wintersteiner(412), and corticosterone and Kendell's
compound "E" has actually been prepared from desoxycholic
acid. The number of steps involved and the limited yields
of certain intermediate compounds, however, have prevented

the commercial preparation of these hormones.

A nitration reaction,aiming at the introduction
of an oxygen atom in the ll-position,was mentioned by Wallis
(441),but the results of his investigation were not published.
As the nitration of cholesterol acetate to 6~nitro-cholesterol
acetate leads on hydrolysis after reduction to 6-keto-choles-
terol acetate ( Heilbron (440)), interest in the nitration of

the 9:11 double bond in steroids persisted.



XXX

XXX

MmO

2
o\\a
wwg
0
Ae XXX V)

oH 'l\
NI
5 é S

B,

Xl

fed : ;E

XL

A o

NHOH
xxx |V

_4.



The action of nitric acid «nd the oxides of
nitrogen on olefinic double bonds has been studied by a
number of investigators (443-447). A thorough enalysis
of the nitruation products of olefinic compounds was mede
by Michael and Carlson (438,439) on methyl propene,
trimethyl ethylene and tetramethyl ethylene.Aside frow a
number of adaition products, they obtazined a substitution
product in 5 to 12% yield. Montignic (442) described the
preparation of dinitro-cholesterol with concentrated nitric
acid and Heilbron, as mentioned above, obtzined the 6-nitro-

cholesterol acetate in good yield.

The second step, the reduction of the nitro group
to the oxime, has been described for a variety of nitro com~
pounds by the use of stannous chloride and hydrochloric acid

or zinc in szcetic acid. (Houben (452)).

Hydrolysis of the oxime to the corresponcing ketone
(by refluxing with alcoholic hydrochloric acid) was described
by Houben (452) and others(448-451). As all three reactions,
involved in this investigation were found to be widely eppoil-
cable to organic compounds, including cholesterol and its

acetate, the action of nitric acid onA9:1ll-lithocholenic

was studied.



2. Discussion.

To investigoate the action of nitric acic on =
9:11 double bond, A9:11l-lithocholenic zcid was yrepered fromw
desoxycholic acid. A number of methods for the formation of
S-hydroxy-1l2-keto-cholanic acid (XLVIII) were found in the
literature. The.partial oxidation of desoxycholic acid (XLII)
with chrowic acid, as described by Kashima(4l4), was not
attempted. The oxidation of 3-acetoxy-l2-hydroxy-cholenic
acid( obtained by acetic and hydrochloric acid treatment of
desoxycholic acid ) appeared to be more reliableJ Wieland (417),
and others(418,419)). The reaction product was not extracted,
but directly oxidized with chromic acid as described by
Reichstein(418). Methyl 3-acetoxy-l2-keto-cholanate was ob-
tained by this reaction,but showed a melting point 10 degrees
lower than that given in the literature. On reacetylztion the
melting point remained unchanged. When the crystals were re-
crysta-lized from ether instead of methanol, the charzcteristic

melting point,152-154°C was observed.

Mesnwhile a different method, yielding pure S-hydroxy-
12-keto-cholanic acid according to tae literature(415,410), hsad
besn investigated. The Cg-semi-succinate can be isolated citer
treatment of desoxycholic ascid wi th succinic anhydride and pyri-
dine. 7ithout application of heat, however, the reaction did
not go to completion, while with heating on the steam bath a

dzrk coloured, oily product was obtained., With excess of succi-

26.



nic anhydride, rure, dry pyriaine and oniy slight neating .ure
crystals of desoxycholic acid-3-semi-succinats (XLVI) were
lsolated in good yield. The oxidation to the corresgonding
12-keto compound(XLVII) proceeded smootnly and zfter sapo-
nification,methylation and acetylation pure mwethyl 3-acetoxy-

l2-keto-cholanate (XLV)was obtained.

Neither of these methods gave yields comparzble

to those given in the literature,and an analogous new methoa
was, therefore, investi.ated. The C3-semi-phthzllate of des-
oxycholic =zcid, prepared with phthallic anhydride and ;yriailne,
was separated from phthallic acid by extraction with chloro-
form. uxidation of the C,-semi-phthallate (L) with chromic
acid yielded tne correspondin, kétone (L1),and on hydrolysis
3-hydroxy-1l2-keto-cholanic zcid (XLVIII) wes obtained. This
method gave good yields on a small scale run.It was,however,

not applied to larger batches.

The dehydrogenation of mcthyl 3-acetoxy-lz-keto-
cholznete (XLV) with selenium aioxide has been described by
Scnwenk (420,421),vhose directicns were followed. because
the dehydrogenation product contains an 'x, B-unsaturated ketone
group, its ultraviolet absorption spectrum showsa meximum at
240 mp with a molar extinction coefficient (By) of 11500.
From the Ej of tiae reaction product it is, tiierefore,possible
to determine the concentration of tne unsaturated compound,

which does not give a depression of the mixture melting point

7.
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wltih the starting materizl and sO0ssesses tne oame melting polnt.
Thus it weas founa, that only 50% of the material had been dehy-

drogenated to methyl S-acetoxy-lz-keto-A9:1ll-cholencte. (LII)

The separation of the 2 com.ounds by cifferent re-
activity with Girard's reagents (191) wss studied. Three suc-
cesslve separations were made snd 10% of the material wes
found each tine in the reactive("ketonic") fraction. The
moler extinction coefficient was observea to increase in the
non-reactive ("non-ketonic") frzction and tne meiting point
of tne crystals became sharper. In the final "non-ketonic"
fraction the Em reached 11550,while in tne "xetonic"fraction
it was calculsted to be 10550. As a method of separation and
purirication,however, it appears to be too tedious and expen-

sive.

The reaction with 2,4-dinitro-phenylhydrazine w:s
then investigated. Both compounds form dinitro-ghenylhydreazones
di:fering only little in their melting points. When the reaction
was studied with 80% pure methyl 3-acetoxy-lz-keto-A9:1ll-
cholenate, pure crystals of the comgound LII hydrazone (LV)
separated on standing. The second crop showed a lower &na
broader melting point. The recovery of the starting materici (LII)
from its hydrazone(LV) did not succeed.Consecuently, the direct

Holff-Kishner reduction of the dinitro-phenylhydrazone was

investigated; the desired product could not be isolated,



l 50y
B )
o0
-7 ‘ 2 o0
Acl o Ao’ LA 3
e (154
k 110,
r MO
: ,’ it 7 v 'lfl
- ] Nt {0
- '\lﬁlu “” '\' l\
B \ '
N g
t, § o
v Coe (4“!
Rl )
LV
(2292
4 v
™~
J I
e
4 y €4
. ot 3 COooM
2 L wo~
gt %ﬁ“fﬁi CotH
MO Ly HO Lyl
/
/ 053.) (141°)
I (277")
/.;"' Uile
/
4 l k
! N e /\
Co-p iy Coriu, Covk
- v ’ K ’ ! U’ - i
('I'SOO) (,500) (13573

AV e



In @ second selenium dioxide dehydrogenaticn tne
reaction was allowed to continue until completed. After 1Z
hours the reaction was interrupted, a scumple wes extracted,
and the crystels tested spectrophotometrically. Crly 60%
had been dehydrogensted. The nzterizl wes, therefcre, sub-
jected to & further dehydrogenction with fresh .elenium
dioxide for 13 hours. A sample showed a molar extinction
coefficient of 1l0x30 and after one more hour, the reaction
wes terrinated and the naterial wes extracted. The crystals
hea an B of 11400, the mother liguors of ~ 1004C. The
o-acetoxy-le-keto-A9:1ll-cholenic zcid methyl ester (LII)

vwes I'inally obteined in good yield.

The formation of the semicarbazone of the compound,
according to directions given in the litercture(430-432), did
not succeed. The ester (LIT) was scponified end the semicerb-
zzone of the acid (LVII) wes tuen obtained in good yield witi-

out aifiiculties.

Wolff-kishner reduction of the semicerbszone (LVII)
wzs done with sodium benzylate in benzyl alcohol,as describea
by Ruzicka (433). The reaction product was precipiteted by tue
sdditicn of saturated sodium chloride solution, methyleted,
zcetylatea and chromatogrephed. Crystals of S-acetoxy-A9:11-

cholenic acid methyl ester (LX) were eluted in 575 yield.

ol.



To \ ;
study the nitrogen determinstion by the semi-

ricro Kjeldah: .
ndeldehl nethod on nitro compounds, 6-nitro-cholesteryl

ccetate G e .y
(XXXIII) wWas prepared. Vithout treliminery reduction

of the nitro group, the amount of amwonia formed accounted for
only 707% of the nitrogen present. On reduction with hydarogen
iodide the yield of emronis varied considerzbly, end on addition
of g¢lucose, before digestion,no smmonia could be detected. 4s
trie nitro comgound is not soluble in hydriodic acid, the re-
duction wes carried out in zcetic and hydrioaic acid, ana the
eun.oniea determinetions, accounting for 97, of the nitrogen,
coulc be dugliceted. The method V.S, thereiore, thought to be

sufficiently relicble to be applied to tae nitration products

ofTA9Y:1l-1lithocholenic =cid.

The first nitration was carried out on methyl
d-zcetoxy-12-keto-A9:1l-cholenste with a wixture of red
furing and concentreted nitric acid. The oily resiuue coulc
.ot ce crystal.ized. After reduction with zinc in acetic &cid
ci:d hydrolysis, the oily residue was chromatographec,ana the

cils,eluted with benzene and ether,were frec. of nitro.en,

while the ether,chloroforn eluates ccntained sou.e nitrogen,

When using « nitration mixture of fuming ana concen-
trated nitric scid, crystals could be isolated &rter chrone-
togrephy. They were not affected by reducticn witlk zinc, but

could not ve obtcined after hydrolysis.lhe oll was found to be

free of nitrogen.



As hydrolysis of the Cz~acetoxy group is likely to
hepien in the precence of nitric zcid, &ll further nitrations
were cerried out on 9:1l-lithocholenic aclc, 10 eiimwinate
this side-rcaction and possible interfering effects of the
ester group. A sample was nitrsted and tne crystselline pro-
duct, m.p.239-241°C, was enalysed by the hjeldzhl method.1t
was found to heve contained oﬂe atom of nitrogen per molecule.
in tioe next experiment 9:1l-lithocholenic ecid was reduced
efter nitration,snd tne crystels obtained aid not yield any
gnmonis on anglysis. On spectrophotometry, the absence of =

nitro groug was confirmed.

It was concluded, that on nitration nitrogen enters
the molecule, presumasbly at the Cy-position forming a nitrate,
which is removed again during reduction in acetic acid. 4as
the crystels did not show the exprected melting point of the
starting material, their identificetion wes underteken, even
though hope for tie introduction of an oxygen ctom at the

ll-pogition by this method had to ce abandonned.

On nitration and hydrolysis in ethanolic hydrochloric
acid crystals, M.EP. 92-95°C, were isoleted (LXII). The crystals
were saponified and methylated with diezomethane, ylelalng a
crystalline product,melting at 119-120°C, (LXIV) which could
not be iaentified; neither was the acetylated compound charcc-~
terized. As all these compounds were unsaturated, the possibi-

lity had to be considered, that the double bond had shifted.

33,
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The pro Ne ) : . : : .
product Was, therefore, reduced with hydrozen in acetlc zcia

and platimum oxide as catalyst. The uptez<e of hydrogen amounted
to 1.05 moles per mole steroid.The product was segareted chro-
matographically into two crysteiline compounds, epimeric in the
Cy-position.One was identified as belonging into the Co-epl-
lithocholic acid series,while the other one is a urane deri-
vative. The Cs-ketones were rrepared, one of which could oe
ldentified. The free acids were transformed into their semi-
carbazones and the 2,4-dinitro-phenylhyarazone of methyl 3-

keto-cholanaete was also prepared for rurther identification.

The presence of a d-hydroxyl at C; was substantiated
by tihe Tormation of insoluble digitonides, which were not

rormed with any of the bile acids (-hyaroxyl at Cz.)

Further evidence for the assumption thet the 9:11
double bond plays no role in these reactions was gained from
t.e nitration and hydrolysis of lithocholic z«cid. The crys-
talline nitretion product showed a high melting point end
showed an crwngze colour in slkaline solution. After hydrolysis
in methanol methyl o-epilithocholate was isolated. The frec
acid, tie ketone and tie semicarbazone were prepared and lden-
tified by their melting points. The formulae 2nd melting polnts

of =1l the compounds described are given on the next peage.

Another crystalline compound had been isolated,zafter
nitrztion end hydrolysis,in small yield frow «ll chromatogrems.
The crystals have a low melting point and are very soluble in
petrol ether. They were thought to be 2:3 or 3:4~cholenic =zcid

o4,
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methyl ester, respectively the =:3 or 3:4,9:1l-choladicenic
~cld metuyl ester. For identification, the <:3 or 3:4-cholenic
acld methyl ester was reduced with hydrogen azad _Llatinum oxide
to cunolanic acid wetnyl ester. By Clemmensen reduction of
methyl desoxycholate,after oxidstion to tue diketo compound,
methyl cholcnate was obtained, which did not cive a depression

o hl 4 - . N . R .
of the melting point when mixed with crystels of the reduction

product of methyl <:3-cholenate.

During nydrogenation experiments with platinuam oxide
in scetic zcid,the suryrising observation was made, that tne
9:11 double bond could be reduced in epilithocholenates, but
not in lithochnolenic acid or its ester. A dirference ian tae
reactivity of the 9:11 double bond towards nitric «cld in
lithocnolenic acid wnd 1its 05-epimer is conceiveble, zna may

be worth while investigating.

o7.
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5. ©Experimental work,

l. Purification of desoxycholic acid (XLII).

Impure desoxycholic acid (100 g.) wes purified
by methylation and saponification ( Reichstein(413)). The
crystals were suspended in 150 ml.methanol. Concentrated
sulphuric acid (1.5 ml.) was added dropwise with stirring,
and the sgitation was continued at room temperature, until
most of tihe material had dissolved. The solution was then
filtered, and the filtrate crystaliized on stending. The
crystals were filtered and recrystzllized from methanol.

m.p.94-111°%.

From the mother liquors on condensation more
crystals were obtained, showing the same melting point. The
yield was 92.65%. In subsequent methylations the volume of

methanol used was reduced to 100 ml.per 100 g. acid (&LII).

Lethyl desoxycholate (XLIII)(55.2 g.) was ais-
solved in methanol(165 ml.), potassium hydroxide (95 g.

dissolved in 55 ml.of water) was added, and the mixture was
refluxed on the steam bzth for 2% hours.After cooling, the
solution was ailuted to ten voiumes with ice water. On
ccidification of the cleer solution with 6N hydrochloric
zcid, a white precipitate formed,which was Tiltered and washed
rrec of acid., The residue was dried in an oven at 80°C, dis-

solved in methenol and crystallized from acetone. The crystals

9.



of desox lc aci '
f desoxycholic acig (5C g.) showed = double Lelting goint

at 16C znd Oc d
d 1767C wng “were, therefore, dried in an oven zt

lC5°C;m.p.176OC.

[

<. Preparcztion of S-acetoxy-lz-keto-cholanic ccid methyl

ester (XLV) by rartial acetylation. (XLII - XLvV).

Purified desoxycholic acid (100 g.) was methylated
as described above. The crystals were thoroughly dried in &
vacuun desiccator; 54 g. of them were dissolvea in gleaciadl
acetic acid (120 ml.), end concentrated hydrochloric acid(zml, )
WasS waued dropwise. The solution was allowed t0 stand at
room temperature for 24 hours and filtered. The monoacetate
(XLIV) was not isolzted. Instead, the solution was cocled in
an ice bath,and chromic acid (8.03 g. in 10 ml,of weter and
30 wl.of acetic acid) was added slowly with shaking. When the
sorution had turned blue, an additional amwount of chromic &cid
(4 g.in aqueous acetic zcid) was added. After standing for 16
hours at room tempereture, an excess of chromic ecid ves
still detecteble by the test,previcusly described (page 17).
The solution was then diluted to ten volumes with weater,:nd

the precipitate was filtered, washed neutrael ana recrystallized

0
from methanol, m.p.l4z-144"C.

Since the melting point of 3-acetoxy-l2-keto-cholanic
scid methyl ester is given in the litercture as 152-154°C, the
croduct was suspected to be contaminated with its products of

nydrolysis.The meterial was, therefore, reacetylated without

ac .



however, altering the melting point. On recrystallization frow

ether, crystals were obtained,having the cheracteristic melting

point of compound XLV, 152-154°C,

2

S. Preparation of d-acetoxy-le-keto-cholanic ascid methyl

ester (XLV) by succinoylation. (XLII,XLVI,XLVII,XLVI1I,XLV)

Desoxycholic acid (32.5 g.) was added to & solution
of succinic anhydride (84.5 g.) in pyridine (3x5 ml.) and
heated under anhydrous conditions on the steam bath ror one
hour. Tane dark solution was then poured into 10 volumes ice
water,containing 162.5 ml,concentrated sulphuric acid. 4
brown, partially crystalline oil separated.wost of the crys-—
tals were starting material, m.p.l?4-l76oc,and some were the

semi-succinate, m.p.211-229%C.

For subsequent succinoylations, the pyridine wes

efluxed over barium oxide and distilled under anhyarous con-
ditions. On heating the solution of succinic anhydrice and
pyridine, it turned pink end brown,which was not observed at
room temperature. To compensate for lower temperature, excess
succinic anhydride ZlC equivalents) was used and succinoyle-
tion wes allowed to continue for 40 hours at room temperature.
Oon extraction, a mixture of starting material =and semi-succi-
nate was obtained,from which the latter was separated by

frectional crystallisation.?78% yield of semi-succinate,m.p.236°C

was Ob t&Linedo
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Bett & i ; 1 -
Ler ylelas were obtuined yet by heating thne solu-
tion for & '
r an hour at 60°C ang allowing it to stand at room ten-

\ e -~ ad -
rerature for 16 hours. a €0-fold ailution of tre reaction mix-

ture with acidified ice water was preferred to the 10-fold ai-
lution,descrived in the literature(415,416), as it prevented
tne formation of oils angd simpliried tne .iltrction and vash-
ing of the crystels. Un recrystallisation from metheanol, the
first two crops of crystuls showed tue melting point(227-229°C)
of the semi-succinate (664 yield), whilie later cro.s inaicatea
the presence of desoxychovic acia besides the semi-succinate.

The crystels were agaln succinoylated.
Oxiaation of 3-semisuccinate of desoxycholic acid.

A solution of semisuccinate (XLVI) (21.C9 g.) in
ccetic acid (150 ml.) wes cooled in an ice bath. Chromic acid
(4 g. in 5 xl, of water) was added dropwise with shaking.
Crystals separated from tae solution,wnich were riltered and
washed, IL.p.242-243°9C.The filtrate aid not contain any chro-
mic acid and more (0.5 g.) wuas therefore added; tne soiutlon
was then kept at room temperature for 16 hours,diluted with
ten volumes ice water and filtered. 1he residue wus washed,

aissolved in chloroform,and crystals were isoLat€a on

: I YIN
evaporation of tii€ solvent. M.p.z4x-<447C.

saponification of 5—hydroxy-12-keto-cholanic acid-3-semi-

succinate. (XLVII).

-,



The reaction product (XLVII) was aissolved in 70 ul.
of methenol,and ©7.5 ml.$ N soaluw hydroxiae solution wes
added. The mixture was refluxed for two hours on the steam vath,
diluted to ten volumes with water,acidified and filtered. The

product was recrystallized from ether showing a double melting

point at 127° and le00cC.
Methylation and Acetylation of 3-hydroxy-l2-keto-cholanic acid.

The crystals (XLVvIII) were dissolved in ether and
methylated with alazomethane (prepared from 1 g.nitrosomethyl-
urea) for 15 minutes at room texperature. mxcess diazomethane
was rcemoved by alstil.ation,with tre necessary precautions, as
previocusly described. The residue was not crystallized, but
was refluxed for three hours on the water bath with acetic
sanydride (15 ml.) ana pyridine (15 ml.). After cilution with
ten volumes of water,containing enough hydrochloric acid to
neutralize the pyriaine, crystals separated,vwnich were fil-

tered, washed &and recrystaliized frowm ether. m.y.152-154oc.

4, Preparation of 3-acetoxy-l2-keto-cholanic acid methyl

ester by way of the semi-ththallate. (XLII, L, LI, XLVIII, xLV)

Desoxycholic acid(l g.) was added to a sclution of
phthallic anhydride(3.9 g.) in pyriaine (20 ml.). Aafter
standing for 16 hours at room temperature under anhydrous con-
ditions, the solution was poured into ten volumes of vater,
containing 12 ml.concentrated sulphuric acid. The white

crystalline precipitate was filtered and washed. The mejority
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of crystals melted at 130-131°C and wes identified as phthallic
anhydride, while the higher melting crystals, m.p.l44—l45°0,
were assumed to be the desired semi-phthallate. The crystals
were treated with 5% sodium carbonate solution (20 ml.), in
which they all dissolved( phthallic anhydride is ezsily hydro-
lized to phthallic acid), and the solution was acidified. To
remove the semi-phthallate of desoxycholic acid from phthallic
acid, the prrecipitate was extrected with chloroform (3x25 ml. ),
in which :hthallic =cid is insoluble, followed by ether ex~
traction ( 3x25 ml.). Both extracts were washed neutrsl and
taken to dryness. From the ether extrezct crystals of phthallic
acid,m.p.ZOO-EOloC, were obtained, while tie residue from the
chloroform extraction was crystallized from ether yielding
crystals,m.p.143-145°C, assumed to be the 3-semiphthallate of

desoxycholic acid.

Some of the crystals (100 mg.) (L) were scponified
with methanolic 2N potassium hydroxide solution (5 ml.) fcr
two hours under reflux. The solution was diluted with ten
volumes of water, acidified end filtered. The washed residue
wes shaken up with chloroform (3x15 ml.), and the chloroform
solution was taken to aryness. The crystalline residue wes
recrystaeliized from zcetone giving the chearccteristic melting
point of desoxycholic ecid (m.p.l?ﬁoc).The chloroforw insoluble
residue was crystallized from methenol and identified ss

phthallic acid. Beth scids were recovered in eguivalent armounts.
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Oxidetion of desoxycholic acid-3-sewi-phthallate (L).

The crystalline sewi-phthallate (L) (C.8 £e) wes ais~
solved in acetic acid (12.5 ml.), end chromic acid (120 mg.in
(.5 ml.of weter) was added dropwise to the shaken and cooled
solution. The mixture wes allowed to stznd for 5 hours =t

rocm tempereture,and on cooling, crystals separated from tne

solution.r.p.238-239°C. Compound LI.
Seponification.

The keto~-semi-ghthallate (LI) (435 mg.) was refluxed
for three hours in 2N methanolic sodium hydroxide (5 ml.) 1The
solution was diluted with ten volumes of water,acidified and
extracteda with chloroform (3x25ml).After washing, the chloro-
form wes distilled, and tae residue wes crystcllized from ether
showing the double melting point of 3-hydroxy-l2-keto-cholanic

acid.

On methylation and acetylation,as previously ces-
crited, methyl 3-acetoxy-li-keto-cholenate(XLV) was obtained.

The yields of &ll reactions were neerly quantitative.

5. Dehydrogenation of o-acetoxy-lz-keto-cholanic acid methyl

ester with selenium dioxide. (XLV - LI1I).

A sclution of 11.66 g. ccLpound XLV vwas dissolved in
45 ml, acetic acid and refluxed in &n oil bath at 130-135°C,
Selenium dioxide (5.56 g.) was added in smell dosages during

three hours through the condenser,
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buring 1< hours of refluxing, tane solution turnea
from yellow to cark red and & precipitate of selenium settled
out, which was removed by filtration., To the filtrezte, three
volumes of methanol vere added,end on ten-fold cilution with
ice water a yellow precipitate was obtained,which wes ex-
tracted with ether (3x400 ml,). The ether was washed with
water,dried with sodium sulghate and taken off. The coloured

crystels melted at 146—15000.

A sample of the crystals (cr.l0 mg.) was weighed
accurately, diluted with ethanol in & volumetric flask (50ml. )
and their «bsorption spectrum was cdeterwined.The molar ex-
tinction coefficient of compound LII atdpgy 2£40mp is 11500,
From the observed extinction the concentration of compound LII

could, therefore,be calculateds 50% compound LII.
6. Purification with Girard's resgents.

70 isolate the dehydrog enated product from the
starting material, the crystals (1l.6 g.) were thoroughly
dried in a desiccetor, dissolved in sbsolute ethanol (200 ml.)
and refluxed for 13 hours with Girard's reaéent "pn (44 g.

(10 equivalents)) and glacial escetic acid (20 ml.) under
anhydrous conditions. The cocled solution was then poured
into two liter: ice water, conteining sufficient standard
sodium hydroxide solution to neutralize the acetic acid used.
The pH was checked and adjusted to 6.8 if necessary.The

solution wus then extracted with ether(3x600 ml,) The totszl
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etheresl solution wes washed with water, which wes adced to
tiie agueous phase containing the ketonic complexes, and tsken
to dryness. krom 1t 90% of the total material was recovered.
The ketonic complexes were hydrolyzed by the =ddition of con-
centrated hydrochloric acid to a concentration of 1 N. &fter
two hours at room temperzture the liberated ketones were
extracted with ether(3x600 ml.) The ether was weashed and dis-
tilled.Ten percent of tie material was recovered from this
fraction,reacting with Girurd's reagent("K"). From the
measurement of the ultraviolet wosorption spectrum, the gpurity
of comgound LII in the reactive("XK") wnd in the non-reactive
("N") fraction could be calculated. The se.aration wws repeated
once more with Girard's reagent "P" ana once with reagent "T%,
giving the same distrioution of 90% non-reactive and 10% re-
acting with Girard's reagents. The purification was followed
oy measurement of Ep and tae melting point of the fractious,

and the results are condensed in the tsble on page 47.
7. Forration of the 2,4-dinitro-phenylhydrazones (LIV,L1V)

Fure crystels of compound LII (1 g.) were dissolvea
in methanol (2C ml.) and acded to a solution of 4.55 g. of
2,4-dinitro-phenylhydrazine in methamol (200 wml.). After the
addition of two ml. of concentrated hydrochloric acid, the
solution was ailowed to stand at room teriperature for 16 nours.
Un standing in the retfrigerator, needles separated, which were

filtered and washed with dilute hydrochloric szcid =zné water.
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The crystals melted at 226-229°C. The filtrate was condensed
to a small volume, diluted ten times with water and extracted
with ether and chloroform. Crystals of dinitro-phenylhydrazine
were isolated, m.p.194-20100 with decomposition, which show

a colour change from red in neutral to yellow in acid and blue
in alkeline solution, while the dinitro-phenylhydrazones, pre-
pared in this investigation,do not show this rezction. Use

wes made of tnls discovery in the distinction of wne products.

Tne 2,4-dinitro-phenylhydrazone of pure 3-acetoxy-
l2-keto-cholanic acid methyli ester (LIV) wes prepared in the

4 . . S o
same way. The yellow needles melted at zlv-zz2 C.

The greparation of the &£,4-dinitro-phenylhydrazone
from an impure sample of the dehydrogenation product (70% pure)
guve rise to pure 3-acetoxy-li-dinitro-phenylhydrazone-49:;11-~
cholenic zcid methyl ester (LV).The filtered solution wsas
condensed to 4 volume,and znother crop of crystals wes ob-
tained, m.p.190-195°c, presumably a mixture of the two ai-

nitro-phenylhydrazones.

Hydrolysis and wolff-Kishner reduction of 2,4-dinitro-phenyl-

hydrazone. ( LV ).

A suspension of 100 mg. compound LV in methanol (50 ml,)
and hydrochloric acid (10 ml.6N) was refluxed for 24 hours. The
solution was then riltered and diluted with ten volumes of wa-
ter.A crystalline precipitate was obtained, which, however, was

not the desired product(LII).
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The Wolff-sishner reduction was carriea out on 275 mg.
comgound LV, as described in aetail in section 10. On adcition
of the crystuls to tae sclution of sodium wenzylate in benzyl
alcohol, an immedliate bluckening was observed. After refluxing
for four hours on an o0il bath st 180-190°C the black colour
had disappeared.ln extraction a brown o0il was obtzined which

could not be crystellized.

oA. Improved dehydrogenation of 3-acetoxy-l2-keto-choleanic

acid methyl ester (XLV) with selenium dioxide.

The crystals (XLV) (28 g.) were dissolved in =zcetic
acid (110 ml.),ana twue air in t.ue reaction flask was displaced
by & current of ary nitrogen. The solution was taen refluxed
under nitrogen at 115-125°C on the oil bath,and selenium di-
oxide (14 g.) was added in small amounts over two hours.after
15 hours,e sanmple of the red-brown solution was extrecteg, cs
described in section 5,pzge 46, and its molar extinction
coefiicient was determined.Only 60% of tine material hed re-

acted.

The searple was returned to the solution end the
dehydrogenation was continued for 13 hours with & new betch
of selenium dioxide (15 g.).A five ml, semple of the solution
wes withdrawn, extracted cnd testeu spectroghotometriceclly. The
molar extinction coefficient cmounted to 10230, After snother

hour, the reacticn was stopped. verenium and its unrezcted

dioxide were filtered off and chromic zcid (400 mg.) wes added,
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to destrcy organic seleniuww coumpounds.ihe solution was di-
luted with ten volumes of water,and the precipitate was fil-
tered, dissolved in hot ether ( 200ml.),washed with 5
sulphuric zcid (3x6C ml.), with 5% ice cold sodium bicarbo-
nete solution (3x60 ml.), with vweter until neutrsl. The
ether was then dried with sodium sulphate snd evaporated.
The product crystallized from ether,m.p.l52-154°C,Em 11400.

From the mother liquors crystals with %, 10010 were obtained.

8. Saponificetion of 3-ucetoxy-l12-keto-A9:sll-cholenic ecid

rethyl ester.(LII).

As the semicarbezone formetiocn of compound LII
had not succeeded, the crystals (LIX)(20 g.) were dissolved
in 120 ml,of methanol znd 60 wl.6 N sodium hydroxicde solu-
tion znd refluxed for 16 hours on the steam bath. The solu-
tion was cocled,poured into ten volumes of ice water,giving
a cleur solution, end acidified. The yellow precipitate was

filtered,washed with vwater and crystailized, m.p.177°C. (LVI)

9. Sericecrbazone formetion of 3-hyaroxy-le-keto-A9:1l-

cholenic acid. (LVI).

The acid (LVI)(2.971 g.) vwas aissolved in & mixture
of ethanol(30 ml.) and dry pyridine(30 ml.), and the sewi-
carbazide solution (3 g.semlcarbazide hydrochlorice in 8 ul.
of water and 3 g.sodium zcetate in 4C wl, ethanol, mixed znd

filtered) was added, and the mixture refluxed for two hours
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on the steam bath. The solution wus cooled, poured into acici-
fied ice water (600 ml.),and the crystciline precipitate was
filtered and washed. The crysteals (LVI1) shoved & shery melt-
ing point at 277°C,on secrystallizaticon from methanol. The
yield was 2.693 g. The reaction was repeated a number of times,
always giving good yields of the semicarbazone, suggesting,
that steric hindrance nust have prevented the rezction in the

case 0i the corresponding methyl ester.
10, Volff-Kishner reduction of tne semicarbazone (LVII).

Pure sodium netsl(2.9 g.) was quickly dried on «
filterpaper, cut into smwall pieces end aropped into benzyl
elcohol (35 ml.,dried over urierite and freshly distilled).
After gn initizl vigorous reaction, tune dissolution of sodium
slowed down, and the flask was heated on tire steam bath under
vacuur:, to remove toluene znd speed up the evoluticn or hydro-
gen. After 7 hours the sodium wes dissolved eaa tue solution

solidified on cooling.

The sermicarbazone(d g.)(LVII) was audded to the
sodium benzylate, and tue mixture was refluxed under & stream
of ary nitrogen for 4 hours at 180-1900C. The solution wes
tilen steam distilled for 2z hours,until & clear uistillate was
obteined,which was discarded. The brown solution w.s trezted
with an equal volume saturated sodium chloride solution, which
caused the precigitation of an olly naterizl.The o0il was sepa-

rated by centrifugation; the supernatent solution was decanted



and ccidified.Pure crystals of benzoic scid, m.p.125-17°C, were
isolated. The oily residue was extraucted with acidified ether
(60 ml.),which was weshed with N sodium hydroxide soiution(3x20)
(3x20 ml, ). The aqueous extracts were scidified ana reextracted
with ether (3x25 ml.)The ethereal solution was washed neutrsl,

dried and teken to dryness.The residue was an oil. (2.7 g.)
11. Methyl=tion «nd acetylation of Wolff-Kishner products.

The oily residue(2.7 g.) was dissolved in dry ether
and wethylated with diazomethane, as previously described.ln
extraction,an o0il was obtained,which could not oe crystallized.
Acetic znhydride (3 ml.) and dry pyridine (9 ml.) were caded
to the o0il, znd the solution was allowed to stana at room
temperature for 16 hours under anhydrous conditions.The solu-
tion was diluted with ten volumes acidified water, =znd the
precipitate was extracted with ether (3x40 ml.) The ether
was washed with iced 5% sodium carbonate soiution (3x20 rl.),
with water until neutral,oried with sodium sulphate cnd eve-
porated. The residue crystallized from wmethanol.The crysteals

(1.673 g.) meltec at 124-131°C.
12. Chromatography of crysteailine product of section ll.

The crystals(3.83 g.) were dissolved in dry benzene,
(5 ml.) and petrol ether was added to incigient cloudiness.The
solution was then poured on z column of alumina (120 g.,Harshaw,
acid washed, reactivated)which hod been washed with petrol ether.
The chromatogram 1s given on ;age 54.
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Chromatogram of crystalline products of section 11,

BEluant sluate tetraﬁifro
o0 ml, g.Wt. nature m.p. formuls methane !
1. P.E.:Bz(9:1) 1.1 0il ]
2, " " 3.4 " -
3. " (4:1) 0.6 " -
4. n " 8.1 " -
5. " (2:1 132.0 Ty -12° -
o ) (1:1% 182.¢ c1%st.134“156 LX et
7. " " 664, ¢ . " " Tt
8. " " 538.5 u 0 N Fae
9. " " 245.0 " 144-152° 111 :++
10. " " lzd, 3 " 15z,177° 4 +
11. " " 74,0 " n c
12. " " ©0.2 " " 9 N
13, ] 1 115.5 H 170-1760 ., +
14, ! ! 46,5 " 134-162° +
15. 1 i 51.8 i 1,70_1,740 ‘.,( .
16. " " 76.3 n n < +
17. ] ] n5.1 " 166-1700 ‘; +
18. Bz  100% £4,0 " 147-164° s
19. " n 111.8 o0il +
20, n " 119.6 " +
<l. " " 86,7 " +
22. Bz.:Eth. (9:1) 57.4 " +
23, " " 82.6 " +
24, n (4:1) 163.1 " +
29. " " 91.7 " +
26. " (2:1) 4,3 " +
27, n (1:1) 127.1 L r
2 8. " n 129.1 "
£9. Hther 10C% 8C.3 I
30. CHCly " 13.8 " |
31. CH,OH L 1.7 . ;
Total eluted o776.1 n
1otal added 3830, u
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13. Nitration of cholesteryl acetate. (XUXII).

Cholesteryl acetste, m.p.101°C, (5 g.) vas sus_enced
in agetic acid (3C ml,) and & nitric ccid mixture (3C arcge)
(20 ml.concentrated nitric acid, spec.crav.l.5, end 12.5 ul.
funing nitric acid,spec.zrev.1.515) was added with stirring.
The solution wecs ecooled in a freezing mixture and tne rest
of the nitric acid solution wes addaed dropwise from & curetie
to tue agltatew solution, The soiution was stirred 1or one
hour,before‘it wes pourea into 400 ml. of weter. The white
preciplitate was filtered,washed neutral with water and re-

crystellized from metnanol., m.p.l1G2-104°C.

14. Semimicro-Kjeldahl nitrogen deteruination on 6é-nitro-

cholesteryl acetate. (XXXIII).

Sam,.les of the nitro compound (Ai.XIII)(cr.35 ng.)
were weighed accurately on & cigarette paper (without the
adhesive) and droc.ed with the paper into a small round-
bottomed, long-riecxeu, si=ndard teper flask. The aigesticn
rixturc, used in @1l experiments, consisted or concentrated
sulghuric «cid (3 al.),copper sulphate,sclenium dioxide
(a few mg,ezch) and potassium sulphate ( «pirox. 1 5.).Two

boiling stones were adaed tu the mixture to vrevent buwsine
g L

P (SR g

In series A, digestion wes cerriec out on the
nitro compound without previous reduction.In series B, the

compound wzos first reduced by boiling with hydrogen iocaide
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(1L ml.) and red phosphorus(3 mg.) for 30 minutes.The neck of

the flask was then sprayed with water,and concentreted sul-
phuric acid ( 2 ml.) was added, and the solution hezted till

the water,hydrogen iodide and iodine had becn driven off.The
soluticn was taen digested as in series 4. Digestiuvn of the
nitro compound in series C was carried out as in 4,except for
the addition of 100 mg. glucose before heating. All three
methods were found unsatisfactory. As the compound was insoluble
in hydrogen ioaide, the preliminary reduction of the nitro comr
pound wes carried out in acetic acid giving reprocucible re-

sults. (series D.)

The percentage of nitrogen in comgound XXXIII. |

Series A Series B Series C Series D
2.256% 2.371% 0% 2.8107%
2.381% 1.068% 0% 2.808%
2.22%,5 1.175% : R.7827%
2.243% 1.535%

recovery recovery recovery recovery

7076 35=707 Crb 9276

15. Nitration of 3~acetoxy-49:1ll-cholenic wcid methyl ester. (LX).

The ester (LX) (670.5 mg.) wes aried in vacuo and
dissolved in glscial acetic acid(2.7 wl.). A few arops of the
nitration mixture (2.4 ml.concentrated nitric acid and 1.9 ul.
red fuming nitric acid) were added. The solution was cooled in
a freezing mixture,and the nitric acid mixture wes added drop-
wise with shaking.After standing for 90 minutes =t room temwy e~

rature, the solution was poured into ice water (20C ml,) end
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extracted with cther (3x6C wl.). The ether ves viesned vith
vater,dried with sodlum sulphate znd distilled at rocr texn;e-

reture. The yellov o0il could not be crystzllized.
16. Reduction of the nitretion product.

Zinc dust(l.33 g.) end 10 ml. acetic ecid vith
< ml., of water vwere wdded to tue oily resiauc,crna tue mixture
wes nected on the steam bath for two hours. Crystels of zilnc
acetate hyarete, .p.240°C, formed. The mixture wes then
refluxed for ten hours under & stream of nitrogen, cooleu,
dilute. with ice water (150 ml.) =nd extractec with ether,
(3x5C ml, ), The ether wes weshed, dried ena aistilled,lesaving

«n 0ily residue,wnich could not be crystacllized.
17, Hydrolysis of reductiocn product.

The residue wes refluxed in ethznol (7?7 ml.) and con-
centrated hydrochloric wcid (2ml.) for ¢0 minutes. after
standing over nizht &t room tempercture, trne soluticn wes
diluted with water (100 ml.) cnd extrscted with ether(cxo( ml. )
The ethereal solution was extracted with cold 5, sodiuw carbo-
nate sclution (3x30 ml.)vwhich was acidified cnd reextracted
with ether. The ether was washed,dried end distiloed,leaving
07.5 mg. 01il., After methylation with diazomethane «:nd chromgs-
tography, no crystelline conpounds vere isoleted. The ether
solution,containing the neutrel w:sterial wes washed free of
sodiumr carbonete,dried and teken to dryness. The 0i1ly resicue

(445.2 mg.) was chrometogr:=phed.
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Nost of the 54 oily fractions eluted dic not con-
tein any nitrogen, while the ether,chloroform elucte contsinec

1/3 atom nitrogen per mole.

18. Nitretion No.2 of 3~acetoxy-aA9:1l-cholenic zcid methyl
ester. (IX).

The nitration mixture of this &nd subsequent ni-
trations wes maae up of 5 parts concentreted nitric zcid and
4 parts fuming nitric acid. The ester (LX) (50.6 ng.),in =cetic
acid (1l ml.),wss nitrated with the mixture (C.45 nl.,) &as
described above,Te 0ily resicue wes crystallized tfrom gpetrol
ether, m.p.98-102 and 111-117%. after reduction with zinc
in acetic &cid, &n oil was obtained which crystzliized from
methanol, m.p.98—lOS°C. After acid hydrolysis crystaels could
no longer be obtained,eznd tue oil was found to be free of

nitrogen.
19, Saponification of nethyl 3-scetoxy-A9:ll-cholenate. (La).

The ester (IX) (5z5 mg.) wes dissolved in nethanol
(4 ml.) and 6 N sodium hydroxide(Z ml,) and reiluxed on tue
steambeth for two hours. The solution wes poured into ten
volumes of water, washed with ether (3x20 ml.),acidified wnd
extracted with ether(3x40 ml.,) The ether was washed,dried
end distilled.Crystels of A9:1l-lithocholenic acid,m.p.188°¢

were obtained.
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0. methyletion unce ccetylution of AY:11l-lithocholenic &CiG.

The &cid(LVIJI) (306 mg.) wes sus,endec in ether
(10 ml.) end trested with dizzomethane. When the crystels
hed dissolved and the solution remesined yellow, the excess
diczomethane and the solvent were distilled.The residue
crystellized in rosettes, u.p.l08-109°C; & sau,.le wes re-
taired Tor mixture nelting point deterwinstion witn tne

nitration product.

The remaining crystals(LlX) were aissolvea in
acetic anhydride(2.4 ml.) and dry pyridine(6 ml.,) and
left rfor 40 hours at room temperesture under wnhydrous con-
ditions. The solution was ailuted with ten volumes acidified
ice weter.The crystaliine precipitate was filtered and

washed with water. m.p.158-l4OOC.The vield wazs cuantitative.
21,; Yitretion of A9:1ll-lithocholenic acid. (LVI1I).

The zcid(LVIII)(54.3 mg.) was dissolved in
acetic acid(l.5 ml.) =«nd nitrated as described before,
Needle shaped crystals were obtzined from the residue on
recrysivallization from methenol,which darkened at 236°C and
melted at 241°cC. A Kjeldahl nitrogen determination on the
crystals showed them to contsin one atom nitrogen per mole-

cule.

22, Nitration No.2 ofA9:11-lithocholenic acid(LVIII),

The nitration was repeated on 69 mg. lithocholenic
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acid ,and the residue was reduced with zinc dust(140 mg.) in
acetic acid(d ml.) The mixture was hested under a stream of
nitrogen for two hours on the steam bath, filtered, end the
filtrate wes diluted with ether(50 ml.) and washed neutr:zl
with water,dried with sodium sulphate and taken to dryness.
The oily residue(59.7 mg.) crystellized partly(m.p. 104°C)
and was subli.ed. The sublimate did not crystalize wna wzs

found to be free of nitrogen by the soaium fusion test.

The test was first carried out on 6-nitro-choles-
teryl acetate. A few crystals ana a swall piece of souium
were rlaced into a soft. glass micro test tube,hezted to
red heat and dropped into =z 10 ml, bezker,containing dis-
tilled water. The contents of the cracked test tuve vere
bro<en up with & gless rod and filtered. The filtrete wes

tien tested ror thie presence of cyanide with ferric sul hate.

In the control icst & gresn colour wes oObservea
followed oy tihe preci, itation of o2lue crysicls wunlle tue

reduced nitraticn product save . negative rcaction. Tnese
results sugee.t tnat tne nitrogen contalning couiound Wes

the s=nitric ecid ester of lLithocholenic ecid,which was

sylit off on ayarolysis with acetic acid.
23, NHitrztion No.3 of A9:1l-lithocholenic acid. (LVILI).

The nitration,reduction zno hysroiysis of 1lithe-

cholenic =2cid(2CC mg.) was repested. Leerly <ll the meteriel
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was recovered in tue neutral fraction.rert of tne materizl
crystallized, m.p.75-90°C, and vas purified by chrometosraphy.
Cf 120 mg., o7 mg.crystals vere eluted(petrol ether:benzene
8:2 - l:l),which melted at 92-95°C.0n spectroghotoretric znea-
lysis they were founua to contain neither a nitro mr nitroso

group in the molecule.
24, Sapcnificetion of ethyl epilithocholenate. (LXII).

The ethyl ester(LXI1) (57 mg.) was refluxed with
2 N methanolic sodium hydroxidae solutivn (% ml.,). Aafter <U
minutes reflux, the sorution was coolea, ailuted with ten
volumes ice water,«nd trne clear solution was acidified and
extracted with ether (3x25 ml.). The cther wes vwshed,dried

and distilled, leaving an oily resicue, vwhich crystallized

from ether,petrol ether, m.p.l33-135°C.

29. lMethylation and acetylation ofaCsll-epilithocholenic

acid. (LXIII).

The acid (LXIII) (50 mg.) vies metnylated with diazo-
methane in ether.After standing ror 19 minutes in tue fune
cupboard, tlne excess diazomethane was destroyed by addition
of\a few drops of acetic acid, untll taoe yellow colour was
discharged.The solution wes weshed with water,dried and teken
to dryness. Crystals were obtained,m.p.ll7-ll9°C,which were

chromatogrsphed.With petrol ether:benzene 9:1 to 1l:1 crystels

were eluted,which melted at 112-120°C.



The ester(LiIV) (40 up.) was dissolvew in ury ,yricine
(L ml.) and acetic anhydride(U.2 Il, ), end ssloweu to stond et
room temperature for 16 hours under annydrcus concitions. ihe
sclution was diluted with ten volumes =cidified ice vzter,
extrected with ether (3x10 wl.), cnd the ether extract wes

washed =na tigen to arynesc.hie crystuls melted cat 17-119%.

26. rydrogenation of methyl 3-ccetoxy- 9:11-C.¢c.i-cholenate.
(LXV).

lne ester (LaV)(3l.4 mg.) was reduced with hyaroge:,
2.0 pletinum oxide(o wg.) &S catalyst, in acetic acid s
described in detzil in section 28.0uring two hours shexing in
tae mlcrohydrogenztion egpparatus,lldn of the tueoreticel
amount of hydrogen, to saturate one double bond, was teken up.
From the solution, crystals were obtained,which were puririea
oy chromatographic separation, With petrol ether: benzene
(7:3) crystals vwere eluted,viiich were identified as nmeuvayl

d-ecetoxy-cpicrniolanate.
27. Nitratior No.4 cf A9sil-lithocholenic acid (LVILI).

The acid(LVIil) (1CO iig. )ves nitrated in the usuil
nenner. Reduction with zinc weas omitted wid tne procuct wves
hydrolyzed with methenolic hyarochloric acid (C.6 ml, in
£ wl.methenol) under reflux for rour hours. After ccoling,
the solution wes dilutec vith ten volumes veter,estracted

vwith ether e¢nd sersrstec with 10% sodium carbonate solution



into acid and neutrel frections. From the swell ccid frectici

crystals were obtuined which melted at 280-290°C.

The neutrel frecction conteined most of the netericl,
vhich could nct be crystallizec. On chrowatogrephy crystels
were eluted(petrol ether:tbenzene (4:1to 1:1)), vhich melitec &t

118-120°C.metnyl S-epi-aYsll-lithocholenzte. (LaIV).
28. Hydrogenation of methyl 3-epi-a9:1ll-lithocholenate. (LXIV).

Flatinum oxide (6 wmg.) -na ecetic zcida (C.5 ml,)
were placed into the micro-hyarogenstion flesk. The crystals
(LXIV) (30 mg.) were placed into & small cup,which wus susgendea
from a turnable hook in the sice arm. The system wes evacuated
and filled with hydrogen(genercted by the action of zinc on
hydrochloric acid and purified by passing through silver
nitrate,rotassium hydroxide and potessium permenganste solu-
ticns) re.eatedly to renove all cir.The connection wes then
shunted to a 5 ml.nyarogen reservoir wul tne I'lesk Vwes shexen
mechanicelly,until thie platinum oxide wes saturated with oy-
drogen.The reservoir was refilled, note wus taken of iwe hy-
drogen level &t atmospneric pressure,tu€ Tile, tne eI er:ture
and t.oe barometer reading.The‘cup, containing tuie ester(Li1V)
wes dropped to the bottom of the flask,allowing the acetic
zcid to come in contact with it.The flask was shaken unitrormly
¢nd the adjusted hydrogen level vas read &t constent intervels,
After 108 minutes tue up-teke of hydrogen hed becore very slow,
«nd the reaction was considerec completed.
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The liox wes aisconnected, alla tie soluticii vias
Jiltered recovering the pletinum. The LYyGrogenation apy&railus
was sel up &paln ana sucsen ror LO8 minvtes,to [Leesure tue

leckace oI Lydrogen in the system.The azctual resdings cre

reproduced on the acconpanying table,

time ml.hydrogen ges 2loc 76C o,
L1,02 a.nm. .60 ! totel useo 4,6 wl.
12.C0 .m. .45 i
i;.fé 0 L. 7% total leakige <.5€6 "
<. 1 C " 1.13
' %;.}g “ ¢.58 Actual uptake .04 "
£.&0 C. 36 :
: Lp.§5 : G L6 . corrected ior
b 2.0 C ) Velze tewp erature
12.95 " ol 1l.44 &G pressure l.3c¢en
1.4 0 " le0o
lz.4d " 1.28 theoreticel
12.50 " l.1¢ urteke
1=.55 : L.10 one mole 1,735
1.10 0.25
1.2V : C.80 106% of theory
1.30 ' C.67
l.46 " Co4dl one double bona hszs
1.50 " 0.4c% becn reduced.
Z.CU " C.4C

"he filtered soiution,conteinin, tne reauction pro-
duct,wes allutea with ten volumes vater «nd extrected with
ether(3x3C ml.). The ether was washed,dried and tuken to ary-
ness. The residue wac chromatogrephed ana crystars vwiere cluted,

as recorded (Lnromatogrem 14.).
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chromatogrem 14,

1. Pet.®th. 100% 10 ml. oil

2. " ¢ Bz,9:1 " crystals 52-54°C K

3 . n n 8: 2 (1] o) l l

4. " L FRC crystals 109-114° LXVII

5 . " L 6: 4 it it n n

6. n " 535 M " 98-10320 LavII & LXVI
7. " "o 4:6 " " 111-113°c LxVI

8. Bz. 1007 " " " u

9. Bz : Bth. 931 ¢ n n "

Lo, " ) TP 0il

A mixture melting point of the crysteals in rreaction
4 and 7 gave & depression similer to the one observed in
fraction 6.Fractiocn 6 was, therefore, assumed to be a mixture

of the two crystelline substances epimeric at Cg-position.
29. Oxidation of methyl Cs-epilithocholate-cg-epimers.

The crystals of fraction 4 (LXVII) were dissolved
in acetic acid(l ml.) and oxidized with chromic acid (6 mg. )
at 0°C. After standing on ice for one hour and at room tempe-
rature for another hour, the solution was diluted with ten wl.
of water.On standing, crystels formed which were rlltered. The
filtrate was extracted with ether,which was waSued and als-
tilled.Bcth crogs of crystals showed lne Scie welting goint,
112—115.500.Crystals of frecticn 3 of chroumatooreln 14 were
similerly oxidized znd crystals were obtained,m.p.ll6°c,

wnich could be identified as wethyl 3-keto-cholanate(LXVIII),




30, seponification of meihyl 3-xeto-cuclaonate Cg-eplmers.

The crystezls of compound LAVIII =nd LAIX vers
sccarately dissolved in methanol (1 ml.) end 6 I sodium
hydroxide sclution (0.5 ml,) cnd refluxed for one hour.
The solutions wvere cocled,dilute. with 20 volumes of v.a-
ter,veashed with ether,aciuifisu znd extracted with euluer.
(3x2C ml.) The wished ether vas dried anc distilleg. The

0lly residues could not be crystaliized,

51. senicarbazorne foruwation of compounas LXa ciad wAxI.

rortions oi the oily residues viere trewted vitn
semicarbazide hyarochloride :znd soalum czcetute cs des-
cribed in detail in section 9. Crystels diriering in suepe
ana melting point were obtained Irow the reactions. e
seizicarbazone of methyl-3-keto-cholanate (LXXII) melted et
225°C with deconyosition, wvhile tne¢ sewlcarbozone ol tne

Cg erimer wclted &t 260°C with decoi ositioun.

32. Uinitro--henyliyurazone forwation of metajyl o-xeto-

ci.oleneate. (LAVILI).

The remaining oily iraction of o-xeto-cholanic
acid was nethylated with diazomethane wia chronatographed.
The metnyl ester was eluted (retrol ether:benzere 1:1),
t.5.1169C ¢nd treated with 2,4-dinitro-phenylaydrezine as

described in section 7. Cn cooiling of t.e solutior,crystcls

0oi the uinitro-vhenylhydrezone were sekarated.m.p.195-ls5oc.

CC.



33. Application of tne digitonin test to Cz ofand sS-hydroxyl

compounds of the lithocholic azcid series.

To check tne digitonin test, a few mg.cholesterol
were dissolved in one dropr ethanol in = micro test tube., 10
tne solution 3 micro drops of zlcoholic digitonin solution
were added, and the precipitation of tne insoluble choiLeste-
ryl digitonide wes observed arter & 1ew seconds.The test
was then applied to a numoer of groducts or nitration and
hydrolysis of lithocholic and 9:;Lll-lithociholenic zcid as
well as to lithocholic zna 9:;ll-litnochoienic zcid. The

results are recorded below.

lithocholic acid no precipitate -hydroxyl
9:11-1lithocholenic acid no precipitate o "
compound LXITI precipitete 8 "
compound IXIV precipitete 8 "
conpound LXVI precipitate B "
comround LXXVITI crecipitate B "

S4.Methylation of %-acetoxy-cholanic acid.

‘he acid (200 mg.) wszs suspended in ether and
methyleted with diazomethane.lNot all thae materiel dissolved
on stending in the presence of diazometnene at room tempere-
ture.The excess diazomethane was distilled,and tie colourless
solution vias filtered,tc remove impurities..he filtrete veas
washed with 5,» sodium cerbonate solution aid vith water, dried

¢nd taken to aryness.Crystcls remained.m.p.129-13loc.
7.
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35. Saponification of methyl 3-acetoxy-cholanste.

ihe lithocholate (200 ng.) was refluxed for 90
minutes in a solution of methanol (2 ml,) and 6 N potassium
hydroxide (1 ml.) The solution wes cooled,diluted with ten
volures of water,washed with ether,acidified znd extracted
with ether(3x25 ul.) The ethereal extract was washed with
water,dried and taken to dryness. Crystals, m.p.185-187°C,
were obtained. (LXXV).

36. Nitration of lithocholic zcid (LXXV).

Lithocholic zcid (175 mg.) was nitrated and the
0ily residue was hydrolyzed with ethanolic hydrochloric
acid as previously described.The ether extrzct was divided
into zan acidic and neutrsl fraction by washing with cold

5% sodium carboncte solution.

From the acidic fraction crystels were obt.ined
Irom ether,petrol ether,vnicn melted at 225=-227°C with de-
composition. The crystels did not dissoive 1n ether and
could not oe methylated with diazometnane.They dissolve
resdily in sgueous sodium hydroxide solution (lL) giving
a deep orange solution.On azcidification, colourless crystals
were czain formed, which melted et 228-230°C cn recrysteili-
sation form methanol.They vere assumed to be the d-nitric

scid ester of ethyl lithocnoleate. (LXXVI).
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The neutral frection wes chromctogrerhed, an crystals
were eluted with petrol ether:benzene 9:1 to 3:2 which weitea
from 81-90°C., The crystals vere wvashed vwith petrol ether,
giving & sharp melting coint st 92-93°C. (LXXVII).The setrol

etrer weshings wvere retoined.
37. Scpconification of ethyl evilithocholete. (LXXVII).

The ester(LXXVI1) (40 ng.) wes seponified by refiuxing
in & solution of « K methanolic yotassiwm hydroxide (4 nl. )
thhie coolea solution was diluted with »U ml.of water, vasaed
with ether,acidified cnd extricted with ether. From tae
weshed (neutral) end dried ether, an oil wes obtcined which

did not crystallize.
58, Methylction of epilithocholic zcid (LXXVIII).

The 0ily residue(ILXVIII) wes dissolved in ether
¢nd methyizted with dizzomethane. The crystals were puriiiea
by chrometogrephy. They were eluted with petrol ether:benzene
4:1 to Ll:1 cnu,citer wesining with petrol etuer,welted et
117-119°C. The petrol etuner veoshings werc combined znd teken

to dryness.The crystals meltea «t 87-90°C.
39, ocoonificetion of methyl epilithocholsate. (LXVI).

The methyl ester (LXVI) (15 mg.) wes ssconified,
as described in section 37, cna crystals were obtecined viiich
showe¢d o double melting goint,127° 2nd 142-144°C. The melting

. 5 . . ; . _ 0
point does not cgree with tinet glven in tie litersture(l777°C),
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40, Oxidation of epilithocholic acld. (LAXVIII).

The crystals(LXXVIII) (12 mg.) vere aissolved in

acetic ccld (1 ml.) and oxidized vith chromic cid(6 mg.)

5

et 00C.After stending at room temper:ture for an hour, the
solution wes diluted with 20 ml. of veter zng extracted

with ether, (3x20 ml.).The ether wss washed, arieu cia als-
tilled. Crystels of 3-keto-cholanic scid (LXX),m.p.138-140°¢,

were lisolcted,
41. vemicarbszone formstion of 3-keto-cholenic zcid. (LXX).

The semicarbeazone of 3-keto-cholanic scid wes
prepared from semicarbszide hydrochloriae, socium zcetete
«rnd pyridine as described in csecticn 9. The gelatinized
solution wes extracted with ether(3xld nl.),wsshed vith
dilute hycrochloric zcid, vwith water until neutrel, dried
with sodium sulphate £nd texen to dryness.omcll rosettes

i .0 ]
of crystels formed, which melted at =25 C. (LXXII).
42. Hydrogenation of methyl «:3 or 3:4-cholencte. (Lanla),

The crystaliine mecteriel,obtcined from tue petrol
ether weshings in section 38, (LAXIx)(12.6 mg.),m.p.87-20°C,
were dissolved in acetic ccid (C.5 ml,) cria reducea with
pletinum oxide es cetzlyst.The procedure is aescribeu in de-
teil in section 28.) After the hyurocen uptake Lecu cecsed,

e solution wes filtered cna tne gletinum wes recovered.
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The filtrate ves diluteu to ten voluwes with weter crna ex-
trected with ether(3x15 wl, )The ether extracts were vushed
neutrzl with water,dried vith sodium sulpheate ena teken to
dryness. The resicdue wes chrometosrerhed,enc tune fractions

eluted were recrysialiized.The results are condensed below.

Chromatogram 16.

Fet.¥th.:B2.10:0 10 ml. crystals 76-80° Luax
2 n " " W n
. " vl " n t
4, " 8e2 " u 0
o. " 7:5 . 0il o
6. v o:d " crystaels liz-114 C LXVI
7. i 5¢5 " " W
3. Bz. 1COq " u "
9. Bz.: Lith. 9:1 " " L
10. " 8: 2 " 0il

"Ire crystels of frection 1 to 4 vere sublinmed,
mL.p.86-87°C. They were assumed to be methyl cholanzte.'ihe
other crystzlline conzounc wes lcentiried es wmethyl epi-

litnocholete (IXVI).
43, Oxidetion of desonycnolic acid. (XLII).

sesoxycholic «cid(5£4.6 Lg.) Veds alssolvea in
scetic wecid(1Q0 ml.) ena chromic ecid(Z7z mg. in 4 i,
squeous acetic zcid) was added to the cooled solution drop-
wise with sheking. After standing for two hours &t rocm
. temgerature chromic ecid wes still present in the soluticn,
vhich was diluted vith vater end extrazcted with ether.:rom
the woeshed end dried ether solution, crystels vere obtainec

on evegoration of the solvent.m.p.188-189°C. (Likal).
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44,Clem.ensen reauction of 3,li-diketo-cholenic scid. (LaxXI).

sinc wool (5 g.) wes treated with = O/ &Guedus
mercurous chloride soluticn(l0 wl.) &nd sheken repeatecly,
while standing =t room tempersture for one hour. .he solution
wes decanted, eand the zinc amelgam wes veshea once with vweater.
It wvus then w«dded to a solution of 3,12-diketo-cholanic ecid
(Lansl) (5CC mg.) in acetic acid(7.5 ml.) zna concentrated
hydrochloric acid(1l7.5 ml.),and tie mixture wes refluxea
for three hours with adaition of concentrated hydrochloric
ccid &t hourly intervals. The solution was dilutew vith 100 ml.
of water snd extracted with ether(3x50 ml. )The ether extracts
were washed, dried zna texen to dryness.The crystelline residue

was methylated with diazomethene.On evaporction of the solvent

an 0il remained, which was chromstographed, as recorded below,

Chromatogram 17.

o
l.Pet.Bth.:Bz.10:0 10 ml. crystals 76-80 C LXX
2 . i n n W ([} n
3. n 9:1 n n " "
4. n 822 ) w " "
5, ] n n " " o W
6. " 7:3 " " 103-100 C LXXXI1
7. " " (1 " " "
8. " 624 " " ] N
9. " 5¢5 " oil u i

In fraction 1 to 5 crystals of methyl cholznzte
vere eluted which were sublimed and gave no depression of a
mixture welting point with crystels(chromatogrem 16,fracticn

1l to 4) assumed to be methyl cholanate.
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45, iydrogenation of 9:ll-lithocholenic ecid. (LVIIL).

Lithocholenic acid(<5.2 ug) wes sheken in the
micro hydrogenation apparctus in acetic ccid(l ml,) with
hydrogen end platinum oxide(6 mg.) &s cetalyst. The voluwe
of hydrogen used up, after szllowvance had becn made Tor
leakege, zmounted only to 11% of theory for tae scturation

of one double bond.

The solution was filtered, the filtrcte ves aillutea
with ten volumes of water and extreccted vith ether. n als-
tillation of the washed cnd dried ether,crystcls vere isolated,
which melted =t 186-187°C.as lithocholic zna 9:1ll-lithocholenic
zcld have the scme melting pcoint sna do not show a mixture
melting point depression, the crystsls were wethyleteu with

dizzorethene. Kethyl A9: 11-1ithocholenste,m.p.1l2-114°C, (LIX),

was lsolated and identified.
46. Hydrogenztion of 9:ll-lithocholenic acid mwetiyl ester, (LIX).

The ester(LIX)(25.4 ng.) wes shaken in the presence
of hydrogen and platinum oxide &s catalyst, &8 describew wwOve,
CUnly ten percent of tne tieoreticel upteae OL hydrogen vies
used, «.iter corrections hed been rede for lecxege, ted erature
end gressure.The solution wes filtered,alluted cnd extracted,
end crystals were obtauined showing the cheracteristic melting
point of methyl 9:1ll-lithocholenate(LIX),%.p.110-112°C. (The

melting point of methyl lithocholate is ziven &s 130°¢. )
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Part 1 C .

The brominetion of bisnordesoxycholic acid and ctio-sllio-

ciiolsnic =cid,

1. Introduction.

The brominetion of fatty zcias in the od-position
hes frecuently been described in the literature. Gilmean(467)
cuotes the pre.aration of the S&bromo derivative of ceproic
szcid,using bromine in the presence of _hosphorus trichliorice.
ochuidt (468) helogenated zcias,with red phos horus serving
as catelyst. According to Richter(469) halogenztion of the
acid chlorides procecds more repidly than thet of the cor-
respondinz acids, postulating the ccid helide formetion cs
en intermediate in the helogenstion reaction. The rreceretion
of debromo-pelnitic acid hes been described by Hicxkinbottom
(47C),vro obt.ined the cowpound by rezacting ary browine with
pelmitic zcid in the gresence of red phosphorus. Houben(47.1),
'Zelinski(47<) and vollhart(473) report browinations of Tztty
acias using ghosphorus pentabromide or red phosphorus as

catalyst.

Enolisation of tue ccid halide, fcllowed by edaition
of bromine &end elinination of a molecule or hydrogen bromide,
has been proposed as the mechenism of the resction.The gre-

sence of a phospho-halice cpreers to be necessery.
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the bromination o = bile zcid in the d=cosition
has never been cccounplished. Wellis(474) cescribed tine action
of bromine on the silver selts of bile =cids, which resulted
in the decarboxylstion of the compound end the introduction
of a bromine etom on the terminel cirbon atom with preci ite-
tion of silvervromide.This type of recction is, novever, oif-

ferent from tiie one under considersztion in this investigation.

rleischer(475) prepared tae zldehyde corresponding
to desoxycholic scid and Galliagher(47¢) synthesized the
nor-cnolenyl nmethyl «<etone from desoxycholic ecid.Both com=-
pounds couid ve brominated in the «3-positicn in the gre-
sence of hydrogen broumide. On debromineticn with cclliaine
¢nd oxideation, bisnoraesoxycholic ecld wee oObtelined, elthough

in poor yield.

These reactions, involving the brominetion of <
Lethylene group next to « cerbonyl aouble bond, hieve been
gpplied with great succesc to other positions in the sterold
nolecule. The resction wes discoverea by Butenandt(404),
who introduced = bromine ztow in tne 4-~p0sition aajecent
to & 3-ketone group.iiarker snd Wintersteiner(478,479)
described the brominstion in Ujy-position, «ud tae bromi-
nztion of the Cyn end Czl—positions atjecent to ketonic
groups wes zlso investigated by lierker(477).The bromine in
rost of these corxpounds could be displacea by & hyaroxyl

group on se¢ponification,ean inportant factor for this study.



<. Discussion.

The bromination of bisnordesoxycholic ccid wes
investigated in ¢n effort to shorten the degrecetion of
the bile ccid sidechain. In the Berbier-Wieland(457,458)
step-wise degradation(LXXXIII-XCIV), the nor- (LXXXVII)
«¢nd the bisnor ¢cid (LXXXVIII) were obtzined in good vields.
Kendall(459) achieved 90, yields of the two acids by a
two phese oxidation in acetic @cid, chloroform end sulphu-

ric «cid &t room temperature.

However, tue further degrecaation of the bisnor
¢cid to tioe etio acid (XCIV) by the method of Hoehn and
lizson(460) proved tedious and unsuited for lerge scele gro-
duction,on sccount of the difficulties in handling lerge
¢mounts of ozone end pericdic acid.Only 33% ylelds were
obteined by Heard snd Vesson(46l) by running the six steps
from the ternorcholeanyldiphenylethylene (LXXXIX) to the
etic acid(XCIV) without isolation orf the intermedictes,
The literature on the moaificetions end improvements of
the sidechain degrzdation is consiaerzble(4o0-466), the
yieida,however, still poor. Direct oxidation oluesoxy-
chholic acid diccetete and of desoxycholic acic vith the
bile zcid sidechein replcaced by the sterol type sidechein
under more vigorous conditions(Ruzicka(453,454) was

attenpted without success (455,456,462).
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The introduction of an atow of browine in tne Z0-
position, followed by scponitication, acetylation cnc chrormic
acid oxidation would present a rapid and siuwpie metnod of
obtaining the etio acid together with the 017 cnd Czo-ketones.

(XCV - XCIX).

The bromination of bisnordesoxycholic scidé (C) in
acetic acid wes attenpted, but decolorztion of the bromine
solution could not be observed., hen tue bromine solution
was adued to a carbon tetrachloride solution of wethyl bis-
nordesoxycholete (XCV), refluxing on the steam bath, decolo-
ration of the bromine occurred ena the crystalline methyl
bisnordesoxycholate WeS not recovered. On szponificetion
crystcls were obteined, which were identified as unchenged
starting materiel. from the mother licuors crystals were
isolated which showed a differcnt melting point:148-150°C,
end,at thet tine ,were szssumed to be ¢ new compound. LOW-
ever, on drying in the cesiccator for severcl weeks, these
crystzls also showed the melting point of bisnordesoxycholic
acid (212-214°C) cnd aid not give & depressicn of a mixture

relting point with compound (C).

pefore tne icentity of the low melting variety
of bisnordesoz&cholic ecid wus estaeblished, & numoer of
attempts were nade,to increase tie yleld of that compound.
As large zmounts of unchanged starting netericl viere re-
covered after saponiiication, bromine was added,until decolo-
ration no longer occurred, (2 moles) without improving the

yield.Identical results were obtained wnen red phosphorus
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was used as catalyst. rollowing Richter's suggsestion, the
bromination of the ccid chloride was investigated. When
thbnyl chloride was =daed to 5,l2-diacetoxy-bisnorcholzanic
acia, followed by bromination and ssponification, only
unchanced starting‘material,bisnordesoxycholic zcid, couva
be recovered.Decoloration of tue bromine solution heda &lso
not occurred.Under these conditions the anhydride,instead
of the acid chloride,is formed, explaining the lack of
reactivity. "hen the bisnor acid wes added to tiue thionyl
chloride so.ution, the zcid chloride vias formed, <iid tie
bromine solution was decolorized on waaition. Saponification
vielded zgain bisnordesoxycholic acid in both allotrogic
forms. The iniroauction of &« bromine atom in tne X-gosition

of the bisnor zcia sidechain had not been accoumplishea.

oromination orf a bile c<cid wus ageln investigeated,
in an attermgt to prepare adrensl cortical horwones of the
type of Kendall's compound "4i",The synthesis of the di-
Lhydroxy ecetone sidechain had been acconmplished by Reich-
stein, rendsll =znd Szrett (41l).As starting netericls for

the sidechein synthesis, etiocholaneg-o-o0l-17-one cna

accetylene viere used.

Starting from «n etio acid, 1t weas hoped, bromi-
nation end saponificetion wouid ylelda tue requirea L7-iyaro.n, -
etio zcid, which coula tnen be transrormea in -ocvd yiela to
tie compound with & uliydroxy-wcetone sidechelrn by the chein

of resctions used in part 1 A ol this thesis.
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3-(B)-0l-Abs6-ctiocholeric tcic wes reducea with
hydrogen and platinum ciide as cetwiyst to 3-(8)-ol-etio-
aillochoicnic wcla anu to a smell Gegrece to the Cy-cpliner.
Bromination of methyl 3-(B)-acetoxy-etiozllocholanate (CIV)
was carried out in w«cetic «cid in the presence of dry
hydrozen broxide. A mixture of crystzliline compounds was oOb-

tained.

rertial hydrolysis oif tiie sterting weatericl vos
suspected and 3-(3)-ol-etiowliocnolenic acid wethyl ester
(CX) wes prepared by hydarolysis in metananolic nyurociilceric
acid. Anothier sample of storting meterial vies saponiiiea
to 3= (3)-ol-eticallocholanic acid (CXI)..une comgounds 1so-
lated «fter browinction were found to ve lacnticeal with
these two hydrolytic proaucts.Un scponificeation of tne
bromination products, 3-(8)-ol-etiosllocholenic acid was
obtained. Bromination had not occurred.The investigetion

wes tnerefore discontinued.
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3. Experimental Work.

1. Action of bromine in zcetic ecid on bisnorcesoiycholic

scid(C) at room tempercture.

Bromine (4.4 g.) wes dissolvec in zcetic acid, zna
the solution was ailuted to 50 ml. in a volumetric rlask.lhe
strength of the bromwine solution was aeterwinea by titration,
described in part 1 A, section 1l6. Five ml. of tae bromine
solution per g. bisnordesoxycholic =zcid wére one molsr equi-

valent.

Bisnordeésoxycholic zcid(C)(1.03 g.) ves dissolved in
glacial zcetic zcid(10 ml.),five droys of the bromine solution
vere zdaed, end tioe solution was cllowed to staend ot room tem~
rerature., bDecoloration was not observea.After tae caaltion of
one mole bromine, the solution was cllowed to stana for 16
nours at room temperature.llhe mixture wes allutea with ten
volulies water, toe bromine removed, «nid unchanged sterting

raterial was recovered from tie ether extract.

2. Action of bromine in carbon tetrcchloride on methyl bisnor-

desoxycholate (XCV) on the steem bath.

A solution of 4.4 g. bromine in 50 wl. carbon tetre
chloride was prepared and stundasrdized as described.lie ester
(XCV) (958.5 mg.) wes dissolved in carvon tetrwuciloride(zd nd.),
end 5 wl.bromine solution(l.l mole) wes wdded to the gently

boiling solution,dropwvise, awalting decoloraticn berore
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further addition of bromine. In the cbsence of the bisnor-
desoxycholic ccid rethyl ester, decoloration of the browine
solution on addition to boiling curbon tetricrnloride ves

not observed.

The brominated so.ution was cooled,washed with
1% sodium carbonete solution(3x20 ml.), with water until
neutral, ariec with sodium sulphate and tzken to dryness.

The brown resiaue could rct be crystallized.

Bromination was repected on « sweller sceale

on the ester(2l3 mg.) until decolorstion of the bromine
did not occur enymore.( 2 moles bromine).0Un extrsction

& brown o1l wes obteined. The swane results were obtecined
from a brominetion of the ester in the presence of red
fhosphorus as catealyst.Brownine wis decolorized cna fulkes
of hydrcgen bromide vere given off (trapped in weter) in
&1l experinents.Crystallisaticn of the olly resiaue never

succeeded.
3. Seponification of the browination prooauct.

“he o0ils obtained on brominstion o: the bisnordes-
oxycholic zcid methyl ester were seperately secponified by
reflux for one hour in methanoiic potessium hydroxide ( 5 g.
in ©C ®l.90% methanol). The cooled solutions were pourec
intc ten volumes of ice veter, filtered, acidified vith

dilute hydrochloric acid, and the precipitate wes filtereq,
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weehed,dried and dissolved in cethenol.ln =zdeition of ether
to the methanolic sclution, crystals formed,m.p.ZOB-leoc,
which vere filtered.csrom tue filtrrte on szddition of etuer,
rore crystzls of the ssme compound seperated. They viere
filtered off,cnd the filtrate wis concdensed to & swell
volume, dilutew with benzene cna ollioved to stend in tue
refrigerator.Crystels were filtered off vhich meltea at
188-193°C. Tvc further Crogs O c¢rystels were isolatea in

the s.ine wey fromw the filtrates. m.p.l48-149°C,

To prevent seconaary reactions of the bromine-
tion prouduct on exposure to light, & furtrer betch of
the crystals(XCV) (1.012 g.) wes bromineted,and the rezctiown
product wes saponified.Cn fractionel crystellisection the

two types of crysteals were ag:sin isolated.

The first two crops of 1ll.e sszponificetion gro-
ducts crysteliized readily,m.p.ZOB—leOC ena vere identiiilea
¢&s bisnordesoxycholic scid. 1ne next crop showea & Drowu
ielting point, whiie tie last two or three croys meltea
snarply at 148-150°C, This compound wes not the wetnyl ester
0i rigcnordesoxycholic w«cld,as Wes sus,ected( wethyretion of
the acid in rethanol vwith traces of hydrcgen chlorice), but
wis identified as bisnordesoxycholic acid,cf'ter cesiccetion
for sever:l weeks, p.p.:08°C.Jt is assumec to te an cllo-

mo:ph of bisnordesoxycholic ecid.
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4. Acetyleation of olsnoruesouxycholic wcia. ()

The zcia (C)(C.9703 g.) vas cissolved in scetic
enhydride (13 ml.) end pyridine(l6 ml.) znd zllowed t0 Stend
for 48 nours at room temperzture under snhydrous conditions.
The solution wes then hected for 5C minutes on tne weter beth,
veter (3 wl.) wes cdded,cnd the hezting on the stecn beth
ve.s continued for two hours, to decompose tie enhyaride foricea.
he solvent wés removea on the steambsth under vacuuw, tie
resicue ves teken up in ether (50 ml. ), washed with ailute
hydrochloric «cid end extracted with ice colc Sp sodium
carvonate solution(3x30 wl, )The extracts were quickly eci-
dified and extracted with ether.ihe etherezl solution wes
washecd, dried and teken to dryness. 1he residue crystaliized

{rom ether, m.p.155-160°C.

o, Brominstion of bisnordesoxycholic ecid clacetecte after

treatment with thionyl chloride.

Thionyl chloriae (5 ml,)(purified by aistilisticn
from quinoline &nd boileu linseed 0il) was adaed to tue
dizcetate (CI)(l g.) at ¢%c, end the solution was sllowed
to stend for one hour at 0°C and 22 hours at room tempera-
ture under anhydrous conditions. ihe solvent was then dis-
tilled under vacuun below 40°C.The residue wes dissolved
in glacial acetic acid(10 ml.) and 5 ml,of the solution of
bromine in acetic acid was added slowly. Decoloration of
the bromine solution did not occur.
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The solution was extracted and the resiaue Was scponified.
Pure crystals of bisnordesoxycholic ucid vere recovered,

m.p.212-214%¢C,
6. Bromination of 5,1le~diacetoxy-bisnorcholanyl chloride. (CI).

The diacetate(CI)(962.1 mg.) w.s zdced to the
thionyl chloride (5 ml.) =zt 0°C,and the solution wss kept
for 16 hours in a«n ice bath under anhydrous conaitions.'ine
solution wes ailuted with dry caruvon tetrechloriae (5 nd. ),
et o mwl. of the browiane-in-cerbon-tetracinloride soclution
vas aaded arogwise.After three hours,«ll the vbrowine hwu
reactea, ziad iae solvents were reiwovea unaer vacuum at 50°C.
The residue was seponified with =Gy metnanolic rotecssium
hydroxide sclution(one hour refluxing).0n extrection, cu
0i1(384.3 mg) wss obtained which crystsliized from ether,

1

petrol ether.m.p.l45-l50°C.

7. kethylstion unc eacetyletion of rroduct of section 6.

The crystels(80C mg.) vwere cissolvea in etier eaa
methyletea with aiczometihine.Un evaporation Or tae ether
- nd destiruction of excess diszomethene,zn oily resicue wveas
obtiined. It s dried, aissolve. in acetllc anhyariae (40 .i.)
LG ennydrous pyridine(ls ml.) end eliowed to stena &t roow
temoersture for 60 hours under eanhyurous conaitions. 1ih€e solu-
tion w«s gourec into ten voluumes ccidiried ice weter cnc
extrected vith ether(3x1l0C ml, )Frow the ether extrect cn oil

vis obteined.Cn chrometosrephy only oils were eluted
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Bronination of 3-(s)-ol-eticcllocholonic ccid.

8. Acetyletion of O-(s)-o0l-14:5-etiocuolenic scia metnyl

ester.

The ester (5 g.)(m.p.180-183°C) wes dissolved in
acetic esnhydride(27 ml.) cnd hested for 3C minutes cn the
stecnm beth under cnhydrous conditions. Un cooling crystcls
seizretea wid were [iltercd.The filtrete wes ciiutea with
ten volumwes of water,-na tue crystels formea vere c¢lso
filtered.The 3-ucetete (CVIII),m.p.155-1579C wus obteinea

in quantitative yield.

9. Lyurogenction of 3-(s)-acetoxy-A4d: Oo-etiocavrenic ecid

metnvl zster. (CVIII).

The crystels (CVIII) (4.9 g.) were dissolved in
acetic «cid (50 ml.) &nd platinum oxide(l50 mg.) was added.
The corzound wss reduced ¢s acscribea for th:e micro nyaro-
senctions in pert 1 B, section 8. After one nour 450 ul.
hydrogen £&s ncd been used up «na iurt.er uptide wWes not
observec.11l0» of the c.lculsted zmwount of lLiydrogen 1or tne
seturaticn of one double bond had been usea. Tue solution
wes Tilterea( to recover tne pietinum), cna lae filtrate wes
ciluted with ten volumes ice vater.Crysteis preciritatced
which were filtered,washed and recrystallized froi: uethanol.
“he cryst.ls of tie first two crops melted at 150-154°C. (C1V)
From the mother liquors crystels of the Cs-epimer sepzreted.
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10. Particl aydrolysis of 3-(8)-acetoxy-etioallochol-nic :cia

rethyl ester(CIV).

The compouna(Clv) (97 mg.) wes aissolvea in methznol
(L0 ml.) containing concentretec hyarochloric :zcid (U.l ml. ).
After stanaing at room temgersture for 24 hours, tue solution
vias dilutea with ten volumes of water znd extracted with
ether(3x30 ml.) The ether solution wes wasnec neutr:zl with
water, dried with sodium sulplhiate ¢nd tu<en to dryness.ihe

residue crystellized fromw methenol, m.p.l?5-177°u.(ux).

1l. Saponificaticn of 3-(B)-scetoxy-etiozllocholiunic zcia

methyl ester(CIV).

wasonificztion was carricsu out on 93 Lg. of tue
ester(Clv) in methenol (10 ml.) end 6 I sodium hydroxide
solution(5 rl.) (2 hours refluxing). The solution was cooled,
diluted with ten volumes vieter,wcshed with ether, ccidified
¢nd extracted with ether(3x50 wl.). The weshed cnd dried
etner extrect yielded crystals on eveporeaticn of the solvent.

L.p.o46-250%C, (CXI).

12. Rrominstion of &-(s)-acetoxy-etiowllocholaniic ecia

4

rethyl ester. (CIV).

Dry hydrozen bromiae vw.s libercteda by tuc caalticn
of browine to tetreliin c¢na c¢issolvea in gloclel cecetic cciaq,

(cirections founa in Eouben).
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The ester(CIV)(297.7 mg.) ves dissolved in iu rl.
ccetic acid,setureted with ory hydrogen browide, cro & iew
dro;.s of the broiine-in-acetic-scia solution were cacea. At
room tewperature no aeccioration coula be observed, even
after irrcalation with ultreviolet lisiit. On hecting the
solution on the steam bsth cecolorction waes observed ¢nd tue
rest of tihie bromine soluticn wes sdded drogwise. (1l niole).
After 4 hours the solution wes cooled,diluted vith ten
volumes of weter end extrocted with ether(3x5C ml. ).uwx-
traction with 5% sodium cuarbonate solutiovn hea to be <cben-
donied on account oi the formaticn of unbreckcble emulsions.
Tre emulsion ves oroken on acidificetion,ana the meteriel
VoS ree€xtracted with etner.7The ether ves wesneaq,uried «na
Gistilled.Crystels formed.They uelted pertly ot 178-1c0OC
and the rest melted at 205-212°¢C. hydrolysis of the S~ccetoxy
group during bronin:tion and sodium cerbonate extrazction
wes suspected to heve occurred.The crystels vere, thererore,

seronified.
13. Szronification of brorinction proauct.

The crystels were dissolvea in metuenol(<o ul.)
cnd 6 N soaium hydroxide solution (13 wl.) -na reriuxea on
tvie steam bath for two hours. ike red solution wes diiutea
with ten vodiumes of weter, woshea with ether cna wciaiflea.
Tie wellow grecipitate wus filterec,vesied vlth weter cua

crysteliized fromw methenol. The crystels,m.p. 246-24900,
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showed no depression of tee reiting, .oint vaen Lixed v.itn

3-(s)-0l-etioeallocuolenic ccia(CI).
14, wethylation or crystials obteined in section 15.

The crystols,melting at 246-2499C, (15C mg.) vere
suspended in ether and methylestec with diczometccne. &fter
15 minutes at rcom temper:ture, the ciczometincne i etitelr
viere distilled. Crystals,relting =t 175-178°C, were isoletea.
They suovea no meiting point depression wiien rixed with
3-(3)-etioellochoisnic =cic methyl ester cna with the crystols

izolatea efter brouwinetion, m.p.l?8~loOOC.

f
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Summery and Conclusion of Part 1.

A. The difference in the yield of pregnane-gl-acet-
0xy-5,1l2,<0-trione, whether prepared frow d,12~-aiketo~- or
3,lz-diacetoxy-etiocholznic acid, was found to be due to
the interference of ketonic groups in the formstion of the

acid chloride with thionyl chloride.

12-keto-desoxycorticosterone acetate was prepared
by the method of Fuchs and Reichstein and found to be inasctive
in the glycogen deposition and the Ingle test. In larger

doses ( 0.5 mg.) the compound was toxic.

B. The preparation of 3~hydroxy-lz-keto-cholznic
acid weas studied by partial acetylation, succinoylation
and semi-phthallete formation as intermedizte reactions.
With selenium dioxide, methyl 3-acetoxy-l2-keto-cholanate
Was dehydrogenated ,end the separation of the 50%pure reaction
product from its starting material was studied. Prolongued
dehydrogenation with additionzl amounts of selenium dioxide
and periodic spectrophotometric examination of the product
gave 95% yield of the desired compound. The product did not
react with semi-e¢arbeazide under iy condition, but the sewi-
carbazone waé formed after hydrolysis to the free &cid.

On Wolff-Kishner reduction with sodium benzylate A9;1l-

lithocholenic aclid was isolated.
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Nitration of A9:11-1lithocholenic &cld does not

produce ll-nitro-4 9¢1ll-lithocholenic zcid.

The 03-nitric acld ester is formed, which on
hydrolysis gives rise to the Ci-epimer of vY;ll-lithocho-
lenic @cid ester. Epimerisation was proven by preparution
of a numwber of derivatives, which could be identified, by
repetition of the reactions with lithocholic acid and by

digitonin precipitation of the B-hydroxyl epimers at 03.

Dehydration produces an unsstureted linkage in
the 2:3 or 3:4 position on hydrolysis of the nitrate, and
the small smount of this product was identified &after
reduction to methyl cholanate by mixed melting point dae-
terminetion with methyl cholenate, produced from desoxy-

cholic &cid.

The observaticn was made, thet the reduction with
platinum oxide as cstalyst proceeds readily in case of the
C-epimers of A 9¢11-1lithocholenates, but not in the case of
9¢s11-1lithocholenate or the corresponding acid. The importence
of the position of the Cs-hydroxyl to the reactivity of the

9:11 double bond during nitration requires investigation.

C. Bromination of bisnordesoxycholic acid, its acid
chloride and methyl ester and of Cs-epi-etioallocholanic acid
at the X-carbon atom was studied under various conditions.
The desired bromo compound, respectively their ssponifica-

tion product, the X-hydroxy acid,could not be obtcined.
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Part 2.

The Application of Ultraviclet Spectrophotometry to the

sstimation of Steroid Hormones in Blood and Urine.
1. Introduction.

At present tne accurate estimation of progesterone
and estrogens in tissues and fluids depenas on biologlcal
zssay. The original wmethod of Corner znu Allen(354,9955) Ior
tne estimetion of progesterone hss been modified wna imgroved
(356,357),s0 that now quantitutive estimetion of wicrogreams of
vrozestationsl hormone is possible. (358-361). For the deter-
mination oi estrogen tiie vazinal smezr technique of Allen end
Joisy (281,282) nes proved very valusble. Since then & numoer
0r wore rapid biologicel assays have been aevelogea, =nd tae

methoas have been stenauraized to give unirorm results. (c70-i06).

In all bioecssay lelhoas & number o verlable Tectors
in the stendsrdisation of horwones eXist, whlcn neave been
stuuied in the case of the estrogens, iy ierrlien ecnd rugsliey.
(288-29C)s The varistion in the reaction of inciviauel nice
to tie injection of the scue amount of horzone is consliaerable,
even amongst rairly homozygous animals. similer, though less,
varistion is ifound in the reaction of grours o0f U ciillels, The
conaition of tiie enimszl ( =se, veight and heelth) is clso or
inportence. regarding thie method or cdministraticn, aivision

01 tine dose into = series of injections,ana Lew_thening 01 tiae

94,


http://anima.ls.The

period of administration 1o 24 to 36 hours neerly wcouovles tie
percentsge response. The solvent snd tue site of injecticn cre
zlso of signifiiceance. The criteriz of estrus very frow toe als-
cppearcnce of leucocytes to the conglete cornification or the
voginal contents. Anotuner inportent fictor is tue nuwover of
sie=rs taxen, beceause short terioas of corniricetion coin ve
rissed on daily exewcudnation, vnile,on tne otner nena,y ositive
reactions cen be elicited on rrequent swecring i tue aoOsSELCE
of estrogens. (279). Lucens (<91) showed, tawt non-egsirogenic
subsiwnces, existing in urine,can increase estrogen «Ctivity
ten-fold, vwhile Larker (292) discovered tae presence of alio-
pregnsnediol in urine, .alch possesses endrogenic groperties,
counteracting the efrect of the estrcgens. “hei l-rger quen-
tities oi horione are present, non-chenolic cou.cunas cen be
elirinated, end tiae estrogens are nertitionea into strong &na
weak ;henciic estrogens. sSwall errors in thne distribution of
the hormones are, however, uwuitiplied on viloessay, wuc to tue
difference in biologicel cctivity of the estrogenic horwones,

z0d heve inveliaeted scores of experimentad aate.

The need for & sizile cuneilical wetnod sturtca the
investigzation of colour reactions ror the estimetion of hor-
mones, (293-303%). wost of them heave proved to be non-sgecific,
but the Zimmermann reaction (303) for tue estiiatiocsn of 17-
ornd «(-ketones cnc the Kober test (3C4-315) for estrogens
iave been found sufficiently sensitive cnd syecific to be
useful.
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The amounts of estrogenic and prosestaticacl LOTMmONES,
oresent in blood, are toc small to be detccted colorimetricelly.
thorough investigations of the quantities of estrogens in wvlood
during the menstrual cycle «nd ;regnancy)have revealed the pre-
sence of 3mg. cstrogen (calculated as estrone) in 100 ml, of
blood. According to Szego (343,344,145), the estrogens are in &
vater soluble form, 2/3 of which w¢re in loose combinection with
protein. The work of Hoffienn(365-568) has estabiiched the
existence of 8C to 1CO microgren of Lrogestationsal horuwone in
100 wl, of serum during cavancew preghency.lts  nysical and
chewical nature ras not yet been determined. Pclerogreghic
determinction of zrogesteronc(Heyrovsky,:olfe et cl.,369-571)
is thought to be not sufficiently sensitive i{or suckh rinute

amounts.

. The liberction of the estrogens from their conju-
getion in blood (335-34%) ecnd urine («18) 1is & prerequisite
for treir cuenic:zl estimetion. A variety of methods Ior the
hydrolysis of estiogen conjugates nave since been publishea.

(£219-256). Unaer =il conuitions two processes, tie spiitiing

of the conjugate ehia tue aestruction ol tie liberated estroceu,

1

¢

, 280, =54 ). The rethod, oiving

N

proceed simultaneocusly (zdl,zd
weximum hydrolysis and minimum destruction, vas developed

by Larrien (23C).

“ven the Kober reaction is e¢ygliec to such urine
extr:octs, the formation of & pigment giving & brown colour
with the resgent, interrferes with the accurate deterwination
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of the estrogens resent. luny investigations Leve Leen meae
to eliminate or correct for these interferirg substences —
not obtuined on hyorolysis cbove ¢l 4 (ocnmulowitz, 57 ) —

without striking success. (304-315), Only after the 4th month

of gestaticn, tie sober test becowes reliable.

beceuse or these limitations or existing nethoas,
tire spectrophotometric deterninaticn of small quenntities of
rrogesterone ana estrogens wes explorea. The high wolour
extinction coerficient of o, b-unsatureteu xetones «t Aw“ah
240 mp 1s surricient to aetect 5.8 pg progesterone in =2 wl.
0f sclvent with accurecy. Luae aetermination of grogesterone

end other of n-unsatureted xetones in o ml, oi blood shoula,

therefore, be precticuble.

Jith tie estrogenic hormones, lhe wesker moler
extinction coef:icient ( 2CCO ) aillma# ~80 mp demanus &
nigter concentration of ti.e hormones. 40 wl. oI nlooa woula
te requiredq, proviaed destruciion cnd plguent Iorwz.iion on

wyurolysis could be elinin.tec.

sor tie aetermination of estro.ens in urine Quring

-

tiie menstrucl cycle &na preguancy, Liis welloa cpy€crea o

present great possibilitiles,es adeguate cuentities or urine
are easily obtained. 1€ investisation, origincted vy .eynolcs
(373),on the microceterminction of yfrogesterone ana esirogens
by ultraviolet spectroynotoumetry vwas, therelfore, au illed to
biologicel fluids.
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2. Jiscussion.

The extrection of lipicds irom seruw hec to be stuaied
first. Reynolds (373) folloved Allen's rnethod (o72) for the
extraction of progesterone irom ovaries. Althouci 4llien suc-
ceeded in isolating _rogesterone, the wocition or clcoiol to
seruli WwaS NOot considered suificient for tue conyplete reLovad

of lipics fron their jossivle cowbinctions.

recheboeuf ana Teyeau (379-083) descrived the

iiberction of 1lipius frow blood by meens of soays, perti-
cularly potassium broi:o-stecrate. Chneargefi (378) succeeded
in liverating most lipids frow protein cowvinetion by the
use of heparin, but complete release was not effected. ‘“he
two most promising methods described in the litercture are
) the quick-freezing of serum emulsirfied with ether (Chear-
gaff «ind lLcFaricne, 384-386) and b) the metkanol extraction
of lyophilized serum (Flosaorf et ai.)(377).ncth nethoas

vere exelmined in this investigation.

the ether extracts (method(a)) were weshed vwith
I sodium Lydroxide solution to remove aclias w«iu phenols,
washea neutral with water and eveporated to dryness. ihe
methanol extracts (method(b)) were teken to dryness,and the
residue was dissolved in ether and puriried as in method(a),
The dried residue was treated with Girard's reagent "T" ang
the ketonic fraction was examined spectrophotometricelly

for the presence of a 24OQP absorption meximum,
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In & preliminary investigation,the zbsorstion

spectrum and tie moler extinction coefficient at Ay, . <40 uu
‘

(16600) of pure progesterone in ethenol were recorccd.

-

10 study the recovery of grogesterone iro. serul,
four mg. progesterone were waded to dried seruwr «nd ec:itracted
gs described above. 90, of the added wmatericl vas rcCOVELEU.

A siriler recovery experinent,to test further the wccurwacy

of the method,wzs carried out on dried serum,to wanich oSu wng.
cholestenone hed been =adea.906 of the muterizl was reccoverea
in tie xetonic fraction.A seconu separction of «etonic weterled
and &« longer period oi hyurolysis increasea tne totel yleid

Aoy Z. '7/5)0

The preliminary findings justified the cpplicction
of the method to the determination of progesterone in serul.
A szuple of pocled loophilized plasma vas extractea onnu etig-
iyzed spectro hotometrice~ly. 4 pmeximum at 240 mp ves 1ot 0 b=
served; instead & strong cusorption beanda at =oU I su,sestea

X 1€T UISE oy . setong interrering it
the presence 0f Other unsaturatea setones, interrerlrg L

the estimetion oi progesterone.

0 enciuine ti€ interierin, efsect ot tne«lnax Lo gp
chbescroing coupound, prozesteroue wWas caced in lacreesl.., uoses
to tie p[lasua extract. As tae cwmount of _rogesteroie vas in-
crecsed, thce ebsorption mexiwum wes observea to suift frow
250 to 240 mp ~nd their extinction coeificients were found
to add up.
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The elimination of the interierin; substence oy
chrome.togrepghic separation ves investigetea. Prosestercne,
vhich hed been recovered from one of the preliminery exce-
rirents,was chromctogr:phed on & column of siwnin: <nd w.as
guantitstively recovered on elution with benzene LGUn cna

benzene to ether <U:l niztures,

An extrect ol lyopnilized plesia ves chrowato_rc.heaq,
cnda all eluates wvere examined spectrophotowetriceciy. 1n tae
reJority of froctions tue 200 mp wexisul wes Observed. At Z4owip
no wosorgticn bana coulo we obuerveaw 1in «ny 01 the rroctions.
With 100% benzene a small cuwount of crysteliine matericl wes
eluted, which showea an absorption band at 275 mp and meltea
at 144°C., This substance was isolated frow every ketonic
plesna etrsct in small waxcounts, but veaes not laentirilec.

Fregnanolone )

—~

As progesterone coula ot be dlscoverea 1ln norwel
N D v
v lesma, one ml. samnples of ylasma OI & wolall 10 aavancea reg-

A5

. - 1 e i ILUdh wees ot aetectea.
nency were exeamined. A 240 M IGEXLILUL wWes

‘ 1 plesn i . gerun wna laxea blooa cells
5L00d plesla, bLOOG SElUL ana lLaxea

. stroeng &l Lt band &t wou W
cave ell thhe sadle resultss « strong @«bsor; tion pand ct R

was found in ell extracts,but & 240 Lp Mexliun cOULG not e
v A

nromatogrephic se.arction,
discovered even after chromatogrephlic se.&a

In ciose of a stronger, chemiccl bond between t.ic
o

normone wid plasme protelns, plesic wWes ecicificd vwita con-

centruted Liyarochloric wcia wnu extracted wud Iracticictes,

lbv.



Crystals melting at 144°¢C vere czaln obtelned, together with
oily frections absorbing meximelly at 230 and 234 mp, nOWEVET,
in addition an &bsorption maximum at 238 mp and two at 240 oy
were discovered. As a 100 ml.plecsma wes used for tnis inves-
tigetion, less importance wes attached to the strong acid treat-
ment then to the use of large encugh quentities of seruw or
plesma. Fron the extinction coefiicient, the concentrations

of o, d-unscturated xetones wes culculeted., rrem 100 na. p00lea
slesma o7 pg ¢ s-unseturctea «etones nere isoleated. llielr
identificeticn as testosterone,rrogesterone or curciel corti-
cal normones was not undertoken., nhcowever,.odel cuoroumctogreains
of the individuel crystelline hormones and their wiztures

cen be expected to give an eluticn pattern, row vhici the

frections of serum extrects could be identified.

~e==00000C00CCm=="=
The estrogen estimete ( blowssey ) of nori:.l non-

. . . NG %0 1oL en (caiculated
pregnsncy urine veries from o0 1o 50 pg estioe (

ts ‘estrone). As &ll estrosenic raterial is presumcbly excretcu

in & watur soluwle Torm, hyaroiysis Oi thie conju_etes &pl.€ers

| 1€ WEeTn T pverolysis «do_tea 1n tre pie-
to be necesswyy. Tih€ wetnoa OL nyurolysls &do_

sent investigation is that of Suith snd onitii(247): refluxing

;or ten minutes with 150 z1l. concentrcted hiydrochloric zcid

cer liter of urine.

mhe estrogens were extr:cted vvith ether, t:xen to

dryness end certitioned by the method or Bachien(l85) end



Kather(186). This method _rovew to ve superior to thet oo ..crrian
(182). The "week phenolic" frection wes diviced inte non-<etcaic
and ketonlc rortions by Girurds recgent "T".7re turee frocticus
vere cnelyged spectrophotowctricolly, but an cbsorytion ..c..imus

at 280 mp couid nct be detectea.

Chromnatogr.iale scperation of the three estrogen
fractions wss used to elininate luterierir SULLTLICES. 20GEL
chrouatograns on scucles of oll tiree estro_ens indaiceteu, tuat
estrone ciic estraalol vere elutea witn 1ldp wcetone in gpetrol
ether, while estriol wus Obtelned on elution vwith Lul,o €li€T,
L:€ viern, non~-xetonic snenols of ti.e urine cztrect ¢id not
show & nerimum in the region of 28C mp in eny or tue eluctes.
iie <etonic,veck phenols shoved one wezimum et =56up, cna tae
stron: zhenols showed one punu &t Z0U mp. A5 clnslaerib.e
crounts of interfering suusiences vere stili presgent, purici-

cation oy sublimetion wes atteuiTeu.

“he %estrediol" frection dida act ylela & suwvilicte
cbsorbing rexincliy ot woC mp, confirwin, the cUsence O
estragiocr Trow this frectiviie lietestrioliractlion _ove rise
t0 & suvliinete, which choweu wn absorption bona at wou -

(crobebly due to n-cresol) cmd ola no longer show & neziimum

1t 28C mw in the unsublimed residue.

Secause of the large zumount oi interiering, SUDELLIICE s,
tiic wecuracy of the deternonetion of swcll cu.rtities or ¢stro-

gens in the [ resence of tuese lupurities wes investigetea. un



caaiticn of Lo to 1lzC Je.0L cstriol to tre iu urities(eilutec
with the solvent wi.ture,ei,ected ©0 remeve estrone Frol oo
sorption on cluming), the ecbsorption wesimuw wes oivserved to
shbitt fron =de - 285 Ip to 275 - 280 nu, end the ccncentreticn
of estrogen cou.a only wve cilculeted zccuretely,citer cewucticn
of tie cbsorption &l coLmaue 0 tue i urities presecit. %ae
efpiicetion of this metnoa to ille estimetion Of s lli cusnti-
ties ¢l estrogens «fter hiyurolysis couiu Oniy succeed ¢ ter
grininetion or tie imcurities. At tue sewe time, novever,it
wes estaullicirea, thet lae wosorstion curve of tie ingurities

is & streignt line in tae reglcn or Slu wh to «C un,ciw in
cli ceterminatidns it vas founa, that the cwuwsor,tion aue to tie
inpurities at LoV Ip vies 1.4 x the cbsorpticn ¢t 510 mp. &s

tiie estrogens do not ebsorb licht cf & wevelengti i S10 uy,
it ves round rossible, to celculete the amount of estrogen
nresent, vy aeduction oi the absorgtion oL the inpurities &t

=80 mp, (calculeted cs 1.4 x the zbsorption at Slu my)o

All fractions,walck hed shown & WeXlDulm 1n the
region of 280 mu, were testea with the nober rezgent,eand it
wes founc,thzt estrone fractions (;lmax <66 my) aiid estriol

fructions (), 275 and z60uu) gave positive reactions,

max
while 211 other frections tested gave negative resulto., Tnere
are two possible interpretations of these riandin; —both

S

orobebly trues—a) tiie nober test is less specific thii ciciue,
b) thie estrogen spectrul ves shifted by interierin. subscences
from ZoC to L86 and w73 Lp.

LU0,



TO rcuove interfering SULSteNnCes e Tu 11CTCLSE
tie quentlty ©r cstrogenic e .ericd L1E8EnT 1n urine, Swith
aod Dwlth's zine and hydrochloric ecid hycrol-sis (234) of
thie urlnary conjugates was chosen.Weck snd strong rhencioic
froctions vere obtszined.Cn chroneatosrerhy no est:iol co.uia
be dectected, but the preseice of &0C Jg estrociol v ce-
aucee T rCu the extinction atl g

- . ) L/ .
lhex LOU my an thie estreuiovd

eluzte.

Tnils investigation wila 1ot result 1n e wiscovelry
0f « sinple and relicble wetheca for tue estiwciion oL swiels
cucntities oi eswro_ens in urine,on wccount oi tiie Lrecence
0 plienolic interfering suvsiances, wiicii coulc not be cii-
nineted. Another liuwitation =—{lie non-., eciricity o: tue
spectroshotonetric method-—— vics overcome. oepercticn oo lre
estrorenic horiones «nd so..e 0r thelr products was &CCO.-
Liiched by solvent pertition, Girvera's vecction ..ia ciro-
netoorerhy, wixtures o aceto.e anw venzene beli, UScG &8

eluants.

Lo,



Lavg

O, nmxperiuventel Work.

1. The ultraviolet absorption spectrus cow tie woleir extinctios

coefficient of trogesterornce.,

Frogesterone (C.6 wg.) was cissolved in ewvnciiol
(1CC ml.)>¢nu toe soluticn wves wialyzed spectrcriotouetricedly,
Ree@in s viere toxen fron =28 Lp to wyd L. At)\u <0 Ip
the woler entinction coefiicicut (B ) wes ciocuictea.

B T (iog Io/I i lioleculur vwelpht)/ concentreatvion

dii

= L660..

<o ihe recovery oir Ad:d-cuolectenone <G IO esterO.e audcw

t0 dried plasma.

A4:5-cholestenone(51.6 ig) (CXII) ves wiiec vith

(65.6 rg.) end extructed vith ethenol (6xedil. ).

(O}

Q

iyorhilized pleasm
The soiuticn wes filtered wnd tesen to dryness.ihe resicue

VWes dlssolvew in cther (5C ml.))hgshea Lith v soclul 113G1C2I1QE
cclution (3x:=C nl.))to rer0ve wClas il LnAenols, wasata neucied
with weter, cried with socwiuw sul; hate cua tigen to dry..ess.
1n€ reslouc Ves thorough.y wesiccetedq.Lit Wies teen trecled Llta
Girera's reegent "1 cs cescriocu in cert L 5, section o.

Lite noa~:xetonic L[rzctivn conviglied of 1.6 ng 01l, viiie 1n iie

crystesline material vere lsoliteq,

Letonic fraction 40.92 .

vaich vweréd identificd eos A4:5-cholestenone.9uy 01 1€ retericd

cd been recovered.
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bulle the cowpleteness or Hur0isis OF tic

ketonlc complexes in rour hours, tne scueous L SE vas
- obec . \"ab\ é;ﬁ' -

S - iz

r " el ] s 41 o - _ o~
extrected with ether after oC hours. An cdditionel 2.9, or

44:5-cholestenone vag vecovered. .e non-ketonic irecticn

At

ves c_eln treated vith Girord's per e A '
Girird's rcegent won Vithout yielaing

xetonic ceterisl on Lydrolysis,

LIl B:li€ Lrocedure Tas LuLLOweqQ in « recover--

v
Srperilient on progesterone (4.1 ug. ), added to aried oLlis.e
(54.7 n5.)090% of e Loruone We.S Irecovelcw lu tiae setonic

irection.

3. Chromatogrophy of progesterore.

The olly resiaue,conteining the recovered ,ro es-
tercne,wes dissolved in benzgene (1 ml,), ailuted witao =
volumes petrol ether and cdsorbed on & coclumn of :lumina,

Crystalline progesterone vwas recovered on elution with

100% benzene and benzenes ether(20:1)uixture.

.

4, Exeminastion of dried pooled blooa plasma.

Jried plesma (770 mg.) vwas extracted with cthenol
(4x30 wl.)(with stirring on the steew beth.), cnd tne solutiorns

vere decanted. The residue wes tuoen etrcctea witn & chiloro-

form: ethenol mixture(l:1l) (oxol ml.). %he letter extricts

not sooled with the etiecnol extrects, bLut both were

vere
tiken to dryness, discolved in ether( £C wl.), veshed vith

1" sodiuviu hydarcxide soruticn (015 ml.),vith voter until

LU,
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nevtrol, criec with sodium sulphete i tecen to cryness.Bets
residues wETrE seyureted inte xetonic ena nor-zetonlc irecticns

oith Girerd's reagent "T".

e chlorofory,ethznol extrects yielaec 1.5 mz. of

(v

(™

vetonic reteriel,vhich showed en wosorption e ondy i Line
region of &7 Wp,cile Vs Gisceraed. Tre etnenol ¢xtrects ¢ove
5.4 L. ketonic ena z7.6 ng. non-xetonic oils. Jie euscrtion
spectrum of the ketonic frection uoscessed two maxiaé: orle

et 279 mp( silLrie xetones), tice other &t =oL Lpe (cvephns o€ LL0)

o wmesinum et w40 mp wes Observed.
5. Regetition of the extrection oi wlooa | leSii.

To investizcte, ,vhether revyroducezble resulte
could be obtzined with the procedure of extrection erna guri-
ficstion, three batches of 5CC mg. of dried plesie WETe
extroctea, frectioneted cnd enalyzed SEGCtTOEHOtOLGtriCLlLE.

a,with wexdiie ot 230 il &79 WP el sillller

H

Icenticel srecw

intensity, were€ obiained.

6. The interrerence Oi Tic ol I Lesilsuil witso e agtectlon
of Lro_esterone waued 1o plediic.

:rogesterone(c.b L. ) nes coued 10 ariea cLtesce(l oo ),

/

:nd the mixture wesd extracted with ethenol, puriilec clc frec-

R

+

ticnated in the usuel Lenner.In its ebsorpticn s, ectrui:;, ThE
retonic resicue hov.ed & meXiluin .t 256 nmp, incicating the

cresence of 1.326 e, X, d-unseture ted ketcnes(celculated e

1uB.
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progesterone ). Ine eipcrlienl Tes repeitea vitn tac caodticis

g

of 2 mg. OL crogesterone to 1 .. ariea LPlesicc. & fezidiue ot
v4L P .eS OLSErvVed cnu tue presence of .83 Lg. .ro_esterone
ves cdeduced from tiie observea extinction. Lcth esti. tcs

vere too high,and the wbsorption due to 850 pg. 0L "orogeste-
rone" pér one g. driea picsuwe 08 to ve cttricuted tC tae

uniaentified wetericel ()mﬁg;ggg o).
&

Anotiier Sclpae Of aried plooina(350 ng.) wew extrectea
ena the ketosale fractivn wes aulssolved in 10U wl.ethoaos in &
volumetric flesk. .lLe cbsor.iion meiimus at 200 L WeB el
Observed. 10 tThls sOiuwtion L wl., 07 « stenCerd Li1u_esterolic
sosution( £26 pg.) wes cuaed, waa Lile VOLUWLE L: »E€CUCEQ TO
lev ml. by eveaporstion uuder & streamwm of nitrogen. The cb-
sorotion spectrum of the solution ves recorced (peee L1G.),
end the soluticn wes returned cuentitetively to tue voluwet-
ric {iecsz.The zadcition of 1 nl,., standera progesterone soiution
ectec four tizmes,ecnc the sclutions veres cnelyzed s ec-

trovhotoretrically. Tone results eare siven in « tavle.

————n s

o s s s~

~1I0sestELCLIE)

(e - e o —_ o ————.. " -

terone solution. sqlqpion.

1 ethieniol Py e
U extract < Ou <90
1 " 2Ok oLy
& " =o6 707
3 ! Rele 203
4 " CaC iy

5 " w4 14C1

|

P

It wes concluded thet in the presence of the interierin. cuu-

stence quentitative cstimation of trogesterone is imiossivre,

\
-

Liv.

ml,stenaord proges-  in 10u wle A, (BR)  Ps. lccicusateu es

‘l

PR



The Estimation o
of the interfering Maximum at 230 mp.

t% %r |

f Progesterone in the Presence

0.6-
G§ 4
Oy |
03 -

02

O.03 o 240 250 260
220

110,




7. CaroLelogrepuy o1 lhe neutrdl,s.ctonic extrict oy urica

plaslic.

“he neutral,xetonic fraction (:row ore g. 1yo,lii-
lized pooled plasme) wes cissoived in venzene(l ul.),ena
petrol ethier vus adued to incipient turbicity. ipe cciuticn
weS pourca on & column of clumine( Larshnew, «cid vesuaed,
reczctivated, petrol ether veashed) wina esuted witn getrol
ether ¢ benzene ciid benzene : ether nixtures. woe [ractions
were teken to dryness ciia whelyzec spectropnotometricadlly.
«iile no ircction showed & 240 Lip absorpticon bena, & numoer
exhibited maxine &t €30 snd 235 Lip. With Luu» benzene

saturated ketones were eluted{A 274 mp).

LeXx

Attempts to remove the interfering substances

by sublimation and solvent partition remeined unsuccessful.

8. Lyophilisation of rabbit blood serum.

Blood (4ml.) was obtained frow a rabbits ear
vein. The serum (1.5 ml,) was spread over the whole inner
surface of & test tube(with & ground glass joint and a
connection to the high vacuum pump) The serum was thus
frozen by immersion in & carbon dioxiae snow - &cetone
mixture =nd vwhen frozen, the test tuve wos ettachea to tine
hich vacuum pump, vhere the 1ce subliiecd witiout elting.
Weter vopour condensed to ice on the outsiue of the tube,

cnd its melting was i indicetion thot tie subliiction

111,



wes enued. The veacuuwm wes' releused, cna the resicue (117 wug. )

e O B o = = by o PRt . : .. - . - . .
wes extracted vwith ct.cnol wue juricicd ce cescrivec previcusls.

The small zmount of ketonic mevericl zheoveo 10 L.-imul in Loe

oo

egion of 240 mp on spectroghotouetric :nzlysis.

9. cezrcii Tor progesterone in the serws of venen, Sevein wel s

before nenstruction.

Une nl, sz les of serunm( rroL venous olooa) ueic
lvopnilized, extracted cne irecctionatea as aecscribea above.
An ¢bsor _tionm nellill Ved Obuervew 1 oli exntracts ot oo
Or =o& WP TUgetiey witn sholler wdlba &t zbu i 270 Lipt
e extrocts vere chrowctogr.yhea, out alic not revecl tiie

DrESENCE O A 240 p bend.

meXx
10. Searci for e 240 mp cbsorption bezna in wele serui.

SE UL (2 nl.) Lo & venous vlooa s:iple wes Lyo-
Jhilizea, extreciea caw fructionctea.un $pectro . a0toweiyry,
- nlalber Of iwewine welre obocrvew at xz&, =og,xo4d, YO uM.
Av o oreximetel, tue souwe ebsorption s.€ClIlL wes obteliicw

{7r06L. e Le o feneie seruw extreacts.

11. Introcuction of & wcw ewirection wetuoa tor Liplos

[row blood.

Une wl. serum(from three ml. venous olooa)ves

oluceou into & £5 nl. sepcratory fuiael, to viicn O wl., ctzer

vere odded. The wixture wes sicxen vigorously, tnG i€ cLuision

: >
Lo,
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ves frozen 1o e cerbon dioxide snot-icetvonc sidture, Tie etier
ves decented, Iresh etuer was caced, .nd tie ice weS elilvice
to nelt ¢t roouw temperaturé.lhe crulisificetion srnc freezing
precess Vs rerected three timer. The ether extrects vere

puririea end frectioncted in tue usuil nenner. Tre Letcnic

frecllin siuOVed & merinun ot =39 Lp besices the mexinuu ot 2
Lz, Cowrparison Or the two extraction L.etaoas.

arlquots of serum were entracted Ly o) Lyoriilise-

tion «ua b) freczing in en ewulsion wita etne..o0ti entracis

vwere rrectioncien 1o loenticed weniier «id thelr suvsorption

()]

spectra were round to oe quentitetively ena quediitetived:

similer. Both suovea the 232 dp cwsorpticn vend.

o

13, Anslvsis of & blocd plesme scunle.
A »

-~

10 edicuots of _Lleske (L nl.) trow O ul. cieleted

venrous blood were extrictiu by weticd &) ciaa by res.ectivell.

LN enadysis ¢f thelr spectruls 40 uwill'crelnice Wus Obscrved

Boti shovea tie =d2 np ebsorption mexiiul.

14, Anciysis of blooa in zaveiceQ pregiialicy.

ceruli (1 ml.sen,les) wos extracteuw oy L0 niilcetion
or freczing in ewulsion with ether, puriiled elic fraucticnotec,
The kxetonic frections showea cuscrpticn vones ot 252 cac TALR
It wos concluded th:t the discovery of neterlicl, cbscorvin
pedinelly et 240 np, in one ml.seruw ves im.0ssible, cince on

curowctogrs phic separation, the interrering subs.ecnces cu.d

110,



not be cowmpletely i1s0icted, 10 wliovw Tt welectiosn of .i.ute

cmounts of o, 3-unseturcted ketones,

15. mremlnetlcn of plesic end red blood celis ior _ro_cctcrone.
1wo O ml. serum scr_.les from wowen, SeVen wo, s

before nenstruution, wvere lyo_uilized wid Tracticneted. sy

cosorpticn venas &t 230 wzna 27¢ mp vere observed,

“he red blood cells

froun 20 wl.

of blood

wWerc

washed vwith saline wnd suspenaec in aistilleo weter.ilie
l:ied cells were then cxtraectea by the etucr ewulsiiication

&l Treezing wetilod. ilie

=t 250 LN, which reccihnec o minivum ot =

Vas ouserved in the region of 275

setonic fracticu

“esseQ el

L

RV aR=
08

.

pas) I lc meziimui

o

.P .

16. Arclysis of o leorge sengle of serun cno cxtrection et i 1,
(n ecidificsztion of LCC wi.ci cerun (Locvlew, with
concentrotec nydrochioric ecid, preteins precijltctec. TLe
rixture wes exntractea by theetnmsr-cwulsion-rrecaln eotucd
znd the protein rreci.lt.te was reextr.ctea with voilin. ctaer.
T.e cornbined extiacts vere frocticncicd. wmcsiaes tue € cctew

ot 2de wn Lod

L. C

extinction coerfiicient of

cgorption luel.liue
238 mp cnd two vend et <40

'O

t.ole

czted the presence of 47.7 yg

IBANNE! 1m0
—i— e &

g

nd ."~rogesterone"

7 pe-
to the cliutiown ol Lure grogester

ve resresent the

o
- N WD

o

LTYCEEStEYOILE,

Qoo
. roge

one et veo Observeu at

iy

clculoeted on the veslis O the

irnese beiids inci-

"crosesterone" in rrectiion 3,

in frzcectiorn 5 tnd 7. Lccorcin,

=

o

oo -

oo N

~

one(section 3),frzction t

steronc In LT il. COLew SeTruL.

A
[as
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l.~ Absorpticn spectra of ketonic lipid fractions
l’]{ of 100 ml. pooled serum. d ]

0.9 e |
3) Bz.:P.E.451 ., 238
4) " 8:1 234
0-8 5) 100% Baz. 240
6) Bz.;Eth.8:1 235
7) n 4.1 240
07 \
3,
3
0.6
0.¢
o4
0.3
0.2
!
0.
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[0 ) RNIPON s 1 nw 3 - = a s - . i N . - :
e wotination of strogens in +O0N-rrecinericy Lrizes,
1. Iydrolysis, extraction znd vartition of urinery estro.ens.,

Senples o 24-hour syecinens of urine verc ooteinedq
L0L e tORen on the 18th, :slst end 24th vey 0L & 401Lil i
strucl cycle. fUhe specinens vere col.ccted under tOLUEne :ia

stored in tae relri.er tor.

~

The urines were rerluxee vitic 150 w.l. OF coricen-

tratew wydarochloric cciu Ler Liter of urine ror ten winutcs.

-

were raplal, coolea under & strech. 0f CcoLe Letler &nd the

(¥

okt
RENN

a

J/

cerx solutions vere extracted vith etner(oxl/3 volune).

Tre acueous ithase was run off, enu li:¢ €TLEY V&S
riltered to rexove solid wctter «nd to breex esuls.on.The
réesidue wes thoroujhly extrected with a0t ether, vaice wes
saded to tie ctuer extract."he letter vies tien wasnéu V1Ll
lcﬁ‘soaiun corconate solution (oxlll il.), Tee & UEOUS _ilcSe
belrn; alscoaraea. 1hie etroer wes wasuew neutrel vITh webter eua
vistillecd.Tile 0lly resiuue was Toach Uy i wenzelde (Loo nd, )
ciiu exireciteu witil Luje soaluln cerboreve solutiou(oxoo il ).
The ciueous puneSe el DeCh=exilractied with vensene (1x5C hi. ),

~o.

cclairied cna extrectea witi ctiher(o:xde il.).Ziie ethere

A

o

extracts were tvesiec neutral cic teeciz tO wrynesc.'otrong

rhenols").

The benzene baclk-critraciion ves cdced to t.e Ori-

_inel benzene solution, &0 the corvined mixture wes
llc.,
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extrectew with L 80UlUL Liyurosiae 50LUticu(vuou Lile Jo i

sOU& €xlraCls were cclulrlew ana exticctec vitn etrer. (0xou Do, )
Tine etuer solution ves vasned noutros with weter ciw teren

to dryness. The resicue, the "weecx thenols", ves ariec i o
vecuun desiccetor. 1t wes then iractionated intc e -etcnic

¢nd non-setonic rraction by an sdiogteation o tue wmicro -

Girord seperation of rincus cad resrluan(oc?).

Approximately 20 mg.Girard's reagent “T" (tri-
methyl acethydrazide amwonium chloride) and 0.5 ml. glacial
acetic acid were added to the oily residue,"the weak phenols".
The solution was then heated for 20 minutes under anhydrous
conditions on the steam bath. The cooled solution was poured
into 20 volumes of ice water containing sufficient sodium
hydroxide solution ( 1 N ) to neutralize the acetic acid
used. The pH was checked and adjusted to 6.8 if necessary.
The solution was then extracted with ether(3xl5 ml.),and the
total ethereal solution was washed with water, which was

added to the aqueous phase,and taken to dryness."“Non-ketonic

weak phenols®.

The ketonic complexes in the agueous phase were
hydrolyzed by the addition of concentrated hydrochloric acid
to a concentration of 1 N, After four hours at room tempera-
ture, the liberated ketones were extracted with ether(3x25 ml.),
the ether was washec¢ neutral with water and distilled.

"hLetonic weak phenols",
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All three fractions were dissolved in ethznol (10 ml.),
0.2 ml. of the solution was removed by a pipette and diluted

with 2 ml.ethanol. An absorption maximum at 280 mp was not ob-

served in any of the fractions.
2. Chromatography of pure estrogens.

Samples of estrone, estriol and §-estradiol (2 mg.)
were dissolved in a small volume of methanol, diluted with
40 volumes of petrol ether and separately chromatographed
on columns of alumina. They were then eluted with 10 ml.
portions of petrol ether containing increasing proportions
of acetone. All eluates were taken to dryness and tested
spectrophotometrically for the characteristic absorgtion
band of the estrogens ()'max 280 mp). Estrone and X-estradiol
were eluted with a mixture of 15% acetone in petrol ether,

while estriol was obtecined with 100% ether.

3, Chromatographic purification of urine extracts.

The oils obtained by partition of tue urine extracts
(section 1) were purifiec cnromatogrephicaliy. The"non-<etonic®
shenols showed no sbsorption bends at Lol mp in cny of tne
elustes. The "ketonic" phenols cont.ined & substince in thelr
eluste with 15,5 ecetone with en sbsor,. tion meximum at o6 R
.rd the"strong" phenols shoved & fov mp meximul. 12 toe LCC

etiier eluc.te.

i.lb.
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rurificetion by sublivection.

rure estradiol, recovercu [rou toe carowsto. r:iinic
studies, wwes sublized on the high vecuum =t 115°C. The subli-
mate showed the typical sbsorption band of the estrogens,
while the residue did not show a maximum. On sublimeation of
the urinary "“non-ketonic, weak phenols", no trace of
X -estradiol could be detected in the sublimate. On subli-
mation of the "strong phenolic® fraction at 115°C, a 280 mp
absorption band was detected in the sublimate (due to p-cresol
probably),while the resudue did not reveal the prisence of

estriol by its spectrum,

S.Repetitions with minor modifications of the fractionation

of urinary estrogens.

Fresh 24-hour urine specimens were“hydrolyzed",
heating the solutions uniformly in a glass-col heating ele-
ment., The ether,used for extraction, was,shortly before use,
shaken with ferrous sulphate solution (1%)(until the agueous
phase remained clear)and distilled. The ether extracts were
quickly taken to dryness.lo mcdifications of the solvent
partition,Girard separction and chrowatogreyiyy were intro-
duced. Similar results were obtecined gs in the first fracti-
onation., X-estradiol could not be discovered in eny of the
urine extracts. The presence of estrone wes inulceted vy the

280 mp in the 1lo5» ccetone elucte in cn

a

Observetion ofﬂ.

T N /0
44iC AN

cxtrzct.Cther extracts , including one mele uriine extract,
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showed 286 mp mexima in the 15% acetone eluates. The "strong
phenols® revealed the presence of estriol in the 100% ether

eluates in some of the extracts. No estriol was detected in

the male urine extract.

6. The application of the Kober test to estrogenic fractions.

The Kober reagent was pregared by mixin. equal
veights of phenol and sulphuric acid, and heating tne mixture
for 15 minutes at 115°C. The solution was cooled and con-

centrated sulphuric acid ( 2 volumes) was added (310).

The test solution (1L ml.) was teken to dryness in
a small pyrex test tube and the nober reagent (1 ml.) was
added. After heating the solution for 10 minutes on the
steam bath, it was quickly cooled in ice water, concentrated
sulphuric acid (1 ml.) was addeu,and the colour was observed.
After further hezting (% minute) the colour was again noted.
With hydrogen peroxide (0.5 ml,) the pink colour was dis-

chargec.

A number of fractions showing absorption bands in
tihe region of 280 mpu, as previously described, were testea.

The results are condensed in the table.

-

Fraction JLmaxW“ description  Kober reaction
estrone 280 pure positive
" 286 femczle urine "
" 286 male urine "
estriol 280  sublimed 115° nesetive
" ong " 180° positive
estradiol =--- all fractions nesctive




7. The wbsor;tion spectiuw of the urissry iepuritics eiutea
vith solvent niitures of 1L, acetone in petrol ctier id
tiie aetection cnd estinction of estro.ens aduec in secll

snounts.

A non-ketonic, weak phenolic fraction of a urine
extract was chromatographed,and the " X-estradiol® eluate
(155 zcetone in petrol ether) was taken to dryness, trans-
ferred to a 10 ml. volumetric flask anddiluted to the mark
with ethanol. The solution was examined spectrophotometri-
cally. A"blank absorption curve®was thus obtained.The slope

of the zbsorption curve was uniform from 310 to 260 mp.

The solution was returned to the volumetric flask
quantitatively,and 1 ml, of a solution of estradiol(con-
taining 11 pg.) weas added. The volume was reduced to 10 ml.
and the absorption spectrum was examined. The process was
repeated until 66 pg. of estradiol had been added. & 230 mp
meximum could not be detected. On calculation of the absorp-
tion at =80 mp due to the estrogens added, correct recoveries

were obtazined, when the "blank absorption"was deducted.

The experiment was repeated on a new eluate with
15,0 acetone in petrol ether,and 60 to 1lzU ps. Or estradiol
were aadded., A maximum was observed at 280 - 285 mP,which
shifted with increasing amounts of estrogens to £75 Lp. Tle

recovery wis in good cgrecment with the wcucunts zdded,szs

long «s the blenk sivsorption wes deducted. It was concluded

from these observations, that the determination of swmszll

P



amounts of estrogens in the presence of these impurities is
inpossible, but that in the case of larger cuzntities of
estrogens, accurate determinztions of their concentrztion
can be made on deduction of 1.4 x the zbsorption at 310 Ip

from the observed extinction at 280 mP.
8. The elimination of impurities.

In an attempt to remove these interfering sub-
stances and to increase the quantities of estrogens ex-
tractable from urine, Smith's zinc and hydrochloric acid

hydrolysis was chosen. (234)({with minor modifications.)

A 24-hour urine sample was wutoclaved for 10
minutes with 135 volumes % hydrochloric zcid, coocled and
extracted with ether, and the aqueous phase was sgaln auto-
claved with 4% zinc for three hours.After cooling, tae
colourless solution wues extracted with ether.The ether
extracts of the two hydrolysutes were cowbineu.The solu-
tion was gpartitioned,sepurated by Gireru's resgent, ae-
colorized with zinc and hydrochloric =cia and cirosato-
crechea. Impurities hed been remwovea o & couslaerabie
evtent. Lo "estriol' couLlc be alscoveread, wut the «ctonic
c1a non-ketonic LSm-acetone-eluates showed ebsorgtion noxime
et 230 mp. Frow the extinction et;lmax the prescnce or &Ll pg.
estrogen per Z4-hour urine scmple vas deducew, re.reserting
three tiases the normel velue ct tuszt tice of the ..enstru:l

crcle,



n-estradiol into experimentul animals, snd isolation and iden-

tification of the urinary transformation ;roducts.

It was established, that the conversion of “estradiol
to estrone in vivo was a reversible rezction (12-18), =znd thet
both compounds give rise to estriol in the human(l9-25). On
administr=tion of estriol, no other estrogenic compouna coula
be isolated(26). Experiments on rabbits led to the intcresting
discovery, that d-estradiol and estrone are converted to
B~estradiol (CXVII) only(27-31), and this suostance proveda to
be consiaerably less active than any ot the other estro_.cuas.

(267, 268).

The conclusion was reeched, thet tie or_eznism 1is
capable of transforming the most active estroen into less
cctive grdducts by conversion, end thzt thcse products are
then conjugated,making them hydrophilic for easier elimi-

nation by the kidney.(153,138).

In =11 experiments of this ncture, the recovery
of estrosens accounted for only 15/ of the noterial given
(3.,35). Tne .issing 85 were wssumed to undergo chemical

sterolid nucleus is

(4

zlterztion to such an extent,thut th

broken up and physiologiczl potency is lost.

The liver was established as the site of estrogen
inactivation (34-72). Implantation of ovarian tissue and
injection of estrogens into different orguns of intect enimels

(34~52),perfusion experiuents (99-95), liver slice (56-60)

1k0.



and liver extract incubation with estrogens (61,62,43), =znd
experiments on animels with liver weawcge(63-72) tended to
show, at first glance, the loss of estrogenic activity through
oxidative destruction by thermo-labile, cyanide-sensitivs
liver enzymes(58,73). The only other orgen cecpable of inacti-
vating estrogens is the kidhey (74,75,45). The spleen was
found to inactivate estrogens only,ii it wes dredned into tilc
liver(39,46-51).0n transplantztion the s.leen lost ils inccti-

vating cavacity. (46).

Further eviaence [or the oxiasztive acstruction
of estro.ens in vivo secwmea to cowe Irow the stuay of defi-
ciencies of the vitcmin B complex (76-92). Trhiwwiae wnd
Rivoflavine apyeared essential for the inactivation of ectro-

cens.

o

Attewpts to isolete the oxidative enzyme wWere Lcud

by Zondek and FPincus (93-105). Enzyme extracts were obtained
from liver(6l,5<,98) and & varlety of plant sources, which
could oxidize estrogens. The enzyn.es Were s0ly.henoloxldases
and thus produced insoluble ond sometimes colourea end products,

. o . atiw-tion chysi ~jcally improbzble.
meking tnis type of inzctivation ghysiologlcelly 1Up a

(CXIV - CXXV - CXXVI).

A different pathway of oxidctive gestruction of
estrogens was suggested by vesterfeld, who obtzined & lectone
by oxidation of estrone in vitro with alksline hjyarogen per-
oxide(106-108). Westerfeld's lectone is prepered by the o.en-

DU S
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ing of ring D of the steroid nucleus. (CXVI1l - CXi - CxX1).
As the action of hydrogen peroxide in vitro reseiwoles,in
many cases,reactions occurring in the body, atteupts were
made to isolete the l:ictone or its hydrolyzec feori, tic
hydrony acid.(109). ¥o truce of this cougound could, hov-
ever, bo discovered, cven oftir wdwinistrotion of « lerge
dose of estrogens, in the urine. oSwmith and Sluith (110, 111)
obtained eviaence, tiat a non-estrogenic compound 1s pre-
sent in urine, which on hexting with zinc wid agarociloric
scid shows estrogenic activity. It was assumed, taat &
compound, lixe Westerfeld's lactone was reduce. o wn zctlive
estrogen. On reduction of the first sazmpie of Westerreld's
lactone, theysucceeded in cugmenting its estrogenic activity,
but were unable to reproduce these results with purer salples.

(112-114).

Smith and Smith sttributed =n importunt ohysiolo-
gicel role to their hypothetical oxiaation croauct. &4s the
retio of inective estrogell oxidation proauct to active csiro-

cen (Tzn/To) wes greatest in the folliculer phese oI tae
o]

renstrual cycle, the rollowin, Lyoothiesls w&S cQVel:CCQ.

-

Thie inactive estio el oniaction proauct stimuletes
the hypoyhysis to relexse its luteonizing horuwone (L.H.),
causing the formation of & corpus luteuw. In the presSence ct

crogesterone, oroduced b tile corzus luteum, the insctivation

8]

of estrogens DY conversion to less cctive forms is facilitated,

so thet little of the inecctive oxidstion product 1s romnci.

L7,
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In conse,uence, .ltultary stimulation subsides, tie rornction
of luteonizing hormone ccases, .nd t.e cor.us luteur ae:ene-
retes. At this stage estrogen metsbolism returns to tie o 1o-

duction of the linzctive oxidation proauct znd tne se.uence of

events is re_ected.

Bviuence tor this schewe, explainin_ sose of w.e
cyclic menstrual changes, is based on Smith's aiscoveury, tuct
esterfeld's lectone _ossesczes sditultary stisualatiog activity
(112-114), anc thet estro.en conversion to estriol is Tacili-
tuted 1n the presence of an active corpus luteum(22-24). Con-
firmetion of tnis work came from Figoe(lld), who observed =
similer pituitary-stimulating effect of estrone, vhich had
been inectivated by light. It oppeared, therefore, highly
desiruble to identify Figge's estrone inactivetion procuct
coG dmiti's urin.ry inective oxidetlion product with Wester-

fela's lectone.

Tvwo other compounds were suggested as the iawctive
estroszen oxliaation :roduct.marrian(lLo) ovt.inea eviac:ice,
t1.t estriol wee oxidizea to loc-xeto-estrone (Ladli.l)(tae
corpound wssumea to give tie plis colour in the cober tcst),
whicii, on reduction with zinc cud harochloric cclic, seve rice
to zetive estriol. The other compound, o-kheto-estironc Tesd
suggestea by Gellacher(personsl corzmuniceation) &as ain crti-
fact,(similar to the foriction of 7-xeto-cholesterol(<lir,zl9)
aurisig extraction)vwhici o reducticn wilti 2ine wide 4)Lr0CHLO-

ric ccid o5 ex.ectea to yield wctive estrogeuns.



Great doubts vere cost on tie cor., lex ..ecucnisin Or
oxidative estrosen in:ctivation by tre work of Certorcy et e
(L17-134). Tiey shoved thrt the liver rewoves cztirC_€uns LTOL
tiie blooc sirecw, excreting them inte t.e bile. T.e €Stro_ciis
pass witih tne bile intc lie intestine, vhere toe; cre veeu-
sorved, &na travel o ein to tue tiver. An entero-.e.ctic
circuletion or tue esticgens is thus cstebilohicd. CoilteioV's
LeCry Ccedl €Xplicln the iwegOrity oL enperiwment.i resulte on
tlic loss o1 esuirogenic wctivity. Luoeriments on iiscue siices,
tissue exntracts cnw ensyiue prepgretions , Loioever, requlirc
tie sdinission, thet destruction op estro_ens by o.idetion in
tue liver can occur.lt does not grove, uowevel, Lliie occurrcice

.t physioilogicel levels ci NOracd

[k}

0f oxidetive incctiveticn
concitions. Folyphenol: ce cctivity oi tee citrects couliu exn-

vredn tie destruction,elirdnatin. it o e physioioglices peta-

The importance of the Vitamin B cowmglex in the ue-
struction of estrogens pointed to enzywztic dehydrogenation
«nd decerboxyloation of the estrogens. The louered estiogen
incctivation by liver tissue,deficient in wethionine, secevrea
to invoive & number cf other .rocesses 1n tie oxldative uestruc-

tion of estrogens. The inefficient estrocen in:tctivetion o.
trhe liver under thece corcitions could be ettrivuteu to _e.c-
rol inanition.(84,87-96). Acdr.inistraticn of toe vitollas :sid

reinionine c¢lone, coula ot reestablish eroiclient estrc el

inectivetion in « stervew anincl.(o4).Tle entero-aepetic cir-
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culation is inpcired under this conaition,

If the estrogens asre not lost by oxidetion in the
liver,but pess into the entero-hepatic cilrculation, one ceniot
cccount for their destruction, unless it occurs in the intes-~
tinz=l trect. Thc Taeces heve becn repectedly eleindinea for tie
presernce of estrogens(73,1loi-13v), iut OnLy il (uontiiices
of them wele wiscovered. A stuuy of the destructicn of estro-
cens by becteria wves nude by Zoncek (140), w0 tesited & v.riety
of vacteriu in pure cultures.lnly two were Tound 1o Ceolrc,
estro_ens cuna both,a type oi rroteus cuiu B.owcsentericus, wre

ety

cicel 1or faecel flore.

It is possible, thet insctivetion oi estro.ens by
beacterie involves the reduction of the phenclic ring A& to
estrene-diols, viiich heve becen isoleted frow urines oi noi-
nal vomen by ierxer(l4l), (CAKVITI). rurther evidence ior
sucin & reesction wes obtainew by lLiecia(lédw, l4d), shen e iso-
ieted 5,7,7-estratriene-o-(w)-o0i-17-one(Cxiinl) iron ecuine

Lregrnancy urine,

AS the evioeence ror oxiaative acctiuctivil 0I tTie
€st1o;,ens uecre.sea, cttention wes luruew to tune process of
conjugation. Jhe estrogens in blood were rounc 1o we in g
veter soluble form(l45),:nd conjuzeticn was coctuleted to
occur in other orgcns besides tae swlaneys. rishien(l4c-14v)

discovered thet tiie sctiviis of P-glucurcnidese of Liver wna

<ilwnezy could be increecsed by glucurc_enic substences.

Lav,



Glucuronidese activity could not be increased by these sub-

stences in the organs of reproduction. Estrogens, on the

other hand, were able to azugment the B-glucuronidase acti-
vity of these organs. Their preferentisl up-teke of estro-
gens had been established by experiments with synthetic

estrogens, containing radio-bromine. (150).

During pregnancy, the urinary estrogens are
nearly all conjugated (except shortly before parturition).
Sodium estriol glucuronate (CXXXII)(151-156) and estrone
sulphate (CXXXIII) (158-163) have so far been identified.
Both compounds are the products of an efficient detoxifi-
cation process, as they possess low biological activity

and high water solubility.

rrolongued circulation of the estrogens, pre-
ferential retention and interconversibn in the orgens of
reproduction, followed by conjugation and,finally, excre-
tion through the kidney are the only experimentally

established facts,resarding the fate of the estrogens

in vivo.
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2. Discussion.

this investigation was undertaeken,to contirm the

tindings of bmith and sSmith by isolation and chemiczl iden-
titication ot their hypothetical estrogen oxidation product,
which coula be reactivated with zinc and hydrochloric acid.
the successful identification of the compound would not only
place their application of these discoveries to clinical
medicine on a tirmer basis, but might also turther elucidate
the fate of estrogens, particularly that portion of the in-

Jected estrogens, which could not be recovered.

To obtain comparable results, their procedure was
followed through hydrolysis and extraction with only minor
alterations. For the separation of-strong+and-weak“phenols
the smiths used Marrian's method of partition(l82).That
method hes been found much less accurate than the one or
Bachmann(185) and llather(l86), used in all separations here-
with described. Girard's separction of ketonic from non-ke-
tonic material was used in both instances. Only minor changes
were introduced. Instead of biological assay, the fractions
were chromatographed and examined spectrophotometrically for
the absorption spectrum,typical of the estrogens,(/lmax <80 mp, ).
Also, Smith's hydrolysis with and without zinc was carried out
on aliquots ot urine, while in this work the two hydrolytic

treatments were carried out on the same sample of urine.

135.



A 2-liter urine sample of the 6th month of gestation
served as starting metverial. On treatment"A"(l0 minutes retrlux-
ing with 15 volumes % concentrated hyarochloric acid) ten mg.
crystalline estriol was isolated.A similar quantity otf estriol
was obtained after treatment"B®(3 hours refluxing with 15 vo-
lumes % concentrated hydrochloric acid and 4% zinc dust).ilrys-
tals of estrone were obtained atter each hydrolytic treatment
in minute amounts, while estradiol could only be detected

spectrophotometrically in both extracts.

As the presence of benzoic acid (A pg, 272 and 280ma)
interfered with tne detection and estimation of estrogens, its
complete removal by washing with 1lO% sodium carbonate solution
was investigated. On examination of the soda extracts,1t was
tound that 10% of the estriol was removed in a single carbo-
nate washing. A thorough washing with 10% sodium carbonate
solution was therefore impossible. A 9% sodium bicarﬁonate

solution was tested by Bachmann and ifound,not to remove any

ot tune estriol.lt was tound to remove benzoic and salicylic

acid quantitatively, but many coloured impuritles are not

extracted.

Another preliminary investigation concerned the
removal of estrogens trom ether by extraction with N sodium
hydroxide solution. Complete removal of all material showing
a 280 mp maximum wes not possible,contirming sriedgood's

observation. (personal communication).
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A thorough investigation ot & 4~liter urine batch
(8th month or gestation) led to the isolation ot all the knowa
common urinary estrogens in bure crystalline torm, tneir
melting points were texen, ana they were quantitatively ane-
lyzed by spectrophotometer and weighed.The two determinztions
agreed. 42 mg.estriol, 1.8 mg estrone, 1.38 mg B-estradiol
and 7.25 mg Y-estradiol (only 3.46 mg was crystalline) were

isolated.

Stimmel published in 1945 a simpliried chromato-
graphic separation of the estrogens(205-207),which was
adopted for rurther investigations. although it will not
separate X and B-estradiol, the use of methanol insiead o1

acetone will prevent any secondary reactions attecting tae

estriol present.

As the estrogen inactivation product,postulated
by omitn, is supposed to be of the nature of westerfeld's
lactone, a search tor the lactone was again undertaken. no
trace of the compound coula be detected. A search for the
compoﬁnd,with tne lactone ring opened,was made in the sodium
bicarbonate washings.they were methylated with dlazomethane

and chromatographed.nNone ot the fractions showed a 280 mp

meximum,

rrom this chromatogrem an oily frcction was

obtained showing an absorption band at 256 mp. Lt was sus-

pected,tnat the band was due to an artifact, produced by
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oxidation of the estrogens during hydrolysis and extraction.
A similer absorption spectrum is shown by 6-keto-estradiol,
which wes prepared by Wintersteiner(le):;Lmax 258 .
Reduction of this compound with zinc and hydrochloric acid
would lead to estradiol. The small quantity of material
could, however, not acccunt for the grecat increase in acti-

Vity.

& seearch for lé-keto-estrone also proved futile.
This compound hed been suggested by Marrian(ll6) to be the
inactive oxidation product and had been synthesized by

Huffran(215) from estrone.lts properties were described.

As large quantities of estriol were still iso-
lated on treatment"B", protection of the estrogens from
«tmospheric oxygen was not the sole function of the hydro-
gen atmosphere. Whether zinc would protect the estrogens
from partial destruction during treatment "A", was next
to be investigated. One &licuot of urine (6th month of ges-
tetion) was treated in the usual manner ( "a" and "B"),
while the other was given treatment "B" only. Instead of
the somewhat larger yield of estrogens expected in the lestter,
only half the amount of estirogens was recovered, coupared
to the combined yields of the first sliquot. This unexpected
ade in all three estrogenic frections,

observation was I

although only in the estriol fraction could it be estab-

lished beyond doubt by isolation of crystzlline estriol.
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A; these resulﬁg Were reproducible, the comparison
of the two methods of hydrolysis wag further studied.One
aliquot of pregnancy urine was given treatment "a" and "B",
while the other was refluxeqd for 10 minutes with 15 volumes

% concentrated hydrochloric acig and 4% zinc dust end, after
)
extraction,was given treatment "B", The Yields of estrogen

(crystalline estriol) was 7.5 mg. and 13 mg.in the first
aliquot and 4.5 mg and 17.6 mng. in the latter,

In the light of these observations two explaznations
can be advanced:Zinc retzins a large proportion of the estro-
gens by adsorption and secondly, the addition of zinc lowers
the pH of the solution so rapidly,that hydrolysis will only
be teking place part of the time.The final pH after treatment

“B* was found to be 3.5-4.5, at which according to Schmulowitz

(237) no hydrolysis of the estrogen conjugates occurs.

This interpretation of the results obtained led to &
new approach towards the solution of the problem. Since the
days of Laqueur$ discovery, that the estrogenic activity in
urine could be greatly increased by acid hydrolysis, a variety
of methods for the liberation of urinary estrogens has been
published. (219-250,255,256). No agreement was reached as to the
method,which gave maximum yield, as two reactions proceed si-

multaneously, i.e. hydrolysis of the estrogen conjugates and

destruction of the liberated estrogens. (252-254,166).

137.



Smith and Smith had accepted, that the method adopted
by them gave meximum yields, and that no further hydrolysis
would be expected to occur. They, therefore, assumed, that
reactions other than continued hydrolysis of the conjugates
took place. While it was certsin, that hydrolysis of estriol
glucuronate would not occur to any extent at room temperature
in the presence of zinc and hydrochloric acid, reduction of
the unconjugated, water soluble estrogen oxidation product
should take place,as judged from the vigorous evolution of

hydrogen.

Aliquots of pregnancy urine were given treatment"a".
One was then allowed to stand at room temperature for 16 hours
in the presence of 15 volumes % concentrated hydrochloric acid
and 4% zinc dust.It was extracted and given treatment "B", The
other aliquot was given trcatment "B" .right after “A". While
estrogens were isolated afterltreatment "B* not & trace of
estrogenic material could be discovered after reduction at
room temperature. Reduction by itself cannot be held responsible
for the increase in estrogenic activity. (Spectrophotometric
analysis does not distinguish between estrone and \-estradiol
and no increase in estrogen activity is recorded on reduction
of estrone to estradiol.) If an estrogen oxidation product is
present, it cannot be ether-soluble, nor readily hydrolyzed or

reduced, but must be steble during .acid hydrolysis in the pre-

sence of oxygen.
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On chromatographic seéparation,it had been observed,
that a large quantity of material was not eluted, but remained
on the column after repeatpd washing with methanol. Before
any conclusions regarding the existence of an estrogen inac-
tivation product could be reached, this fraction had to be
investigated.The material was eluted with N sodium hydroxide
gsolution, extracted,after acidification,with ether and taken
to r dryness..Two crystalline compounds were obiained.One was
very soluble in petrol ether and showed the absorition spectrum
of benzoic acid, but differed in a number of properties.Ilt
gives a purple colour with terric chloride, is only eluable
with sodium hydroxide from alumina,and has a lower melting
point., The empirical formula, CnHgOz , suggests a hydroxy-

benzoic acid (meta or para).

The petrol ether insoluble crystals were rechrome-
tographed on a column of celite and megnesium silicate, and
crystals were eluted possessing an absorption spectrum similar
to that of salicylic acid,gave the same colour reaction with
ferric chloride, but differed in its melting point. (183-184°¢C)

4s only small amounts of these compounds were isolated,

attempts were made to jsolate the materials from subsequent

urine extracts.They could,however,not be obtained, although

identical treatment of the urine was used.

The remaining oily fractions did not show the 280

mp absorption band and it could be concluded that the isolation

of the oxidation product of estrogens had not succeeded.
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The nature of the estrogen precursors after trezt-
ment®A® and before "B" wss investigated.The estrogen conjugetes
were extracted with n-butanol, and the n-butenol extracts were
washed with N sodium hydroxide solution.The aqueous phase wes
not expected to contain azny of the known conjugates, while the
butanol should contain estrone sulphate and the soda washings
all estriol glucuronate.The estrogens in all three fractions
were freed, and from the results neither the existence of an
estrogen inactivation product conjugate nor the presence of

the known estro.ens in a dirferent conjugation could be deduced.

Partition of the urinary estrogen conjugates.before
any hydrolytic treatment, was undertaken,to investigate the
existing conjugates.. and their rates of hydrolysis.The urine
was acidified to pH 3, extracted with n-butanol, which wes
washed with N sodium hydroxide solution.ithe butanol extrzct
was washed, condensed and diluted with 20 volumes water. The
soda extract was neutralized and all three solutions were
given treatment "A%, followed by "B". 4An aliquot of urine
was used as control, receiving treatment "A" and "B" without
partition. All estriol was obtained on treatwment “A" from
the soda extract, where it was expected to be.nowever, it was
surprising to fina complete hydrolysis of the estriol glucu-
ronate in distilled water on treatment “4%, while in urine
the same amount of estriol was only obtained after both hydro-

lytic treatments.rrom butanol the estrone could be obtained

completely on lu minutes hydrolysis.Only small amounts of

estrogens (l0%) were isolated from the aqueous phase,
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The evidence or all these experiizents pointed to
incomplete hyarolysis,and the action of zinc was reduced to
a role of protecting the liberated estrogens trom destruc-

tion by atmospheric oxygen, besides the roie of reducing

estrone and thus increasing its potency on bio-assay.

To test this hypothesis, aliquots ot pregnancy
urine were autoclaved for three hours at 120°C and 15 pounds
pressure in the presence or 15 volumes % hydrochloric acid
with or without 4% zinc.Approximately equal amounts of estro-

gens were lsolated in both cases,

The validity of the assumption put forward was
further put to the test by a number of hydrolytic treatments
of urine aliquots, either in air or in the autoclave, with
or without zinc and,in one case,in an inert atmosphere of
nitrogen.The lowest yield of estrogens was obtained on hy-
drolysis first for 10 minutes and then for 3 hours in air
without zinc.The yield was practically the same for all
others. Less than 50% of the total estrogens were liberated

during lO-minutes hydrolysis.

ln an attempt to determine the length of treat-
ment required for complete hydrolysis, it was observed, that
the aliquot,receiving 1lO-minute treatments at a time ,yielded
much less estrogens than the one which had been hydrolyzed
for the same length of time without interruption. Only 40%

was obtained from the first aliquot.A similar observation
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had been made by Marrian(230), that admission of air lowered

considerably the yield of estrogen on hydrolysis.

The experimental results pointed without exception
to incomplete hydrolysis of the conjugates. Additional evi-
dence came from the observations of Marrian(156), who obtained
80% of the estriol present on hydrolysis of pure sodium
estriol glucuronate in the autoclave at pH 1 for two hours.
In urine the liberation of the estrogens proceeds more slowly
and destruction of the free estrogens also occurs less rapidly,
(166). Keepiné these facts in mind, the hydrolysis of sodium
estriol glucuronate and the destruction of estriol were studied

on model experiments.

Impure sodium estriol glucuronate, which analyzed
spectrophotometrically 11% estriol, was purified,until the
sodium estriol glucuronate content was raised to 80%. The
hydrolysis of the conjugate was then studied through the
application of spectrophotometric analysis to the determi-

nation of the recovered estriol.

Hydrolysis in the autoclave(lzooc, 15 pounds) at
pH 1 was studied first. During 1O minutes no hydrolysis oc-
curred. After 3 hours in the presence of zinc,82% estriol
was extracted and after readjustment of the pH from 3.5 to 1,

one-hour hydrolysis brought the total recovery to 94%.

To compare the rate of hydrolysis and destruction,
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four aliqots of estriol glucuronzte were hydrolyzed under
identical conditions( autoclave, pH 1) with and without zince.
Two were extracted after every 1lO-minute hydrolysis, while
the other two were only extracted after the last period of

heating.The recovery of estriol amounted to 90 - 100% in

all four aliquots.

Hydrolysis of the conjugate with zinc in tae
presence of atmospheric oxygen yielded 75% of the estriol
after a 2-hour treatment. In the absence of zinc the reco-
very,under identical conditions, only amounted to 42j%.None
of the unaccounted 58% could be recovered on subsequent
hydrolysis.A yellow oily residue was obtained, which did
not show the characteristic spectrum of the estrogens,
Destruction of estriol on hydrolysis in the presence of cir

was considerable.

Smith's method of hydrolysis was next tested on
estriol glucuronate.The solution was acidified to the pH,
obtained on addition of 15 volumes % concentrated hydro-
chloric acid to urine.after refluxing for 10 minutes, 55%
of the conjugate had been hydrolyzed and after 16 hours
at room temperature,an additional 5% free estriol could be
extracted.The remaining 40% were recovered on extracting
the.aqueous phase with n-butanol. Destruction of estriol

had not occurred, but hydrolysis of the conjugate had not

been complete.
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Smith had accepted treatment®A" as an efficient
method of hydrolysis and had concluded, that additional
estrogens, obtainable on prolongued hydrolysis with zinc,
could not be explained on the bassis of incomplete hydrolysis,
because on continued hydrolysis without zinc no further

yields of estrogens were obtained.This repid destruction

remained to be explained.

A comparative study of the majority of methods
for the hydrolysis of estrogen conjugates was undertaken.
Marrian's method(1l56) gave quantitative yields. With
Smith's directions 70 - 80% could =t best be recovered.
In the presence of zinc the yield was found to be even
lower. The remaining methods tested gave yields ranging
from O to 94% and were only of interest for the study of

their experimental results.

When treatment "A" was followed by treatmenu."B",
good recoveries were obtained, while "B" alone gave poor
yields.On hydrolysis after "A" without the addition of zinc
no estriol was obtained and 40% of the estriol was destroyed.
On the other hand prolongation of treatment “A" beyond 10
minutes did not produce yellow oily material devoid of a
280 mp maximum, although the yield of estriol was only little

improved.A second hydrolysis with zinc yielded additional

20% of the estriol.
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An explanation of these results coula only be found
in the presence of ether, dissolved in the aqueous phase,
which in the presence of air would form ether peroxides, ac~
counting thus for the destriction of estriol. The action of
zinc would be instrumental in preventing the formation of
ether peroxides by an effective hydrogen atmosphere. The
theory was tested, estriol was dissolved in water and refluxed
with 10 volumes % hyurochloric acid in the presence of ether.

No trace of estriol could be recovered.

In the presence of zinc only 50% were recovered.
As this loss of materizl had been observed on hydrolysis of
the estrogen conjugates of urine in the presence of zinc,
it was further investigated.Estriol was dissolved in water
and its concentration wss determined spectrophotometrically.
Zinc was added and the solution of estriol was sheken.The
suspension of zinc was removed by filtration,and the solu-
tion was found to contain the same amount of estriol as be-
fore.Zinc was added again to the solution and acidified.
It precipitated and hydrogen gas was evolved. The supernat.nt

solution contained only 80% of the estriol added.On extraction

with ether, only 80% were recovered.

To explain this loss of estriol (suspected to be
an adsorption phenomenon), estriol glucuronate was hydrolyzed
in the presence of varying amounts of zinc. The solution,in
which a2ll the zinc had been dissolved,gave quantitative

yields on hydrolysis. In the presence of residuel zinc only
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75 - 83% yields were obtained after treatment "A" znd "B".

On very thorough extraction, estriol can be recovered from

zince.

The hydrolysis of estrone sulphate was then inves-
tigated. lO-minute hydrolysis (LO%HCLl)was found sufficient
to free all the estrone. As weak phenols were obtzined after
vhe second hydrolytic treatment of urines, delayed hydrolysis,
due to the buffering effect of urine, was postulated.The possi-
bility of a different type of estrone conjugate could not be

rejected.

In their.investigation Smith and Smith had found,
that on zinc hydrolysis the activity of estrone wzs increased
5 times(bioassay on ovariectomized rat) and they accepted
this factor for all hydrolyses in the presence of zinc.On the
reduction of estrone in vitro(257-270), 60 - 80% was found
to be X-estradiol, and the rest was B-estradiol. As the acti-
vity of o(-estradiol ¢ B-estradiol : estrone is given as
12 ¢ 0.3 ¢ 1 by Wintersteiner(267) and as 8 : 0.08 : 1 by
Butenandt(268), standardisation of the conditions of reduction
seemed of utmost importance.Smell variations in the propor-
tions of the &:B8-form will cause great errors on bioassay.

The action of zinc and hydrodaloric acid on estrone was there-

fore studied.

When three mg. of estrone were reduced by Smith's

method of hydrolysis,QO% was recovered as desoxyestrone and
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10% as estradiol, of which the greater part was identifieu as
f-estradiol. Desoxyestrone (CXXXIV) was identified by prepe-
ration from estrone by Clemmensen reduction. The two products
were found to be identical by mixture melting point deter-
minations. When the Smith reduction hydrolysis was conducted
with a more concentrated solution of estrone (30 mg./100 ml.
soiution), no desoxyestrone was obtained., 33% was recover.d

as estrone, the rest was non-ketonic and most of it was iden-
tified as X-estradiol.A fraction which couid not be crystallized

was assumed to be a mixture of the two epimers of estradiol.

The concentration of estrogens in urine resembles
the concentration of estrone in the first experiment, and
the formation of desoxyestrone can be postulated. &s desoxy-
estrone (271-277) is not soluble in aqueous sodium hydroxide
solution, it is lost on extraction of phenols, accounting for
a considerable loss of activity. The biological activity of
desoxyestrone has not yet been determined, but is assumed to
be very low. The factor”S, accepted by Smith for the increase
of biological activity on reduction of estrone,must be composed
of varying percentages of factor 8 - 12" for reduction to of-
estradiol, factor”O.é - 0.08"for reduction to B-estradiol,

an as yet unknown factor for reduction to desoxyestrone and

a factor for the adsorption of estrogens on zinc.
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5. Experimentzl Work.

Samples of urine (1 or 2 liter ; 6th to 8th month
of gestation) were collected and trcated as described in

full detail on page 116 and 117, and referred to as treat-

ment "A".

The ether insoluble interface material together
with the filterpaper, on which it was collected, were then
added to the extracted urine., The pH of the solution was
adjusted to 0.3 by addition of concentrated hydrochloric
acid,and 4% zinc dust was added. The mixture was refluxed
for three hours in the fume cupboard (release of sulph-
hydro compounds ), The clear and colourless solution and
some unreacted zinc was extracted with ether (3x600 ml.).
The ether extracts were washed neutral with water, after
all acids had been removed ( 9% sodium bicarbonate washings,
3x300 ml. ) and teken to dryness. The residue was dissolved
in benzene ( 200 ml.) and partitioned as described before
(page 116,117)..in a number of experiments, the*weak"phenols
were separated into ketonic and non-ketonic fractions by the
use of Girard's reagent "T%, detailed on page 1l7. nydro-
lysis with zinc, followed by extraction and partition,is

generally described as treatment "B".

The fractions were then purified by chromatography.

Adsorption columnswere prepared with alumina ( Harshaw,
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Routine Fractionation of Urinary Estrogens.

Urine specimen
Treatmenthan
10' reflux with conc.HCl
(15 volumes %)
cooled quickly
extracted c.ether(4x)

ether and emulsion aqueous phase
filtered Iriatment uwpw
ether ‘ residue ———. .. et R 3+ 2ot et
r M\t
q 37 reflux
< T?shea c.ether c.15% HC1 & 47 Zn.
- extracted as in

Y

W

washed c¢.9%NaHCO- (3x) treatment" A",
washed c. HoO ° v ‘
teken to dryness

dissolved in CgHg
benzene

| swashed c¢.10% NasCO3 (3x)

benzene carbonsteé solution
back e C
D ackwash % Ce He

washed c.l1lN NaOH (3x)
_.?

backwash c.C6H6

v

v
\

"Non-phenolic" ~ acidified c.HC1l

extracted c.ether (3x)

W/ )
' nWesgk Phenolic"  "Strong Phenolic®

Girard"T*
treatment

water soluble ethér soluble
fraction fraction
acﬁdified c. HC1
162 at 20°C
extracted c.ether(3x

"Estrone" "Estradiol® "Estriol®

f

chromatographed on alumina
eluted with benzene,methanol
estimated quantitatively by

spectrophotometry. (4, 280mp)
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acetic acld wadhed, reactivated )( 6 g.), making the height of
the column 5 times its width. 1he columns were then washed
with dry benzene, and the traction to be chromatographed was
dissolved in benzene (10 ml.) and adsorbed on the column.

The weak phenolic materisls were eluted with benzene contain-
ing increasing amounts of acetone ( 2, 4, 6, 10, 15, 20%)

and finally with ether and methanol(100%). The strong phenols
were eluted with benzene containing increasing zmounts of
methanol ( 2, 4, 6, 10, 15, 20, 100%).(Acetone was not chosen,
as reactions between acetone and 1,2-glycols,as estriol,were
expected to take place.) The eluates were taken to dryness,
dissolived in 2 ml, ethanol and,after appropriate dilution,
were analyzed spectrophotometrically. The solvent was then

removed and crystallisation of &all fractions was attempted.

1. Isolation and identitication of estirogens from human

pregnancy urine after treatment "A" and "“B".

ihe results are condensed in chart 1. kstriol was

identified by its melting point &nd by a mixture melting point

determination with pure estriol.lits quantity was determined

spectrophotometrically as well as gravimetrically.after

3 1] in small
treatment “a", crystals of estrone were obtalned a

amounts, Wﬁile the estradiol fraction consisted of an oil,

which was not crystallized.The concentration of estrogens in

these 0ily fractions were determinea by their)lmax 280 mp

extinction, however their identification as estrogenic is not

beyond doubt.
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Table 1.

kSR - x el . . .
S RO it B WA 3 1 - . - ]

nge g . g,
Treatment Estriol Estradiol ZEstrone
i\ 10.8 1.9 (?) 0,33
Lh:U 10.3 1.4 (2) 1.11 (?)

Frzctions marked by a question mark could not be
jdentified by crystsllisation.They represent the quantity
of material &bsorbing meximelly at 280 mp end eluted fromw
the chromstogram in the fraction expected to contain the

hormone.

In the®strong phenolic" frection crystels of
benzoic acid were isolated. They were purified by sublimation,
znd gave no depression in a mixture melting point vwith pure
benzoic acid. The crystals sublimed at 116°C. Sodium cerbo-
nate washings will remove them from ether, The absorption
spectrum of the crystals was determined.;Lmax 272 and <80 mp

will interfere with the detection of estrogens.
2. Investigation of the discarded fractions for estrogens,

The ether extract,of a fresh batch of treated
urine, was washed once with 10% sodium carbonate solution
(éne tenth the volume of ether).The aqueous phase was
acidified carefully and extracted with ether(3x30 ml.).
The ether extracts were washed neutral,dried with sodium
sulphate and taken to dryness. The residual oil was dis-

solved in benzene and chromatograzphed.The eluted oils were
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analyzed by spectrophotometer. It was found that one sodium
carbonate weshing removed 10% of* the totzl estriol present,
besides removing acids and & substznce possessing a strong
absorption band at 256 my.An attempt was made to isolate the
substance, since 6-keto-estrogens possess a similar band &t

258 mp, but £l1 endeavours to crystallize the oil failed.

Subsequently acids were removed with 9% sodium
bicarbonate solution, which does not remove any of the estriol,

while still removing benzoic and ether =zcias.

The ether solution, after having been washed with
sodium carbonate, was extracted with N sodium hydroxide
(3x200 ml.).The aqueous extracts were acidified, extracted
with ether, washed and teken to dryness. They were then

partitioned as described before,

The remaining ether,containing only "neutrel®
material,was wsshed neutral with water, teken to dryness
and chromatographed.Two fractions were obtained which on
spectrophotometric analysis showed the presence of phenolic

naterial.

Consequently, ether extracts were washed with
9% sodium bicarbonate, washed neutrzl,teken to dryness,dis-
solved in benzene and partitioned, as it was seen that
N sodium hydroxide will not remove &ll estrogens from ether.
Similar results were obtained by Friedgood. From benzene &ll
estrogens can be removed with N sodium hydroxide.
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The results obtained witn these minor mogificetions
are given in tsble 2. As the"estriol fractions"were pure crys-
talline estriol, no difficulties were encountered in the ce&l-
culation of their quantity by spectrophotometry. The"wesk
phenolic" eluctes, however, were only partly crystalline and
red oily materials were present.ldentification of these frac-
tions beyond doubt was impossible and the determination of the
concentreation of estrogens only succeeded after elimination

of the "blank" absorption as described in part 2. (page 122).

Table 2.
Estriol Estradiol Estrone
Treatment "A" 8.32nmg. 1.94mg. (?) 2.01lmg. (?)

W wpw 2.68 "  1,858" " 1,82 n o

R R )

Ao tat s s e e

3. Isolation and identifieation of estrogens in human pregnancy

urine.

Pregnancy urine (4 1.,8th month) was autoclaved
(120°C, 15 pounds) in the presence of 15 volumes /% concentra-
ted hydrochloric acid for 10 minutes, cooled and extracted
with ether (4x600 ml.)(Treatment "C")4;The aqueous phase was
- autoclaved for 3 hours in the presence of zinc dust (2p),
cooled and extracted with ether.Both ether extractions were
combined and purified,partitioned and chromato.rsphed as was
previously described. Crystallisation of all fractions re-
vealing a 280 mp absorption meximum was attemc.ted. A seerch

for desoxyestrone and other phenolic compounds in the "neutrsal

fraction"was also made.
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Table 3,

Non-ketonic week phenols

In the neutral

— |
1.Bz. 100% 0il -———

2. " 2% acetone " -

. " 4" n n . -

Z. wjoe w no }:?56 e e

He “15“ L] " 3.79 ) 29

6. "20" v Crystals 3,465 " 170-176°C v-estradiol
7.Ether 100% " 1.38 " 214-226°C B-estradiol
8.CHzOH " " 15,56 " 279-281°C estriol
Ketonic weak phenols

1.Bz. 100% oil -

2., " 2%acetone " -

3. " 4" " " - - -

4, : ig" : crystals 250-254°C 0.$105 mg. estrone
5. (1] 1] (1] .9 n [ ]

6. " 2O w ol -—— 0. 922

7.Ether 100% " —-——

8.CHzOH " crystals  274-z78°C 7.63 " estriol
Strong phenols

1.Bz. 100% 0il -

2. " 2% methanol " -—-

3, " 4w n " 20.1 nmg. 1Y

4, 1] lO" " " 9;‘1 n ©9

5. " 15" 4] n - v ow

6. " 20" " Crystals 19.0 " 270-274°C estriol
07. lOOlI n "

8. n n n -—— -

fraction the absorption maximum at

<80 mp could not be deteccted, but its absence could also not

be established on account of large amounts of interfering

substances.
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4, Comparison of consecutive treatment of pregnancy urine

with parallel treatment of aliquots of urine (Smith's method).

Ore eliquot (one liter)(7th month of gestation) was
given treatment "A" and "B", while the other was only given
the latter treatment. It was surprising to find that the
yield of estrogens obtzined by the two brocedures was not the
seme. Treatment "B" alone gave much lower yields of estrogens
then the combined 10-minute and 3-hour hydrolytic treatments.
This discovery was confirmed by welghing the crystals of
estriol, besides specfrophotometric analysis. Estrone was

not discovered in any of the fractions.

Table 4,
Treatment Estriol Bstradiol Estrone
" i 4y o i RS < g : - ..1
lo “A" ll.? mg 1.7 mgo s
A n B" 13. 6 (1] l. 91 n - -
2. “B“ 8.2 n Oo 71 " -

5. The action of hydrogen on urinary estrogens at 20°C at pH C.3.

Two liters of 7th month pregnancy urine were extracted
with ether to remove free estrogens.To the urine,zinc dust (4%)
and concentrated hydrochloric acid (15 velumes %) were adaed,
and the mixture, liberating large quantities of hydrogen, was
allowed to stand at room temperature for 16 hours.The urine

was then extracted and the extrect was fractionated in the
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usual manner.No estrogenic.mecterial was obtsined from any of
the fractions and it wes concluded, that reduction alone does
not suffice to reactivate thne hypothetical estrogen oxidation
product. One half of the urine sample was then given treat-
ment "A" and "“"B“, while the other hszlf réceived only "B" and

the same observation was made again as in section 4.

Table 5.
Treatment estriol estré&iol\ estrone
1. AN 7.97mg., 0.535nmg. C.64mg.
: npe 4,52 " Oelcd ® C.1l4 "
2e wBp" 5.4 ® 0.45 » .17 »

6. Examination of the strongly adsorbed fraction of the

chromatograms in section 3.

After the estrogens hed been eluted from their
chromatograms, the columns were washed with N sodium hydroxide
solution (25 ml.). The eluate was acidified, extracted
with ether (3xl1l5 ml.), &ud the ether extracts were washed
neutral with water, dfied with sodium sulphate, condensed to
& smaller volume ( 10 ml.) and methylated with diazomethane.
Excess diszomethane and ithe solvent were removed with care,
and crystals were not obtained on chromatographic separation,
Some of the oily fractions snewed a 280 mp gbsorption meximum,
On examination of a new N sodium hydroxide solution elusate,
crystals were obtained in small amounts and their identity

was investigated.
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The crystalline material was weshed with petrol
ether, in which part of the crystals dissolved. On evaporation
of the solvent,colourless crystals viere obtained.m.p.lO4-llO°C.
They gave a purple colour with ferric chloride,and their
ebsorption spectrum is very similar to thst of benzoic acid.
‘lnmx_zze, 272, 280 gp,'the extinction coefficient of the
latter two being only one tenth of the former. Like benzoic
acid it is volatile with steam and sublimes at 100°C.It difters,
however, from benzoic acid in its reaction with ferric chloride,
its melting point, its elution from sctivated alumina and its
ewpirical formula., A carbon and hydrogen determination, mede
by Mrs. Jewitt of Ayerst, Mckenna and Harrison Ltd., gave the

following values: C: 59.06% H: 4.37%
59.33% 4,14%,

suggesting a formula of CpHgOz, meta or parse hydroxy-benzoic
acid presumably. No further investigations could be made on

the compound, since it could not be isolated from other samples

of pregnancy urine.

The petrol ether insoluble crystals alsc gave & deep
purple colour with ferric chloride. ithey melted &t 162-16700.
For further puritication,the crystals were chromatographed on
a column,consisting of magnesium silieate and Celite(z:l by
weight).The two adsorbants were mixed with carbon tetrachloride
and poured through a long tube to the bottom of the column,
consisting of a sintered glass plate.Care was tsken to keep
the column moist.
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The crystals were dissolved in ether ( 1 ml, ), and
the solution wes diluted with 20 ml, carbon tetrachloride and
adsorbed on the column. Crystals, m.p.183-184°C, were eluted
with ether, which give a purple colour with ferric chloride
and two absorption bands, at 236 and 302 mp on spectrophoto-
metric analysis.The absorption spectrum is similar to that
of salicylic acid, which elso shows the same colour reaction
with ferric chloride. The melting point of salicylic acid,
however, is much lower than that observed here. Since these
crystals could not be isclated sgain, they were not considered
to be estrogen breakdown products. The cbsorption spectra

of the compounds are shown on page 137 and 158,
7. Butanol fractionzstion of urine efter treatment "A".

After 10-minute hydrolytic treatment and extraction,
aliquots of pregnancy urine were extracted with n-butanol
(3x300 ml.). Most of the n-butanol was removed on the steam
bath under suction, 500 ml. of water was aade@, end the con-
jugates present were hydrolyzed by treatment "B". The aqueous
phases were given the same treatment. Details and results are
given in table 6. It was observed,that practically all adadi-

tional estrogenic material was obtained from the butsnol.

1able 6.

sample Treatment Strong phenols  Weak phenols

1. nan 31.6 mg 1.6 mg.
butanol "B" 2.97 " 0,74
aqueous ”B" 0.48 " 0.05 "

2. "AM &;Zn 24,€ mg. O. 61 mg.
butanol ""B . 1,5 » 0.90 v 159,
agueous B 1.0 a‘ 0.27 n




8.Modifications of hydrolysis,fractionation and chromgtography.

rFregnancy urine wss obteined from & new donor, and
ditficulties were encountered on spectrophotometric analysis
of fractions obtained from urine after treatment"a", Strong
absorption maxima at 290 and 310 mp interfered with the de-
tection and calculation of the asmounts of estrogens present.
4s this interfering absorption spectrum was not observea after
treatment "B", the ether extracts aiter "AM were treated with

zinc and hydrochloric acid,to destroy the interfering substznce.

Instead of refluxing the solutions in a glass-col
heating element, treatment “aA“ znd "B"“, the solutions were
given otherwise identical treatment in the zutoclave at 120°C
and 15 pounds pressure,in the absence of zir.Treatment"C"znd"D".
Separation of the weak phenolic fraction into ketonic and non-
ketonic phenols was eliminated, zs more or less complete re-
duction was ivaking place in all extrscts.The shorter chroma-
tographic procedure of Stimmel was also introduced,using ben-

zene zna 1, 2, 4, 6, 10% methanol and 100% metheanol as eluants.

With &ll these modifications similar results were obtained as

before. Table 7.

lTable 7.
Treatment Strong phenols weak phenols
1. AN 7.570g. d. 22mg.,
"B* lz.¢ " 1.28 "
2. “A" & Zn 4,5 mg 2.14 ©
wB" 17.6 " 1.01 *
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9., ¥ractionation of urine with n-butanol.

One of four aliquots of pregnancy urine(l liter,8th

month) was aciditied to pH 3 aznd extracted thoroughly with

n-butenol.the n-butanol extracts(1200 ml,) were extracted

with N sodium hydroxide solution (3x300 ml.),wzshed neutral

and condensed on the
diluted with 500 ml.
were neutralized. All

1oliowed by "bL", 7The

of water.

steam bath under vecuum.,lhe residue wes
1he agueous alkaline extreacts
three solutions were given treatment "C%,

remaining three zliquots or urine were

given hydrolytic treatment in the autoclave or in air, with

or without zinc as described in tzble 8.

Sample

l.urine
butanodl
naOH

l.urine
butanol
NaOH

Qe

3.

. b Vot

Table 8.
Treatment strong phenols
-‘_rﬁC“ 1.45 mg

"CN O. 59 n
nce 6.95 "
IQDIO 0. 53 L
ttDn -

IODII O. 59 1]
"C" & Zn 2.,48 "
"C* & Zn 2.346 "

nce 5,981 "
"C" & Zn 3.435 "
nAM 6.773 "

"pw 5.5686 "

weak phenols

0.27 mg

1.0

00O O
oNeNe®) (®]
Y

[ ) [ ]

(SN @X o))

0. 33
0.72

Ce 38
0.96

0,76
0, 62

1

-

It was seen that sodium estriol glucuronate could

be hydrolyzed in 10 minutes, if it was heated in azcidified
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distilled water, while on hydrolysis in urine only 667k were
obtecined unaer identical conditions. The weak phenols,which
remaind in the n-butanol extrauct, were also completely hydro-
lyzed in 10 minutes.Low yields of estrogens were again obtained,

when zinc was added during the first hydrolysis.
10. The second hydrolysis with and without zinc.

, Af ter 1O0-minute hydrolyses, the remaining urinary
conju%ates were hydrolyzed with and without zinc for 3 hours
in the autoclave. The laiter cuse was designated as treatment “m".
The sample,receiving treatment "E",was given an additional
hydrolytic treatment with zinc during one hour in the autoclave,
to see whether additional amounts of estrogens would be freed,
requiring the presence of hydrogen. From the results in table 9
it was concluded,that zinc vas not necessary for the recovery
of further quantities of estrogens. It was postulated that
zinc increases the yield of estrogens,however, by production

of a hydrogen atmosphere, thus rreventing their oxidative

destruction.

. _Table 9. . . o
i Treatment Strong phenols Wesak phenols |
! 1, nee 4.0 mg. O.61 mg.
| nEn 3,13 ° 0.62 "
| nD* (1 hour) 0.74 0.2% ®
| 2. “C“ 4.0 w O. 61 "
| “D" (4 hours) 5,12 " 1.15
' !
a3, nCM & Zn 3.13 ® 1.33 % |

nph 4,1 " 0,71 _J
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11, Hydrolysis of the conjugates with protection from oxiaative

destruction.

Five aligots of pregnancy urine ( 1 liter, 8th month)
were given hydrolytic treatments. For protection from oxida-
tive destruction, the air was displaced by steam in the auto-
clave, a stream of nitrogen was used or a hydrogen atmosphere
was produced by zinc znd hydrochloric scid.One aliquot served
as control and was refluxed in the presence of air without
zinc. All samples received otherwise exactly the same treat-
ment. As was expected, the lowest yields were obtained in the
sample serving as control, while gpproximately equal quantities
of estrogens were recovered from the other samples,When zinc
was added to the first hydrolytic treatment, low yields were
obtained, however, higher yields were obtained on second hy-
drolysis in these ccses, making the total quantity of estrogens

recovered the same,as in other samples,

Table 10.
Treatment ' Strong phenols Weak phenols

1. "A" & Zn 6.45 mg 0.60 mg.

" Rw 4,25 " 0.69 » |
wpe 1.92 ° 0.27 "

2. "C" & Zn 3.04 " 0.7
wpw 8.72 " 1.16 "

30 aA” 50 31 " Oo 88 "
"A" (3 hours) 3,70 0.3¢
wpH 2.28 O.22 "

4. "A" under No 9,28 " 0.56 "
"N " " (3 hours) 4,05 ©° 1,07 »
wp " " 1,08 * 0.25 ™

S. nB" 2,37 " 0.35 n
"B* (3 hours) 4,12 » 0.88 ®
"D" 2.68 " 0.41 ©

e e e e o a————— e - + l 6 2



From table 10 it was deduced, that only 40 to 50 %
of the estrogens can be liberated in 10-minute hydrolysis "a“
or "C*.A further 40% could be freed by treatment “B" or “D“,
while 10 to 20% had not been hydrolyzed even after that treat-
ment and required an additional hydrolytic treatment. The most
important observation was, that other means of protecting the
estrogens from oxidative destructions were just as effective
as the hydrogen atmosphere produced by the action of zinc on

hydrochloric acid.
12.The length of hydrolysis and the yield of estrogens.

Aliquots of pregnancy urine (1 liter, 8th month)
were autoclaved with and without zinc, two further aliquots
were autoclaved after butanol and sodium hydroxide frzctio-
nation and on two further aliquots the rate of hydrolysis
was examined.Six consecutive lO-minute treatments were made,
and the gquantity of estrogens liberated after each hydrolysis
was found to decrease quickly, whether zinc was present or not.
The total yield after 6 periods of hydrolysis only amounted to
40% of the amounts of estrogens liberated after one 3-hour
hydrolysis.This finding confirmed Marrian's observation (230),
that estrogens are easily destroyed, when hydrolysis is
carried out in the presence of air. It appears probable, that
the ether, present in solution in the aqueous phase after

extraction, would form ether peroxides, which could account

for the observed destruction.
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Sample  Treatment

l.urine
butanol
NaOH

2.urine
butanol
NaOH

d.urine
4,urine

S.urine lst
2nd
ard
4th
5th
6th

6.urine lst
2nd
ard
4th
5th
6th

r‘._...u | e v
|
{

13.nydrolysis

-
ﬂC"
NC“

“D”
l‘lD“
ND“

NC“
I‘Dli

ncu
"CII
nCn
!lcli
ucn
ncﬂ

now
"o
non
NCﬁ
(1] C"
“C"

Table 11.

(3 hours)

0.07

’ 1
estriol weak phenols |
1.61lmg. 0.15 mg. ?
0.61 W l.42 ® |
8067 " - an - |
2,03 ® 0,24
0.81 ® 0,85
10.36 " _—
10,82 ® £.03
14,23 ® 2,67 w
1,95 ® 0.773
1,32 v 0.227 ®
0057 n 00079 "
0.43 " 0.046 " !
0.97 " 0.076 " f
0.55 " 0.066 " |
1.82 " 0.622 " 5
0.80 " 0.213 "
0.38 " 0.103 "
0,11 " 0.038 " |
o.,11 ® 0.027 * ;
" 0.031 % |

of ethereal sulphates with barium

chloride.

Barium chloride (Z4.4 g.) was dissolved in water

and added to one aliquot of pregnancy urine(l liter) at pH 5,

A copious precipitate formed. The mixture was autoclaved for

ten minutes, extracted and again autoclaved (3 hours). Two

aliquots served as controls. They were subjected to 3 successive

10-min..te acid treatments in the autoclave with or without zinec,

On barium chloride hydrolysis no estrogenic material was libe-

rated. The aqueous phase was subjected to treatment™C" znd the

expected estrogens were obtained.The investigation was ended.
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— Table 12,

Sample Treatment estriol  wesk phenols

1. 1st wg® 4.l4mg, 0.93mg.
2nd “c" 2.64 " 0.35 »
drd "c* 1.06 " 0.07 *

2. lst "C" & Zn 5,76 w l1.15 ¢
<nd "C" w 2.96 " 0.50 *
drd "Ccv 1.09 » C.06 "

3. 1st BaCly -—— ~—-
<nd " -—- ---

wee 6.35 " 0.48

14. Purification of calcium estriol glucuronate.

Three g. of material, which analyzed spectrophoto-
metrically 11% estriol, was shaken up with N/3 sodium hydroxide
solution(6x25 ml.,) and filtered.The residue was found to be free
of ;lmax 280 mp absoroing material and was discarded. The alka-
line solution was acidified to pH 2.5-2.7 and extracted with
n-butanol (4x60 ml. ).The absorption spectrum of the agueous so-
lution did not show a maximum at <80 mp after 4 extractions.

The butanol extracts revealed the presence of 330 mg. estriol

as the glucuronate.

The butanol solution was extracted with N/3 sodium
hydroxide solution (7x75 ml.),until free of "estriol".The elka-
line extraéts were acidified to pH R.7 and washed with ether
(3x100 ml.), to remove free estriol,(back-extracted once with

water) and extracted with n-butanol, (4x150 ml.).

When the ether extract was washed, the ether was

distilled, leaving a large volume of butanol behind.Due to the
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presence of the conjugate in n-butanol, the separation of free
estriol had to be repeated. The butanol was removed on the
steam bath under vacuum; the residue was dissolved in N/3
sodium hydroxide solution, acidified to PH 2.7 and extracted
with ether(3x50 ml.) The presence of small amounts of estriol
in the ether extract wes. discovered.The agueous phase was
extracted with butanol, which wus combined with the main
solution of n-butanol.The Butanol extract was washed neutral
with dilute émmonia solution(3x100 ml,) (back-extracted with
butanol) and taken to dryness on the steam bath under vacuum,
The residue was dissolved in methanol (25 ml.), condensed to
a small volume and allowed to stend in the refrigerator.
Sodium chloride settled out and was removed by filtration.

The brown solution was condensed to 4 ml. and made alkaline
to pH 7.8 by addition of a few drops of N sodium hydroxide
solution. On cocling crystals formed,m.p.245°C with decompo-
sition, which were filtered off.On spectrophotometric analysis

they were found to be 82% pure sodium estriol glucuronate.

From the mother.liguors more crystals of the glucu-
ronate were obtained. The remaining mother liquors were taken
to dryness. 250 mg. estriol were obtained as crystalline conju-
gate, the remaining 80 mg. were detected in the mother liquors.
Purification by means of the calcium salt of estriol glucuro-

nic acid of the material in the mother liquors failed.
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15, Hydrolysis of sodium estriol glucuronate at pH 1.

The glucuronate (2.4 mg.)(CXXXII) was dissolved in
hot water (5 ml.) and diluted to 100 ml. The solution was
analyzed spectrophotometrically and found to contain 1.0G3 ng.
estriol. The solution was acidified to pPH 1 and autoclaved
for 10 minutes (120°C, 15 pounds). On extraction with ether,
no estriol was detected in the extract. It was all still in
the water soluble form. The solution was autoclaved at pH 1
with 4% zinc. After 3-hour hydrolysis 0,8259 mg. estriol was
extracted with ether. The pH of the solution was readjusted
from 3.5 to 1 and hydrolysis was continued for an hour,libe-

rating 9% estriol, 0.0941 mg.

Table lS
10 mlnutes,autoclave,pH 1, QO/ estriol hydrolyzed
3 hours " & Zn ® BZQA "
1 hour " " A2% " "

total 91.8%

o

16. The rate of hydrolysis and destruction at pH l.

sstriol glucuronate (13.2 mg.) in warm water
was diluted with 400 ml., water and the concentration was
determined accurately by spectrophotometry:tour 100 ml.
aliquots containing 2.9mg. estriol glucuronate. All solu-
tions were autoclaved at pH 1, two with and two without zinc.
One of each pair was extracted after every 1lO-minute hydroly-
sis, while the other was analyzed for total estrogens.ior
spectrophotometric analysis, the solutions containing zinc

hed to be filtered.The zinc was, however, returned to the

solution.
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Table 14.

\
l. autoclave pH 1, 1lst 15°' 24% estriol liberated
gnd L 17% " n
drda " 11% " "
4th 11% " "
60' 56‘)0: n n
. total 99% " "
! 2. autoclave pH 1, 1st 15' & 4%Zn 48% W " %
2nd " 8% n |
drda " 11% " " i
4th * 15% " "
600 17? 1] ] t
total 997 " "
d. autoclave pH 1, 2 hours 100% detected in solution
90% extracted with ether

4. autoclave pH 1, 2 hours & Zn 100% detected in solution
98% extracted with ether

rrom the above results it could be concluded that
Marrian's method o? hydrolysis gives complete hydrolysis with-
out destruction.The observation that only 90% estriol was
extracted after 2-hour hydrolysis with ether(3x50 ml.) was
explained later on by the observation, that only 90% of estriol
present is extracted with ether in 3 extractions. ror complete

extraction 4 or 5 ether extracts seem necessary.
17, Hydrolysis in the presence of alr at pi l.

the conjugate(l6.4 mg.) was dissolved in 303 ml.water
and the concentration was determined spectrophotometrically.
Three 100 ml. aliquots were hydrolyzed under reflux or in the
sutoclave as described in tsble 15. In the autoclave or under

reflux in the presence of zinc 75% of the estriol was recovered.
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When the solution was not protected from atmospheric oxygen,

only 42.5% estriol was recovered. The agueous solutions were

adjusted to pH 1 and hydrolyzed for one hour,

of estriol could be extracted., The solution in which o8% of

estriol had not been recovered,yielded on second hydrolysis

& yellow 0il, which did not POssess the 280 mp meximum. krom

the other 2 solutions, ether extracts contasined no nmaterial.

Attempts at the identification of the yellow oil

by spectrophotometric analysis were made. The absorption

spectrum revealed 3 bands, at 248, 254 and 260 mp. 1o estab-

lish this absorption spectrum as belonging to the hypothetical

product of oxiastive destruction of estrogens, control experi-
ments were maae.ihese experiments established the fact, that
the spectrum was due to the ether (one of its contemination
products) and not due to the estriol oxidation product. The

spectrum is recorded on page 171,

~

lable 15. — e
1. reflux, 2 hours,pH 1, 42.55% estriol recovﬁred if et%er
2. sutoclave " & Zn " " 74.5 % T ' "o
5. reflux, "“ & Zn " " "5.44%-
T —— oil ] " "
1. reglux l“hour e TTTTTTT o
g * n n N N e e e =

18. Hydrolysis of estriol glucuronate by Smith's method.

Sodium estriol glucuronate (13.2 mg.) was dissolved
in 300 ml. water. Every 10C ml, aliquot was found spectropho-
in . .

tometrically to contein 1.858 mg.estriol.The solutions were

170,
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Absorption spectrum of impurity in the ether.

3 240 2so0 260 170 280 290 300 20 'm/;.
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heated to boiling by & gluss-col heating element, before 10 ml.
concentreated hydrochloric acid wes added through the condenser.
After 10 minutes, the solutions were repidly cooled znd ex-
tracted with ether(3x40ml.),52% of the éstriol present wes
recovered in the ether extracts. The remzining aqueous solu-
tions were combined and zllowed to stznd at room temperature
for 16 hours.From the solution 5% of the totul estriol was

extracted with ether.

The aqueous phuse was then extracted with n-butsanod,
to see, whether the unaccounted for 42% estriol had been de-
stroyed or were still in conjugated water soluble form. The
butznol extracts were washed neutral with water and teken to

dryness on the steam bath under vacuum. 39% estriol was reco-

vered from the butanol and it was concluded, that no destruction

had occurred, but that hydrolysis during 10 minutes had been

very incomplete.

Table 16,
1/3 10' reflux  15% HCL 53.6% estriol liberatea
n n n " 51. 8% n "
Lo " " " 51.1% " "
1 16" at 20°C " 4.6% " "
1 n-butaznol extract 39.0% " conjugated
total 96. 6% "  recovered.

o —- - ——" . vt - ———— .
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19. Comparison of the efficiency of hydrolytic methods

described in the litersture.

Eleven methods of hydrolysis of the estrogen
conjugates in urine were tested. 25 ml, samples containing

150 Pg. estriol as its glucuronate in distilled water were

treated as described in table 17.

Table 17.
investigaggy Ref. Conditious Recovery of estriol
Mzrrian 156 pH 1 2B sutoclave 99. 6%
Callow 246 4% HCL 1% 94 %
. Venning 235 pH 3 g2Bf @ w 89. 5%
| & 0. 6%HCL
! Pincus 248 15%HC1 7' reflux 8l %
. Cherry 244 5% Hel 1B v4.8%
| Smith 241 15%ZHC1 15' " 70 %
Koch 233 1O0%HCL 15! " 68, 3%
McCullough 242 5%H5S0415' " 47.7%
Smith(Zinc) 234 15%HC1l 10' " 43.6%
& 4% Zn
Laqueur 240 4% HC1 15! " 25 %
& CgHg
L Palmer 245 14%HC1 90' autoclave O %

Marrian's method was found toc give guantitetive
recovery, while hydrolyses of short duration with high con-
centration of acid gave 70 to 80% yields.Hydrolysis in the

autoclave was also observed to give better results.
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20, Variations in Smitlh's method of hydrolysis.

Seven sclutions of sodium estriol glucuronate
(0.8531 mg"estriol" in 100 ml. water) were hydrolyzed in
the presence of enough concentrated hydrochloric acid, to
produce the same pH as on addition of 15 volumes% acid to
urine. (10 volumes % concentrated hydrochloric scid). The
veriations are described in table 18. After each period of
hydrolysis, the solution was extracted with peroxide free
ether, the ether was washed neutral, taeken off at room

temperature,and the residue was analyzed spectrophotometri-

cally.
Table 18,
1., 10% HCl 10! reflux 63.2% estriol recovered
n A%zn 3B M 28,5" "
? Total 91.7% " "
| 2, agzn 3810 52.4% ’
3, " 4%zZn 10" " 30. 3% " "
n 10! ] 16.0% n "
Total 46.3% " "
4 " 10" n 69.2% " "
) 10' " - " "
lo' " - " n
5 " 20! " 68. 0% " n
) 10! " 19.0% " " ;
Total 87.0% " y
6 " 10’ " 64 . 5% " "
) 4%Zn 10! " 32,0M " "
=‘ # Total 96.5% " "
]
0 ok " 40.07 " " A
7 " 4f?n ioa ] -— ’ ) "
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From these results a number of import:nt deductions
were made.65% of the conjugate was hydrolyzed during 10 minutes,
while the rest was still present in the conjugated form,If
the solution was heated for a longer period without extraction
no destruction of the liberated estriol occurred. After ex-
traction with ether, further hydrolLytic treatment only produced
oils, which did not show the chsraccteristic spectrum of the
estrogens. This destruction could be prevented by the adai-
tion of zinc in the second hydrolysis. The formstion of ether
peroxides can be prevented by the hydrogen ztmosphere proauced.
On the other hand, zinc readily adsorbes & part of the estriol
mcking its extraection difficult aand alsov raises the pH of the
solution, so that further acidificetion is necessary for

effective hydrolysis.

Estriol (0.084 mg.) was heated in strongly acidified
water containing as much ether as would dissolve in it,in order
to clarify the conditions of estrogen destruction.On extraction
no meximum could be observed at 280 mp,suggesting complete

destruction of the estriol on 1l0-minutes“hydrolytic treatment®

in the presence of ether.
21, Hydrolysis of the conjugate in the presence of solvents.

Seven solutions (100 ml. water) containing 1.032 mg.
estriol as its glucuronate were prepared., The fat solvent wes
added to the solution in a separatory funnel, shaken vigorously

and allowed to separcte.The aqueous layer was then hydrolyzed.
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After extraction with peroxide free ether, the solutions were
autoclaved for 10 minutes in the bresence of 4% zinc and
agaln extracted with ether. The concentration of estriol in

the extracts was determined spectrophotometricsally,

Table 19,

1. 10%HC1 lplw?eflux“ 2. lQ%?Cl & 4% Zn 10' autoclave
------- 49% 40% Total 89% recovered

ether 33% 40% YA "

ether, Zn 33% 19% " 52% "

----- Zn 33% 287% " 61% "

ether,mé 35% 44% " 79% "

CHCl3 36% 46% " 82% "

06H6 40% 45% " 85% n

The highest yield of estriol was obtained in the
absence of ether, although under these conditions a consi-
derable amount of estriol was still recovered in the presence
of ether. The secondary effects of zinc were again noted. The

effect of other fat solvents was not very clear cut.

22.The extraction of estriol.

100 ml. aliquots containing 0.€7 mg estriol in water
were heated in the presence of 10 volumes % hydrochloric acid
with and without zinc (4%) and extracted.Without zinc, 94%

of the estriol wus recovered, but in the presence of zinc only
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53 to 594 wus obtained. As a 100% recovery was not achieved
the question of destruction or incomplete extraction was inves-
tigated.Estriol (1.32 mg.) was suspended in 100 ml. acidified
water and extracted with 35 ml.,of ether. The extracts were not
combined, but were washed neutral (1x10 ml. ), teken to dryness
and analyzed spectrophotometrically.Esgtriocl was recovered
quantitatively.lst: 42%,2nd: 30%, 3rd: 18% and 4ths 9%.However,
it proved that 3 extractions with ether will only remove 90%

of the estriol present, accounting for a number of low yields.
3. The recovery of estriol in the prescnce of zinc.

Estriol (0.106 mg.) was dissolved in a few drops of
methanol and diluted to 10 ml., with water. The concentrstion
of estriol wus determined spectrophotometricelly. 4% zinc
wes added and the suspension was shaken.d&s the zinc did not
settle out,part of the solution wes filtered and analyzed by
spectrophotometer. The original amount of estriol was still in
solution. Zinc was again added and the solution was acidified
with hydrochloric acid.The suspended zinc precipiciated imme-
diately, and the supernatant fiuid revealed the presence of

82 pg. e€striol by its extinction.z0% of the estriol was not

recovered.

24, Recovery of estricl after hydrolysis of the conjugste

in the presence or absence of zinc.

Solutions coniaining 0.604 mg. estriol as the glu-

curonate in 90 ml, cf water were prepared end analyzed.
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One aliquot was hydrolyzed in the absence of zinc, while the
other three were hydrolyzed in the presence of varying amounts
of zinc, paying attention to the complete solution of all zinc
present in one solution.The solutions were extracted and the
aqueous phases were refluxed for 50 minutes in the presence of
zinc end acid,meking sure, that in the same solution all zinc

should have disappeared before extraction. ( solution 3)

_Table 20.

1. 15% y/ '
%HCLl,4% Zn,10' reflux, Zn left 55.4% 2nd 10',Total 837

2. 10%!0 l% n " " " n 33.170' " n " 75%
3. 15% " 1» " 15 " nozZn"“ 77.0% % 15 " 100%

4. 10% " —mmmee- wooowowow o 9L5% " 10 " 904

A S AT - . ¢ A o

i
L ——

From these observations it can be concluded that

adsorbed estriol can again be liberated unchanged on solution

of the zinc,giving quantitative recoveries of the liberated

estriol. On drastic messures Of solution of excess zinc( pro-

longued heating on the steam bath or addition of concentratead

hydrochloric scid to the metal at room temperature).all the

estriol is destroyed.

o5. The absorption spectrum of sodium estrone sulphate.

wstrone sulphate (3 mg.) was dissolved in water(2 ml.).

0.2 ml. of the solution was diluted with 2 ml. of water and the

absorption spectrulm was determined in neutral, acid and elkaline
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Absorption spectrum of Estrone sulphate
in alkaline(Apjp<54mp) and acid (QpjnR44mp)
medium,

)
[

99§

| e e 200

220 pX{
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solution. Absorption maxima were observed at 268 and 274 mp.
On shifting from an acid or neutral to an alkeline medium, the
position of the maxima did not canange, but the minimum was
shifted from 244 to 254 mp. The absorption spectrum is given

on page 179.
26. Hydrolysis of sodium estrone sulphate.

Estrone sulphate (2.7 mg.) in 20 ml,water was
allowed to stand at room temperature for 45 minutes. ko

hydrolysis occurred under those conditions.

The solution was acidified with 10 volumes %
concentrated hydrochloric acid and refluxed for 10 minutes,
vn extraction with ether, 1.954 mg. crystalliine estrone was
recovered, representing a quantitative recovery of estroné.

(2.7 mg. sodium estrone sulphate contain 1,956 mg. estrone).
27. Hydrolysis of estrone sulphate under different conditiouns.

Six aliquots (525 pg.estrone sulphate in 50 ml.water)
were autoclaved for 10 or 60 minutes at a pH 1 or 0.3 and
with or without zinc (4%).4At pH 1 only 74% estrone was reco-
vered, whether hydrolysis was carried out over 10 or 60 minutes,
while on hydrolysis with 10 volumes % concentrested hydrochloric
acid quantitative yields were obteined on 1l0-minutes treatment,
1f any destruction occurred, it could only amount to 5% in one
hour. On hydrolysis in the presence of zinc, no estrogenic me-

terial could be recovered. An olily residue was obteined, which
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did not possess a <80 mP absorption band.On purificztion

no estrogenic absorption spectrum could be detected.

Table 21.

1. 10' autoclave pH 1 387.€ pg, 74%, estrone recovered

2. 1% " " " 387.0 pg, T4% " "

3. 10' " 1O%HC1 522.6 pg,100% n

4. 1B " " 493.4 pg, 95% " "

5. 10! " " 7N e———— ——— " n

6. 1% = oW e " |
- <

28, Separztion of estrone sulphate from estrone.

Crystalline estrone sulphate had turned pink and
become partially hydrolyzed,while standing in &« desiccator.
1he crystals were dissolved in the minimum amount of methanol
(20 ml.), and 20 volumes of ether were added. Crystals of
estrone sulphate separated and were removed from the solution
by centrifugation. From the supernatant fluid 90% of the
material wzas recovered as estrone on evaporation of the sold-
vent. The crystals of estrone sulphate were washed with

ether, dried in a desiccator over phosphorus pentoxide and

stored in the dark, .
29, The effect of zinc on estrone,

A solution of estrone in ethanol(5 ml.) was prepared

and the concentration was determined spectrophotometrically.,
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1.54 mg. estrone was present. 4% zinc dust was added, the solu-
tion was shaken and filtered and analyzed. Only 1.605 mg. of
estrone were detected.The zinc was returned to the solution
and 8 drops concentrated hydrochioric acid were zdded. 1lhe
supernatant solution analyzed for l.22 mg of estrone.On heat-
ing the mixture for 5 min.tes on the steam bath only 0.9845 ug.
estrone were discovered. 50% of estrone had disappeared. <lhe
mixture was thoroughly extracted with ether and 1.786 mg. cf
estrone were recovered (95%).This observation indicates, that
estrone can be removed from solution by acidified zinc and that
it can be recovered ifrom adsorption by ether extraction.This
finding might be of value for commercial extraction of hydro-

lyzed urines.

{

30. The reduction of estrone with zinc and hydrochloric acid.

Estrone (3 mg.) was dissolved in ethanol(4 ml.) and
diluted with 100 ml. of water.lO volumes % concentrated hyaro-
chloric acid and 4% zinc were added and the mixture was re-
fluxea tor 10 minutes.The estrogens were extracted with ether
(3x40 ml.),and the extracts were washea neutral and taken to
dryness. lhe residue was treated with Girard's reagent "T"
and the non-xetonic fraction was chromatographed on alumilna.
the ketonic fraction did not contain any estrone.trom the
chromatogram (No.3C) 75% of the recovered estrogenic material
was obtained as desoxyestrone(CXXXIV).l7% was identified es

& -estradiol, 3% was a mixture of \~- and B-estradiol and 5%

were not identified. 182,



Chromatogram No.30,

e

ketonic ———

non-ketonic m

1.Bz.100% - oil

2. " 2%acetone —-- oil

3, " 5 " 0.4817mg. 135-137°C

4, " 74 " 1.2335 " desoxyestrone
5. "10 " 0.2585 "  123-125° |
6. "15 " 0.1456 "  oil

7. "20 " C.3239 178°¢ X-estradiol
8.Ether 1004  0.0864 "  176°C,219-233°C o, B-estradiol
9.CH,OH — 0il

3l. Clemmensen reduction of estrone.

Estrone (2.7 mg.) was dissolved in 5 ml. acetic acid.
Amalgamated mossy zinc (prepared by leaving zinc in a 5% solu-
tion of mercurous chloride in water for one hour aznd decanting
the solution) and concentrated hydrochloric acid (5 ml.) were
added, =znd the mixture was heated for two hours on the steam
bath.The solution was extracted with ether(3x20 ml.) after
ten=-fold dilution with water.The extracts were washed and taken
to dryness. On separation with Girard's reagent "T%, 905 of
the material was found in the ketonic fraction and identified
as estrone.The non-ketonic material was chromatographed (No.3l)
and crystals of desoxyestrone were obtained, which were used

for a mixture melting point determination with the crystals

obtained in section 30.
32, Reduction of estrone by zinc and hydrochloric acid.II.

To obtain larger quantities of desoxyestrone, 30 mg.

estrone were reduced with 4% zinc and 10 volumes % concentrated
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hydrochloric sacid in 100 ml, of water.After 10 minutes the
reaction product was extracted with ether,purified and sepa-
rated into ketonic and non-ketonic material with Girard's
reagent “T". 15 mg. estrone were recovered. From the chro-
matogram of the non-ketonic fraction (#0,32) 5 mg. of

of -estradiol was recovered. 0.3 mg. of an oily fraction was
obtained which possessed the characteristic estrogenic
spectrum.Possibly impure desoxyestrone, B-estradiol could

not be discovered,

Chromatogram No. 31.

ketonic <.403. mg, Estrone

non-ketonic

1.Bz. 100% -——

2. " 2% acetone. ---

3. " 5 " J-O.293 "  Desoxyestrone

4, ©» 7% n n

5' nlo n n

6. "15 " -

7. "20 " -—-

8. "20 " - |

9. Ether 100% - ;
lO. CH&OH " —_— :

Chromatogram No. 32.

[ ketonic 15.4235 mg.
a e -
| non-ketonic ‘ 5
| 2. " 2%acetone --- " |
: 3, " 5 " ——— ]

4, " 7% " 0.1482n

5. " 10 " 0,152 »

6., " 15 0.9045" 176°C Y-estradiol

7. n 20 L] 5.955 1] " n

8. Ether 100% -_——— 0il

9., CHzO0H " —— "
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33, Clemmensen reduction of estrone.II.

45.6 mg. estrone were reduced with amalgamated zinc
wool(as previously described).After heating for 16 hours on the
steam bath, the cooled solution was diluted with 20 volumes of
water, extracted with ether(3x60 ml.), and the ether extracts
were washed neutral and taken to dryness.The residue was trcated
with Girard's reagent “T".50% was recovered as estrone,The non-
ketonic fraction on chromatography(No.33) yielded 5.1 mg. des-
oxyestrone.Other crystaliine fractions,possessing the 280 mp
absorption band,were eluted but could not be identified, With
100% ether crystals were eluted,m,p.99-100°C, which showed
three absorption bands in their spectrum.This spectrum was of
interest, since a similar spectrum had been observed in a
weak phenolic fraction of acid treated pregnancy urine. (Graph
on page 186.)

Chromatogram 33.

. NI W IR AR TN - - ~—

ORI i s . e A Fmr

ketonic 20.1 mg.
non-ketonic ?
" 1, Bz. 100% —_—— oil
2. " 2%acetone 0,130 * 0oil
5, " 5 5.103 133-136°C Desoxyestrone
o4, N 74 M 6,167 " 123-25,197°C ?
i 5, " 10 " 2,402 " 192-1979¢C ?
6. ".15 " 1,780 ® oil o
7. m'g0 W 1.574 99-100%C Ay__ 264,270, 280 m
8. Bther 100% 4,683 " 0il

The ketonic fraction was subjected to another Clem-
mensen reduction.l4.l mg.starting material was recovered.In the

non-ketonic fraction 1,18 mg. desoxyestrone was isolated.
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Absorption spectrum of Clemmensen reduction product
of estrone(---) and of phenolic urine fraction(——).

1 /'\\\
L Y
L}
v .
i\ / \
[}
A
|
1}
\
\
\
\ -~
\ /' v,
' 7 i \\\
\‘ p _
]
5
\ {
\\ ‘//
]
; \
" \
'5 \
v‘ \
; \
\ T
A /
N . s
~e s
. - i:
'i
|
§
L) ¥ ) L 1] L A} 3', o
2%0 2%0 250 abo ajo 280 230 200

186,



34. The action of faecal bacterias on estrone.

Estrone (47 mg.) was dissolved in ethanol (5 ml.)

and added to & suspension of 100 g, rat faeces in saline.

The mixture was incubated at 37°C for one week.The estrogens

were extracted with ether(6x30 ml.).20.63 mg.material, pos-

sessing the 280 mp absorption band,was obtained.,The estrogens

were separated into ketonic and non-ketonic phenols and chro-

matographed (No.34 K and 34 N).7.7 mg.estrone was eluted to-

gether with 2.2 mg. ketonic oils possessing the 280 mp maxi-

mum, In the non-ketonic fraction 4.6 mg. ®-estradiol and 1,4mg,

3-estradiol were eluted and 4.6 mg. oily fractions, also

analyzing as estrogens were isolated.

Chromatogram 34 N

) .

l.Bz. 100% -——— oil !

2. * 2% acetone ---- 0il F

3. " 4 " —— 130°¢

4, " 10 " —— 0il

5. " 15 " 4,670 mg. 175-180°C o-estradiol

6. " 20 " 2.836 " o0il 2

7. Ether 100% 1.439 " 226-228°C B-estradiol

8. CHz0H * 1.827 " oil 2
Chromatogram 34 K

1.Bz. 100% —— 0il

2. " 2% acetone -—---- 0il

3,00 4 " 4.769 mg, 249-251°C estrone

4. " 10 n 2.955 " n n

5., " 15 " 0,675 * ?

6, " 20 " 0.211 " oil ?

7.Ether 100% 0.086 " oil ?

8.CHzOH * 1.223 " oil ?
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Summary and Conclusion of Part 3.

A search for the hypothetical estrogen oxication
product, which can be reactivated by zinc aend hydrochloric
acid treatment (according to Smith znd Swith), was made on
pregnancy urine, None of the proposed oxidation products
could be discoverea on thorough investigation of all frac-
tions of the urine extracts. After the second hydrolytic
treatment in the presence of 4% zinc, large guantities of
estriol were extracted from the aqueous phase. As Smith
had accepted his method of hydrolysis to give complete
liberction of the estrogens present, the additional quan-
tity of estriol liberated could not be accounted for,giving
rise to the concept of the TZn/To ratic. On the basis of
incomplete hydrolysis of estriol gluecuronate alone,a ratio
of 2 to 5 was obtained in &all experiments.This additional
estriol was elso obtained on second hydrolysis (3 hours)
without zinc in the autoclave or under & stream of nitrogen,
Without protection from atmospheric oxygen the yield of
estriol was considerably smeller. These observations were
confirmed by hydrolysis experiments on estriol glucuronate

and evidence for the following explanations was obtained.

Af ter lO-minutes hydrolytic treatment of the urine,
the estrogens were extracted with ether., When the aqueous
phase was subjected to snother hydrolytic treatwent, no fur-

ther quantities of estrogens were obtained,and it was assumed
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that hydrolysis had been completed. However, the ether, present
in solution in the urine, is oxidized in the presence of at-
mospheric oxygen to ether peroxides, which destroy the estro-
genic material. The hydrogen atmospheie,produced by the action
of zinc on hydrochloric =cid, prevents this destruction. Besides
its protective action, zinc trecatment has « number of dis-

advantages.

-

It was observed that zinc would adsorb large quanti-
ties of estrone and estriol, wihich could only be recovered on
thorough extraction, Secondly, the reduction of estrone by
zinc and hydrochloric acid, which unirormly increased the
biological =zctivity of the estrone present five times in
Smith and Smith's investigations, was found to give varying
results.In concentrations, comparable to those in pregnancy
urine,reduction of estrone by owith's method gave rise to
desoxyestrone (90%), while the remsining 10% consisted pre-
dominantly of X-estradiol with swmall amounts of B-estradiol,
The biclogical activity of desoxyestrone hes not been deter-
nined, but the bompound is not soluble in N sodium hydroxide
solution and will therefore not be estimated in the ghenolic
fraction. In the presence of larger quantities of estrone,
reduction is very incomplete, leaving part es estrone, while
most of it is recovered as ¥-estradiol with only traces of
B-estradiol. Variations in the concentration of estrone must,

thereiore, lead to great aifferences in activity on biolo-

gical assay depending on the product formed,
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No evidence for the existence of zn inactive
estrogen oxidation product was obtsined. This observeation
is in line with the findings of Cantarov et el.,that the
liver does not destroy the estrogens, but removes them
from circulation gsecreting them into the bile. With the
bile the estrogens pass into the intestine and are reab-
sorbed, esteablishing an entero~hepatic circulation,Whether
all estrogens are slowly excreted in the urine as conju-
gates or can be inactivated by the faecal bacterisl flora,

when passing through the intestine, was investigeted.

On incubation of rat faeces with estrone in saline,
it was observed,that 37% of the recovered estrogens was
o -estradiol, 7.5% was identified as B-estraaiol, while 40%
was unchanged estrone.As 50% of the estrogenic material was
recovered,the probability of bacterial inactivation of the

estrogens in the investinal tract appears insignificant.

& quantitetive recovery of the estrogens adwminis-
tered can be expected, when the urine is collected over a
longer period,and when hydrolysis of the conjugates is

carried out with all necessary precautions,
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