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Part 1 A . 

The part-synthesis of 12-keto-desoxycorticosterone acetate, 

1.Introduction, 

When the importance of the hormones of the 

adrenal cortex under conditions of stress had been 

established, the value of the hormones for the treat­

ment of the injured and fatigued was recognized* The 

only hormone of the adrenal cortex, which is commer­

cially available for therapeutic application, desoxy-

corticosterone acetate, however, has been found unsatis­

factory. 

Most adrenal cortical hormones possess an 

oxygen atom in the 11-position, which endows them with 

gluconeogenetic activity. Owing to the tedious and 

expensive methods for the isolation of the hormones 

from adrenal cortical tissues, the synthesis of the 

compounds from the bile acids has been investigated* 

Attention was focussed on the transposition of the 

12-oxygen atom to the 11-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 unfeasible. 
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An investigation of the gluconeogenetic activity 

of the 12-oxygen analogues of adrenal cortical hormones 

became of great interest, because the synthesis of these 

compounds from desoxycholic acid eliminates the costly and 

laborious transposition reactions. 

The part-synthesis of 12-keto-desoxycorticosterone 

acetate had been undertaken in this laboratory by D. Sainte-

Karie (392),who investigated the action of lead tetraacetate 

on pregnane-3,12-diol-20-one and obtained pregnane-3,12-diol-

21-acetoxy-20-one amongst other reaction products. Fuchs and 

Reichstein (393) built up the ketol sidechain from etioaesoxy-

cholic acid and prepared the I2-keto, 12-hydroxy and 12-acetoxy 

analogues of cortical hormones. All three compounds were found 

inactive in the Everse-de Fremery test (399). The 12-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 been adequately investigated, and the part-synthesis 

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

U^O&t. 
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2. Discussion. 

In an attempt to prepare pregnane-21-acetoxy-3,12, 20-

trione ( XVIII ) from 3,12-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 3,12-diacetoxy-etiocholanic 

acid ( XX ). 

To investigate this unexpected difference in the 

behaviour of the 3,12-diketo and the 3,12-diacetoxy acid, 

model experiments were conducted with the cheaper 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 purple. As this coloration had not 

been described by Fuchs, it appeared, that 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 solids, showing 

slight reducing properties, could be isolated. 
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The experiment was repeated with xhe same results 

on another batch of diketo-bisnorcholanic acid, taking great 

care to have all reagents and solvents perfectly pure and dry. 

A comparison was therefore made of the action of thionyl 

chloride on 3,12-diketo and 3,12-diacetoxy-bisnorcholanic 

acid under identical conditions. Whereas the solution of 

the diketo compound rapidly turned red, only a slight yellow 

coloration of the 3,12-diacetoxy-bisnorcholanyl chloride 

was observed.The compound was treated with diazomethane, 

saponified and decomposed 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 appears to 

interfere with the acid chloride formation, it was inves­

tigated, whether the 12-keto group alone was responsible. 

The 3-hydroxy-12-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 12-keto group was not 

essential for this untoward reaction. 

After these preliminary experiments, the part-

synthesis of 12-keto-desoxycorticosterone acetate ( VII ) 

from 3-hydroxy-12-acetoxy-etiocholanic acid ( XVI ) was 



undertaken. A trial run was made on onp g. of acid ( XIX ); 

following the directions of Puchs and Reichstein. On acety-

lation the anhydride was formed which, on hydrolysis with 

aqueous acetic acid, gave rise to the diacetate ( XX ). 

The pure, dry crystals ( XX ) were added to a 

solution of thionyl chloride forming a light yellow solu­

tion. The acid chloride ( XXI ) was not purified, but was 

treated with diazomethane, saponified,and decomposed with 

glacial acetic acid. On chromatography crystals were ob­

tained, which showed the characteristic melting point of 

pregnane-21-acetoxy-3,12-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. amounts were treated. In the case of larger batches, 

the yield dropped to 77$ and crystals of 3-ol-21-acetoxy-

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

Bromination (404,405) did not present 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 brominations,the 

product ( XXX ) was not purified but debrominated directly 

with pyridine. The desired end product ( XXXI ) was obtained 

in 58$ yield. On debromination of the purified bromo com­

pound 69$ yields of crystalline material ( XXXI ) were 

reached. 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 activity. Vflaen examined by the glycogen 

deposition test of Reinecke and Kendall (400), 12-keto-des-

oxycorticosterone acetate was found to be toxic at a dose 

level of 0.5 to 5 mg. and completely inactive in a 0.2 mg. 

dose. The compound was also found to be inactive by the 

Ingle test (401). From these and .b'uchs and 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 cooled 

solution. After standing for two hours at 0°C, the solution 
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was diluted to 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, 

dried with sodium sulphate and taken to dryness. The crystals 

melted at 140-142°C. 

All melting points were observed under a cover slip 

on a microscope slide heated on the stage of the Jiofler -

Hilbck micro melting point apparatus. The values recorded 

are corrected,the limits defining the temperature of first 

appearance of liquid and of complete clearing of the melt. 

2. Saponification of methyl 3,12-diketo-bisnorcholanate. 

The diketo ester (XIV)(7.825 g.) was dissolved in 

36 ml. methanol and 18 ml. 6H potassium hydroxide solution, 

and refluxed on the steam bath tor 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 crystallized from acetone. m.p.263-264°C. A 

quantitative 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 oil ), which was cooled 

in an ice salt freezing mixture. The solution was kept under 
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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 heat as possible. The dark brown residue was 

not purified. 

4. The action of diazomethane on the product. 

Mtrosomethylurea was prepared according to directions 

given in Organic syntheses (408), from which diazomethane was 

produced by the method described in the same volume (408). Great 

care was taken to prevent the escape of highly toxic diazomethane. 

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 -15°C. ( salt 

ice freezing mixture). The solution was kept two hours at 0 C, 

and 16 hours at room temperature under anhydrous conditions in 

a fume cupboard. The ether and excess diazomethane were dis­

tilled at room temperature under vacuumjWith an acetic acid 

trap for escaping diazomethane. When the benzene had been re­

moved under vacuum at 40°C, a brown oil remained v/hich was not 

purified. 

5. The decomposition of tne product with acetic acid. 

The residue was dissolved in 100 ml. glacial acetic 

acid and heated on the steam bath for 55 minutes. On cooling 
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a black solid settled out. After the solvent had been removed 

under vacuum on the steam bath, crystallisation of trie re-

sidue was attempted unsuccessfully. A number of fractions 

showed reducing properties with the silver diamine reagent. 

The reactions were repeated on another batch of 

diketo-bisnorcholanic acid,and great care was taken to use 

perfectly pure and dry reagents and solvents (407). Identical 

results were obtained. The dark brown residue did not yield 

any crystalline material after chromatography. 

6. Comparison of the action of thionyl chloride on the 

diketo and diacetoxy-bisnorcholanic acid. 

3,12-diketo-bisnorcholanic acid (2.238 g. ) and 

3,12-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 diketo acid turned dark red,while the 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 oil was dis­

solved in methanolic potassium hydroxide ( 1.5 g. in 38 ml. 

90/* methanol ) and saponified at room temperature for 22 

hours. To the red solution potassium bicarbonate ( 2.75 g. 

in 55 ml.water) was added and the methanol was removed under 
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vacuum at ^0°C. The mixture was then extracted with ether, 

(3x100 ml.) and the ether was washed (3x50 ml.), dried with 

sodium sulphate and distilled. The yellow oil was dried 

thoroughly and decomposed with glacial acetic acid,as pre­

viously described. On chromatography of the residual oil, 

light yellow oily fractions were eluted.They were oxidized 

with chromic acid yielding colourless uncrystallizable oils. 

7. Oxidation of 3-hydroxy-12-acetoxy-etiocholanic acid. 

The monoacetate (223 mg.) was dissolved in glacial 

acetic acid ( 5 ml.)} and chromic acid ( 0.3 ml. 4 IT ) was 

added dropwise to the cooled solution with constant shaking. 

After 3 hours at room temperature, an additional 0.15 ml, 4N 

chromic acid solution was added and allowed to react for 30 

minutes. The solution was diluted with 10 volumes of water, 

and the crystalline precipitate was filtered.(207 mg.), 

m.p. 239-241°C. 

8- The action of thionyl chloride on 3-keto-12-acetoxy-

etiocholanic acid. 

The 3-keto acid ( XVII )(22.7 mg.) was added to 

the thionyl chloride (0.25 ml.) at 0°C. On standing in ice 

under anhydrous conditions the solution turned orange, 

red and purple after two hours. 



9. Acetylation of etiodesoxycholic acid-12-acetate. ( XIX ). 

The monoacetate ( XIX )(5 g.) was thoroughly dried 

in a vacuum desiccator, dissolved in 50 ml. acetic anhydride 

and allowed to stand for 16 hours at room temperature under 

anhydrous conditions. The solvent was then removed under vacuumt 

and the residue was taken up in ether (200 ml.) and extracted 

with ice cold 5$ sodium carbonate solution (3x60 ml.). The 

carbonate extracts were quickly acidified with dilute hydro­

chloric acid,to prevent hydrolysis of the 3-acetate ^roupf 

extracted with ether (3x60 ml. )} and the combined ether solu­

tions were washed neutral (3x30 ml.) and taken to dryness. 

The oily 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 ml. of water and heated on the steam bath 

for two hours. The solvents were removed under vacuum, the re­

sidue dissolved in ether ( 200 ml. ) and was separated into an 

acidic and neutral fraction with 5$ sodium carbonate solution, 

as described above. In the acid fraction crystals were obtained 

on acidification of the carbonate extracts, which v/ere re-

crystallized from ether-petrol ether.m.p.196-198 C. The neutral 

fraction ( 0.217 g.of oil ) did not yield acidic material on 

repeated hydrolysis with aoxueous acetic acid. 

In subsequent acetylations the anhydride was not 

separated, but was immediately hydrolyzed. The amount of 

13. 



of neutral, unhyurolyzable oil varied from C.5/* - 4/*. rure 

crystalline diacetate was obtained in 75# yield. The mother 

liquors,reacetylated, yielded more crystalline diacetate. 

10. The action of thionyl chloride on 3,12-diacetoxy-etio-

desoxycholic acid (XX - XXI). 

Thoroughly dried crystals of the diacetate ( XX ) 

(5.8634 g.) were added to 30 ml. purified thionyl chloride 

(407) at -15°C ( salt ice freezing mixture ),and the solution 

was 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 oil was ob­

tained, which was not purified. 

11. The action of diazomethane on 3,12-diacetoxy-etiocholanyl 

chloride. ( XXI - XXII ). 

The oil ( XXI ) was dissolved in 50 ml. pure benzene 

(407) and added to the ether solution (407) of diazomethane 

( prepared from 18.54 g. niurosomethylurea ) at - 15°C. A 

flocculent precipitate settled out. The mixture was tnen left 

standing for 2 hours at 0°C and 20 hours at room temperature 

under anhydrous conditions in the fume cupboard. Excess diazo­

methane and ether were distilled with the necessary precautions 

below 40°C, and the benzene was taken off at 40°C under suction. 

The yellow,oily residue was not purified. 
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12. Saponification of pregnane-21-aiazo-3,12-diacetoxy-20-one. 

( XXII - XXIV ). 

The oil ( XXII ) was saponified with methanolic 

potassium hydroxide ( 3.91 g. in 92 ml. 90$ 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

tion, and most of the methanol was removed under vacuum 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-21-diazo-

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

Glacial acetic acid (32.5 ml.,purified by distil­

lation from lead tetraacetate and chromic acid ) was added 

co the oily residue ( XXIV ) and the solution was heated on 

the steambath for 40 minutes. The liberated nitrogen gas 

was coli.ected over water in an upturned measuring cylinder 

and measured, allowance being made for the displacement of 

water by the expansion of gas inside the heated flask. 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. 
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14. Chromatography of pregnane-21-acetoxy-3t12-diol-20-one. 

A column of alumina ( Harshaw, acia washed and re­

activated ) was prepared ( 30x the weight of adsorbate in 

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

The oil ( XXVI ) was dissolved in a minimum amount of dry 

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

Fractions were eluted with various solvent mixtures, as outlined 

below. 50 ml. solvent mixtures were used for each fraction. 

Frac :tion 
Ho. 
1 
4 
8 
12 
14 
16 
18 
23 
29 
49 
51 
53 

- 4 
- 7 
-11 
-13 
-15 
-17 
-21 
-28 
-48 
-50 
-52 
-58 

Eluant 

benzene 100/* 
bz.; 
bz.: 
bz.; 
bz.\ 
bz.: 
bz.; 
bz.: 

; ether 40:1 
; ether 20:1 
: ether 10:1 
; ether 4:1 
; ether 2:1 
; ether 1:1 
: ether 1:1 

ether 100^ 
ether :CHCI3 1:1 
chloroform 100% 
ethyl acetate: 
CHC13 : CH3OH 
1:2:1 

total 

iiluate 
mg. 
33.5 
8.6 
23.8 
22.2 
33.4 
63.0 
854.8 
1012. 5 
3086. 1 
42.3 
16.7 

1137.3 

5606.9 

nature 
oil 

11 

M 

II 

II 

II 

It 

crysta 
11 

oil 
<r» 

tt 

II 

ffi.p 

crystals 101°,149-151°C. 

The crystals,eluted in fractions 23 to 48>were dried 

over phosphorus pentoxide on the high vacuum at 80 C.They 

showed the same double melting point and were identified as 

compound XXVI (393). On a small batch { 1 g.) 67.2* yield was 

obtained. On larger ones ( 6 - 7 g.) yields of 58 to 62/, 

couxd only be reached. In addition pregnane-3-ol-12,21-di-

acetoxy-20-one ( XXV ) was obtained as an oil in 6# yield, 
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which wus identified after chromic acid oxidation to crys­

talline pregnane-12,21-aiacetoxy-3,20-dione,m.p#118-123° (XXVII) 

Compound XXV was eluted with sobrent mixtures benzene : ether 

20 : 1. 

15. Oxidation of pregnane-21-acetoxy-3,12-diol-20-one (XXVI). 

Chromic acid (133.4 g. ) was diluted to one litre 

with distilled water,and its strength was checked bj titra­

tion with 0.1 N sodium thiosulphate solution (standardized 

with an exact 0.1 N potassium biiouate solution (KI03.HI03); 

in the presence of potassium iodide and acetic acid. A 

dilute starch solution served as indicator. The chromic acid 

solution was 4 N. 

A solution of 98.6 mg crystals ( XXVI ) in 3 ml. 

glacial acetic acid was prepared,and 0.26 ml. 4 Uf chromic 

acid solution was added dropwise with shading to the ice 

cold solution. After standing for three hours at room tem-

X^erature, the test for the presence of chromic o.cid did not 

give a violet colour.(two ml.dilute sulphuric acid, one ml. 

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 U chromic acid solution was added 

and allowed to react for one hour at room temperature.Ex­

cess chromic acid was detected. The solution was diluted 

with ten volumes water>and the precipitate was extracted 
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with ether ( 3x20 ml.). The ether was washed with dilute hydro­

chloric acid ( 2x10 ml.),with ice cold 5/* sodium carbonate so­

lution ( 2x10 ml.) and with water until neutral, dried with 

sodium sulphate and distilled. Colourless,thermolabile crystals 

were obtained,m.P.l89-191°C, showing no depression of the 

mixture melting point with pregnane-21-acetoxy-3,12,20-trione. 

On oxidation of 100 to 250 mg. batches quantitative 

yields were obtained, while with larger quantities yields 

dropped to 73 - 77%. Oxidation was not complete and on chro­

matography of the mother liquors crystals of compound (XXIX) 

as well as crystals of pregnane-21-acetoxy-3-ol-12,20-dione 

(XXVIII) were eluted. The crystals (XXVIII). on chromic acid 

oxidation gave rise to pregnane-21-ace toxy-3,12, 20-trione. 

traction 
No. 

1 - 2 
3 - 1 4 

i 15 - 19 
20 - 21 
tC & — f^O 

24 - 25 
1 26 - 27 
;28 - 35 
]36 - 44 
145 - 43 
! 49 - 50-
|51 - 52 
I 
j i 

Eluant 
50 ml. 

Pet.E.:Bz.l:l 
benzene 100% 
bz.:ether 50:1 

w 20:1 
w 8:1 
" 4:1 
M 2:1 
» l:l 

Ether 100% 
Ether:CHC13 1:1 
CHCl* 100% 
ethyl aceta-te: 
CHCI3:CE3OH 
1:2:1 

Eluate 
mg. 

46.4 
714.3 
86.5 
47.G 
40.0 
52.1 
238.4 
943.6 
374.5 
36.7 

8.8 
189.6 

nature 

oil 
crystals 

»i 

it 

n 
M 

oil 
n 
tt 

ii 

n 
ii 

m#p. formula 

189-1910 XXIX 
148-151° XXVIII 

it II 

ti II 

ti n 

total 2722.9 
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16. Bromination of pregnane-21-acetoxy-3,12,20-trione.(XXIX) 

Approximately 12 g. bromine were dissolved in 100 ml. 

glacial acetic acid. One ml. of this solution was neutralized 

by 15.^5 ml 0.1015 B sodium thiosulphate solution ( restan-

dardized with potassium biiodate solution ) The bromine solu­

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

Compound XXIX (786.8 mg.) was dissolved in glacial 

acetic acid ( 8 ml.) and 0.1 ml.bromine solution was added. 

After 30 seconds the solution turned colourless ,and 2.55 ml. 

bromine solution (1.05 equivalents) was added from a burette 

dropwise with cooling and shaking.When the solution was de­

colorized, the acetic acid was removed at 3C°C under high vacuum 

and the residual oil was crystallized from ether.m#p.lb6-190°C. 

On recrystallisation from methanol, 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 ^gain 190-192°C. 

The mother liquors were dissolved in acetic acid 

( 10 ml. ) and reduced with zinc at 20°C for 4 hours. The 

solution was diluted to 10 volumes with water, extracted with 

ether ( 3x30 ml.), and the ether was washed with iced 5/* so­

dium carbonate solution (1x20 ml.), washed neutral,dried and 

distilled.Crystals of pregnane-21-acetoxy-3,12,20-trione, 

( XXIX ) were isolated,m.p.190-191 C. 
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In one bromination experiment a 60/* yield was ob­

tained. On a larger batch the yield of the bromo compound (XAA) 

was considerably smaller, and the isolation of the unstable 

bromo compound was eliminated in later trials.The bromination 

product was directly debrominated after thorough desiccation. 

17. Debromination of pregnane-21-acetoxy-4-bromo-3,12, 20-

trione. ( XXX ). 

The bromo compound (XXX)(948.4 mg.) was dissolved 

in anhydrous pyridine (10 ml.) and gently refluxed for five 

hours at 115 - 120°C on an oil bath, under a stream of dry 

nitrogen. The pyridine was removed at 70°C under high vacuum 

and the oily residue crystallized on standing. The crystals 

were dissolved in chloroform ( 10 ml.). The soluticn was 

diluted with 4 volumes of ether, washed with 10% hydrochloric 

acid soluticn (3x10 ml*), with ice cold 5# sodium carbonate 

solution (3x10 ml. ) and with water until neutral, dried with 

sodium sulphate and taken to dryness at 45°C.Crystals were 

obtained,which melted from 180-190°C. They were chromatographed 

as shown on page 21 and re crystallized from methanol. The molar 

extinction coefficient atAoiax 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 
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obtained. As the number of possible bromination and uebromi-

nation products is large, identification of the chromato-

graphed side-reaction-products was not attempted. 

Chromatogram of debromination product. 

^Taction 
No. 

1 
6 
9 
11 
18 
21 
25 
29 
33 
37 
39 
41 
43 

- 5 
- 8 
-10 
-17 
-20 
-24 
-28 
-32 
-36 
-38 
-40 
-42 
-44 

Eluant 
20 ml. 

Pet.E.:Bz 1:1 
" 1:3 

ii ti 

Benzene 100% 
Bz.:Ether 20:1 

M 10:1 
H tt 

4:1 
" 1:1 

Ether 100% 
CHCI3 M 

ethyl acetate: 
CHC1%:CH~0H 
1:2:1 6 

total 

Eluate 
mg. 

17.5 
185.2 
20.4 

185.4 
65.3 
88.7 
86.3 
11.0 
10.3 
7.7 
5.0 
6.7 
29.6 

698.7 

nature in. p. formula 

crystals 174-89° ? 
w 179-97°n 
11 191-210 ? 
H 181-184° XXXI 
11 

n 
11 

o i l 
•I 

II 

II 

II 

II 

II 

II 

II 

tr 

Chromatogram of crystalline side products. 

1 F r a c t i o n 
! ]£o. 

1 - 6 
7 - 8 

1 9 - 1 1 
1 2 - 1 5 

! 1 6 - 1 8 
! 1 9 - 2 2 
| 2 3 - 2 6 
! 2 7 - 2 8 

2 9 - 3 0 
i 3 1 - 32 
! 3 3 - 3 4 

35 - 36 

E l u a n t 
10 ml . 

P e t . E . : B z 1:1 
" 2 : 3 
11 1:3 
11 1:9 

benzene 100% 
b z . : e t h e r 9 : 1 

w 4 : 1 
» 2 : 1 
« 1:1 

e t h e r 100% 
CHC13

 M 

e t h y l a c e t a t e : 
CHC1.:CH^0H 
i:2:i 5 

t o t a l 

E l u a t e 
mg. 

4 . 7 
4 . 9 
8 .4 

3 1 . 2 
4 7 . 4 
1112 
5 9 . 2 

4 . 2 
8 .9 

1 3 . 8 
4 . 0 
3 . 1 

206 

nature m.p. 

oil 
needles 56-62° 
crystals 191-204° 

184-195° 
214-219 
203-218° 
174-192° 

11 

u 
n 
11 

oil 
11 

11 

11 

11 

21. 



18. Bioassay of 12-keto-uesoxycorticosterone acetate. (AXXI). 

The compound XXXI was tested by Dr. Yenning for 

gluconeogenetic activity by the glycogen deposition test of 

Reinecke and Kendall (400). The compound was injected in 7 

equal doses at hourly intervals into adrenalectomized mice, 

whose liver glycogen had been depleted. The livers of these 

animals were then examined for glycogen. The results are 

combined in a table. 

Compound dose number of 
mg. 

XXXI 

XXXI 

animals 

6 

observations or glycogen 
deposition/ 100 g. mouse 

all died after 4 injections 

0 . 5 

MTPM E< 

II AM 

0.022 

0.070 

2 
1 66 
1 66 
1 1 
1 14 

66 

66 

<10 

I I ti 

mg 
mg 
mg 
mg 

mg , 

mg 

mg 

1 2 

sick 
sick 

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 animals. 

The compound was also tested by the Ingle test. 

Three to 7.5 mg.doses were found to be inactive. 
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Part 1 B. 

ihe Nitration of A 9:11-lithocholenic acid. 

1. Introduction. 

Sir.ce the 12-keto analogue of dehydrocortico-

sterone acetate proved to be inactive and toxic, attention 

was turned to the problem of transposing the oxygen atom 

from the 12 to the 11-position, where i ts presence is 

essential for gluconeogenetic activity of adrenal cortical 

hormones. 

The transposition was accomplished by Reichstein 

( 3 8 9 ) , K e n d a l l ( 3 9 1 ) f Gallagher(409), Wallis(410), Sarret(411), 

and Wintersteiner(412), and corticosterone and Kendall'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 v/ere 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. 
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The action of nitric acid and the oxides of 

nitrogen on olefinic double bonds has been studied by a 

number of investigators (443-447). A thorough analysis 

of the nitration products of olefinic compounds was made 

by Michael and Carlson (438,439) on methyl propene, 

trimethyl ethylene and tetramethyl ethylene.Aside from a 

number of addition products, they obtained 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, obtained 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 acetic acid.(Houben (452)). 

Hydrolysis of the oxime to the corresponding 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 appli­

cable to organic compounds, including cholesterol and its 

acetate, the action of nitric acid onA9:11-lithocholenic 

was studied. 
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2. Discussion. 

To investigate the action of nitric acid on a 

9:11 double bond, &9:ll-lithocholenic acid was prepared from 

desoxycholic acid. A number of methods for the formation of 

3-hydroxy-12-keto-cholanic acid (XLVIII) were found in the 

literature. The partial oxidation of desoxycholic acid (XLIl) 

with chromic acid, as described by Kashima(414), was not 

attempted. The oxidation of 3-acetoxy-12-hydroxy-cholanic 

acid( obtained by acetic and hydrochloric acid treatment of 

desoxycholic acid ) appeared to be more reliable.(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-12-keto-cholanate was ob­

tained by this reaction,but showed a melting point 10 degrees 

lower than that given in the literature. On reacetylation the 

melting point remained unchanged. When the crystals were re-

crystallized from ether instead of methanol,the characteristic 

melting point,152-154°C was observed. 

Meanwhile a different method, yielding pure 3-hydroxy-

12-keto-cholanic acid according to the literature (415,416), had 

been investigated. The C5-semi-succinate can be isolated after 

treatment of desoxycholic acid with succinic anhydride and pyri-

dine. Without application of heat, however, the reaction did 

not go to completion, while with heating on the steam bath a 

dark coloured, oily product was obtained. With excess of succi-
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nic anhydride, pure ,dry pyridine and only s l igh t heating *ure 

c r y s t a l s of desoxycholic acid-3-semi-succinate(XLVI) were 

i s o l a t e d in good y i e ld . The oxidat ion to the corresponding 

12-keto compound(XLVII) proceeded smoothly and af te r sapo-

n i f i c a t i on ,me thy l a t i on and ace ty la t ion pure methyl 3-acetoxy-

12-keto-cholanate(XLV)was obtained. 

Neither of these methods gave y ie lds comparable 

to those given in the l i t e r a t u r e , and an analogous new method 

was, t he re fo re , inves t iga ted . The C3-semi-phthallate of des­

oxycholic acid, prepared with ph tha l l i c anhydride and pyridine, 

was separated from ph tha l l i c acid by ext rac t ion with chloro­

form, oxida t ion of the o 3 -semi-phthal la te (L) with chromic 

ac id y ie lded the corresponding ketone (LI),and on hydrolysis 

3-hydroxy-12-keto-cholanic acid (XLVIII) was obtained. This 

method gave good y ie lds on a small scale run. I t was,however, 

not appl ied to l a r g e r batches. 

The dehydrogenation of methyl 3-acetoxy-12-keto-

eholan&te (XLV) with selenium aioxide has been described by 

Schwenk (420,421).whose d i r ec t ions were followed. Because 

the dehydrogenation product contains an % ii-unsaturated ketone 

group, i t s u l t r a v i o l e t absorption spectrum shows a maximum at 

240 mji with a molar ex t inc t ion coeff ic ient ( E J of 11500. 

From the E of the r eac t ion product i t i s , t h e r e f o r e , p o s s i b l e 

to determine the concentra t ion of the unsaturated compound, 

which does not give a depression of the mixture melting po in t 
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with the starting material and possesses the bame melting point. 

Thus it was found, that only 50> of the material had been dehy-

drogenated to methyl 3-acetoxy-12-keto-A9:11-choienate. (LII) 

The separation of the 2 compounds by different re­

activity with Girard's reagents (191) was studied. Three suc­

cessive separations were made and 10# of the material was 

found each time in the reactive ("ketonic") fraction. The 

molar extinction coefficient was observed to increase in the 

non-reactive (rtnon-ketonic") fraction and tne melting point 

of the crystals became sharper. In the final Mnon-ketonic11 

fraction the E^ reached 11350, while in tne ,t±tetonic,,f raction 

it was calculated to be 10550. As a method of separation and 

purification,however, it appears to be too tedious and expen­

sive. 

The reaction with 2,4-dinitro-phenylhydrazine was 

then investigated. Both compounds form dinitro-phenylhydrazones 

differing only little in their melting points. When the reaction 

was studied with 80/o pure methyl 3-acetoxy-12-keto-A9:11-

cholenate, pure crystals of the compound LII hydrazone (LV) 

separated on standing. The second crop showed a lower and 

broader melting point. The recovery of the starting materiax(LII) 

from its hydrazone(LV) did not succeed. Consequently, the direct 

Wolff-Kishner reduction of the dinitro-phenylhydrazone was 

investigated; the desired product could not be isolated. 
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In a second selenium dioxide dehydrogenation tne 

r e a c t i o n was allowed to continue u n t i l completed. After 15 

hours the reac t ion was in te r rup ted , a sairple was extracted, 

and the c r y s t a l s t e s ted spectrophotometrical ly. Only £>Q% 

had been dehydrogenated. The mater ia l was, therefore, sub­

j e c t e d to a fu r the r dehydrogenation with fresh ^elenium 

dioxide for 13 hours. A sample showed a molar ext inc t ion 

c o e f f i c i e n t of 10230 and a f te r one more hour, the react ion 

was terminated and the iLaterial was extracted. The c rys t a l s 

had an E^ of 11400, the mother l iquors of 10040. The 

3-acetoxy-12-keto-A9: l l -cholenic acid methyl es te r (LII) 

was f i n a l l y obtained in good y ie ld . 

The formation of the semicarbazone of the compound, 

according to d i r e c t i o n s given in the l i tera ture(430-432) , did 

not succeed. The e s t e r (LII) was saponified and the semicarb­

azone of the acid (LVII) was tnen obtained in good y ie ld with­

out d i f f i c u l t i e s . 

Wolff-lvishner reduction of the semicarbazone (LVII) 

was done with sodium benzylate in benzyl alcohol, as described 

by Huzicka (433). The reac t ion product was p r ec ip i t a t ed by tne 

a d d i t i o n of s a tu ra t ed sodium chloride solut ion, methylated, 

a c e t y l a t e d and chromatographed. Crysta ls of 3-acetoxy-^9:11-

cholenic acid methyl e s t e r (LX) were eluted in 57/* y i e ld . 
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To study the nitrogen determination by the semi-

ivjeldahl method on nitro compounds, 6-nitro-cholesteryl 

-cetate (XXXIII) was prepared. Without preliminary reduction 

of tne nitro group, the amount of ammonia formed accounted for 

only 70^ of the nitrogen present. On reduction with hydrogen 

iodide the yield of ammonia varied considerably, and on addition 

of glucose,before digestion, no ammonia could be detected. As 

trie nitro compound is not soluble in hydriodic acid, the re­

duction was carried out in acetic and hydriodic acid, and the 

ammonia determinations, accounting for 97/* of the nitrogen, 

coula be duplicated. The method was, therefore, thought to be 

sufficiently reliable to be applied to tne nitration products 

ofA 9:11-lithocholenic acid. 

The first nitration was carried out on methyl 

3-acetoxy-12-keto-A9:11-cholenate with a mixture of red 

fuming and concentrated nitric acid. The oily residue could 

not oe crystallized. After reduction with zinc in acetic acid 

and hydrolysis, the oily residue was chromatographeu, and the 

oils,eluted with benzene and ether, were free of nitrogen, 

while the ether,chloroform eluates contained some nitrogen. 

when using a nitration mixture of fuming and concen­

trated nitric acid, crystals could be isolated after chroma­

tography. They were not affected by reduction with zinc, but 

could not oe obtained after hydrolysis.The oil was found to be 

free of nitrogen. 
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As hydrolys is of the C3-acetoxy group i s l i k e l y to 

happen in the presence of n i t r i c acid, a l l fur ther n i t r a t i o n s 

were c a r r i e d out on 9 :11- l i thocholenic acid, to eliminate 

t h i s s i d e - r e a c t i o n and poss ib le in te r fe r ing effects of the 

e s t e r group, A sample was n i t r a t e d and the c r y s t a l l i n e pro­

duct , m.p.239-241°C, was analysed by the h je ldahl method.l t 

was found to have contained one atom of nitrogen per molecule. 

In the next experiment 9:11- l i thocholenic acid was reduced 

a f t e r n i t r a t i o n , a n d tne c rys t a l s obtained did not y ie ld any 

ammonia on a n a l y s i s . On spectrophotometry)the absence of a 

n i t r o group was confirmed. 

I t was concluded,that on n i t r a t i o n nitrogen enters 

the molecule, presumably a t the U^-position forming a n i t r a t e , 

which i s removed again during reduction in acet ic acid. As 

the c r y s t a l s did not show the expected melting point of the 

s t a r t i n g ma te r i a l , t h e i r i d e n t i f i c a t i o n was undertaken, even 

though hope for the in t roduct ion of an oxygen atom at the 

11 -pos i t i on by t h i s method had to oe abandonned. 

On n i t r a t i o n and hydrolysis in ethanolic hydrochloric 

ac id c r y s t a l s , M.P. 92-95°C, were i so la ted (LXII). The c ry s t a l s 

were saponif ied and methylated with diazomethane, y ie lding a 

c r y s t a l l i n e product ,mel t ing a t 119-12Q°C, (LXIV) which could 

not be i d e n t i f i e d ; ne i the r was the acetyla ted compound charac­

t e r i z e d . As a l l these compounds were unsatura ted , the p o s s i b i ­

l i t y had to be considered, tha t the double bond had sh i f ted . 
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The product was,therefore, reduced with hydrogen in acetic acid 

and platinum oxide as catalyst. The uptake of hydrogen amounted 

to 1.05 moles per mole steroid.The product was separated chro-

matogr&phically into two crystalline compounds, epimeric in the 

G9-position.0ne was identified as belonging into the o^-epi-

lithocholic acid series,while the other one is a urane deri­

vative. The C3-ketones were prepared, one of which could be 

identified. The free acids were transformed into their semi-

carbazones and the 2,4-dinitro-phenylhydrazone of methyl 3-

keto-cholanate was also |jrepared for rurther identification. 

The presence of a fl-hydroxy 1 at C^ was substantiated 

by the formation of insoluble digitonides, which were not 

formed with any of the bile acids (oL-hyaroxyl at C3. ) 

Further evidence for the assumption that the 9:11 

double bond plays no role in these reactions was gained from 

tne nitration and hydrolysis of lithocholic acid. The crys­

talline nitration product shov/ed a high melting point and 

showed an orange colour in alkaline solution. After hydrolysis 

in methanol methyl o-epilithocholate was isolated. The free 

acid, tne ketone and tne semicarbazone were prepared and iden­

tified by their melting points. The formulae and melting points 

of all the compounds described are given on the next page. 

Another crystalline compound had been isolated,after 

nitration and hydrolysis,in small yield from all chromatograms. 

The crystals have a low melting point and are very soluble in 

netrol ether. They were thought to be 2:3 or 3:4-choienic acid 
a. 
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methyl e s t e r , r espec t ive ly the 2:3 or 3:4 ,9:11-choladienic 

ac id metnyl e s t e r , jj'or i den t i f i c a t i on , the 2:3 or 3:4-cholemc 

ac id methyl e s t e r was reduced with hydrogen and platinum oxide 

to cuolanic acid methyl e s t e r . By Clemmensen reduction of 

methyl desoxychola te ,af ter oxidation to the diketo compound> 

methyl cholanate was obtained, which did not give a depression 

of the melt ing point when mixed with c rys t a l s of the reduction 

product of methyl 2:3-cholenate . 

Luring hydrogenation experiments with platinum oxide 

in a c e t i c ac id) the surpr is ing observation was made, that the 

9:11 double bond could be reduced in epi l i thocholenates , but 

not in l i t hocho ien i c acid or i t s e s t e r . A difference in trie 

r e a c t i v i t y of the 9:11 double bond towards n i t r i c acid in 

l i t h o c h o i e n i c acid and i t s C5~epimer i s conceivable, and may 

be worth while i nves t i ga t i ng . 
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3. Experimental work. 

1. Purification of desoxycholic acid (XLII). 

Impure desoxycholic acid (100 g. ) was 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 agitation was continued at room temperature, until 

most of the material had dissolved. The solution was then 

filtered, and the filtrate crystallized on standing. The 

crystals were filtered and recrystailized from methanol. 

m.p.94-lll°G. 

From the mother liquors on condensation more 

crystals were obtained, showing the same melting point. The 

yield was 92.6/*. In subsequent methylations the volume of 

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

Lie thy 1 desoxycholate (XLI1I)(55.2 g. ) was dis­

solved in methanol(165 ml.), potassium hydroxide (55 g. 

dissolved in 55 ml.of water) was added, and the mixture was 

refluxed on the steam bath for 2£ hours. After cooling, the 

solution was diluted to ten volumes with ice water. On 

acidification of the clear solution with 6N hydrochloric 

acid a white precipitate formed,which was filtered and washed 

free of acid. The residue was dried in an oven at 80°C, dis­

solved in methanol and crystallized from acetone. The crystals 

39. 



of d e s o x y c h o l i c aciri (*c^ \ ^ 
a c i d ioC g . ) showed a double m e l t i n g p o i n t 

a t 160 and 176°C and were , t h e r e f o r e , d r i e d i n an oven a t 

l C 5 0 C ; m . p . l 7 6 ° C . 

2 . P r e p a r a t i o n of 3 - a p p t n w no v~ + ~ n -. • 
ui a a c e t o x y - 1 2 - k e t o - c h o l a n i c a c i d methyl 

e s t e r (XLV) by p a r t i a l a c e t y l a t i o n . (XLII - XLV). 

P u r i f i e d d e s o x y c h o l i c a c i d (100 g . ) was m e t h y l a t e d 

a s d e s c r i b e d above . The c r y s t a l s were t h o r o u g h l y d r i e d i n a 

vacuum d e s i c c a t o r ; 54 g . of them were d i s s o l v e d i n g l a c i a l 

a c e t i c a c i d (120 m l . } , and c o n c e n t r a t e d h y d r o c h l o r i c ac id^2ml . > 

was adaed d r o p w i s e . The s o l u t i o n was a l lowed to s t a n d a t 

room t e m p e r a t u r e f o r 24 h o u r s and f i l t e r e d . The monoace ta t e 

(XLIV) was n o t i s o l a t e d . I n s t e a d , t he s o l u t i o n was coo led i n 

an i c e b a t h , and chromic a c i d (8 .03 g . i n 10 ml. of wa t e r and 

30 m l . of a c e t i c a c i d ) was added s lowly w i t h s h a k i n g . When the 

s o l u t i o n had t u r n e d b l u e , an a d d i t i o n a l amount of chromic a c i d 

(4 g . i n aqueous a c e t i c a c i d ) was added. Af t e r s t a n d i n g f o r 16 

h o u r s a t room t e m p e r a t u r e , an excess of chromic a c i d was 

s t i l l d e t e c t a b l e by t h e t e s t , p r e v i o u s l y d e s c r i b e d (page 1 7 ) . 

The s o l u t i o n was t h e n d i l u t e d to t e n volumes w i t h w a t e r , and 

t h e p r e c i p i t a t e was f i l t e r e d , w a s h e d n e u t r a l and r e c r y s t a l l i z e d 

from m e t h a n o l , m . p . 1 4 2 - 1 4 4 C. 

S i n c e t h e m e l t i n g p o i n t of 3 - a c e t o x y - 1 2 - k e t o - c h o l a n i c 

a c i d m e t h y l e s t e r i s g i v e n i n t h e l i t e r a t u r e a s 152-154°C, the 

c r o d u c t was s u s p e c t e d to be c o n t a m i n a t e d w i t h i t s p r o d u c t s of 

h y d r o l y s i s . T h e m a t e r i a l was, t h e r e f o r e , r e a c e t y l a t e d w i t h o u t 
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however, a l t e r i n g the melting poin t . On r e c r y s t a l l i z a t i o n from 

e ther , c r y s t a l s were obtained,having the c h a r a c t e r i s t i c melting 

p o i n t of compound XLV, 152-154°c. 

3 . P repa ra t ion of 3-acetoxy-12-keto-cholanic acid methyl 

e s t e r (XLV) by succinoylat ion. (XLII,XLVI,XLVII,XLVI1I,XLV) 

Desoxycholic acid (32.5 g.) was added to a solut ion 

of succ in ic anhydride (84.5 g.) in pyridine (325 ml.) and 

hea ted under anhydrous condit ions on the steam bath for one 

hour . The dark so lu t ion was then poured into 10 volumes ice 

water , containing 162.5 ml.concentrated sulphuric acid. A 

brown, p a r t i a l l y c r y s t a l l i n e o i l separated.most of the crys­

t a l s were s t a r t i n g mate r i a l , m.p.l74-176°C,and some were the 

semi-succ ina te , m.p.211-229°C. 

For subsequent succinoylat ions, the pyridine was 

re f luxed over barium oxide and d i s t i l l e d under anhydrous con­

d i t i o n s . On hea t ing the so lu t ion of succinic anhydride and 

p y r i d i n e , i t turned pink and brown,which was not observed a t 

room temperature . To compensate for lower temperature, excess 

succ in i c anhydride (1C equivalents) was used and succinoyla­

t i o n was allowed to continue for 40 hours a t room temperature. 

On e x t r a c t i o n , a mixture of s t a r t i n g mater ia l and semi-succi­

na te was obtained,from which the l a t t e r was separated by 

f r a c t i o n a l c r y s t a l l i s a t i o n . 7 8 ^ y ie ld of semi-succinate,m.p.2360C 

was obta ined. 
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Bet te r y ie lds were obtained yet by heating the solu­

t i o n for an hour at ao°r nr,n .-n 
ax ou c and allowing i t to stand a t room ttm-

p e r a t u r e for 16 hours. A 20-fold d i lu t ion of tne reac t ion mix­

t u r e with a c i d i f i e d ice water was preferred to the 10-fold di-

l u t i o n , d e s c r i b e d in the l i t e r a t u r e ^ , 4 1 6 ) , as i t prevented 

tne formation of o i l s and simplified tne f i l t r a t i o n and wash­

ing of tne c r y s t a l s . On r e c r y s t a l l i s a t i o n from methanol, the 

f i r s t two crops of c rys t a l s showed tne melting point(227-229°u) 

of the semi-succinate (66/* y i e l d ) , while l a t e r crops indicated 

the presence of desoxycholic acid besides the semi-succinate. 

The c r y s t a l s were again succinoyiated. 

Oxidat ion of 3-semi succinate of desoxycholic acid. 

A so lu t ion of semisuccinate (XLVI)(21.C9 g.) in 

a c e t i c acid (150 ml.) was cooled in an ice bath. Chromic acid 

(4 g. in 5 ml. of water) was added dropwise with shaking. 

C r y s t a l s separated from tne solut ion, which were f i l t e r e d and 

washed, m.p.242-243°C.The f i l t r a t e did not contain any chro­

mic acid and more (0.5 g. ) was therefore added; trie solut ion 

was then kept a t room temperature for 16 hours, d i lu ted with 

t e n volumes ice water and f i l t e r e d . The residue was washed, 

d i s s o l v e d in chloroform,and c rys t a l s were i so la ted on 

evapora t ion of the solvent , m.p.242-244°c. 

Sapon i f i ca t ion of 3-hydroxy-12-keto-cholanic acid-3-semi-

succinate . (XLVII) . 
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The reaction product (XLVII) was dissolved in 75 ml. 

of methanol, and 57.5 ml.6 U sodium hydroxide solution was 

added. The mixture was refluxed for two hours on the steam oath, 

diluted to ten volumes with water,acidified and filtered. The 

product was recrystallized from ether showing a double meltirg 

point at 127° and 160^0. 

Methylation and Acetylation of 3-hydroxy-12-keto-cholanic acid. 

The crystals (XLVIII) were dissolved in ether and 

methylated with diazomethane (prepared from 1 g.nitrosomethy 1-

urea) for 15 minutes at room temperature, iiixcess diazomethane 

was removed by distil i.ation;with tne necessary precautions; as 

previously described. The residue was not crystallized, but 

was refluxed for three hours on the water bath with acetic 

anhydride (15 ml.) and pyridine (15 ml.). After dilution with 

ten volumes of water;containing enough hydrochloric acid to 

neutralize the pyridine, crystals separated;which were fil­

tered, washed and recrystallized from ether, m.p.152-154 C. 

4. Preparation of 3-acetoxy-12-keto-cholanic acid methyl 

ester by way of the semi-phthallate. (XLII,L,LI,XLVIII,XLV) 

Desoxycholic acid(l g.) was added to a solution of 

phthallic anhydride(3.9 g.) in pyridine (20ml.)* After 

standing for 16 hours at room temperature under anhydrous con­

ditions, the solution was poured into ten volumes of water; 

containing 12 ml.concentrated sulphuric acid. The white 

crystalline precipitate was filtered and washed. The majority 
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of crystals melted at 130-131 C and was identified as phthallic 

anhydride, while the higher melting crystals, m.p.l44-145°C, 

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 easily hydro-

lized to phthallic acid), and the solution was acidified. To 

remove the semi-phthallate of desoxycholic acid from phthallic 

acid, the precipitate was extracted with chloroform (3x25 ml.), 

in which phthallic acid is insoluble, followed by ether ex­

traction ( 3x25 ml.). Both extracts were washed neutral and 

taken to dryness. Prom the ether extract crystals of phthallic 

o 
acid,m.p.200-201 C, were obtained, while the 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) v/ere saponified 

with methanolic 2N potassium hydroxide solution (5 ml.) for 

two hours under reflux. The solution was diluted with ten 

volumes of water, acidified and filtered. The washed residue 

was shaken up with chloroform (3x15 ml.), and the chloroform 

solution was taken to dryness. The crystalline residue was 

recrystallized from acetone giving the characteristic melting 

point of desoxycholic acid (m.p.176 C)* The chloroform insoluble 

residue was crystallized from methanol and identified as 

phthallic acid. Both acids were recovered in equivalent amounts. 
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Oxidation of desoxycholic ac id-3-semi-ph tha l la te (L). 

The c r y s t a l l i n e semi-phthal la te (L)(0.8 g. ) was d i s ­

solved in ace t i c acid (12.5 ml . ) ,and chromic acid (120 mg.in 

C.5 ml.of water) was added dropwise to the shaken and cooled 

so lu t ion . The mixture was allowed to stand for 5 hours at 

room temperature,and on cooling, c r y s t a l s separated from the 

solution.m.p.238-239°C.Compound LI. 

Saponification. 

Trie keto-semi-phthallate (LI) (435 mg. ) was refluxed 

for three hours in 2N methanolic sodium hydroxide (5 ml.) The 

solution was diluted with ten volumes of water, acidified and 

extracted with chloroform (3x25ml).After washing, the chloro­

form was distilled, and the residue was crystallized from ether 

showing the double melting point of 3-hydroxy-12-keto-cholanic 

acid. 

On methylation and acetylation,as previously des­

cribed, methyl 3-acetoxy-12-keto-cholanate(XLV) was obtained. 

The yields of all reactions were nearly quantitative. 

5. Dehydrogenation of 5-acetoxy-12-keto-cholanic a>cid methyl 

ester with selenium dioxide. (XLV - LII). 

A solution of 11.66 g. compound XLV was dissolved in 

45 ml. acetic acid and refluxed in an oil bath at 130-135°C. 

Selenium dioxide (5.56 g.) was added in small dosages during 

three hours through the condenser. 
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During 12 hours, of refluxing, tne solution turned 

from yellow to dark red and a precipitate of selenium settled 

out, which was removed by filtration. To the filtrate>three 

volumes of methanol were added;and on ten-fold dilution with 

ice v/ater a yellow precipitate was obtained, which was ex­

tracted with ether (3x400 ml.). The ether ?/as washed with 

water,dried with sodium sulphate and taken off. The coloured 

crystals melted at 146-150°C 

A sample of the crystals (cr.10 mg. ) wras weighed 

accurately, diluted with ethanol in a volumetric flask (50nil.} 

and their absorption spectrum was determined.The molar ex­

tinction coefficient of compound LII atAffiaJC 240mji is 11500. 

Prom the observed extinction the concentration of compound LII 

could,therefore,be calculated; 50^ compound LII. 

6. Purification with Girard's reagents. 

To isolate the dehydrogenated product from the 

starting material, the crystals (11.6 g.) were thoroughly 

dried in a desiccator, dissolved in absolute ethanol (200 ml.) 

and refluxed for If hours with Girard's reagent "Pfl (44 g. 

(10 equivalents)) and glacial acetic acid (20 ml.) under 

anhydrous conditions. The cooled solution was then poured 

into two liter.s ice water; containing sufficient standard 

sodium hydroxide solution to neutralize the acetic acid used. 

The pH was checked and adjusted to 6.8 if necessary.The 

solution was then extracted with ether(3x600 ml#) The total 
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Separation of (LII) from (XLV) by Girard*s reagent-
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ethereal solution was washed with water, which was added to 

the aqueous phase containing the ketonic complexes, and taken 

to dryness. Irom it,90% of the total material was recovered. 

The ketonic complexes were hydrolyzed by the addition of con­

centrated hydrochloric acid to a concentration of 1 II. After 

two hours at room temperature the liberated ketones were 

extracted with ether(3x600 ml.) The ether was washed and dis­

tilled. Ten percent of the material "was recovered from this 

fraction, reacting with Girard*s reagent (!*ILrt) • Prom the 

measurement of the ultraviolet absorption spectrum,the purity 

of compound LII in the reactive ("K") and in the non-reactive 

(HNW) fraction could be calculated. The separation was repeated 

once more with Girard1 s reagent ttPM and once with reagent WTM, 

giving the same distribution of 90/6 non-reactive and 10/o re­

acting with Girard*s reagents. The purification was followed 

by measurement of E^ and tne melting point of the fractions, 

and the results are condensed in the table on page 47. 

7. Formation of the 2,4-dinitro-phenylhydrazones (LIV,LV) 

Pure crystals of compound LII (1 g.) were dissolved 

in methanol (20 ml.) and added to a solution of 4.55 g. of 

2,4-dinitro-phenylhydrazine in methanol (200 ml.). After the 

addition of two ml. of concentrated hydrochloric acid, the 

solution was allowed to stand at room temperature for 16 nours. 

On standing in the refrigerator, needles separated, which were 

filtered and washed with dilute hydrochloric acid and water. 
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The crystals melted at 226-229°G. 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.194-201 C with decomposition, which show 

a colour change from red in neutral to yellow in acid and blue 

in alkaline solution, while the dinitro-phenylhydrazones, pre­

pared in this investigation^ not show this reaction. Use 

was made of this discovery in the distinction of trie products. 

The 2,4-dinitro-phenylhydrazone of pure 3-acetoxy-

12-keto-cholanic acid methyl ester (LIV) was prepared in the 

same way. The yellow needles melted at 21^-222 C. 

The preparation of the 2,4-dinitro-phenylhydrazone 

from an impure sample of the dehydrogenation product (70/<> pure) 

gave rise to pure 3-acetoxy-12-dinitro-phenylhydrazone-49:11-

cholenic acid methyl ester (LV).The filtered solution was 

condensed to -£ volume, and another crop of crystals was ob­

tained, m.p.190-195°C, presumably a mixture of the two di­

nitro-phenylhydrazones. 

Hydrolysis and V/olff-Kishner reduction of 2,4-dinitro-phenyl­

hydrazone. ( LV ). 

A suspension of 100 mg. compound LV in methanol (50 mlj 

and hydrochloric acid(10 ml,6i\F) was refluxed for 24 hours. The 

solution was then filtered 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-hishner reduction was carried out on 275 mg. 

compound LV as described in detail in section 10. On addition 

of the crystals to tne solution of sodium uenzylate in benzyl 

alcohol) an immediate blackening v/as observed. After refluxing 

for four hours on an oil bath at 180-190°C the black colour 

had disappeared. On extraction a brown oil was obtained which 

could not be crystallized. 

5A. Improved dehydrogenation of 3-acetoxy-12-keto-cholanic 

acid methyl ester (XLV) with selenium dioxide. 

The crystals (XLV)(28 g.) were dissolved in acetic 

acid (110 ml. )j and tne air in t,ie reaction flask was displaced 

by a current of dry nitrogen. The solution was tnen 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>a sample of the red-brown solution was extracted, as 

described in section 5,page 46, and its molar extinction 

coefficient was determined.Only 60^ of trie material had re-

acted. 

The sample wras returned to the solution and the 

dehydrogenation was continued for 13 hours with a new batch 

of selenium dioxide (15 g.).A five ml. sample of the solution 

was withdrawn,extracted and tested Spectrophotometricaliy. The 

molar extinction coefficient amounted to 10230.After another 

hour, the reaction was stopped. Selenium and its unreacted 

dioxide were filtered off and chromic acid (400 mg.) was added; 
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to destroy organic selenium compounds.The solution was di­

luted with ten volumes of water, and the precipitate was fil­

tered, dissolved in hot ether ( 200ml. ),washed with 5/* 

sulphuric acid (3x60 ml.), with 5/o ice cold sodium bicarbo­

nate solution (3x60 ml.), with water until neutral. The 

ether was then dried with sodium sulphate and evaporated. 

The product crystallized from ether,m.p.l52-154°C,Eni 11400. 

Prom the mother liquors crystals with E^ 10010 were obtained. 

8. Saponification of 3-acetoxy-I2-keto-A9:11-cholenic acid 

methyl ester.(LII). 

As the semicarbazone formation of compound LII 

had not succeeded, the crystals (LII) (20 g.) wrere dissolved 

in 120 ml. of methanol and 60 ml. 6 S sodium hydroxide solu­

tion and refluxed for 16 hours on the steam bath. The solu­

tion was cooled,poured into ten volumes of ice water,giving 

a clear solution, and acidified. The yellow precipitate was 

filtered,washed with water and crystallized, m.p.177°C.(LVI) 

9. Semicarbazone formation of 3-hydroxy- 12-keto-A9:11-

cholenic acid-(LVI). 

The acid (LVI)(2.971 g.) was dissolved in a mixture 

of ethanol(30 ml.) and dry pyridine(30 ml.), and the semi-

carbazide solution (3 g.semicarbazide hydrochloride in 8 ml. 

of water and 3 g.sodium acetate in 40 ml.ethanol, mixed and 

filtered) was added, and the mixture refluxed for two hours 
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on the steam bath. The solution was cooled, poured into acidi­

fied ice water (600 ml.), and the crystalline precipitate was 

filtered and washed. The crystals (LVII) showed a sharp melt­

ing point at 277°C; on ±ecrystallization 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 must have prevented the reaction in the 

case of the corresponding methyl ester. 

10. wblff-Kishner reduction of the semicarbazone (LVII). 

Pure sodium metal(2.9 g. ) was quickly dried on a 

filterpaper, cut into small pieces and dropped into benzyl 

alcohol(35 ml., dried over urierite and freshly distilled). 

After an initial vigorous reaction, the dissolution of sodium 

slowed down, and the flask was heated on the steam bath under 

vacuum, to remove toluene and speed up the evolution of hydro­

gen. After 7 hours the sodium was dissolved and the solution 

solidified on cooling. 

The semicarbazone(3 g.)(LVII) was added to the 

sodium benzylate, and tne mixture was refluxed under a stream 

of dry nitrogen for 4 hours at 180-190 C. The solution was 

then steam distilled for % hours^until a clear distillate was 

obtained,which was discarded. The brown solution ŵ .s treated 

with an equal volume saturated sodium chloride solution,which 

caused the precipitation of an oily material.The oil was sepa­

rated by centrifugation; the supernatant solution was decanted 
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and acidified.Pure crystals of benzoic acid, m.p.l25-l27°C, were 

isolated. The oily residue was extracted with acidified ether 

(60 ml.),which was washed with N sodium hydroxide soiution(3x20) 

(3x20 ml.)• The aqueous extracts were acidified and reextracted 

with ether (3x25 ml.)The ethereal solution was washed neutral, 

dried and taken to dryness. The residue was an oil. (2.7 g. ) 

11. Methylation and acetylation of Wolff-Kishner products. 

The oily residue (2.7 g.) was dissolved in dry ether 

and methylated with diazomethane, as previously described.On 

extraction,an oil was obtained,which could not be crystallized. 

Acetic anhydride (3 ml. ) and dry pyridine (9 ml. ) were added 

to the oil, and the solution was allowed to stand at room 

temperature for 16 hours under anhydrous conditions. The solu­

tion was diluted with ten volumes acidified water, and the 

precipitate v/as extracted with ether (3x40 ml.) The ether 

was washed with iced 5% sodium carbonate solution (3x20 ml.), 

with water until neutral, dried with sodium sulphate and eva­

porated. The residue crystallized from methanol. The crystals 

(1.673 g.) meltea at 124-131°C. 

12. Chromatography of crystalline product of section 11. 

The crystais(3.83 g. ) were dissolved in dry benzene, 

(5 ml.) and petrol ether was added to incipient cloudiness.The 

solution was then poured on a column of alumina (120 g.,Karshaw, 

acid washed,reactivated)which had been washed with petrol ether. 

The chromatogram is given on page 54. 
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13. Nitration of cholesteryl acetate.(XXXII). 

Cholesteryl acetate, m.p.l01°C, (5 g. ) v.as suspended 

in acetic acid (30 ml.) and a nitric acid mixture (30 drops) 

(20 ml. concentrated nitric acid, spec.grav. 1.5, and 12.5 ml. 

fuming nitric acid,spec.grav.1.515) was added with stirring. 

The solution was cooled in a freezing mixture and the rest 

of the nitric acid solution was adaed dropwise from a burette 

to tne agitatea solution. The solution was stirred lor one 

hour, before it was poured into 400 ml. of water. The white 

precipitate was filtered,washed neutral with water and re­

crystallized from methanol, m.p.102-104°C. 

14. Semimicro-Kjeldahl nitrogen determination on 6-nitro-

cholesteryl acetate.(XXXIII). 

Samples of the nitro compound (XXXIII)(cr. 35 mB. j 

were weighed accurately on a cigarette paper (without the 

adhesive) and dropped with the paper into a small round-

bottomed, long-neckea,standard taper flask. The digestion 

mixture, used in all experiments, consisted of concentrated 

sulphuric acid (3 ml.),copper sulphate,selenium dioxiae 

(a few mg.each) and potassium sulphate ( approx. 1 g.).Two 

boiling stones were added to the mixture to prevent humping. 

In series A, digestion was carried out on the 

nitro compound without previous reduction.In series B,the 

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

the flask was then sprayed with water, and concentrated sul­

phuric acid ( 2 ml.) was added, and the solution heated till 

the water,hydrogen iodide and iodine had been driven off.The 

soluticn was then digested as in series A. Digestion of the 

nitro compound in series C was carried out as in A,except for 

the addition of 100 mg. glucose before heating. All three 

methods were found unsatisfactory. As the compound was insoluble 

in hydrogen iodide, the preliminary reduction of the nitro com­

pound was carried out in acetic acid giving reproducible re­

sults, (series D.) 

The percentage of nitrogen in compound XXXIiI. 
Series A Series B Series C Series D 

2.256$ 
2.381$ 
2 0 O T _ S 

2.243$ 

recovery 
70$ 

2.371$ 
1.068$ 
1.175$ 
1. 

recovery 
35-70$ 

recovery 
0$ 

2.810$ 
2.808$ 
2.789$ 

recovery 
92$ 

15. Nitration of 3-acetoxy-49;11-cholenic acid methyl ester.(LX) 

The ester (LX)(670.5 mg.) was dried in vacuo and 

dissolved in glacial acetic acid(2.7 ml.). A few drops of the 

nitration mixture (2.4 ml. concentrated nitric acid and 1.9 ml. 

red fuming nitric acid) were added. The solution was cooled in 

a freezing mixture,and the nitric acict mixture was added drop-

wise with shaking.After standing for 90 minutes at room tempe­

rature, the solution was poured into ice water (200 ml.) and 

56. 



extracted with ether (3x60 ml.). The ether was wasned with 

water,dried with sodium sulphate and distilled at room tempe­

rature. The yellow/ oil could not be crystallized. 
4 

16. Reduction of the nitration product. 

Zinc dust(1.33 g.) and 10 ml. acetic acid with 

2 ml. of water were added to the oily residue, and tne mixture 

was heated on the steam bath for two hours. Crystals of zinc 

acetate hydrate, m.p.240°C, formed. The mixture was tnen 

refluxed for ten hours under a stream of nitrogen, cooled, 

diiutea with ice water (150 ml. ) and extracted with ether, 

(3x50 ml.), The ether was washed, dried ana distilled, leaving 

an oily residue,which could not be crystallized. 

17. Hydrolysis of reduction product. 

The residue was refluxed in ethanol (7 ml.) and con­

centrated hydrochloric acid (2ml.) for 90 minutes. After 

standing over night at room temperature, the solution was 

diluted with water (100 ml.) and extracted with ether(3x50 ml.; 

The ethereal solution was extracted with cold 5;* sodium carbo­

nate solution (3x30 ml.)which was acidified and reextracted 

with ether. The ether was washed,dried and distilled,leaving 

57.3 mg. oil. After methylation with diazomethane and chroma­

tography, no crystalline compounds were isolated. The ether 

solution,containing the neutral material was washed free of 

sodium carbonate,dried and taken to dryness.The oily residue 

(445.2 mg.) was chromatographed-

57. 



Most of the 34 oily fractions eluted did not con­

tain any nitrogen, while the ether,chloroform eluate contained 

l/3 atom nitrogen per mole. 

18. Nitration No. 2 of 3-acetoxy-^9:11-cholenic acid methyl 

ester.(LX). 

The nitration mixture of this and subsequent ni­

trations was maue up of 5 parts concentrated nitric acid and 

4 parts fuming nitric acid. The ester(LX)(50.6 mg.)jin acetic 

acid(l ml.)>was nitrated with the mixture (0.45 ml.) as 

described above. The oily residue was crystallized from petrol 

ether, m.p.98-102 and 111-117°C. After reduction with zinc 

in acetic acid, an oil was obtained which crystallized from 

methanol, m.p.98-105°C. After acid hydrolysis crystals could 

no longer be obtained, and tne oil was found to be free of 

nitrogen. 

19. Saponification of methyl 3-acetoxy-A9:11-cholenate. (LAJ . 

Tne ester (LX)(5^5 mg.) was dissolved in methanol 

(4 ml. ) and 6 N sodium hydroxide (2 ml.) and refluxed on the 

steambc-.th for two hours. The solution was poured into ten 

volumes of water, washed with ether (3x20 ml.), acidified and 

extracted with ether(3x40 ml.) The ether was washed,dried 

and distilled.Crystals of£9:11-lithocholenic acid,m#p#188°G 

were obtained. 

58. 



20. jmethylation ana acetylation of £9:11-lithocholenic acid. 

The acid(LVIIl) (306 mg. ) was suspended in ether 

(10 ml.) and treated with diazomethane. When the crystals 

had dissolved and the solution remained yellow,the excess 

diazomethane and the solvent were distilled. The residue 

crystallized in rosettes, m.p.108-109°C; a sample was re­

tained for mixture melting point determination with tne 

nitration product. 

The remaining crystals(L1X) were dissolved in 

acetic anhydride(2.4 ml.) and dry pyridine(6 ml.) and 

left for 40 hours at room temperature under anhydrous con­

ditions. The solution was diluted with ten volumes acidified 

ice water.The crystalline precipitate was filtered and 

washed with water, m.p.138-140 C.The yield was quantitative. 

21.; Nitration ofA9:11-lithocholenic acid.(LVIII). 

The acid(LVIIl)(54.3 mg.) was dissolved in 

acetic acid(1.5 ml.) and nitrated as described before. 

Needle shaped crystals were obtained from the residue on 

recrysoallization from methanol, which darkened at 236°C and 

melted at 241°C. A KJeldahl nitrogen determination on the 

crystals showed them to contain one atom nitrogen per mole­

cule. 

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

The nitration was repeated on 69 mg. lithochoienic 
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acidyand the residue was reduced with zinc dust(140 mg.) in 

acetic acid(3 ml.) The mixture was heated under a stream of 

nitrogen for two hours on the steam bath, filtered,and the 

filtrate was diluted with ether(50 ml.) and washed neutral 

with water,dried with sodium sulphate and taken to dryness. 

The oily residue(59.7 mg.) crystallized partly(m.p. 104°C) 

and was sublimed. The sublimate did not crystaiize ana was 

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

The test was first carried out on 6-nitro-choles­

teryl acetate. A few crystals and a small piece of sodium 

were placed into a soft glass micro test tube,heated to 

red heat and dropped into a 10 ml. beaker, containing dis­

tilled water. The contents of the cracked test tube were 

broken up with a glass rod and filtered. The filtrate was 

then tested for the presence of cyanide with ferric sulphate. 

In the control test a green colour was observed 

followed by the precipitation of olue crystals while tne 

reduced nitration product gave ^ negative reaction. These 

results sug^e^t that trie nitrogen containing compound was 

the o-nitric acid ester of lithochoienic acid, which was 

split off on hydrolysis with acetic acid. 

23. Nitration No.3 of A 9:11-lithocholenic acid. (LVIII). 

The nitration,reduction ana hydrolysis of litho­

choienic acid(20C mg.) was repeated. Nearly all the material 
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was recovered in the neutral fraction..tart of tne material 

crystallized, m.p.75-90°C, and was purified by chromatography. 

Of 120 mg.,57 mg.crystals were eluted(petrol ethei:benzene 

8:2 - ljl), which melted at 92-95°C.0n spectrophotometry ana­

lysis they were found to contain neither a nitro ror nitroso 

group in the molecule. 

24. Saponification of ethyl epilithocholenate. (LXII). 

The ethyl ester (LXII) (57 mg. ) v;as refluxed with 

2 N methanolic sodium hydroxide solution (3 ml.). After ̂ 0 

minutes reflux, the solution was cooled, diluted with ten 

volumes ice water,and the clear solution was acidified and 

extracted with ether (3x25 ml.). The ether was washed,dried 

and distilled,leaving an oily residue, which crystallized 

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

25. Methylation and acetylation ofA9:11-epilithocholenic 

acid.(LXIII). 

The acid (LXIII)(50 mg.) was methylated with diazo­

methane in ether.After standing for 15 minutes in tne fume 

cupboard, tne excess diazomethane was destroyed by addition 

of a few drops of acetic acid, until the yellow colour was 

discharged. The solution was washed with water, dried and taken 

to dryness. Crystals were obtained,m.p.117-119°C,which were 

chromatographed.With petrol ether:benzene 9:1 to 1:1 crystals 

were eluted,which melted at 119-120°C. 
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The ester (LXIV) (40 mg. ) was dissolved in dry pyridine 

(1 ml.) and acetic anhydride (0.2 ml. ), and allowed to sWnd at 

room temperature for 16 hours under anhydrous conditions. The 

solution was diluted with ten volumes acidified ice water, 

extracted with ether (3x10 ml. ), and the ether extract was 

washed and taken to dryness.The crystals melted at H7-119°o. 

26. hydrogenation of methyl 3-acetoxy- 9:ll-C^epi-cholenate. 

(LXV). 

Tne ester (LXV)(31.4 mg.) was reduced with hydrogen, 

and platinum oxide(o mg. ) as catalyst, in acetic acid as 

described in detail in section 28.During two hours shaking in 

the microhydrogenation apparatus, 115$ of the theoretical 

amount of hydrogen,to saturate one double bond, was taken up. 

From the solution,crystals were obtained,which were purified 

oy chromatographic separation. Y/ith petrol ether: benzene 

(7:3) crystals were eluted,which were identified as methyl 

3-acetcxy-epicnolanate. 

27. l̂ itration No.4 of A 9;ll-lithocholenic acid (LVIil). 

The acid(LVIIl)(100 mg.)was nitrated in the usual 

manner. Reduction with zinc was omitted and tne product was 

hydrolyzed with methanolic hydrochloric acid (0.6 ml. in 

2 ml.methanol) under reflux for four hours. After coolirp• 

the solution was diluted with ten volumes water,extracted 

with ether and separated with 10$ sodium carbonate solution 
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into acid and neutral fractions. From the small acid fraction 

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

The neutral fraction contained most of the material, 

which could net be crystallized. On chromatography crystals 

were eluted(petrol ether:benzene(4:lto 1:1)), which melted at 

118-120°C.methyl 5-epi-A9:11-lithccholenate. (LXIV). 

28. Hydrogenation of methyl 3-epi-A9:11-lithocholenate. (LXIV). 

Ilawinum oxide (6 mg. ) -no acetic acid (0.5 ml.) 

were placed into the micro-hyarogenation flask. The crystals 

(LXIV)(30 mg.) were placed into a small cup,which was suspended 

from a turnable hook in the side arm. The system was evacuated 

and filled with hydrogen (generated by tne action of zinc on 

hydrochloric acid and purified by passing through silver 

nitrate,potassium hydroxide and potassium permanganate solu­

tions) repeatedly to remove all air.The connection was then 

shunted to a 5 ml.hydrogen reservoir and tne flask was shaken 

mechanically, until the platinum oxide was saturated with hy­

drogen. The reservoir was refilled, note was taken of tne hy­

drogen level at atmospheric pressure, the time,tne temperature 

and tne barometer reading.The cup, containing the ester(LXIV) 

was dropped to the bottom of the flask, allowing the acetic 

acid to come in contact with it. The flask was shaken uniformly 

and the adjusted hydrogen level was read at constant intervals. 

After 108 minutes tne up-take of hydrogen had become very slow 

and the reaction was considereo completed. 
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The f l a s k was d i sconnec ted , ana the s o l u t i o n was 

A l t e r e d r e c o v e r i n g the p la t inum. The h y d r o a e r o i o n appara tus 

was s e t up aga in and shaken for 108 minutes, to measure the 

leakage of hydrogen i n the system. The a c t u a l read ings are 

reproduced on the accompanying t a b l e . 
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21 C 7 mm. 

t o t a l useo. 4 .6 ml. 

t o t a l leakage 2.56 M 

Actual uptake 2.04 M 

co r r ec t ed for 
temperature 
ana p r e s s u r e 

t h e o r e t i c a l 
up t eke 
one mole 

106/o of theory 

1.735" 

one double bond has 
been reduced. 

1.839" 

The filtered solution,containing the reduction pro­

duct, was diluted with ten volumes water and extracted with 

ether(3x30 ml. ), The ether was washed,dried and taken to dry­

ness. The residue was chromatographed and crystals were elutedf 

as recorded (Chromatogram 14.). 
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Chromatogram 14. 
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98-103° 0 LXVII 6c LXVI 
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A mixture melting point of the crystals in fraction 

4 and 7 gave a depression similar to the one observed in 

fraction 6.Fraction 6 was,therefore, assumed to be a mixture 

of the two crystalline substances epimeric at exposition. 

29. Oxidation of methyl C^-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 ml. 

of water.On standing, crystals formed which were filtered. The 

filtrate was extracted with ether,which was washed and dis­

tilled. Both crops of crystals showed trie same melting point, 

112-113.5°C. Crystals of fraction 8 of chromatogram 14 were 

similarly oxidized and crystals were obtained,m.p.116°C, 

which could be identified as methyl 3-keto-cholanate(LXVIII). 
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30. Saponification of methyl 3-keto-chdanate C9-epimers. 

The crystals of compound LXVIII and LXIX were 

separately dissolved in methanol (1 ml.) and 6 h sodium 

hydroxide solution (0.5 ml.) and refluxed for one hour. 

The solutions were cooled, dilute., with 20 volumes of wa­

ter, washed with ether,acidified and extracted with euier. 

(3x20 ml.) The washed ether was dried and distilled. The 

oily residues could not be crystallized. 

31. Semicarbazone formation of compounds LXA and xiXXl. 

portions of the oily residues were treated with 

semicarbazide hydrochloride and sodium acetate as des­

cribed in detail in section 9. Crystals dine ring in shape 

ana melting point were obtained from the reactions. The 

semicarbazone of methyl-3-keto-cholanate(LXXII) melted at 

225°C v/3th decomposition, while the semicarbazone of tne 

Cg epimer melted at 260°C with decomposition. 

32. Linitro-phenyihyarazone formation of methyl 5-^eto-

cholanate.(LXVIil). 

The remaining oily fraction of a-xeto-cholanic 

acid was methylated with diazomethane and chromatographed. 

The metnyl ester was elated (petrol ether:benzene 1:1), 

m.p.H6°C and treated with 2,4-dinitro-phenylhydrazine as 

described in section 7. On cooiing of t,.e solution, crystals 

of the ainitro-phenylhydrazone were separated.m.p.195-195°C. 

oo. 



33.Application of the digitonin test to C3<#and ^-hydroxyl 

compounds of the lithocholic acid series. 

To check the digitonin test, a few mg.cholesterol 

were dissolved in one drop ethanol in a micro test tube. To 

the solution 3 micro drops of alcoholic digitonin solution 

were added, and the precipitation of tne insoluble choleste­

ryl digitonide was observed after a few seconds.The test 

was then applied to a numoer of products of nitration and 

hydrolysis of lithocholic and 9:11-lithocholenic acid as 

well as to lithocholic and 9:11-lithocholenic acid. The 

results are recorded below. 
Bwunuwimmi mtm*mmmmmamM 

lithocholic acid 

9:11-lithocholenic acid 

compound LXII 

compound LXIV 

compound LXVI 

compound LXXVIII 

no precipitate o^-hydroxyl 

no precipitate o< !l 

precipitate ft " 

precipitate ft " 

precipitate ft n 

precipitate ft w 

34.Methyla.tion of 3-acetoxy-cholanic acid. 

The acid(200 mg. ) was suspended in ether and 

methylated with diazomethane. Hot all tne material dissolved 

on standing in the presence of diazomethane at room tempera­

ture. The excess diazomethane was distilled;and tne colourless 

solution was filtered,to remove impurities.The filtrate was 

washed with 5>b sodium carbonate solution and with water,dried 

.,o and taken to dryness.Crystals remained.m.p.129-131 C. 
67. 

http://34.Methyla.tion


35. Saponification of methyl 3-acetoxy-cholanate. 

The lithocholate(200 mg#; was refluxed for 90 

minutes in a solution of methanol^ ml.) and 6 IT potassium 

hydroxide (1 ml.) The solution was cooled, diluted with ten 

volumes of water,washed v/ith ether, acidified ana extracted 

with ether(3x25 ml.) The ethereal extract was washed with 

water,dried and taken to dryness. Crystals, m.p.l85-187°C, 

were obtained.(LXXV). 

36. Nitration of lithocholic acid (LXXV). 

Lithocholic acid(l75 mg.) was nitrated and the 

oily residue was hydrolyzed with ethanolic hydrochloric 

acid as previously described.The ether extract was divided 

into an acidic and neutral fraction by washing with cold 

5/o sodium carbonate solution. 

From the acidic fraction crystals were obtained 

from ether,petrol ether,which melted at 225-227°C with de­

composition. The crystals did not dissolve in ether and 

could not be methylated with diazomethane. They dissolve 

readily in aqueous sodium hydroxide solution (lh) giving 

a deep orange solution.On acidification, colourless crystals 

were again formed, which melted at 228-230 C on recrystaili-

sation form methanol.They were assumed to be the 3-nitric 

acid ester of ethyl lithocholate.(LXXVI). 
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The neutral fraction was chromatogrcphed, and crystal 

were eluted with petrol ether: benzene 9:1 to 3:2 w/hich melted 

from 81-90°C. The crystals were washed with petrol ether, 

giving a sharp melting point at 92-93°C.(LXXVII). The petrol 

ether washings were retained. 

37. Saponification of ethyl epilithocholate. (LXXVII). 

The ester(LXXVII)(40 mg.) was saponified by refluxin. 

in a solution of 2 l\ methanolic potassium hydroxide (3 ml. )•, 

tne cooled solution was diluted with 50 ml.of water,washed 

with ether, acidified and extracted with ether. Prom trie 

washed (neutral) and dried ether, an oil was obtained which 

did not crystallize. 

38. Methylation of epilithocholic acid (LXXVIII). 

The oily residue(LXXVIII) was dissolved in ether 

and methylated with diazomethane. The crystals were purified 

by chromatography. They v/ere eluted with petrol ether: benzene 

4:1 to 1:1 ana,after washing with petrol ether,melted at 

117-119°C. The petrol ether washings were combined and ta^en 

to dryness.The crystals melted at 87-90°C. 

39. Saponification of methyl epilithocholate.(LXVI). 

The methyl ester (LXVI)(15 mg.) was saponified, 

as described in section 37,and crystals were obtained which 

showed a double melting point,127° and 142-144°C. The melting 

soint does not agree with that given in the literature(177°C). 
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40. Oxidation of epilithochoiic acid.(LXXVIII). 

The crystals(LXXVIII)(12 mg.) were dissolved in 

acetic -ecid (1 ml.) and oxidized with chromic acid(6 mg. ) 

at 0°C. After standing at room temperature for an hour, the 

solution was diluted with 20 ml. of water and extracted 

with ether,(3x20 ml.).The ether was washed, dried and dis­

tilled. Crystals of 3-keto-choIanic acid (LXX) ,m.p.l38-140°C, 

were isolated. 

41. semicarbazone formation of 3-keto-cholanic acid.(LXX). 

The semicarbazone of 3-keto-cholanic acid was 

prepared from semicarbazide hydrochloride,sodium acetate 

and pyridine as described in section 9. The gelatinized 

solution Wcs extracted with ether(3xl5 ml.),washed with 

dilute hydrochloric acid, with wrater until neutrsl,- dried 

with sodium sulphate and taken to dryness.small rosettes 

of crystals formed, which melted at 225 C.(LXXII). 

42. Kydro^enation of methyl 2:3 or 5:4-cholenate. (.LXAIA) . 

The crystalline material, obtained from the petrol 

ether washings in section 38, (LXXIX)(12.6 mg.),m.p.87-90°C, 

were dissolved in acetic acid (0.5 ml.) and reduced with 

platinum oxide as eatalys.t.(The procedure is described in de­

tail in section 28.) After the hydrogen uptake Led ceased, 

the solution was filtered tnd the platinum wes recovered. 
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The f i l t r a t e v.us d i l u t e u to t en volumes v.itli v.ater ana ex­

t r a c t e d wi th e the r (3x15 ml. )The e the r e x t r a c t s v.ere washed 

n e u t r a l v.ith wa te r , d r i e d v.ith sodium sulph&te ana taken to 

dryness . The r e s i d u e was chromato^raphed,ana the f r a c t i o n s 

e lu ted v.ere r e c r y s t a l l i z e d . The r e s u l t s are condensed below. 

Chromatogram 16. 
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The crystals of traction 1 to 4 were sublimed, 

m.p.86-87°C. They were assumed to "be methyl cholanate.The 

other crystalline compound Wcs identified as methyl epi­

lithocholate (LXVI). 

43. Oxidation of desoxycholic acid.(XLII). 

desoxycholic acid(524.6 mg. ) was dissolved in 

acetic acid(100 ml.) ana chromic &cid(27& iug. in 4 mi. 

aqueous acetic acid) was added to the cooled solution drop-

wise with shaking.After standing for two hours at room 

» temperature chromic acid was still present in the solution, 

which was diluted with water aid extracted with ether. x-Tom 

the washed and dried ether solution, crystals were obtained 

on evaporation of the solvent, m.p. 188-189°C. (I.AXXI ). 
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44.0lemensen reduction of 3,12-diketo-cholanic acid. (LXXXI). 

Z.inc wool (5 g. ) was treated with a 5/* aqueous 

mercurous chloride solution(10 ml.) and shaken repeatedly, 

while standing at room temperature for one hour, xhe solution 

was decanted^ and the zinc amalgam was washed once v̂ ith water. 

It was then added to a solution of 3,12-diketo-cholanic acid 

(I<AXXI)(500 nig.) in acetic acid(7.5 ml.) and concentrated 

hydrochloric acid(17.5 ml.); and the mixture was refluxed 

for three hours with addition of concentrated hydrochloric 

acid at hourly intervals. The solution was dilutê , v.ith 100 ml. 

of water and extracted v.ith etherl3x50 ml. )The ether extracts 

were washed, dried and ta^en to dryness.The crystalline residue 

was methylated with diazomethane.On evaporation of the solvent 

an oil remained, which was chromatographed, as recorded below. 

Chromatogram 17. 
-„.,.. UM^,jw»«oa««**j^-i.fwTiwuiur>.'*v«tf*-* • • r, M:,ititrHi^l!SS>!i^'^ii'i^m^»*'t:' i^A^U>^m'ia>»VNi^isim»^b4mtaata^f*i'*i*^t>i' •*» '•» -' -»»»' **"* • tmvHumi-, 

l.Pet.Eth. 
2. 
3. 
4. 
5. 
6. •• 
7. " 
8. « 
9. 

:Bz. io:0 
n 

9:1 
8:2 
tt 

7:3 
it 

6:4 
5:5 

10 
II 

tt 

tt 

II 

tt 

It 

II 

II 

10 ml. crystals 
tt 

oil 

76-80 C 
it 

it 

it 

it 

103-105°C 
tt 

n 

IIXAX 

LXJtt.lI 

jn»WilM»*» jKvv«MaM"« *WW 

In fraction 1 to 5 crystals of methyl cholanate 

were eluted which were sublimed and gave no depression of a 

mixture melting point with crystals(chromatogram 16,fraction 

1 to 4) assumed to be methyl cholanate. 
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45. Hydrogenation of 9:11-lithocholenic acid. (LVIII). 

Lithochoienic acid(25.2 mg) was shaken in the 

micro hydrogenation apparatus in acetic acid(l ml.) with 

hydrogen and platinum oxide(6 mg.) as catalyst. The volume 

of hydrogen used up, after allowance had been made for 

leakage, amounted only to 11# of theory for the saturation 

of one double bond. 

The solution was filtered, the filtrate was diluted 

with ten volumes of water and extracttd with ether. On dis­

tillation of the washed and dried ether,crystals were isolated, 

which melted at 186-187°C.As lithocholic aria 9:11-lithocholenic 

acid have the same melting point and do not show a mixture 

melting point depression, the crystals were methylateu with 
O , V 

diazomethane.Methyl A9:11-lithocholenate,m.p. 112-114 C, (LIX), 

was isolated and identified. 

46. Hydrogenation of 9:11-lithocholenic acid methyl ester, 1-LIX) . 

The ester(LIX) (25.4 mg. ) was shaken in the presence 

of hydrogen and platinum oxide as catalyst, as described aoove. 

Only ten percent of tne theoretical uptake of hydrogen w«s 

used, after corrections had been m^de for leakage, temper at ure 

and pressure.The solution was filtered,diluted and extracted, 

and crystals were obtained showing the characteristic melting 

point of methyl 9:11-lithocholenate (LIX) ,m.p. 110-112°C. (The 

melting point of methyl lithocholate is given as 130°C.) 
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Par t 1 C . 

The bromination of bisnordesoxycholic acid and e t i o - a l i o -

cholanic tcid. 

1. Introduction. 

The bromination of fatty acids in the ̂ -position 

has frequently been described in the literature. Gilman(467) 

quotes the preparation of the o^bromo derivative of ceproic 

acid,using bromine in the presence of phosphorus trichloride. 

ochmidt(468) hdogenated acids^with red phosphorus serving 

as catalyst. According to Richter(469) halogenation of the 

acid chlorides proceeds more rapidly than that of the cor­

responding acids, postulating the acid halide formation as 

an intermediate in the halogenation reaction. The preparation 

of cC-bromo-paimitic acid k s been described by Eicicinbottom 

(470),who obtained the compound by reacting ctry bromine with 

palmitic acid in the presence of red phosphorus. Houben(47I), 

'Zelinski(472) and vollhart(473) report brominations of fatty 

acids using phosphorus pentabromide or red phosphorus as 

catalyst. 

Enolisation of tne acid halide, followed by addition 

of bromine and elimination of a molecule of hydrogen bromide, 

has been proposed as the mechanism of the reaction.The pre­

sence of a phospho-halide appears to be necessary. 

74# 



The bromination 01 a bile acid in the ^-position 

has never been accomplished. Wallis(474) described the action 

of bromine on the silver salts of bile acids, which resulted 

in tne decarboxylation of the compound and the introduction 

of a bromine atom on the terminal carbon atom with precipita­

tion of silverbromide.This type of reaction is, however, dif­

ferent from the one under consideration in this investigation, 

±leischer(475) prepared tne aldehyde corresponding 

to desoxycholic acid and Gallagher(476) synthesized the 

nor-cholanyl methyl ketone from desoxycholic acid.Both com-

pounds could be brominated in the 23-positicn in the pre­

sence of hydrogen broimide. On debrominaticn with ccllioine 

end oxidation,bisnordesoxycholic acid was obtained,although 

in poor yield. 

These reactions, involving the bromination of a 

methylene group next to a carbonyl double bond, hc.ve been 

applied with great success to other positions in the steroid 

molecule. The reaction was discovered by Butenandt(404), 

who introduced a bromine atom in trie 4-position adjacent 

to a 3-ketone group. Marker and V/intersteiner (478,479) 

described the bromination in Up^-position, and tne bromi­

nation of the 0̂ 7 and C^p-positions adjacent to ketonic 

groups was also investigated by Marker(477). The bromine in 

most of these compounds could be displaced by a hyoroxyl 

group on saponification,an important factor for this study. 



2. Discussion. 

The bromination of bisnordesoxycholic acid was 

investigated in an effort to shorten the degradation of 

the bile acid sidechain. In the Barbier-Wieland(457,458) 

step-wise degradation(LXXXIII-XCIV), the nor-(LXXXVII) 

and the bisnor acid (LXXXVI1I) were obtained in good yields. 

hendall(459) achieved 90/b yields of the two acids by a 

two phase oxidation in acetic acid, chloroform ajad sulphu­

ric acid at room temperature. 

However, tne further degradation of the bisnor 

acid to the etio acid (XCIV) by the method of Hoehn and 

I£ason(460) proved tedious and unsuited for large scale pro­

duction, on account of the difficulties in handling large 

amounts of ozone and periodic acid.Only 33;* yields were 

obtained by Heard and \</asson(461) by running the six steps 

from the ternorcholanyldiphenylethylene (LXXXIX) to the 

etio acid(XCIV) without isolation of the intermediates. 

The literature on the modifications and improvements of 

the sidechain degradation is considerable(460-466), the 

yield,however, still poor. Direct oxidation ofdesoxy­

cholic acid diacetate and of desoxycholic acid with the 

bile acid sidechain replaced by the sterol type sidechain 

under more vigorous conditions(Ruzicka(453,454) was 

attempted without success (455,456,462). 
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The introduction of an atom of bromine in the 20-

position, followed by saponification, acetylation ana chromic 

acid oxidation would present a rapid and simpie method of 

obtaining the etio acid together with the Gl7 and C^Q-ketones, 

(XCV - XCIX). 

The bromination of bisnordesoxycholic acid (C) in 

acetic acid was attempted, but decoloration of the bromine 

solution could not be observed, V/hen tne bromine solution 

was adued to a carbon tetrachloride solution of methyl bis-

nordesoxycholate (XCV), refluxing on the steam bath, decolo­

ration of the bromine occurred and the crystaaLline methyl 

bisnordesoxycholate was not recovered. On saponification 

crystals were obtained, which were identified as unchanged 

starting material. Uxorn the mother liquors crystals were 

isolated which showed a different melting point:148-150 C, 

and}at that time ,were assumed to be a new compound, no?̂ -

ever, on drying in the desiccator for several weeks, these 

crystals also showed the uniting point of bisnordesoxycholic 

acid (212-214°C) and did not give a depression of a mixture 

melting point with compound (0). 

.before tne identity of the low melting variety 

of bisnordesoxycholic acid was established, a number of 

attempts were made,to increase tne yield of that compound. 

As large amounts of unchanged starting material were re­

covered after saponification, bromine was added,until decolo­

ration no longer occurred,(2 moles) without improving the 

yield. Identical results were obtained when red phosphorus 
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was used as catalyst, jj-ollowing Richter's suggestion, the 

bromination of the acid chloride was investigated. When 

thimyl chloride was added to 3,12-diacetoxy-bisnorcholanic 

acid, followed by bromination and saponification, only 

unchanged starting material,bisnordesoxycholic acid, couid 

be recovered.Decoloration of tne bromine solution had also 

not occurred.Under these conditions the anhydride, instead 

of the acid chloride>is formed, explaining the lack of 

reactivity. "Then the bisnor acid was added to the thionyl 

chloride solution, the acid chloride was formed, chid the 

bromine solution was decolorized on addition. Saponification 

yielded again bisnordesoxycholic acid in both aliotropic 

forms. The introduction of a bromine atom in the ̂ -position 

of the bisnor acid sidechain had not been accomplished. 

Bromination of a bile acid was again investigated, 

in an attempt to prepare adrenal cortical hormones of the 

type of Kendall's compound !,E!,.The synthesis of the di-

hydroxy acetone sidechain had been accomplished by Reich-

stein, hendall and Sarett (411). As starting materials for 

the sidechain synthesis, etiocholane-o-ol-17-one and 

acetylene were used. 

Starting from an etio acid, it was hoped, bromi­

nation and saponification would yield tne required 17-hyarox, 

etio acid, which could then be transformed in 6ooa yield to 

the compound with a uihydroxy-acetone sidechain by the chain 

of reactions used in part 1 A of this thesis. 
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3-(i3)-ol-Z\5:6-etiocholenic acid was reduced with 

hydrogen and platinum oxide as catalyst to 3-(a)-ol-etio-

ailochoianic acid anu to a small degree to the Gc-eoimer. 

Bromination of methyl 3-(tf)-acetoxy-etioallocholanate(CIV) 

was carried out in acetic acid in the presence of dry 

hydrogen bromide. A mixture of crystalline compounds w-as ob­

tained. 

lartial hydrolysis of the starting material was 

suspected and 3-(ii)-ol-etioaliocholanic acid methyl ester 

(CX) was prepared by hydrolysis in metnanolic hydrochloric 

acid. Another sample of starting material was saponified 

to 3-(i)-ol-etioallocholanic acid (CXI).Tne compounds iso­

lated after bromination were found to oe identical with 

these two hydrolytic products.On saponification of the 

bromination products, 3-(tf)-ol-etioallocholanic acid was 

obtained. Bromination had not occurred.The investigation 

Was therefore discontinued. 

Kru 4 J-
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3. Experimental \7ork. 

1. Action of bromine in acetic acid on bisnordesoxycholic 

acid(C) at room temperature. 

Bromine (4.4 g. ) was dissolved in acetic acid, arid 

the solution was diluted to 50 ml. in a volumetric flask. The 

strength of the bromine solution was determined by titration, 

described in part 1 A, section 16. Five ml. of tne bromine 

solution per g. bisnordesoxycholic acid were one molar equi­

valent. 

Bisnordesoxycholic acid(C)(1.03 g. ) was dissolved in 

glacial acetic acid(10 ml.),five drops of the bromine solution 

were added, and the solution was allowed to stand at room tem­

perature. Decoloration was not observed. After trie addition or 

one mole bromine, the solution was allowed to stand for 16 

hours at room temperature. The mixture was diluted with ten 

volumes water, tne bromine removed, did unchanged starting 

material was recovered from tne ether extract. 

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

desoxycholate (XCV) on the steam bath. 

A solution of 4.4 g. bromine in 50 ml. carbon tetra­

chloride was prepared and standardized as described.The ester 

(XCV)(958.5 mg. ) was dissolved in carbon tetrachloride(25 ml.), 

and 5 ml.bromine solution(l.l mole) was added to the gently 

boiling solution^dropwise, awaiting decoloration before 
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further addition of bromine. In the absence of the bisnor­

desoxycholic acid methyl ester, decoloration of the bromine 

solution on addition to boiling carbon tetrachloride was 

not observed. 

The brominated solution was cooled,washed with 

10$ sodium carbonate solution(3x20 ml.), with water until 

neutral, dried with sodium sulphate and taKen to dryness. 

The brown residue could net be crystallized. 

Bromination was repeated on a smaller scale 

on the ester(213 mg.) until decoloration of the bromine 

did not occur anymore.( 2 moles bromine).On extraction 

a brown oil was obtained. The same results were obtained 

from a bromination of the ester in the presence of red 

phosphorus as catalyst.Bromine was decolorized and fumes 

of hydrogen bromide v.ere given off (trapped in water) in 

all experiments.Crystallisation of the oily residue never 

succeeded. 

3. Saponification of the bromination proauct. 

The oils obtained on bromination of the bisnordes­

oxycholic acid methyl ester were separately saponified by 

reflux for one hour in methanoiic potassium hydroxide ( 5 g. 

in HO ml.90;^ methanol). The cooled solutions were poured 

into ten volumes of ice water, filtered, acidified v.ith 

dilute hydrochloric acid, and the precipitate was filtered, 
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washed, dried and dissolved in methanol.On addition of ether 

to the methanolic solution, crystals formed,m.p.208-212°C, 

which were filtered, iron: the filtrate on addition of ether, 

more crystals of the same compound separated. They were 

filtered off,and the filtrate was condensed to a small 

volume, diluted with benzene ana allowed to stand in tne 

refrigerator.Crystals were filtered off which melted at 

188-193 C. Two further crops of crystals were isolated in 

the s,.ie way from the filtrates, m.p. 148-149°C. 

To prevent secondary reactions of the bromina­

tion product on exposure to light, a further batch of 

the crystals (XCV) (1.012 g. ) was brominated;and the reaction 

product was saponified.On fractional crystallisation the 

tv/o types of crystals were again isolated. 

The first two crops of the saponification pro­

ducts crystallized readily,m.p.208-212 C and were identified 

as bisnordesoxycholic acid. The next crop showed a broad 

melting point, whiie tne last two or three crops melted 

sharply at 148-150°C.This compound was not the methyl ester 

of bisnordesoxycholic acid, as was suspectedl methyiation of 

the acid in methanol with traces of hydrogen chloride), but 

was identified as bisnordesoxycholic acid;after desiccation 

for several weeks, m.p.208°C.It is assumed to be an allo-

morph of bisnordesoxycholic acid. 
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4. Acetylation of bisnordesoxycholic acid. fo). 

The acid (C)(0.9703 g.) was dissolved in acetic 

anhydride (13 ml.) and pyridine (16 ml.) and allowed to stand 

for 48 hours at room temperature under anhydrous conditions. 

The solution was then heated for 30 minutes on the water bath, 

water (3 ml.) was added,and the heating on the steam bath 

was continued for two hours,to decompose tne anhydride formed. 

The solvent was removed on the steambath under vacuum, the 

residue was taken up in ether (50 ml. ), washed writh dilute 

hydrochloric acid and extracted with ice cold by6 sodium 

carbonate solution(3x30 ml.)The extracts were quickly aci­

dified and extracted with ether.The ethereal solution was 

washed, dried and taken to dryness. The residue crystallized 

from ether, m.p.155-160°C. 

o. Bromination of bisnordesoxycholic aicid diacetate after 

treatment with thionyl chloride. 

Thionyl chloride (5 ml. ) (purified by distillation 

from quinoline and boilea linseed oil) was added to the 

diacetate (CI)(1 g.) at 0°C,and the solution was allowed 

to stand for one hour at 0°C and 22 hours at room tempera­

ture under anhydrous conditions. The solvent was then dis­

tilled.- under vacuum below 40°C.The residue was dissolved 

in glacial acetic acid(10 ml.) and 5 ml.of the solution of 

bromine in acetic acid v/as added slowly. Decoloration of 

the bromine solution did not occur. 
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The solution was extracted and the residue was saponified. 

Pure crystals of bisnordesoxycholic acid were recovered, 

m.p.212-214°C. 

6. Bromination of 3,12-diacetoxy-bisnorcholanyl chloride. (CI). 

The diacetate(CI)(962.1 mg. ) was added to the 

thionyl chloride (5 ml.) at 0°C,and the solution was Kept 

for 16 hours in an ice bath under anhydrous conditions. Tne 

solution was diluted with dry carbon tetrachloride (5 mi.), 

and 5 ml. of the bromine-in-carbon-tetrachloride solution 

wras added dropwise. After three hours, all the bromine had 

reacted; and tne solvents were removed under vacuum at 50°C. 

The residue was saponified with 20/* methanolic potassium 

hydroxide solution(one hour refluxing).On extraction, an 

oil(884.3 mg) was obtained which crystallised from ether, 

petrol ether.m.p.143-150°C. 

7. Methylation ana acetylation of product of section 6. 

The crystcJLs(30C mg. ) were dissolved in ether ana 

methylated with diazomethane. On evaporation of tne ether 

and destruction of excess diazomethane,an oily residue was 

obtained. It was dried, dissolveu in acetic anhydride (xO ̂ i.) 

and anhydrous pyridine(12 ml.) and allowed to stand at room 

temperature for 60 hours under anhydrous conditions. The solu­

tion was poured into ten volumes acidified ice water ana 

extracted with ether(3x100 ml.)From the ether extract an oil 

was obtained.On chromatography only oils were eluted 
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Bromination of 3- (i3)-ol-etioallocholanic add. 

8. Acetylation of 3- (ii)-ol-."\4: 5-etiocholenic acid methyl 

ester. 

The ester (5 g.)(m.p.180-183°C) was dissolved in 

acetic anhydride(27 ml.) and heated for 30 minutes en the 

steam bath under anhydrous conditions. On cooling crystals 

seaarated and were filtered.The filtrate was diluted with 

ten volumes of water, chid tne crystals formed were also 

filtered.The 3-acetate (CVIII),m.p.155-I57°C was obtained 

in quantitative yield. 

9. Hyuro^enation of 3- (;;>)-acetoxy-A4: 5-etiochoxenic acid 

methyl ester.(CVIII). 

The crystals (CVIII) (4.9 g. ) were dissolved in 

acetic acid (50 ml.) and platinum oxide(I50 mg. ) was added. 

The compound was reduced cS de-scribed for the micro hyaro-

genations in part 1 B, section 28. After one hour 330 ml. 

hydrogen gas had been used up and further Uptake was not 

observed. 110/* of the calculated amount of hydrogen for tne 

saturation of one double bond had been used. Tne solution 

was filteredl to recover tne piatinum), ana the filtrate was 

diluted with ten volumes ice water.Crystals precipitated 

which were filtered, washed and recrystallized from methanol. 

The crystals of the first two crops melted at 15o-154°C.(CIV) 

Prom the mother liquors crystals of the Cs-epimer separated. 
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10. P a r t i a l hydro lys i s of 3- ( i i ) -acetoxy-et ioal locholanic acid 

methyl es ter(CIV). 

The compound(OlV)(97 mg.) was dissolved in methanol 

(10 ml.) containing concentrated hydrochloric acid (u . l m l . ; . 

After s tanding a t room temperature for 24 hours, the solut ion 

was d i lu ted with ten volumes of water and extracted with 

ether(3x30 ml.) The ether solut ion was washed neutra l with 

water, dr ied with sodium sulphate and taken to dryness. The 

residue c r y s t a l l i z e d from methanol, m.p.175-177°C. (OX). 

11. Saponif ica t ion of 3-( i3)-acetoxy-etioaiiocholanic acid 

methyl es ter (CIV) . 

sapon i f i ca t ion was carr ied out on 93 mg. of tne 

ester(ClV) in methanol (10 ml.) and 6 h sodium hydroxide 

so lu t ion (5 m l . ) ( 2 hours re f lux ing) . The solut ion was cooled, 

d i l u t e d with ten volumes water,washed with ether, ac id i f ied 

and ex t r ac t ed with ether(3x50 ml.). The washed and dried 

e ther e x t r a c t y ie lded c r y s t a l s on evaporation of the solvent . 

m.p.248-250cC.(CXI). 

12. Bromination of 3-( r i ) -acetoxy-et ioal locholanic acid 

methyl e s t e r . (CIV) . 

Dry hydrogen brocade WcS l i be ra t ed by tne addi t ion 

of bromine to t e t r a i i n did dissolved in g l a c i a l ace t ic acid, 

( d i r e c t i o n s found in Houben;. 
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The ester(ClV) (997.7 mg. ) was dissolved in lu ml. 

acetic acid, saturated with o.ry hyciro&en bromide, and a few 

drops of the bromine-in- acetic-acid solution were adoea. At 

room temperature no decoloration could be observed, even 

after irradiation with ultraviolet light. On heating the 

solution on the steam bath decoloration was observed and tne 

rest of the bromine solution was added dropwdse. (1 mole). 

After 4 hours the solution was cooled, diluted with ten 

volumes of water and extracted with ether(3x50 ml.).in­

fraction with 5/6 sodium carbonate solution haa to be aba.n-

donned on account of the formation of unbreakable emulsions. 

The emulsion was broken on acidification)and the material 

was reextracted with ether. The ether was wi shed, dried and 

distilled.Crystals formed.They melted partly at 178-lcO°C 

and the rest melted at 205-212°C. Hydrolysis of the 3-acetoxy 

group during bromination and sodium carbonate extraction 

was suspected to have occurred.The crystals were, therefore, 

saponified. 

13. Saponification of bromination product. 

The crystals were dissolved in methanol(26 ml.; 

and 6 H sodium hydroxide solution (13 ml.) did refluxed on 

the steam bath for two hours. The red solution was diluted 

with ten volumes of water, washed with ether end acidified. 

The vellow precipitate was filtered, washed with Water arid 

crystallized from methanol. The crystals,m.p. 246-249 C, 
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showed no depression of tne melting point wnen mixed with 

3- (ii)-ol-etioallocholanic acid(CXI). 

14. ixethylation of crystals obtained in section 13. 

The crystals, melting at 246-249°u, (150 mg. ) were 

suspended in ether and methylated with diazometnane.After 

15 minutes at room temper*ture,the diazomethane and ether 

were distilled. Crystals,melting at 175-I78°C, were isolated. 

They showed no melting point depression when mixed with 

3-(i)-etioallochola.nic acid methyl ester and with the crystals 

isolated after bromination, m.p.178-lbO°C. 
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Summary and Conclusion of Part 1. 

A. The difference in the yield of pregnane-21-acet-

oxy-3,12,20-trione, whether prepared from 3,12-diketo- or 

3,12-diacetoxy-etiocholanic acid, was found to be due to 

the interference of ketonic groups in the* formation of the 

acid chloride with thionyl chloride. 

12-keto-desoxycorticosterone acetate was prepared 

by the method of Fuchs and Reichstein and found to be inactive 

in the glycogen deposition and the Ingle test. In larger 

doses ( 0.5 mg.) the compound was toxic. 

B. The preparation of 3-hydroxy- 12-keto-cholanic 

acid was studied by partial acetylation, succinoylation 

and semi-phthallate formation as intermediate reactions. 

With selenium dioxide, methyl 3-acetoxy-12-keto-cholanate 

was dehydrogenated ,and the separation of the 5Q^pure reaction 

product from its starting material was studied. Prolongued 

dehydrogenation with additional amounts of selenium dioxide 

and periodic spectrophotometry examination of the product 

gave 95$ yield of the desired compound. The product did not 

react with semi-carbazide under any condition, but the semi­

carbazone was formed after hydrolysis to the free acid. 

On Wolff-Kishner reduction with sodium benzylate,A9:11-

lithocholenic acid was isolated. 
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Nitration ofA9:11-lithocholenic acid does not 

produce 11-nitro-A 9:11-lithocholenic acid. 

The C3-nitric acid ester is formed, which on 

hydrolysis gives rise to the C5-epimer of 9:11-lithocho­

lenic acid ester. Epimerisation was proven by preparation 

of a number of derivatives, which could be identified, by 

repetition of the reactions with lithocholic acid and by 

digitonin precipitation of the B-hydroxyl epimers at C„. 

Dehydration produces an unsaturated linkage in 

the 2:3 or 3:4 position on hydrolysis of the nitrate, and 

the small amount of this product was identified after 

reduction to methyl cholanate by mixed melting point de­

termination with methyl cholanate^produced from desoxy­

cholic acid. 

The observation was made, that the reduction with 

platinum oxide as catalyst proceeds readily in case of the 

C3-epimers of A 9:11-lithocholenates, but not in the case of 

9:11-lithocholenate or the corresponding acid. The importance 

of the position of the C3-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 C^-epi-etioallocholanic acid 

at the o(-carbon atom was studied under various conditions. 

The desired bromo compound, respectively their saponifica­

tion product, the x-hydroxy acid,could not be obtained. 
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Part 2. 

The Application of Ultraviolet Spectrophotometry to the 

Estimation of Steroid Hormones in Blood and Urine. 

1. Introduction. 

At present^the accurate estimation of progesterone 

and estrogens in tissues and fluids depends on biological 

assay. The original method of Corner and Allen(354,355; for 

tne estimation of progesterone has been modified and improved 

(356,357),so that now quantitative estimation of micrograms of 

progestational hormone is possible.(358-361). For the deter­

mination of estrogen the vaginal smear technique of Allen and 

Doisy (281,282) has proved very valuable. Since then a number 

of more rapid biological assays have been developed, and trie 

methods have been standardized to give uniform results. (ic7a-2e6). 

In all bioassay methods a number of variable factors 

in the standardisation of hormones exist, which have be^n 

studied in the case of the estrogens, by Larrian and ru^siey. 

(288-290); The variation in the reaction of individual mice 

to the injection of the same amount of hormone is considerable, 

even amongst fairly homozygous animals. Similar, though less, 

variation is found in the reaction of groups of 2L anima.ls.The 

condition of the animal ( age, weight and health) is also of 

importance, regarding the method of administration, division 

of the dose into a series of injections^ arid lengthening of the 
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per iod of admin i s t r a t ion to 24 to 36 hour** nearly doubles tne 

percentage response. The 'solvent and tne s i t e of in jec t ion are 

a lso of s ign i f i cance . The c r i t e r i a of es t rus vary from trie dis 

appearance of leucocytes to the complete corn i f ica t ion of the 

vaginal con ten t s . Another important factor i s m.ie numuer of 

smears taken, because short periods of cornixicat ion ch'i ue 

missed on da i ly examination, while,on the other hand,posi t ive 

r eac t ions Cc.n be e l i c i t e d on frequent smearing in txie absence 

of es t rogens . (279). hmaens (^91) showed, that non-estrogenic 

subs tances^exis t ing in urine^can increase estrogen a c t i v i t y 

t en - fo ld , while marker (292) discovered tne presence of a l i o -

pregna.nedioi in u r ine , which possesses androgenic p roper t ies , 

counteract ing the effect of the estrogens. When la rger quan­

t i t i e s of hormone are present , non-phenolic compcunas can be 

el iminated, and the estrogens are pa r t i t i oned into strong ana 

weak phenolic es t rogens . Small e r rors in the d i s t r i b u t i o n of 

the hormones a re , however, mul t ip l ied on bioassay, aue to the 

d i f ference in b io log ica l a c t i v i t y of the estrogenic hormones, 

and have inva l ida ted scores of experimental data. 

The need for a simple chemical method s t a r t ed the 

i n v e s t i g a t i o n of colour reac t ions for the est imation of hor­

mones. (293-303). most of them have proved to be non-specif ic , 

but the Zimmermann reac t ion (303) for tne est imation of 17-

chd 20-ketones and the Kober t e s t (304-315) for estrogens 

have been found s u f f i c i e n t l y s ens i t i ve and spec i f ic to be 

usefu l . 
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The amounts of estrogenic and progestational hormones, 

present in blood, are toe small to be detected coiorimeUically. 

Thorough investigations of the quantities of estrogens in blood 

during the menstrual cycle and pregnancy;have revealed the pre­

sence of img. estrogen (calculated as estrone) in 100 ml. of 

blood. According to Szego (343,344,145), the estrogens are in a 

water soluble form, 2/3 of which are in loose combination with 

protein. The work of Hoffmann(365-368) has established the 

existence of 50 to 100 microgram of progestational hormone in 

100 ml. of serum during advanced pregnancy. Its physical and 

chemical nature mas not yet been determined. Pclarographic 

determination of progesterone (Heyrovsky, holf e et al., 369-371) 

is thought to be not sufficiently sensitive for such minute 

amounts. 

' The liberation of the estrogens from their conju­

gation in blood (533-342) and urine (218) is a prerequisite 

for their chemical estimation. A variety of methods for the 

hydrolysis of estrogen conjugates nave since been published. 

(219-256). Under all conditions two processes, the splitting 

of the conjugate and tne destruction of the liberated estrogen, 

proceed simultaneously (231,232,253,254).The method, giving 

maximum hydrolysis and minimum destruction, was developed 

by harrian (230). 

vihen the Kober reaction is applied to such urine 

extracts, the formation of a pigment giving a brown colour 

v/ith the reagent, interferes with the accurate determination 
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of the estrogens present, kany investigations have been made 

to eliminate or correct for these interfering substances — 

not obtained on hydrolysis above pH 4 (ochmulowitz, 237) — 

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

of gestation, the mober test becomes reliable. 

Because of these limitations of existing methods, 

trie spectrophotometry determination of small quantities of 

progesterone and estrogens was explored. The high molar 

extinction coefficient of oc, la-unsaturatea ketones at A ih^v 

240 my. is sufficient to detect 3.8 ̂ ig progesterone in 2 ml. 

of solvent with accuracy. The determination of progesterone 

and other o(, ̂ -unsaturated ketones in 5 ml. of blood should> 

therefore, be practicable. 

v/ith the estrogenic hormones, the weaker molar 

extinction coefficient ( 2000 ) atAffiax 280 mjx demands a 

higher concentration of the hormones. 40 ml. of blood would 

be required, provided destruction and pigment formation on 

^yarolysis could be eliminated. 

lor the determination of estro0ens in urine during 

trie menstrual cycle and pregnancy, this method appeared to 

present great possibilities,as adequate quantities of urine 

are easily obtained. The investigation, originated cy heynolds 

(373),on the microaetermination of progesterone and estrogens 

by ultraviolet spectrophotometry was, therefore, applied to 

biological fluids. 
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2. d iscuss ion. 

The ex t rac t ion of l i p i d s from serum had to be studied 

f i r s t . Reynolds (373) followed ALlen1s method (372) for the 

ex t rac t ion of progesterone from ovar ies . Although Alien suc­

ceeded in i s o l a t i n g progesterone, the addit ion of alcohol to 

serum was not considered suf f ic ien t for the complete removal 

of l i p i d s from t h e i r poss ib le combinations. 

jhacheboeuf and Tayeau (379-383) described the 

l i b e r a t i o n of l i p i u s from blood by means of soaps, p a r t i ­

cu la r ly potassium bromo-stearate. Cnargafi (378) succeeded 

in l i b e r a t i n g most l i p i d s from pro te in combination by the 

use of hepar in , but complete re lease was not effected. The 

two most promising methods described in the l i t e r a t u r e are 

a) the quick-freezing of serum emulsified with ether (Char-

gaff and hcFariane, 384-386) and b) the methanol ext rac t ion 

of lyoph i l i zed serum (Flosdorf et a i . ) (377) .^o th methods 

were examined in t h i s i nves t iga t ion . 

The e ther ex t r ac t s (method(a)j were washed with 

h sodium hydroxide so lu t ion to remove acids and phenols, 

washed n e u t r a l with water and evaporated to dryness, The 

methanol e x t r a c t s (method(b)) were taken to dryness,and the 

res idue was dissolved in ether and pur i f i ed as in method(a). 

The d r ied res idue was t r ea t ed with (i irard' s reagent "T11 and 

the ke ton ic f r a c t i on was examined spectrophotometr ical ly 

for the presence of a 240 IMI absorpt ion maximum. 
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In a preliminary investigation,the absorption 

spectrum and the molar extinction coefficient at Ar ^r 240 mu 
"* m ax. > 

(16600) of pure progesterone in ethanol were recorded. 

To study the recovery of progesterone from serum, 

four mg. progesterone were added to dried serum and extracted 

as described above. 90;* of the added material was recovered. 

A similar recovery experiment, to test further the accuracy 

of the method^ was carried out on dried serum, to which 50 mg. 

cholestenone had been added.90/^ of the material was recovered 

in tne xetonic fraction. A second separation of hetonic material 

and a. longer period of hydrolysis increased tne total yield 

uy 2 . 7/0. 

The preliminary findings justified the application 

of the method to the determination of progesterone in serum. 

A sample ox pooled lyophilized plasma was extracted dia ana­

lyzed spectro,hotometrica_ly. A maximum at 240 mu ws not ob­

served; instead a strong absorption band at i50 mu suggested 

the presence of other unsaturated ketones, interfering v:itu 

the estimation of progesterone. 

10 examine U-e interfering, effect of tne As__ LbO up 

absorbing compound, pro-esterone was aamea in incre&si^ uoses 

to the plasma extract. As the amount of progesterone was" in­

creased, the absorption maximum v/as observed to shift from 

230 to 240 mu and their extinction coefficients were found 

to add up. 
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The elimination of the interfering substance by 

chromatographic separation was investigated. Progesterone, 

which had been recovered from one of the preliminary expe-

riments>was chromatogrephed on a column of alumina and was 

quantitatively recovered on elution with benzene 10G/<? ana 

"benzene to ether 20:1 mixtures. 

An extract of lyophiiized plasma was chromatogra^hea, 

and all eluates were examined spectrophotometricaj-iy. in tne 

majority of fractions tne 2aG my. maximum w.s observed. At 24tum)i 

no absorption band could ue observed in any of the fractions. 

¥ith lOO/o benzene a small amount of crystalline material was 

eluted, which showed an absorption band at 275 my and melted 

at 144°C. This substance was isolated from every ketonic 

plasma extract in small amounts, but was not identified. 

( Pregnanolone v) 

As progesterone could not oe discovered in normal 

n „„ ^ •• i-,en-n of a woman in advanced .̂ reg-plasma, one ml. samples oi pxasau. OJ. a ..umQi 

nancy v;ere examined. A 240 my. maximum fes not detected. 

Liood pxasma, blood serum and iimceu blood cells 

gave ail the same results', a strong absorption band at ioc mu 

Was found in all extracts, but a ,40 mu maxima coma not be 

discovered even after chromatographic se._ar,tion. 

In Cose of a stronger,chemical bond between the 

-/) nv-<-iv; -rote-ins. wlasma was acidified with ccn-hormone and pi^sm^ ̂ iun.ii'01 j.-^^ 

centvated hydrochloric acid and extracted and fractionated. 



Crystals melt ing at 144 C were again obtained, together with 

oi ly f r ac t i ons absorbing maximally at 230 and 234 mji.nov/ever, 

in addi t ion an absorpt ion maximum at 238 mu and two at 240 mu 

were discovered* As a 100 ml.plasma was used for t h i s inves­

t iga t ion , l e s s importance was attached to the strong acid t reat ­

ment than to the use of large enough quan t i t i e s of serum or 

plasma. From the ex t inc t ion coeff icient , the concentrations 

of <x, ^ -unsa tura ted xetones was calculated. 1'rcm ICO mi. ^oolea 

plasma c7 p.g 0(: i5- unsaturated ketones were i so la ted . Their 

i d e n t i f i c a t i o n as tes tos terone,progesterone or adrenal c o r t i ­

cal hormones was not undertaken, however, model cnroma.tograms 

of the ind iv idua l c r y s t a l l i n e hormones and the i r mixtures 

can be expected to give an e lu t i cn pa t te rn , from which the 

f r ac t i ons of serum ex t r ac t s could be iden t i f i ed . 

> -oooooooocc 

The estrogen estimate ( bioassc.y ) of normd non-

pregnancy urine varies from SO to 500 jig estrogen (calculated 

as -estrone). As all estrogenic material is presumaoly excreteu 

in a wat,r soluble form, hydroxy sis of the conju^tes appears 

to be necessary The method of neurolysis adopted in tne .re­

sent investigation is that of Smith and omith(£47): refiuxin, 

i 0 r ten minutes with 150 ml. concentrated hydrochloric acid 

per liter of urine. 

The estrogens v.ere extracted with ether, taken to 

dryness and partitioned by the method of Bachman(185) and 
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mather(186). This method proved to oe superior to that of ..-arrian 

(182). The "weak phenolic" fraction was divided into non-xetcnic 

and ketonic portions by Girards reagent "T!,.Tme three fractions 

were analyzed spectrophotometricaliy, but an absorption maximum 

at 280 IGJJI could net be detected. 

Chromatographic separation of the three estrogen 

fractions was used to eliminate interfering substances, ^oaei 

chrcma.tograms on samples of all three estrogens indicated, tuat 

estrone and estradiol were eluted with 15/* acetone in petrol 

ether, while estriol was obtained on elution with luU/i? etmer. 

i:ie weak, non-ketonic phenols of the urine extract aid not 

show a maximum in the region of 280 my in any of the eluates. 

ihe ketonic, weak phenols showed one maximum at 286my9 and the 

strong phenols showed one Dana at 2dC my. As considerable 

amounts of interfering substances v.ere still present, purifi­

cation by sublimation was attempted. 

The "estradiol" fraction did not yield a susiimate 

absorbing maximally at 2dC rmu, confirming the absence of 

estradiol from this fraction. ihe,,estriol,,fraction 0ave rise 

to a suoiimate, v;hich showed an absoiption bana at 2cu L.y 

(probably due to p-cresol) and did no longer show a maximum 

at 280 my in the unsublimed residue. 

Because of the large amount of interfering substances 

tne accuracy of the determination of small quantities oi estro-

gens in the presence of these impurities was investigated. v.«n 
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addition of 15 to 120 yg.ot e s t r i o l to tne impuri t ies (eiuted 

v.ith the solvent mixture, expected to remove estrone from ad­

sorption on alumina), the absorption maximum was observed to 

sbif t from 280 - 285 my to 275 - 280 mu, and the concentration 

of estrogen cou.a only oe calculated accura te ly ,a f te r ueauction 

of the absorpt ion a t kbu-^uue to the impari t ies present , fne 

appl ica t ion of t h i s method to the estimation of Sm^.ii quanti­

t i e s of es t rogens a f t e r hydrolysis COUJ-U oniy succeed u t e r 

e l iminat ion of the impur i t i e s . At tne same time, however, i t 

was e s t a o l i s n e d , t h a t the absorption curve of tne impuri t ies 

i s a s t r a i g h t l i ne in tne region of 510 mu to 270 mpi^nd in 

aim determinat ions i t was found, that the ausoiption due to the 

impur i t i es a t 2bU mu was 1.4 x the absorption at 310 mu. As 

the estrogens do not absorb l i g h t of a wavelength of 310 mu, 

i t was found p o s s i b l e , t o ca lcula te the amount of estrogen 

presen t ,by deduction of the absorption of the impuri t ies at 

280 mu, ( ca lcu la ted as 1.4 x the absorption at 3i«u mjij • 

All f ract ions ,which had shown a maximum in the 

region of 280 mu, were t e s ted with the xvober reagent, and i t 

was found, t h a t estrone f rac t ions l ^ m a x £86 my) and e s t r i o l 

f r a c t i o n s (A f f i a x 275 and 2o0mu) gave pos i t i ve reac t ions , 

while a l l o ther f r ac t i ons t es ted gave negative resu l t s .There 

are two poss ib l e i n t e r p r e t a t i o n s of these finding —both 

probably true*—a) the rober t e s t i s l e s s Specific then claimed. 

b) the es t rogen spectrum was shi f ted by in t e r f e r ing substances 

from 2dC to 286 and 275 my. 
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To remove interfering substances aha to increase 

the quantity of estrogenic material piesent m urine,Smith 

and Smith's zinc and hydrochloric acid hydrolysis (234) of 

the urinary conjugates was chosen.Weak and strong phenoiic 

fractions were obtained.On chromatography no estiiol coaid 

be detected, but the presence of 800 tig estradiol Was de-

f 
eluate. 

, . , . , . "V * tt 

uucea i ron tne e x t i n c t i o n at>iT.-,v ^oo mu i n the es t raa iu i . 
IiidX 

This investigation did not result in ti.e discover, 

of a simple and reiie,ble method for tne estimation of small 

quantities of estrogens in urine, on account of the presence 

of phenolic interfering suostances, vhich co.ia not #be eli­

minated. Another limitation —the non-specificity of tne 

srectrorhotometrie method overcome. Separation of tne 

estrogenic hormones and some of their products was accom­

plished by solvent wartition, Crircrd's reaction .na euro-

mato.rrawhv. mixtures of acetoi.e anu uenzene being ust-a as 

eluants. 

104. 



o. lixperimentai Work. 

1. The ultraviolet absorption spectrum ana the molar extinction 

coefficient of progesterone. 

Progesterone (..6 mg.) was dissolved in etnanol 

(ICO mi.)> ana tne solution was analyzed spectrophoto^etricaiiy. 

Readings were taken from 222 my to 290 my. At A ^40 my 

the molar extinction coefficient (Em) Was calculated. 

^m ~"~(ioS Io/1 -z molecular weight)/ concentration 
= 1660c. 

2. The recovery o fA4 ;5 -cno l e^ t enone and proges terone added 

to d r i e d plasma. 

4 4 : 5 -cho le s t enone (51 .6 mg)(CXII) was mixed with 

i y o p h i i i z e d p lasma(65 .6 mg. ) and ex t r ac t ed with ethanol (6x25ml. ; 

The s o l u t i o n was f i l t e r e d .and tt._--.en to dryness . The residue-

was d i s s o l v e d in e the r (50 rnl.J^ Washed \ . i th k sodium hydioxiae 

s o l u t i o n (3x;oC ml. )} to remove ac ids and phenols , washed n e u t r a i 

with wa te r , d r i e d with souium sulphate and tax en to dryness . 

Tne r e s i d u e was thoroughly u e s i c c e . t e d . i t was tmen t r e a t e d witn 

G i r a r d ' s r e agen t nT' \ as desc r ibed in p a r t 1 h, s ec t i on b. 

ine n o n - x e t o n i c f r a c t i o n coi is is ted of 1.6 mg o i l , white in the 

x e t o n i c f r a c t i o n 4o.9 m g . c r y s t a l l i n e m a t e r i a l were i s o l a t e d , 

vnich wer£ i d e n t i f i e d as 4 4 : 5-cholestenone.90><> of tne m a t e r i a l 

had been r ecove red . 
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To determine the ca.cletenp^o n~-
i-j.fcTiene.ss Oi nyo-roiysia of ti.e 

Ketonic complexes in four hourq +>.„ 
iiuura, tne aqueous .i.i.st >..as acc.ii, 

extracted \ d t h e ther pftp-- or- v,~, 
1 " i t 6 i ^ h o u r s . An addit ional a. 7^ of 

44:5-cholestenone , a s recovered, a e non-letonic . r a c t i c n 

v ,s a ^ i n t r e a t e d v.ith G i r a r d ' s r e c e n t -T« without v i e l a i n , 

icetonic ma te r i a l on hydro lys i s . 

The scL.e procedure w « fu i io .ea in a recover-

experiment on progesterone (4.1 mg.), added to a n e a ol,sma 

(54.7 mg.).90/b of the hormone w.s recovered in tne a t o n i c 

Traction. 

3. Chromatography of progesterone. 

The o i ly residue)containing the recovered proges­

terone, was dissolved in benzene (1 ml . ) , d i lu ted with 20 

volumes p e t r o l e ther and adsorbed on a column of alumina. 

Crys t a l l i ne progesterone was recovered on e lut ion with 

lOO/o benzene and benzfene:ether(20:l)mixture. 
» 

4. Examination of dried pooled bloou plasma. 

jJried plasma (770 nog.) was extracted with ethanol 

(4x30 mi.) (with stirring on the steam bath. ); did tne solutions 

were decanted. The residue was then extracted with a chloro­

form: ethanol mixture(1:1)(5x00 mi.). Tne latter extracts 

were not pooled with the ethanol extracts, but both were. 

taken to dryness, dissolved in ether( 50 mi.), washed with 

1. sodium Iivdrcxide solution (3x15 ml.), with water until 
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neutral, arieo. with sodium sulphate and taxen to aryness.Bctn 

residues were separated into xetonic ana non-ketonic tractions 

with Girard's reagent MTrt. 

The chloroform,ethanol extracts yielded 1.5 mg. of 

ketonic material,which showed an absorption band ona- ir, tne 

reg 
clon of 21b my,and was d i scarded . The etna.no 1 e x t r a c t s ^c.ve 

5.4 mg. k e t o n i c and 27.6 mg. non-xetonic o i l s . Tne absorp t ion 

swectrum of the k e t o n i c f r a c t i o n possessed two maxima: one 

a t 275 mu( simple k e t o n e s ) , t n e o ther a t 250 my. Ura^n: l-^be -^° ) 

Ifo maximum a t 240 my was observed. 

5. R e p e t i t i o n of the e x t r a c t i o n of blood ± l a s^a . 

To i n v e s t i g a t e , ,v*.ether reproduceable r e s u l t s 

could he ob ta ined witn the procedure of e x t r a c t i o n ana p u r i ­

f i c a t i o n , t h r e e ba tches of 5CC ir€. of dr ied , - i a ^ a vere 

. - -r\ . n- 'h^pd s>ectrothiotometr icaixy. e x t r a c t e d , f r a c t i o n a t e d and d i a l l e d ^eomi A 

. , •,. J- --^a • vu f^75 mu and s imi l a r 
I d e n t i c a l s p e c t r a , w i t h maxima at *oU - " - - ' * ^P 

i n t e n s i t y , were ob ta ined . 

6 The interference of tne 250 my maximum w itu tne detection 

of r,ror esterone added to plasm< 

,.T,nrir/c 5 m- ) was added to dried gia.sma(i 0. ), 

and the fixture w*s extracted v:ith ethanol, pxririec ^ frac­

tionated in the usual u^ner. In its absorption ^ectru*. tne 

,1ft..0j ,-, r.-.-yimum :t 236 mu, indicating the xetonic residue snov.ed o L.aXimu- ...u ̂  K, 

0 nr 1 v^6 r-. X, ̂ -unsaturated ketones (c&lcult.tea as •presence or J-.OOO m0. A,^ 
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p r o g e s t e r o n e ) . The experiment was repeated with tne a d d i t i o n 

of 2 mg. of p r o g e s t e r o n e to 1 b . a r i ed plasma.A maximum a t 

*4c my v.as observed ana tne presence of 2.85 mg. p roges te rone 

wss deduced from the observed e x t i n c t i o n , l o t h es t imates 

were too high>and the absorp t ion due to 85e pg. or "proges te ­

rone" per one g. d r i ed plasma has to be a t t r i b u t e d tc tne 

u n i d e n t i f i e d m a t e r i a l (^..... 230 mu). 

Another Sample of d r i ed pi^ema(55o mg. ) \»a^ ex t r ac t ed 

and the k e t o n i c T r a c t i o n was d i sso lved in IOU ml. etl^.nox in .a 

vo lumet r ic f l a s k , m e absorp t ion maximum a t 250 mu was age.in 

Observed. To t h i s s o l u t i o n 1 mi. of a s tandard ^ ru^es te rone 

soj_ution( 226 yg.) was added, and the volume was reduced to 

100 ml. by evapora t ion under a stream of n i t rogen . The ab­

s o r p t i o n spectrum of the s o l u t i o n was recorded (^cbe 110.) , 

and the s o l u t i o n was re tu rned q u a n t i t a t i v e l y to tne volumet­

r i c f l a s k . T h e a d d i t i o n of 1 ml. s tandard proges terone so lu t i on 

was r e p e a t e d four t imes , and the s o l u t i o n s were analyzed s±. ec-

t r o p h o t o m e t r i c a l l y . The r e s u l t s are given i n a t a u l e . 

ml. s t a n d a r d p r o g e s - i n 10a ml. Am ex ^ H ' p g - ( c a l c u l a t e d a.s[ 
t e r o n e s o l u t i o n . s o l u t i o n . * p roges t e rone ; | 
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It was concluded that in the presence of the interfering suo-

stance quantitative estimation of progesterone is impossible. 
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7. Chromatography of the n e u t r a i . x c t o n i c e x t r a c t of u r i e a 

p iasma. 

The n e u t r a l , x e t o n i c f r a c t i o n (irom one ?. i^o, h i -

l i z e d pooled plasma.) was d i s so lved in benzene (1 m l . ) , and 

p e t r o l e t h e r was added to i n c i p i e n t t u r b i d i t y . The s o l u t i o n 

was poured on a column of alumina( narshaw, acid wasned, 

r e a c t i v a t e d , p e t r o l e the r washed) ana exuted with p e t r o l 

e ther : benzene and benzene ; e the r mixtures , me f r a c t i o n s 

were taken to dryness and analyzed spec t ropno tomet r i ca i ly . 

•while no f r a c t i o n showed a 24u mu absorp t ion band, a number 

exh ib i t ed maxima a t 230 and 255 mu. V/ith lou/o benzene 

s a t u r a t e d k e t o n e s were e lu ted^A n. 274 mu). 
max i 

Attempts to remove the interfering substances 

by sublimation and solvent partition remained unsuccessful. 

8. Lyophilisation of rabbit blood serum. 

Blood (4ml.) was obtained from a rabbits ear 

vein. The serum (1.5 ml.) was spread over the whole inner 

surface of a test tube(with a ground glass joint and a 

connection to the high vacuum pump). The serum was thus 

frozen by immersion in a carbon dioxide snow - acetone 

mixture and v.hen frozen, the test tube was attached to tne 

high vacuum pump, where the ice sublii-.ed v/ithout -elting. 

tftter vapour condensed to ice on the outsiae of the tube, 

and its melting was t.n indication that the sublimation 
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was enuea. The vacuum Wa.s* released, ana the resiaue (117 mg. ) 

was extracted with ethanol ana ^urified as describee, previous!, 

The small amount of ketonic material shewed no maximum in the 

region of £40 my on spectrophotometric analysis. 

9. search for progesterone in the serum of women, seven aays 

before menstruation. 

One mi. samples of serum( from venous sioou) \,eit 

Ivophilized, extracted una fractionated, as described above. 

An absorption maximum WoS observeu in c-.ii extracts at a5a 

or 252 my together with smaller maxima at k,6u and 27o mu. 

le extracts were chroma to^rxphed, but die. not reveal th L t r a 

presence of a / l „ 240 mu band. 
^ m £ iX I 

10- Search for a 240 mp abso rp t ion band in male serum. 

Serum (2 ml. ) from a venous blooa sample was lyo-

. h i i i z e d , e x t r a c t e d end f r a c t i o n a t e d . o n spectrophotometry, 

a number of maxima were observed a t iha2, ^o^,^o4, ^7o a.y. 

Approximately tne s~me abso rp t i on spectrum u . s obta ined 

from male ana femate serum e x t r a c t s . 

1 1 . I n t r o d u c t i o n of a new e x t r a c t i o n method for l i p i d s 

from b looa . 

One ml. serum (from th ree ml. venous oioodjwe.s 

p l aced i n t o a 25 ml. s e p a r a t o r y funnel , to which 5 ml. e tne r 

were added. The mixture was shaken v igorous ly , and tne emuasion 

- i - JL i^ 
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Y;c.s frozen in a carbon dioxide snow-acetone f ix tu re . The etmer 

was decanted, f resh ether was added,.nd tae ice was aiaowwa 

to melt a t room temperature.The emul is i f ica t ion ana freezing 

process was repeated three times. The ether extracts were 

pur i f ied and f r ac t iona ted in tne usual manner. The xetonic 

fract ion snowed a maximum at 23£ my besides tne maximum at aVcmju. 

12. Comparison of the two ext rac t ion metnoas. 

Aaiquots of serum were extracted by a) iyopni t i sa -

t ion and b) i r eez ing in an emulsion -,ltn etner.-botn ex t rac ts 

were fract ionated, in i d e n t i c a l manner ana the i r absorption 

spectra were found to oe quan t i t a t ive ly arid qua l i t a t ive ly 

s imi la r . Both showed the 232 my absorption sand. 

13. Analysis of a blood plasma Simple. 

Two a l i c u o t s of plasma ( 1 mi.) from 5 ml. oxalatea 

venous blood were ext rac ted by method a) ana b; respect ive ly . 

On ana lys i s of t h e i r spectrum xio ui iference was observed . 

Both showed the ^32 my absorption maximum. 

14. Analysis of biooo in advanced pregnancy. 

oerum (1 ml. samples) was extracted oy iyo__. n i a i s a t i on 

or f reezing in emulsion with ether, pur i f i ed ana f rac t ionate v.. 

The ke tonic f r ac t i ons showed aosorpticn banus at 232 ana 274mji. 

I t was concluded the t the discovery of mater ia l , absorbing 

maximally a t 24C my, in one ml.serum was impossible, since on 

chromatographic separa t ion , the i n t e r f e r i n g substances ccuia 
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not be comple te ly i s o l a t e d , t o allow mae aeiect iom of mimute 

amounts of ĉ  , i i - u n s a t u r a t e a ke tones . 

15. Examinat ion of plasma, and red blood c e l t s for p roges t e rone . 

Two 5 ml. serum samples from women, seven days 

before m e n s t r u a t i o n , were l y o p h i l i z e d and f rac t ionated .Onxy 

a b s o r p t i o n bands a t 230 ana 27b my wrere observed. 

Tae red blood c e l l s from 20 ml. of blood were 

washed wi th s a l i n e and suspended in d i s t i l l e d water . The 

laked c e l l s were then e x t r a c t e d by the e tner emu l s i f i c a t i on 

and f r e e z i n g method.The x e t o n i c f r a c t i o n possessed a maximix 

a t 230 mu, which reached a minimum a t a25 mjLi. l.c maximum 

was ooserved i n the reg ion of 275 my. 

16. Ana lys i s of a l a r g e sample of serum and e x t r a c t i o n a t ^h 1. 

On a c i d i f i c a t i o n of 100 mi.cf serum (^oolea; \ . i th 

c o n c e n t r a t e d h y d r o c h l o r i c ac id , p r o t e i n s p r e c i p i t a t e d . The 

mix ture was e x t r a c t e d by the" e tne r - emulsion-f reeLlh0
nm^.thed 

and the p r o t e i n p r e c i p i t a t e was reex tm.c tea with boilixw e tne r . 

Th.e combined e x t r a c t s were f r a c t i o n a t e d , bes ides tne expected 

a b s o r p t i o n maxima a t 232 and x54 my, one sand was observed a t 

238 my and two band a t 240 my. Ca lcu la ted on the bas i s of the 

molar e x t i n c t i o n c o e f f i c i e n t of p roges t e rone , these bands i n d i ­

c a t e d the p re sence of 47.7 yg "progesterone1 1 i n f r a c t i o n 5, 

7 tig. ami 12.5 pg. "p roges t e rone" i n f r a c t i o n 5 and 7. Aecoram^ 

to the e i u t i o n of pure p r o g e s t e r o n e ( s e c t i o n 3 ) , f r a c t i o n 5 mast 

be assumed to r e p r e s e n t the p roges t e rone in ieC mi ._ooiea serum. 
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The ajtin.ation of Jstro^ens in x.on-.erê raacy urir.es. 

1. Hydrolysis, extraction end partition of urinary estrogens. 

ota;les of 24-hour specimens of urine v.ere cutanea 

iio:;. -c v;o£.t.n on the 18th, 21st and 24th ut.y oi i, non-U. ...eu-

strual cycle. Tne Specimens were collected under toluene and 

stored in the refrigerator. 

The uriries were rexluxea with low m±. of concen­

trated nyarochloric acid .er liter ox urine for ten minutes. 

They were rapid!,/ cooled under a stream of coxa water end the 

darn solutions were extracted with ether (o::l/o volume). 

•Tne aqueous phase was run off, ana the ether was 

filtered to remove solid natter and to break emulsion.The 

residue was thoroughly extracted with not ether, which was 

added to the ether extract. The latter was ti..en wasnea with 

10}b sodium carbonate solution (hxiwo ml.J, tne aqueous phase 

being discarded. The etner Was wasued neutral with water cud 

distilled. The oily residue was t-nen Up in eenzene (iou ml..; 

anu extracted with i^yo sodium carbonate so!ution(oxaw ml. J. 

Tne aqueous phase was back-extracted with senzene(axoC m±m)9 

acidified e.rid extracted with ether(oxbu mi. J. The ethereal 

extracts were we shea neutral anu ta^en to dryness .(/' strong 

phenols"). 

The benzene bach-extraction was added to tne ori­

ginal benzene solution, ana the combined mixture was 
llo. 
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extracted with h sodium hyaroxiae soiution(bxcw ma.;. h.c 

soda extracts were acidified and extracted with etner. (axoe mm. ) 

The etner solution was washed ncutrax with water an toa.en 

to dryness. The residue, the "weal phenols", was dried in a 

vacuum desiccator, it was then fractionated into a -etcnic 

and non-ketonic fraction by an adaptation of tne micro -

Girard separation of Uncus and reariman(o67). 

Approximately 20 mg.Girard1s reagent "I" (tri-

methyl acethydrazide ammonium chloride) and 0.5 ml. glacial 

acetic acid were added to the oily residue, "the weak phenols11. 

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 H ) to neutralize the acetic acid 

used. The pH was checked and adjusted to 6.8 if necessary. 

The solution was then extracted with ether (3x15 ml*); and the 

total ethereal solution was washed with water, which was 

added to the aqueous phase, and taken to dryness. H No n-ke tonic 

weak phenols'1. 

The ketonic complexes in the aqueous phase were 

hydrolyzed by the addition of concentrated hydrochloric acid 

to a concentration of 1 N« Âfter four hours at room tempera­

ture, the liberated ketones were extracted with ether(3x25 ml.), 

the ether was washeo. neutral with water and distilled. 

"Ketonic weak phenols11. 
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All three fractions were dissolved in ethanol (10 ml.), 

0*2 ml. of the solution was removed by a pipette and diluted 

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

served in any of the fractions. 

2. Chromatography of pure estrogens. 

Samples of estrone,estriol and 0(-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 absorption 

band of the estrogens (̂ ffiax 280 my). Estrone and ̂ -estradiol 

were eluted with a mixture of 15$ acetone in petrol ether, 

while estriol was obtained with 100^ ether. 

3. Chromatographic purification of urine extracts. 

The oils obtained by partition of the urine extracts 

(section 1) were purified chromatoaraphicalry. The»non-xetcnic 

ihenols showed no absorption bands at 260 my in toy of tne 

eluates. The "ketonic" phenols contained a substance in their 

eluate with 15,,' acetone with an absorption maximum at :-86 my, 

and the" strong" phenols showed a a6u my maximum in tne iCC/<? 

ether eluate. 

£> 
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T ^ ^ s o r » t i o n spectrum of the estrogens 
and of sodium estriol glucuronate. 

4 0 0 0 

-2-OOC 

1Z0 
$00 3*0 MM. 
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4. rurificatipn by sublimation. 

i-ure estradiol, recovered from tne chromatographic 

studies, was sublimed on the high vacuum at 115°C. The subli­

mate showed the typical absorption band of the estrogens, 

while the residue did not show a maximum. On sublimation of 

the urinary Mnon-ketonic, weak phenols", no trace of 

p(-estradiol could be detected in the sublimate. On subli­

mation of the "strong phenolic11 fraction at 115°C, a 280 mp. 

absorption band was detected in the sublimate (due to p-cresol 

probably),while the residue did not reveal the presence of 

estriol by its spectrum. 

5.Repetitions with minor modifications of the fractionation 

of urinary estrogens^ 

Fresh 24-hour urine specimens wereHhydrolyzed", 

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 (l/£)(until the aqueous 

phase remained clear)and distilled. The ether extracts were 

quickly taken to dryness.No modifications of the solvent 

partition,Girard separation and chromatography were intro­

duced. Similar results were obtained as in the first fracti­

onation, ^-estradiol could not be discovered in any of the 

urine extracts. The presence of estrone was indicated by the 

observation of A, ... 280 mu in the 15/* acetone eluate in one 

extract.Other extracts , including one male urine extract, 
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showed 286 my maxima in the 15% acetone eluates. The "strong 

phenols" revealed the presence of estriol in the IOC/, ether 

eluates in some of the extracts. Ho estriol was detected in 

the male urine extract. 

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

The Kober reagent was prepared by mixing equal 

weights 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 (1 ml.) was taken to dryness in 

a small pyrex test tube and the î ober 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 added >and the colour was observed. 

After further heating (£ minute) the colour was again noted. 

With hydrogen peroxide (0.5 ml.) the pink colour was dis­

charged. 

A number of fractions showing absorption bands in 

the region of 280 mp., as previously described, were tested. 

The results are condensed in the table. 

Fraction A //*• description Kober reaction 
max 

estrone 
ti 

estriol 
ti 

positive 
ii 

280 pure 
286 female urine 
286 male urine " 
280 sublimed 115° negative 
275 " 180° positive 

estradiol all fractions negative 
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7. The absorption Spectrum of whe urinary impurities exuted 

with solvent mixtures of lbyJ acetone in petrol etner m a 

the detection and estimation of estrogens added in small 

amounts. 

A non-ketonic, weak phenolic fraction of a urine 

extract was chromatographed^ind the " <X-estradiol" eluate 

(15/i acetone in petrol ether) was taken to dryness,trans­

ferred to a 10 ml. volumetric flask and diluted to the mark 

with ethanol. The solution was examined spectrophotometri-

cally. A"blank absorption curveHwas thus obtained. The slope 

of the absorption curve was uniform from 310 to 260 mu. 

The solution was returned to the volumetric flask 

quantitatively, and 1 ml# of a solution of estradiol (con­

taining 11 yg. ) was added. The volume was reduced to 10 ml. 

and the absorption spectrum was examined. The process was 

repeated until 66 yg. of estradiol had been added. A 280 my 

maximum could not be detected. On calculation of the absorp­

tion at 280 mu due to the estrogens added, correct recoveries 

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

The experiment was repeated on a new eluate with 

lb/o acetone in petrol ether, and 60 to 120 yg. of estradiol 

were added. A maximum was observed at 280 - 285 mu, which 

shifted with increasing amounts of estrogens to s75 mu. The 

recovery was in good agreement with the amounts added, as 

long as the blank absorption was deducted. It was concluded 

from these observations, that the determination of small 
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amounts of es t rogens in the presence of these impuri t ies i s 

impossible , but tha t in the case of l a rger quan t i t i e s of 

e s t rogens , accura te determinations of the i r concentration 

can be made on deduction of 1.4 x the absorption at 310 my 

from the observed ex t inc t ion a t 280 mu. 

3 . The e l imina t ion of impur i t i es . 

In an attempt to remove these in te r fe r ing sub­

s tances and to increase the quan t i t i e s of estrogens ex-

t r a c t a b l e from ur ine , Smith's zinc and hydrochloric acid 

hydro lys i s was chosen.(234)(with minor modificat ions.) 

A 24-hour ur ine sample was autoclaved for 10 

minutes with 15 volumes % hydrochloric acid, cooled and 

ex t rac ted with ether, and the aqueous phase was again auto­

claved with 4$ zinc for three hours.After cooling, the 

co lour less so lu t ion was extracted with ether.The ether 

e x t r a c t s of the two hydrolysates were combined. The solu­

t i on was p a r t i t i o n e d , separated by Crireru's reagent, de­

color ized with zinc and hydrochloric acid and chromato-

grapheu. Impur i t ies had been removed to a considerable 

ex ten t , ho " e s t r i o l " coaio be discovered, out the xetonic 

ana non-ketonic 15^-acetone-eluates showed absorption maxima 

a t 280 my. Prom the ex t inc t ion at A m a x the presence of 8w0 yg, 

estrogen "oer T.:4-hour ur ine sample wras deduced, represent ing 

three times the normal value at tha t time of the ...eastrual 

cycle . 
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'X-estradiol into experimental animals, and isolation and iden­

tification of the urinary transformation products. 

It was established, that the conversion of -̂ -estradiol 

to estrone in vivo was a reversible reaction (12-18), and that 

both compounds give rise to estriol in the human(19-25). On 

administration of estriol, no other estrogenic compound could 

be isolated(26). Experiments on rabbits led to the interesting 

discovery, that ̂ (-estradiol and estrone are converted to 

B-estradiol (CXVII) only(27-31), and this substance proved to 

be considerably less active than any of the other estrogens. 

(267,^68). 

The conclusion was reached, that tne organism is 

capable of transforming the most active estrogen into less 

active products by conversion, and that these products are 

then conjugated,making them hydrophilic for easier elimi­

nation by the kidney.(153,158). 

In all experiments of this nature, the recovery 

of estrogens accounted for only 15# of the material given 

(32,33), The missing 85;* were assumed to undergo chemical 

alteration to such an extent, that the steroid nucleus is 

broken up and physiological 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 organs of intact animals 

(34-52),perfusion experiments l 5 3" 5 5)' lj-ver s l i c e 1^6-60) 
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and liver extract incubation with estrogens (61,62,43), and 

experiments on animals with liver damage (63-72) tended to 

show, at first glance, the loss of estrogenic activity through 

oxidative destruction by thermo-labile, cyanide-sensitive 

liver enzymes(58,73). The only other organ capable of inacti-

vating estrogens is tne kidney (74,75,45). The spleen was 

found to inactivate estrogens only> if it was drained into the 

liver (39,46-51) .On transplantation the spleen lost its inacti­

vating capacity.(46). 

Further evidence ior the oxidative destruction 

of estrogens in vivo seemed to come from the study of defi­

ciencies of the vitamin B complex (76-92). Thiamine and 

Riboflavine appeared essential for the inactivation of estro­

gens. 

Attempts to isolate the oxidative enzyme were made 

by Zondek and Pincus (93-105). Enzyme extracts were obtained 

from liver(61,52,98) and a variety of plant sources, which 

could oxidize estrogens. The enzymes were ^oly.henoloxiaases 

and thus produced insoluble and sometimes coloured end products. 

a^ins thiB type of motivation physiologically improbable. 

(cxiv - cxxv - CXXVI). 

A d i f f e r e n t pathv/ay of o x i d a t i v e d e s t r u c t i o n of 

e s t r o g e n s was sugges ted by Y/esterfeld, v/ho ob ta ined a l a c tone 

by o x i d a t i o n of e s t r o n e i n v i t r o wi th a l k a l i n e hyaro^en p e r ­

oxide (106-108) . ¥ e s t e r f e l d ' s l a c t o n e i s p repa red by the o^en-
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ing of r ing D of tne s t e r o i a nucleus. (CXVIII - CXx - CXXI). 

As the ac t ion of hydrogen peroxide in v i t ro resemoles, in 

many cases , r e a c t i ons occurring in the body, attempts "were 

made to i s o l a t e the lactone or i t s hydrolyzec. fen-, the 

hydroxy ac id . (109). ITo t race of t h i s compound could, how­

ever, a discovered, even af te r administrat ion of a l^rge 

dose of es t rogen? , i n the u r ine . Smith ana Smith(110, 111) 

obtained evidence, tna t a non-estrogenic compound i s pre­

sent in u r ine , which on heating \. i th zinc ana hydrochloric 

acid shows es t rogenic a c t i v i t y . I t was assumed, tnat a 

compound, l i k e Weeterfeld 's lactone was reducec. to an active 

es t rogen. On reduct ion of the f i r s t sample of 7/esterfeld 's 

l ac tone , they succeeded in augmenting i t s estrogenic a c t i v i t y , 

but were unable to reproduce these r e s u l t s v.ith purer samples. 

(112-114). 

Smith and Smith a t t r i b u t e d an important physiolo­

g i c ! ro l e to t h e i r hypothet ica l oxidation . roauc t . As the 

r a t i o of i nac t ive estrogen oxidation product to active es t ro­

gen (Tzn/T0) was g r e a t e s t in the f o l l i c u l a r ph.se ox tne 

menstrual cycle , the following hypothesis v.as advanced. 

The inac t ive estrogen oxidation product s t imulates 

the hypophysis to r e lease i t s lu teonizing hormone (L.H.), 

~.P - o -̂.-i-.es lu + pui . In the eresence ef causing the formation of a c o ^ u s luteum. 

proges terone , produced by the corpus luteum, the inac t iva t ion 

of es t rogens by conversion to l e s s ac t ive forms i s f a c i l i t a t e d , 

so t h a t l i t t l e of the inac t ive oxidat ion product i s formed. 

1^7. 
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In consequence, pituitary stimulation subsides, tne formation 

of luteonizing hormone ceases, and tne corpus luteum aegene-

rates. At this stage estrogen metabolism returns tc the pro­

duction of the inactive oxidation product and the sequence of 

events is repeated. 

Evidence for this scheme, explaining some of wne 

cyclic menstrual changes, is based on Smith's discovery, tnat 

Vesterfeld's lactone possesses pituitary stimulating activity 

(112-114), ana that estrogen conversion to estriol is facili­

tated in the presence 'of an active corpus luteum(22-24). Con­

firmation of this work came from Figge(llo), who observed a 

similar pituitary-stimulating effect of estrone, which had 

been inactivated by light. It appeared, therefore, highly 

desirable to identify Figge's estrone inactivation ̂ roauct 

end Smith's urinary inactive oxidation product v.ith 7/ester-

feld1s lactone. 

Two other compounds were suggested as the inactive 

estrogen oxidation product.marrian(llo) obtained evidence, 

that estriol was oxidized to le-xe to-estrone (Ĉ uCLx!) (the 

compound assumed to give the pink colour in the aober test), 

which, on reduction with zinc end hydrochloric aciu, gave rise 

to active estriol. The other compound, b-heto-estrone was 

suggested by Gallagher(personal communication) as an arti­

fact (similar to the formation of 7-xeto-choiesteiol(£1^, >13) 

during extraction}whicn on reduction \.ith zinc anu nyurochlo­

ric acid v.as expected to yield active estrogens. 



Great doubts were cast on the complex mechanism of 

oxidative estrogen iim ctivation by the work ox Cantcrev et ai. 

(117-134). Tney showed that the liver removes estrogens irom 

tne blooa stream, excreting them into t:.e bile. Ti.e estrogens 

pass with tne bile into the intestine, where t̂ et are reeo-

sorbed, ana travel a0ein to tne aiver. An entero-xiepatic 

circulation of the estrogens is thus established, uantarov's 

theory can explain the majority oi experiment;..!, results on 

the loss ox estrogenic activity. hxperiments on tissue srices, 

tissue extracts ana enzyme preparations , hotever, require 

the admission^that destruction of estrogens by oxidation in 

tne liver can occur.lt does not trove, however, the occurrence 

of oxidative inactivation at physiological levers UUL normal 

conditions. Polyphenol: se activity of tne extracts eoula ex­

plain t/.e destruction^eliminating it as a physioio^iceo. path­

way. 

The importance of the Vitamin B complex in the de­

struction of estrogens pointed to enzymatic dehydrogenation 

and decarboxylation of the estrogens. The lowered estrogen 

inactivation by liver tissue, deficient in methionine, seemed 

to involve a number of other processes in tne oxidative destruc­

tion of estrogens. The inefficient estrogen inactivation oi 

the liver under these conditions could be attributed to 0e^e-

ral inanition.(84,87-90). Administration of the vitamins ana 

methionine alone, could not reestablish efficient estrc^en 

inactivation in a starveu animal. (64). The entero-nepatic cir-

lmj. 
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culation is impaired under this condition. 

If the estrogens are not lost by oxidation in the 

liver,but pess into the entero-hepatic circulation, one cannot 

account for their destruction, unless it occurs in the intes­

tinal tract. The faeces have been repeatedly examined for tne 

presence of estrogens (75, lao-139), but only _ n c>m.ntities 

of them were en scovered. A stuuy of the destruction of estro­

gens by bacteria was made by Zondek (14C), who tested a variety 

of bacteria in pure cultures.eniv two were found to ctstrc 

estrogens aha both, a type of rrcteus ana h.mesentericus, are 

atypical xor faecal flora. 

It is possible, that inactivation of estrogens by 

bacteria involves the reduction of the phenolic ring A to 

estrane-diols, which luve been isolated from urines of nor­

mal women by marker(141),(CAAVIII). kurther evidence for 

such a reaction was obtained by Iieard(14h, 143), when ne iso­

lated 5, 7,9-estratriene-o-(ii)-oi-17-one(CXAAl) irom ecpuine 

pregnancy urine. 

As the evidence for oxidative destruction of tne 

estrogens decreased, attention Was turned to tne process of 

conjugation. Tae estrogens in blood were found to ue in a 

water soluble xorm(145),and conjugation was postulated to 

occur in other organs besides the kidneys, iishman(146-149) 

discovered that tne activity of /3-glueurcniaase of liver ana 

nianey could be increased by glucuro^enic substances. 
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Glucuronidase activity could not be increased by these sub-

stances in the organs of reproduction. Estrogens, on the 

other hand, were able to augment the B-glucuronidase acti­

vity of these organs. Their preferential up-take of estro­

gens had been established by experiments with synthetic 

estrogens, containing radio-bromine.(150)• 

Luring pregnancy, the urinary estrogens are 

nearly all conjugated (except shortly before parturition). 

Sodium estriol glucuronate (C2XXI I)(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-

ferenti&l retention and interconversion in the organs of 

reproduction, followed by conjugation and,finally, excre­

tion through the kidney are the only experimentally 

established facts,regarding the fate of the estrogens 

in vivo. 
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2 . Discussion. 

This i nves t i ga t i on was undertaken >to confirm the 

f indings of smith and Smith by i s o l a t i o n and chemical iden­

t i f i c a t i o n of t h e i r hypothet ica l estrogen oxidation product, 

which could be r eac t i va t ed with zinc ana hydrochloric acid. 

The successful i d e n t i f i c a t i o n of the compound would not only 

p lace t h e i r app l i ca t ion of these discoveries to c l i n i c a l 

medicine on a firmer bas i s , but might also further e lucidate 

the fa te of es t rogens , p a r t i c u l a r l y that por t ion of the in­

j e c t ed es t rogens , which could not be recovered. 

To obta in comparable r e s u l t s , t h e i r procedure was 

followed through hydrolys is and ext rac t ion with only minor 

a l t e r a t i o n s . jror the separat ion of "strong-1 andMweak"phenols 

tne smiths used Marr ian 's method of par t i t ion(182) .Tha t 

method has been found much l e s s accurate than the one or 

J5achmann(185) and Mather(186), used in a l l separat ions here­

with descr ibed . Girard1 s separat ion of ketonic from non-ke-

t o n i c ma te r i a l was used in both ins tances . Only minor changes 

were in t roduced. Ins tead of b io logica l assay, the f rac t ions 

were chromatographed and examined spectrophotometrical ly for 

the absorp t ion spectrum, typ ica l of the estrogens, (^max 280 my.). 

Also, Smith 's hydro lys i s with and without zinc was car r ied out 

on a l i q u o t s or u r ine , while in t h i s work the two hydroly t ic 

t r ea tment s were ca r r i ed out on the same sample of u r ine . 
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A 2-liter urine sample or the 6th month of gestation 

served as starting material. On treatmentwAM (10 minutes reflux-

ing with 15 volumes 70 concentrated hydrochloric acid) ten mg. 

crystalline estriol was isolated.A similar quantity of estriol 

was obtained after treatmentMBH(3 hours refluxing with 15 vo­

lumes % concentrated hydrochloric acid and 4% zinc dust).crys­

tals of estrone were obtained after each hydrolytic treatment 

in minute amounts, while estradiol could only be detected 

spectrophotometrically in both extracts. 

As the presence of benzoic acid (A m a x 272 and 280mp) 

interfered with tne detection and estimation of estrogens, its 

complete removal by washing with 10y* sodium carbonate solution 

was investigated. On examination of the soda extracts, it was 

found 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 bicarbonate 

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

of tne estriol.lt*was round to remove benzoic and salicylic 

acid quantitatively, but many coloured impurities are not 

extracted. 

Another preliminary investigation concerned the 

removctl of estrogens rrom ether by extraction with h sodium 

hydroxide solution. Complete removal of all material showing 

a 280 mu maximum was not possible, confirming jrriedgood' s 

observation.(personal communication). 
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A thorough investigation or a 4-liter urine batch 

(8tH ttonth or gestation) led to the isolation or all the know* 

common urinary estrogens in pure crystalline rorm. Their 

melting points were ta&en, ana they were quantitatively ana­

lyzed by spectrophotometer and weighed.The two determinations 

agreed. 42 mg. estriol, 1.8 mg estrone, 1.38 mg ̂ -estradiol 

ana 7.25 mg \'-estradiol (only 3.46 mg. was crystalline) were 

isolated. 

Stimmel published in 1945 a simplined chromato­

graphic separation or the estrogens(205-207),which was 

adopted for iurther investigations. Although it will not 

separate <Xana ii-estradiol, the use of methanol instead or 

acetone will prevent any secondary reactions artecting the 

estriol present. 

As the estrogen inactivation product,postulated 

by omitn, is supposed to be of the nature of wester!'eld's 

lactone, a search tor the lactone was again unaertaken. m 

trace or the compound could be detected. A search for the 

compound;with tne lactone ring opened}was made in the sodium 

bicarbonate washings.They were methylated with diazomethane 

and chromatographea..None or the fractions showed a 280 my 

maximum. 

jyrom this chromatogram an oily fraction was . 

obtained showing an absorption band at 256 mp. it was sus­

pected; tnat the band was aue to an artifact, produced by 
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oxidation of the estrogens during hydrolysis and extraction. 

A similar absorption spectrum is shown by 6-keto-estradiol, 

which was prepared by Wintersteiner (211): Xmr. 258 mu. 
mciX i 

Reduction of this compound with zinc and hydrochloric acid 

would lead to estradiol. The small quantity of material 

could, however, not account for the great increase in acti­

vity. 

A search for 16-keto-estrone also proved futile. 

This compound had been suggested by Marrian(116) to be the 

inactive oxidation product and had been synthesized by 

Huffman(215) from estrone.Its properties were described. 

As large quantities of estriol were still iso­

lated on treatment1^11, protection of the estrogens from 

atmospheric oxygen was not the sole function of the hydro­

gen atmosphere. HThether zinc would protect the estrogens 

from partial destruction during treatment wAn, was next 

to be investigated. One aliquot of urine(6th month of ges­

tation) was treated in the usual manner ( "A" and "B"), 

while the other was given treatment MBM only. Instead of 

the somewhat larger yield of estrogens expected in the latter, 

only half the amount of estrogens was recovered,compared 

to the combined yields of the first aliquot. This unexpected 

observation was made in all three estrogenic fractions, 

although only in the estriol fraction could it be estab­

lished beyond doubt by isolation of crystalline estriol. 
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As these results were reproducible, the comparison 

of the two methods of hydrolysis was further studied.One 

aliquot of pregnancy urine was given treatment -A- and -B". 

while the other was refluxed for 10 minutes with 15 volumes 

% concentrated hydrochloric acid and 4% zinc dust and,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 mg. in the latter. 

In the light of these observations two explanations 

can be advanced: Zinc retains 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 taking 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 a 

new approach towards the solution of the problem. Since the 

days of Laqueurfe 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). Bo 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). 
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Smith and Smith had accepted, that the method adopted 

by them gave maximum 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 certain, 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 treatmentMAM. 

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 nB*. The 

other aliquot was given treatment HBH -right after MA*. Ul/hile 

estrogens were isolated after treatment WBH, not a 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. (Spectrophotometry 

analysis does not distinguish between estrone and N-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 stable during".acid hydrolysis in the pre­

sence of oxygen. 
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On chromatographic s epa ra t i on , i t had been observed^ 

that a l a rge quan t i ty of mater ia l was not eluted, but remained 

on the column a f t e r repeated washing with methanol. Before 

any conclusions regarding, the existence of an estrogen inac­

t i v a t i o n product could be reached, t h i s f rac t ion had to be 

inves t iga ted . The mate r ia l was eluted with M sodium hydroxide 

so lu t ion , ex t r ac t ed . a f t e r a c i d i f i c a t i o n , w i t h ether and taken 

to r dryness-.Two c r y s t a l l i n e compounds were obtained.One was 

very soluble i n p e t r o l e ther and showed the absorption spectrum 

Of benzoic ac id , but d i f fered in a number of p r o p e r t i e s . l t 

gives a purple colour with f e r r i c chloride, i s only eluable 

with sodium hydroxide from alumina,and has a lower melting 

po in t . The empir ical formula, C«H603 , suggests a hydroxy-

benzoic ac id (meta or p a r a ) . 

The p e t r o l ether insoluble c rys t a l s were rechroma-

tographed on a column of c e l i t e and magnesium s i l i c a t e , and 

c r y s t a l s were e lu ted possessing an absorption spectrum similar 

to t h a t of s a l i c y l i c acid,gave the same colour reac t ion with 

f e r r i c ch lo r i de , but d i f fered in i t s melting point.(183-184°C) 

As only small amounts of these compounds were i so la t ed , 

a t tempts were made to i s o l a t e the mate r ia l s from subsequent 

ur ine ex t rac t s .They could,however, not be obtained, although 

i d e n t i c a l t reatment of the ur ine was used. 

The remaining o i l y f r ac t i ons did not show the 280 

mji absorp t ion band and i t could be concluded t ha t the i s o l a t i o n 

of the ox ida t ion product of es t rogens had hot succeeded. 
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The nature of the estrogen precursors after treat­

ment^" and before »B" was investigated.The estrogen conjugates 

were extracted with n-butanol,and the n-butanol extracts were 

washed with H sodium hydroxide solution.The aqueous phase was 

not expected to contain any 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 estrogens 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 was 

washed with M sodium hydroxide solution.xhe butanol extract 

was washed, condensed and diluted with 20 volumes water. The 

soda extract was neutralized and all three solutions were 

given treatment WAH, followed by WBM. An aliquot or urine 

was used as control, receiving treatment WAW and MB" without 

partition. All estriol was obtained on treatment *AW from 

the soda extract, where it was expected to be.nowever, it was 

surprising to find complete hydrolysis of the estriol glucu-

ronate in distilled water on treatment "A", while in urine 

the same amount of estriol was only obtained after both hydro­

lytic treatments.jrrom butanol the estrone could be obtained 

completely on lu minutes hydrolysis.Only small amounts of 

estrogens (10/*) were isolated from the aqueous phase. 



The evidence or all these experiments pointed to 

incomplete hyarolysis, and the action of zinc was reduced to 

a role of protecting the liberated estrogens from destruc­

tion by atmospheric oxygenf besides the role or reducing 

estrone and thus increasing its potency on bio-assay. 

To test this hypothesis, aliquots or pregnancy 

urine were autoclaved tor 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 isolated in both cases. 

The validity of the assumption put forward was 

further put to the test by a number of hydro lytic treatments 

of urine aliquots, either in air or in the autoclave, with 

or without zinc and, in one ease>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 10-minutes hydrolysis. 

in an attempt to determine the length of treat­

ment required for complete hydrolysis, it was observed,that 

the aliquot>receiving 10-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). Keeping 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(120°C, 15 pounds) at 

pH 1 was studied first. During 10 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 glucuronate were hydrolyzed under 

identical conditions( autoclave, pH 1) with and without zinc 

Two were extracted after every 10-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 the 

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 42%.lfone 

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 air 

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"AM as an e f f i c ien t 

method of hydro lys i s and had concluded, that addi t ional 

estrogens, ob ta inable on prolongued hydrolysis with zinc, 

could not be explained on the basis of incomplete hydrolysis , 

because on continued hydrolys is without zinc no further 

y ie lds of es t rogens were obtained.This rapid destruct ion 

remained to be explained. 

A comparative study of the majority of methods 

for the hydro lys i s of estrogen conjugates was undertaken. 

Marr ian 's method(156) gave quant i t a t ive y i e ld s . With 

Smith 's d i r e c t i o n s 70 - 80% could at best be recovered. 

In the presence of zinc the y ie ld was found to be even 

lower. The remaining methods tes ted gave y ie lds ranging 

from 0 to 94% and were only of i n t e r e s t for the study of 

t h e i r experimental r e s u l t s . 

When treatment MAH was followed by treatmenu,HBM, 

good recover ies were obtained, while MBH alone gave poor 

y ie lds .On hydro lys i s a f t e r "Aw without the addi t ion of zinc 

no e s t r i o l was obtained and 40% of the e s t r i o l was destroyed. 

On the o ther hand prolongat ion of treatment WAM beyond 10 

minutes did not produce yellow o i ly mater ia l devoid of a 

280 mu maximum, although the y i e ld of e s t r i o l was only l i t t l e 

improved.A second hydrolys is with zinc yielded addi t ional 

20% of the e s t r i o l . 
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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 destruction 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 material 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 was determined spectrophotometrically. 

Zinc was added and the solution of estriol was shaken. 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 supernatant 

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 all the zinc had been dissolved,gave quantitative 

yields on hydrolysis. In the presence of residual zinc only 
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75 - 83^ yields were obtained after treatment -A" and «B». 

On very thorough extraction, estriol can be recovered from 

zinc. 

The hydrolysis of estrone sulphate was then inves­

tigated. 10-minute hydrolysis (10%Hcl)was found sufficient 

to free all the estrone. As weak phenols were obtained after 

the 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 was 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 fl-estradiol. As the acti­

vity of ̂ -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.Small variations in the propor­

tions of the^:fl-form will cause great errors on bioassay. 

The action of zinc and hydrochloric acid on estrone was there­

fore studied. 

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

method of hydrolysis;90% was recovered as desoxyestrone and 
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10% as e s t r a d i o l , of which the grea te r par t was iden t i f i eu as 

^ - e s t r a d i o l . Desoxyestrone(CXXXIV) was iden t i f i ed by prepa­

ra t ion from estrone by Clemmensen reduction. The two products 

were found to be i d e n t i c a l by mixture melting point deter­

minat ions. When the Smith reduction hydrolysis was conducted 

with a more concentrated solut ion of estrone (30 mg./lOO ml. 

s o l u t i o n ) , no desoxyestrone was obtained. 33% was recovered 

as es t rone , the r e s t was non-ketonic and most of i t was iden­

t i f i e d as ^ ( -es t rad io l .A f rac t ion which could not be c rys t a l l i z ed 

was assumed to be a mixture of the two epimers of e s t r ad io l . 

The concentra t ion of estrogens in urine resembles 

the concent ra t ion of estrone in the f i r s t experiment, and 

the formation of desoxyestrone can be postula ted. As desoxy­

es t rone (271-277) i s not soluble in aqueous sodium hydroxide 

so lu t ion , i t i s l o s t on ext rac t ion of phenols, accounting for 

a cons iderable lo s s of a c t i v i t y . The biological a c t i v i t y of 

desoxyestrone has not yet been determined, but i s assumed to 

be very low. The factor"5', ' accepted by Smith for the increase 

of b i o l o g i c a l a c t i v i t y on reduction of estrone,must be composed 

of varying percentages of fac tor "8 - 12 for reduction to ô -

e s t r a d i o l , f ae to r*0 .3 - 0.08"for reduction to ^ - e s t r ad io l , 

an as ye t unknown f ac to r for reduction to desoxyestrone and 

a f a c t o r for the adsorpt ion of estrogens on z inc. 
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3. Experimental Work. 

Samples of urine (1 or 2 liter ; 6th to 8th month 

of gestation) were collected and treated as described in 

full detail on page 116 and 117f and referred to as treat­

ment HAtt. 

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. y and taken to dryness. The residue was dissolved 

in benzene ( 200 ml.) and partitioned as described before 

(page 116,117).in a number of experiments,theHweakMphenols 

were separated into ketonic and non-ketonic fractions by the 

use of Girard's reagent "Ttt, detailed on page 117. nydro-

lysis with zinc, followed by extraction and partition,is 

generally described as treatment "B1 MT*»# 

The fractions were then purified by chromatography. 

Adsorption columnswere prepared with alumina ( Harshaw, 
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Rout ine F r a c t i o n a t i o n of Urinary Es t rogens . 

Urine specimen 
TreatmentMAfl 

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

ether anĉ  emulsion 

filtered 

ether residue — 
f 

washed c.ether 

washed c.9%EaHC03(3x) 
washed c. HgO 
taken to dryness 
dissolved in C5H5 

aqueous phase 
! 

Treatment "B" 

"*N h 
3 reflux 
c.15% HC1 & 4% Zn. 
extracted as in 

^treatment "A". 

benzene 

.washed c.10% Ha2C0^(3x) 

benzene 

<-

3 ( 3 : 

c a r b o n a t e s o l u t i o n 

backwash C.C5H5 

washed c.LN NaOH (3x) 
4 

backwash c.C§H§ 

"Non-phenol ic a c i d i f i e d c.HCl 
e x t r a c t e d c . e t h e r (3x) 

v 
"Weak Pheno l i c " "Strong Phenol ic" 

Girard"TM 

t r e a tmen t 

wa te r s o l u b l e 
f r a c t i o n 

e the r so lub le 
f r a c t i o n 

a c i d i f i e d c.HCl 
1 6 h a t 20°C 
e x t r a c t e d c . e t h e r ( 3 x 

V 
" E s t r o n e " 

L e s t r o n e 
m • — - — 

" E s t r a d i o l " " E s t r i o l " 
I n [ 

chromatographed on alumina 
e l u t e d wi th benzene,methanol 
e s t i m a t e d q u a n t i t a t i v e l y by 
spec t ropho tome t ry . Umaxf 8 0 1 1^ 

b * • , 
e s t r a d i o l e s t r i o l 

1 4 8 . A 



ace t i c acid washed, r eac t iva ted )( 6 g.) , making the height of 

the column 5 t imes i t s width. The columns were then washed 

with dry benzene, and the f rac t ion to be chromatographed was 

dissolved i n benzene (10 ml.) and adsorbed on the column. 

The weak phenol ic ma te r i a l s were eluted with benzene contain­

ing increas ing amounts of acetone ( 2, 4, 6, 10, 15, 20%) 

and f i n a l l y with e ther and methanol(100%). The strong phenols 

were e lu ted with benzene containing increasing amounts of 

methanol ( 2, 4, 6, 10, 15, 20, 100%). (Acetone was not chosen, 

as r eac t i ons between acetone and l ,2 -g lyco ls > as es t r io l )were 

expected to take p l a c e . ) The eluates were taken to dryness, 

d isso lved in 2 ml. ethanol and,af ter appropriate d i l u t i on , 

were analyzed spectropho tome t r i e a l l y . The solvent was then 

removed and c r y s t a l l i s a t i o n of a l l f rac t ions was attempted. 

1. I s o l a t i o n and i d e n t i f i c a t i o n of estrogens from human 

pregnancy ur ine a f t e r treatment "A" and "BM. 

xhe r e s u l t s are condensed in chart 1. e s t r i o l was 

i d e n t i f i e d by i t s melting point and by a mixture melting point 

de te rmina t ion with pure e s t r i o l . i t s quanti ty was determined 

spec t rophotomet r ica l ly as well as gravimetr ica l ly .Af ter 

t rea tment "A", c r y s t a l s of estrone were obtained in small 

amounts, while the e s t r a d i o l f rac t ion consisted of an o i l , 

which was not c rys ta l l i zed .The concentrat ion of estrogens in 

these o i l y f r a c t i o n s were determined by t h e i r A m a x 280 my 

e x t i n c t i o n , however t h e i r i d e n t i f i c a t i o n as es t rogenic i s not 

beyond doubt. 
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Table, 1. 

! mg. mg. mg. 
Treatment Estriol Estradiol Estrone 

"A" 10.8 1.9 (?) 0.33 
"B" 10.3 1.4 (?) 1.11 (?) I 

Fractions marked by a question mark could not be 

identified by crystallisation.They represent the quantity 

of material absorbing maximally at 280 my and eluted from 

the chromatogram in the fraction expected to contain the 

hormone. 

In the"strong phenolic" fraction crystals of 

benzoic acid were isolated. They were purified by sublimation, 

and gave no depression in a mixture melting point with pure 

benzoic acid. The crystals sublimed at 116°C. Sodium carbo­

nate washings will remove them from ether. The absorption 

spectrum of the crystals was determined. %-maK 272 and 280 my 

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 

(ene 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 chromatographed.The eluted oils were 
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analyzed by spectrophotometer. It was found that one sodium 

carbonate washing removed 10% of" the total estriol present; 

besides removing acids and a substance possessing a strong 

absorption band at 256 mu.An attempt was made to isolate the 

substance, since 6-keto-estrogens possess a similar band at 

258 myi, but all 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 other acids. 

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 taken to dryness. They were then 
r 

partitioned as described before. 

The remaining ether,containing only "neutral" 
r 

material) was washed neutral v/ith water, taken to dryness 

and chromatographed.Two fractions were obtained which on 

spectrophotometry analysis showed the presence of phenolic 

material. 

Consequently, ether extracts were washed with 

9% sodium bicarbonate, washed neutral,taken to dryness,dis­

solved in benzene and partitioned, as it was seen that 

N sodium hydroxide will not remove all estrogens from ether. 

Similar results were obtained by Friedgood. From benzene all 

estrogens can be removed with N sodium hydroxide. 
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The results obtained with these minor modifications 

are given in table 2. As the"estriol fractions"were pure crys­

talline estriol, no difficulties were encountered in the cal­

culation of their quantity by spectrophotometry. The"weak 

phenolic" eluates, however, were only partly crystalline and 

red oily materials were present. Identification of these frac­

tions beyond doubt was impossible and the determination of the 

concentration of estrogens only succeeded after elimination 

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

Table 2. 

Estriol Estradiol Estrone 
Treatment "A" 8.32mg. 1.94mg.(?) 2.01mg. (?) 

" "B" 2.68 " 1.858" " 1.82 " " 

3. Isolation and identification of estrogens in human pregnancy 

urine. 

Pregnancy urine (4 l.,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")*The aqueous phase was 

autoclaved for 3 hours in the presence of zinc dust (2%), 

cooled and extracted with ether.Both ether extractions were 

combined and purified,partitioned and chromato^raphed as was 

previously described. Crystallisation of all fractions re­

vealing a 280 my absorption maximum was attempted. A search 

for desoxyestrone and other phenolic compounds in the "neutral 

fraction"was also niade. 

152. 



Table 3 . 

N o n - k e t o n i c weak p h e n o l s 
^J&^&^iVggnjivtiAISWUtaMn.^. 

l . B z . 100^ 
•c. " 2% 
3 . " 4" 
4 . "10" 
5 . " 1 5 " 
6. " 2 0 " 
7 . E t h e r 
8.CH30H 

fcWUWI Mill* .«NS»W--.!Wn*3(RF.i>-. 

a c e t o n e 
ti 

w 
H 

tl 

100^ 
II 

o i l 
it 

ti 

11 

n 
Crys 

11 
t a l s 

11 

— _ . . 

• » • » . » 

1.856 m 
_ _ _ 

3.79 « 
3#. 465 " 
1 .38 " 

1 5 . 5 6 » 

?? 

?? 
170-176°C ^-estradiol 
214-226°C 6-estradiol 
279-281°C estriol 

Ketonic weak phenols 
wiimfitaw^n.nmv» «eswn*wg». 

l . B z . 100% 
2 . " 2%acetone 
3 . * 4rt " 
4 . " 10" 
5 . " 15" 
6 . " 20" 
7 . E t h e r 
8 . CH30H 

100% 
it 

• m*i0KXMf*#prr*niv--*-

o i l 
11 

n 

c r y s t a l s 
n 

o i l 
n 

i 1 t M A ) W M M 

250-254°C 0.9105 mg. estrone 
" 0.9222 " " 

crystals 274-278°C 7.63 " estriol 

Strong phenols 

l . B z . 100% 
2 . " 2% 
3 . " 4 " 
4 . " 10" 
5 . " 1 5 " 
6 . " 20" 
7 . 100" 
8 . " " 

m e t h a n o l 
11 

11 

ti 

11 
1 

11 

n 

O i l 
H 

II 

II 

II 

C r y s t a l s 
11 

__—. 

2 0 . 1 mg. 
9*1 " 

— _ 

1 9 . 0 " 270- •274C c 

V? 
?? ; 

e s t r i o l 

In the neutral fraction the absorption maximum at 

280 mu could not be detected, 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). 

One aliquot (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 obtained by the two procedures was not the 

same. Treatment "B" alone gave much lower yields of estrogens 

thari the combined 10-minute and 3-hour hydrolytic treatments. 

This discovery was confirmed by weighing the crystals of 

estriol, besides spectrophotometric analysis. Estrone was 

not discovered in any of the fractions. 

Table 4. 
*w*ww/m**#ma&*3w#*mn,Tzs':^-- *+ 

Treatment Estriol Estradiol Estrone 
7mmw*m>m*MMirwm*iii«iiKseirt&iiL>iv!i*v-.,, .••„.«.*.,, ̂ <wi«<(xs«uteaeitttta^^ »*vrt*v. .u*mniMit".rt-f&*.'-1 

1. 

2. 

"A" 
"B" 

«B" 

11.7 mg 
13.6 " 

8.2 

1.7 mg 
1.91 " 

0.71 " 

*:*ui8>-.jMflSiU 

'-dBuaigli^^jaKM^jWrtiiMiaa*^^ • -jMMH.«*mM>ux«<n •.naawgttsflflww- -^:^v 

5. The action of hydrogen on urinary estrogens at 20°C at pH 0.3, 

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 volumes %) were adaed̂  

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 extract was fractionated in the 
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usual manner.No estrogenic.material was obtained from any of 

the fractions and it was concluded, that reduction alone does 

not suffice to reactivate the hypothetical estrogen oxidation 

product. One half of the urin?- sample was then given treat­

ment "A" and "B", while the other half received only "B" and 

the same observation was made again as in section 4. 

Table 5. 
>gt&*mmnf**"^"-awiiww^-i*<*+iir**i#*m*'>' r*w .im imriiwmiwiii>wwtrnwi-

Treatment estriol estradiol , estrone 
!• "A" 7.97mg. 0.835mg. 0.64mg. 

"B" 4.32 " 0.123 " 0.14 " 

2. "B" 5.4 " 0.45 " 0.17 " 

6. Examination of the strongly adsorbed fraction of the 

chromatograms in section 5. 

After the estrogens had been eluted from their 

chromatograms, the columns were washed with N sodium hydroxide 

solution (25 ml.). The eluate was acidified, extracted 

with ether (3x15 ml.), and the ether extracts were washed 

neutral with water, dried with sodium sulphate, condensed to 

a smaller volume ( 10 ml. ) and methylated with diazomethane. 

Excess diazomethane and the solvent were removed with care} 

and crystals were not obtained on chromatographic separation. 

Some of the oily fractions snowed a 280 my absorption maximum. 

On examination of a new Bf sodium hydroxide solution eluate} 

crystals were obtained in small amounts and their identity 

was investigated. 
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The crystalline material was washed with petrol 

ether, in which part of the crystals dissolved. On evaporation 

of the solvent; colourless crystals were obtained.m.p.l04-110°C. 

They gave a purple colour with ferric chloride ;and their 

absorption spectrum is very similar to that of benzoic acid. 

^max 226f 272» 2Q0 "J1* 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 differs, 

however, from benzoic acid in its reaction with ferric chloride, 

its melting point, its elution from activated alumina and its 

empirical formula. A carbon and hydrogen determination, made 

by Mrs. Jewitt of Ayerst, Mc&enna and Harrison Ltd., gave the 

following values: C: 59.06% H: 4.37% 
59.33% 4.14%, 

suggesting a formula of C7H5O3, meta or para 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 also gave a deep 
0 

purple colour with ferric chloride. They melted at 162-167 C. 

For further purification,the crystals were chromatographed on 

a column,consisting of magnesium silicate and Celite(2;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 taken to keep 

the column moist. 
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The absorption spectrum of Benzoic Acid ( ) 
and of compound C7H5O3 from urine ( ). 

nvl,** 
2W 
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The absorpt ion spectr nri nr +t,* - spectrum of Sa l icy l ic acid( 
nd of the unident i f ied compound of U S J J L . 

^ 
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The crystals were dissolved in ether ( 1 ml. )> and 

the solution was diluted with 20 ml. carbon tetrachloride and 

adsorbed on the column. Crystals, m#p.l83-184°C, were eluted 

with ether, which give a purple colour with ferric chloride 

and two absorption bands, at 236 and 302 my on spectrophoto­

metry analysis.The absorption spectrum is similar to that 

of salicylic acid, which also 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 isolated again, they were not considered 

to be estrogen breakdown products. The absorption spectra 

of the compounds are shown on page 157 and 158. 

7. Butanol fractionation of urine after treatment WA"# 

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 aaded, and 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 addi­

tional estrogenic material was obtained from the butanol. 

Table 6. 

Sample 
1. 
butanol 
aqueous 

2. 
b u t a n o l 
aoueous 

. „ ,««<M*Wil»W"W • vm*u&rtO**MiB* '-

Treatment 
"A" 
"B" 
"B" 

"A" & Zn 
"B" 

Strong phenols 
31.6 mg 

5.97 " 
0 .48 " 

24.6 mg. 
1C.5 " 

1.0 " 

Weak phenols 
1.6 mg. 
0.74 " 
0.05 " 

0 .61 mg. 
0.90 " 
0.27 " I 
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8.Modifications of hydrolysis,fractionation and chromatography. 

Pregnancy urine was obtained from a new donor, and 

difficulties were encountered on spectrophotometry analysis 

of fractions obtained from urine after treatment"A". Strong 

absorption maxima at 290 and 310 my interfered with the de­

tection and calculation of the amounts of estrogens present. 

As this interfering absorption spectrum was not observed after 

treatment "B", the ether extracts after WA" were treated with 

zinc and hydrochloric acid;to destroy the interfering substance. 

Instead of refluxing the solutions in a glass-col 

heating element, treatment "A" and "B", the solutions were 

given otherwise identical treatment in the autoclave at 120°C 

and 15 pounds pressurefin the absence of air. Treatment"C
Mand"D". 

Separation of the weak phenolic fraction into ketonic and non-

ketonic phenols was eliminated, as more or less complete re­

duction was caking place in ail extracts. The shorter chroma­

tographic procedure of Stimmel was also introducedjusing ben-

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

With all these modifications similar results were obtained as 

before. Table 7. 

Table 7. 

Treatment Strong phenols weak phenols 
1# "A" 7.37mg. 3.22mg. 

"B" 12.9 " 1.28 • 

2. "A" & Zn 4.5 mg 2.14 " 
"B" 17«6 " 1.01 " 
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9. irractionation of urine with n-butanoi. 

One of four aliquots of pregnancy urine(1 liter,8th 

month) was acidified to ph 3 and extracted thoroughly with 

n-butanol.The n-butanol extracts(1200 ml.) were extracted 

with H sodium hydroxide solution (3x300 ml.)fwashed neutral 

and condensed on the steam bath under vacuum.The residue was 

diluted with 500 ml. of water, ihe aqueous alkaline extracts 

were neutralized.All three solutions were given treatment "C", 

followed by "D". The remaining three aliquots or urine were 

given hydrolytic treatment in the autoclave or in air, with 

or without zinc as described m table 8. 

Sample 

Table 8. 

Treatment strong phenols weak phenols 

1. urine 
butanol 
i*aOH 

l.urine 
butanol 
NaOH 

2. 

3. 

4. 

"C" 
»C" 
«C" 

«D" 
"D" 
"D" 

"C" & Zn 
"C" & Zn 

"C" 
"C" & Zn 

"A" 

1.45 mg 
0.59 " 
6.95 " 

0.33 " 

0.59 " 

2.48 " 
2.346 " 

5.981 " 
3.435 " 

6.773 " 
3.686 " 

0.27 mg 
1.0 " 
0.04 " 

0.06 
0.00 
0.05 

0.33 
0.72 

0.38 
0.96 

0.76 
0.62 

H 

H 

II 

n 

II 

N 

•M»Mi»» s ;.-• T - M W I W M W - «•." 

It was seen that sodium estriol glucuronate could 

be hydrolyzed in 10 minutes, if it was heated in acidified 
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distilled water, while on hydrolysis in urine only 66/* were 

obtained unaer identical conditions. The weak phenols,which 

remaind in the n-butanol extract, 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. 

After 10-minute hydrolyses, the remaining urinary 

conjugates were hydrolyzed with and without zinc for 3 hours 

in the autoclave. The latter case was designated as treatment "E". 

The sample,receiving treatment ME",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 v as 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 preventing their oxidative 

destruction. 

Table 9. _ .. ._ ., 
Treatment Strong phenols Weak phenols 

1 wC" 4.0 mg. 0.61 mg. 
ttE« 3.13 " 0.62 " 
»D"(1 hour) 0.74 * 0.22 " 

2# "C" 4-° H °*61 " 
"D"(4 hours) 5.12 " 1.15 " 

3 "C" & Zn 3,13 " 1.33 " 
«DH 4,1 " 0.71 " 
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11. Hydrolysis of the conjugates with protection from oxiaative 

destruction. 

Five aliqots 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 and hydrochloric acid.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 t}ie 

sample serving as control, while approximately 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 cases, making the total quantity of estrogens 

recovered the same,as in other samples. 

Table 10. 

1. 

2. 

i 3 -
! 

4. 

5. 

i 

Treatment 
HA" & Zn 
"B" 
"D" 

"C" & Zn 
"D" 

"A" 
"A" (3 hours) 
IIDH 

"A" under Ng 
HA" " " 
HJrt It H 

»B" 
"B"(3 hours) 
"D" 

(3 hours) 

Strong phenols 
6.45 mg 
4.25 " 
1.92 

3.54 
8.72 

5.31 
3.70 
2.28 

5.28 
4.03 
1.08 

2.87 
4.12 
2#88 

n 

H 

M 

It 

tt 

H 

II 

n 
N 

tt 

Weak phe 
0.60 
0.69 
0.27 

0.75 
1.16 

0.88 
0.34 
0.22 

0.56 
1.07 
0.25 

0.85 
0.88 
0.41 

nols 
mg. 

it 

it 

tt 

II 

It 

tt 

tt 

tt 

tt 

It 

tt 

tt 
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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 fractio­

nation and on two further aliquots the rate of hydrolysis 

was examined. Six consecutive 10-minute treatments were made, 

and the quantity 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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Table 11. 

Sample Treatment estriol weak phenols 

1.urine 
butanol 
HaOH 

2.urine 
butanol 
NaOH 

MQtt 

«C" 
»C" 

»D» 
"D« 
WD« 

HC" (3 hours) l*61mg. 
0.61 " 
8.67 " 

2.03 • 
0.81 » 
10.36 " 

3.urine "C" (3 hours) 10.82 " 

4.urine "D" 14.23 " 

1.95 " 
1.32 " 
0.57 " 
0.43 " 
0.97 " 
0.55 » 

1.82 • 
0.80 " 
0.38 " 
0.11 " 
0.11 " 
0.07 " 

5.urine 

6 .ur ine 
i 
i 
i 
» 

i 

t 
1 

1 s t 
2nd 
3rd 
4 th 
5 th 
6 th 

1 s t 
2nd 
3rd 
4th 
5 th 
6 th 

"C" 
MQtt 

"C" 
IIQII 

"C" 
"C" 

«c* 
«C" 
"C" 
»Q« 
"C" 
"C" 

& Zn 
n 
it 

it 

tt 
tt 

0.15 mg. 
1.42 * 

0.24 
0.85 

2.03 " 

2.67 « 

0.773 " 
0.227 " 
0.079 " 
0.046 " 
0.076 " 
0.066 " 

0.622 " 
0.213 " 
0.103 n 
0.038 " 
0.027 " 
0.031 "« 

13.nydrolysis of ethereal sulphates with barium chloride. 

Barium chloride (24.4 g.) wa£ dissolved in water 

and added to one aliquot of pregnancy urine(1 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 zinc. 

On barium chloride hydrolysis no estrogenic material was libe­

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

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

Sample Treatment estriol weak phenols 
Pnn unit 4.14mg. 0.93mg. 
2nd »C" 2.64 « 0.35 " 
3rd "C" 1.06 " 0.07 " 

2* !st "C" 8c Zn 5.76 " 1 15 " 
2nd "C« " 2.96 « o!50 " 
3rd «C" « 1.09 " 0.06 " 

3. 1st BaClo 
2nd " 

ttntt 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 ^ffiax 280 my 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 aqueous so­

lution did not show a maximum at 280 my after 4 extractions. 

The butanol extracts revealed the presence of 330 mg. estriol 

as the glucuronate. 

The butanol solution was extracted with 1̂ 3 sodium 

hydroxide solution (7x75 ml.),until free of "estriol".The alka­

line extracts were acidified to pH 2.7 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 wast discovered.The aqueous phase was 

extracted with butanol, which w^s combined with the main 

solution of n-butanol.The butanol extract was washed neutral 

with dilute ammonia solution(3xl00 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 stand 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 fi sodium hydroxide 

solution. On cooling crystals formed,m.p.245°C with decompo­

sition, which were filtered off.On spectrophotometry analysis 

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

From the mother..liquors more crystals of the glucu­

ronate were obtained. The remaining mother liquors were teken 

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.)(cxxxil) was dissolved in 

hot water (5 ml.) and diluted to 100 ml. The solution was 

analyzed spectrophotometrically and found to contain 1.003 mg. 

estriol. The solution was acidified to pH 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 hyarolysis 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 13. 

10 minutes, autoclave, pH 1, 00% estriol hydrolyzed 
3 hours " & Zn " 82£% " " 
1 hour " " " a2% " " 

total 91.8% 

16. The rate of hydrolysis and destruction at pH 1. 

Estriol glucuronate (13.2 mg.) in warm water 

was diluted with 400 ml. water and the concentration was 

determined accurately by spectrophotometry:Four 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 10-minute hydroly­

sis, while the other was analyzed for total estrogens.Jj'or 

spectrophotometric analysis,the solutions containing zinc 

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

solution. 
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1 . 

\ 

\ 2 ' 
f 

autoclave pH 1, 

autoclave pH 1, 

Table 

1s t 15f 

2nd 
3rd 
4 th 

1st 
2nd 
3rd 
4 th 

tt 

tt 

tt 

60f 

15 • 
it 

tt 

tt 

6 0 ' 

1 4 . 

t o t a l 

& 4%Zn 

t o t a l 

24% 
17% 
11% 
11% 
36% 
99/* 

48/* 
8% 

11% 
15% 
17% 
99% 

e s t r i o l 
H 

it 

ii 

it 

n 

n 
n 
n 
»i 

II 

it 

l i b e r a t e d 
tt 

tt 

tt 

It 

II 

tt 
f 

II ! 

» • i 
It 

II j 

It 

3. autoclave pH 1, 2 hours 100% detected in solution 
90% extracted with ether 

i 
i 

1 4. autoclave pit 1, 2 hours & Zn 100% detected in solution 
92% extracted with ether 

from the above results it could be concluded that 

Marrian1s method of 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, jjor complete 

extraction 4 or 5 ether extracts seem necessary. 

17. Hydrolysis in the presence of air at ph 1. 

xhe conjugate(16.4 mg.) was dissolved in 303 ml.water 

and the concentration was determined spectrophotometrically. 

Three 100 ml. aliquots were hydrolyzed under reflux or in the 

autoclave as described in table 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 nroteotpH f,om + 
"uo projected from atmospheric oxygen, 

only 42.5% estriol was recovered. The aqueous solutions were 

adjusted to pH 1 and hydrolyzed for one hour.Ao further yields 
of estriol could be extrsr+ori i.v,„ -, +• 

us exxi^cted. ihe solution in which 58% of 

estriol had not been recovered,yielded on second hydrolysis 

a yellow oil, which did not possess the 280 mu wiiw.. nom 
the other 2 solutions,ether extracts contained no material. 

Attempts at the identification of the yellow oil 

by spectrophotometry analysis were made. The absorption 

spectrum revealed 3 bands, at 248, 254 and 260 mp. TO estab­

lish this absorption spectrum as belonging to the hypothetical 

product of oxidative destruction of estrogens, control experi­

ments were maae. These experiments established the fact,that 

the spectrum was due to the ether (one of its contamination 

products) and not due to the estriol oxidation product.The 

spectrum is recorded on page 171. 

Table 15. 

1. reflux, 2 hours,pH 1, 42.55$ estriol recovered in ether 
2. autoclave » & Zn " " 74.5 % " w M 

3. reflux, " & Zn " " 75.44^- " 
II II It 

1. 
2. 
3. 

ref lux 
tt 

tt 

1 hour 
ti 

H 

tt « 

It H 

it II 

oil II 

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

Sodium estriol glucuronate (13.2 mg.) was dissolved 

in 300 ml. water. Every 100 ml. aliquot was found spectropho-

tometrically to contain 1.858 mg.estriol.The solutions were 
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Absorption spectrum of impurity in the ether. 

hXv 
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heated to boiling by a glass-col heating element, before 10 ml. 

concentrated hydrochloric acid v/as added through the condenser. 

After 10 minutes, the solutions were rapidly cooled and ex­

tracted with etheT(3x40ml.)#52% of the estriol present was 

recovered in the ether extracts. The remaining aqueous solu­

tions were combined and allowed to stand at room temperature 

for 16 hours.Prom the solution 5% of the total estriol was 

extracted with ether. 

The aqueous phase was then extracted with n-butanoi., 

to see, whether the unaccounted for 42% estriol had been de­

stroyed or were still in conjugated water soluble form. The 

butanol extracts were washed neutral with water and taken 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. 

1/3 

tt 

1 
1 

! i 

Table 

10' reflux 15% 
II tt M 

II w " 

16h at 20°C " 

n-butanol extract 

16. 

HC1 

total 

53.6% 
51.8% 
51.1% 

4.6% 

39.0% 

96.6% 

estriol 
it 

n 

II 

tt 

tt 

liberated 

II 

II 
! 

i 
conjugated • 

recovered, j 
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19. Comparison of the efficiency of hydrolytic methods 

described in the literature. 

Eleven methods of hydrolysis of the estrogen 

conjugates in urine were tested. 25 ml. samples containing 

150 ug. estriol as its glucuronate in distilled water were 

treated as described in table 17. 

Table 17. 

investigator 

Marrian 

Callow 
5 

\ Venning 

1 Pincus 

J Cherry 

Smith 
• 

Koch 

McCullough 

Smith(Zinc) 

| Laqueur 

• 

Palmer 
\ L - , - • •• ' 

Ref. 

156 

246 

235 

248 

244 

241 

233 

242 

234 

240 

245 

Conditions Reco 

h pH 1 2 autoclave 

4% HC1 l h 

pH 3 2h 

8c 0.6%HC1 

15%HC1 7* 

5% HC1 lh 

15%HC1 15* 

10%HC1 15* 

5%H2S0415
f 

15%HC1 10' 
& 4% Zn 

4% HC1 15 • 
& C6H6 

14%HC1 90 • 

n 

it 

reflux 

tt 

tt 

H 

M 

H 

It 

autoclave 

very of estriol 

99.6% | 

94 % ! 

89.5% 

81 % 

74.8% 

70 % 

68.3% 

47.7% 

43.6% 

25 % 

0 % 

Marrian's method was found to give quantitative 

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 Smith's method of hydrolysis. 

Seven solutions of sodium estriol glucuronate 

(0.8531 mgwestriol" 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 acid). The 

variations are described in table 18. After each period of 

hydrolysis, the solution was extracted with peroxide free 

ether, the ether was washed neutral, taken off at room 

temperature, and the residue was analyzed spectrophotometri-

cally. 

Table 18. 

1. 10% HC1 10' reflux 63.2% estriol recovered 
" 4%Zn 3h " 28.5" " " 

2. 

3. 

tt 

tt 

4. n 
II 

5. it 

6. 

7. n 

4%Zn 

4%Zn 
M 

4%Zn 

4%Zn 

3 h 1 0 ' 

10 • 
10 • 

10 • 
10 ' 
10 ' 

20 ' 
10 • 

10 ' 
10 -

20 ' 
10 ' 

T o t a l 

tt 

tt 

tt 

T o t a l 

it 

tt 

H 

tt 

tt 

T o t a l 

it 

tt 

T o t a l 

tt 

ti 

91.7% 

52.4% 

30.3% 
16.0M 

46.3% 

69.2% 

68.0% 
19.0% 
87.0% 

64.5% 
3 2 . 0 " 
96.5% 

40.0% 

tt 

tt 

it 

ti 

tt 

tt 

ti 

n 

tt 

tt 

tt 

tt 

n 
II 

tt 

tt 
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From these results a number of important 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 hydrolytic treatment only produced 

oils, which did not show the characteristic spectrum of the 

estrogens. This destruction could be prevented by the addi­

tion of zinc in the second hydrolysis. The formation of ether 

peroxides can be prevented by the hydrogen atmosphere proauced. 

On the other hand, zinc readily adsorbes a part of the estriol 

making its extraction difficult arid also raises the pH of the 

solution, so that further acidification 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 maximum could be observed at 280 mp> suggesting complete 

destruction of the estriol on 10-minuteswhydrolytic 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 was 

added to the solution in a separatory funnel, shaken vigorously 

and allowed to separate.The aqueous layer was then hydrolyzed. 
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After extraction with peroxide free ether, the solutions were 

autoclaved for 10 aunutes in the presence of 4% zinc and 

again extracted with ether. The concentration of estriol in 

the extracts was determined spectrophotometrically. 

Table 19. 
[ ~- ... - ™ s » « » m » . 

1. 10%HC1 10' 
! 

jj 

! ether 

ether, 

i 

ether, 

CHC1„ 

GeHe 

..__. ,„. 
• • • • ' - - — • 

reflux 

Zn 

Zn 

*fe 

49% 

33% 

33% 

33% 

35% 

36% 

40% 

« _ - „ — _ «.^_„ww^-l 

2. 10%HC1 

40% 

40% 

19% 

28% 

44% 

46% 

45% 

. ^ W H ^ * ^ - ^ ^ . . 

8c 4% Zn 

Total 

tt 

tt 

II 

ti 

ti 

tt 

„_,.. . -rrj^m.i 

IP' 

89% 

73% 

52% 

61% 

79# 

82% 

85% 

„„»„, „, 

autoclave 

recovered 

H 

It 

» 

II 

» 

II 

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 0.67 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 was recovered, but in the presence of zinc only 
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53 to 59% was 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.) taken to dryness 

and analyzed spectrophotometrically. Estriol was recovered 

quantitatively. 1st: 42%, 2nd: 30%, 3rd: 18% and 4ttt 9%.However, 

it proved that 3 extractions with ether will only remove 90% 

of the estriol present, accounting for a number of low yields. 

23. The recovery of estriol in the presence of zinc. 

Estriol (0.106 mg.) was dissolved in a few drops of 

methanol and diluted to 10 ml. with water. The concentration 

of estriol was determined spectrophotometrically. 4% zinc 

was added and the suspension was shaken.As the zinc did not 

settle out,part of the solution was 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 precipitated imme­

diately, and the supernatant fluid revealed the presence of 

82 yg. estriol by its extinction.20% of the estriol was not 

recovered. 

24. Recovery of estriol after hydrolysis of the conjugate 

in the presence or absence of zinc. 

Solutions containing 0.604 mg. estriol as the glu­

curonate in 90 ml. cf water were prepared and 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 and acid,making sure, that in the same solution all zinc 

should have disappeared before extraction. ( solution 3) 

Table 20. 

1. 15%HC1,4% Zn,10* r e f l u x , Zn l e f t 55.4% 2nd 1 0 * , T o t a l 83%. 

2 . 10% " 1% M * M " M 33 .1% » M " 75% 

3. 15% " 1% " 15* tt no Zn " 77.0% » 15 • " 100% 

4. 10% M " " " » 71.5% « 10' " 90% 

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 measures of solution of excess zinc( pro-

longued heating on the steam bath or addition of concentrated 

hydrochloric acid to the metal at room temperature), all the 

estriol is destroyed. 

25. The absorption spectrum of sodium estrone sulphate. 

Estrone' 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 spectrum was determined in neutral, acid and alkaline 
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Absorp t ion spectrum of Estrone sulphate 
i n a l k a l i n e (Xmin^54mjft) and aeidQ.min244mji) 

- medium. 

no 
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solution. Absorption maxima were observed at 268 and 274 mu. 

On shifting from an acid or neutral to an alkaline medium, the 

position of the maxima did not change, but the minimum was 

shifted from 244 to 254 my. 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. Jhio 

hydrolysis occurred under those conditions. 

The solution was acidified with 10 volumes % 

concentrated hydrochloric acid and refluxed for 10 minutes. 

un extraction with ether, 1.954 mg. crystalline estrone was 
-I 

recovered, representing a quantitative recovery of estrone. 

(2.7 mg. sodium estrone sulphate contain 1.956 mg. estrone). 

27. Hydrolysis of estrone sulphate under different conditions. 

Six aliquots (525 yg.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%).At pH 1 only 74% estrone was reco­

vered, whether hydrolysis was carried out over 10 or 60 minutes, 

while on hydrolysis with 10 volumes % concentrated hydrochloric 

acid quantitative yields were obtained on 10-minutes treatment, 

if any destruction occurred, it could only amount to 5% in one 

hour. On hydrolysis in the presence of zinc, no estrogenic ma­

terial could be recovered. An oily residue was obtained, which 
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did not p o s s e s s a 280 XQ̂JL a b s o r p t i o n band.On p u r i f i c a t i o n 

no e s t r o g e n i c a b s o r p t i o n spectrum could be d e t e c t e d . 

Table 2 1 . 

1 . 10* a u t o c l a v e pH 1 387.6 yg, 74%,estrone recovered 

2 . 1 H " " 387.0 yg, 74% » » 

3. 10' w 10%HC1 522.6 Jig,100% M " 

4. lh w » 493.4 yg, 95% " H 

5. 101 w « Zn 

6. lh W « « M 
.J 

28. Separation of estrone sulphate from estrone. 

Crystalline estrone sulphate had turned pink and 

become partially hydrolyzed,while standing in a desiccator. 

The 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. jj'rom the supernatant fluid 90% of the 

material was recovered as estrone on evaporation of the sol­

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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1.84 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 hydrochloric acid were added, ihe 

supernatant solution analyzed for 1.22 mg of estrone.On heat­

ing the mixture for 5 minutes on the steam bath only 0.9845 mg. 

estrone were discovered. 50% of estrone had disappeared. The 

mixture was thoroughly extracted with ether and 1.786 mg. of 

estrone were recovered (95%).This observation indicates, that 

estrone can be removed from solution by acidified zinc and that 

it can be recovered from 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.10 volumes y> concentrated hydro­

chloric acid and 4% zinc were added and the mixture was re­

fluxed for 10 minutes.The estrogens were extracted wiui ether 

(3x40 ml.), and the extracts were washed neutral and taken to 

dryness. The residue was treated with Girard1s reagent "I" 

and the non-ketonic fraction was chromatographed on alumina. 

The ketonic fraction did not contain any estrone.jrrom the 

chromatogram (No.30) 75̂ > of the recovered estrogenic material 

was obtained as desoxyestrone(CXXXIV).l7# was identified as 

(^-estradiol, 3% was a mixture of \- and 6-estradiol and 5% 

were not identified. 182. 



Chromatogram Ho.30. 

ketonic 

non-ketonic 
l.Bz. 100% 
2. " 2%acetone 
3. " 5 " 
4. " 7t 
5. "10 
6. "15 
7. "20 
8.Ether 100% 
g.CEjOH " 

It 

tt 

tt 

0.48l7mg. 
1.233 w 

0.2585 " 
0.1456 " 
0.3239 » 
0.0864 n 

oil 
oil 
135-137°C 

tt 

123-125°C 
oil 
178°C 
176°C,219-233°C tf,B-estradiol 
oil r 

desoxyestrone 

o(-estradiol 

31. 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 and decanting 

the solution) and concentrated hydrochloric acid (:5 ml.) were 

added, and 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 Girard1 s reagent HTH, 90% of 

the material was found in the ketonic fraction and identified 

as estrone.The non-ketonic material was chromatographed (2Jo.31); 

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 acid 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 "Tw. 15 mg. estrone were recovered. Prom the chro­

matogram of the non-ketonic fraction (j>b.32) 5 mg. of 

(^-estradiol was recovered. 0.3 mg. of an oily fraction was 

obtained which possessed the characteristic estrogenic 

spectrum.Possibly impure desoxyestrone. fi-estradiol could 

not be discovered. 

«y-*Mw^™«* •v^MwM'^jqm..^ 

ketonic 

Chromatogram No. 31. 

2.403. mg. Estrone 

non-ketonic 
l.Bz. 100% 
2. " 2% acetone 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 

1 0 . 

• 5 
" n\ 
"10 
"15 
"20 
"20 
E t h e r 
CH30H 

it 

II 

it 

II 

n 
it 

100% 
It 

} 0 . 2 9 3 • 
J • 

_ - > . . 

_ —— 

—— — 

— — — 

Desoxyestrone 
tt 

tt 

ketonic 

n o n - k e t o n i c 
l . B z . 100% 

" 2%acetone 
tt 5 M 
H ?£ H 

" 10 ,f 

tt 1 5 tt 

" 20 " 
8 . E t h e r 100# 
9 . CH3OH " 

Chromatogram No. 32 . 

1 5 . 4 2 3 mg. 

2 . 
3 . 
4 . 
5 . 
6 . 
7 . 

o i l 
_ - _ M 

0 . 1 4 8 2 " " 
0 . 1 5 2 5 " M 

0 . 9 0 4 5 " 176°C 
3 . 9 5 3 " " 

o i l 
w 

\ ' - e s t r a d i o l 
tt 
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33. Clemmensen reduction of estrone.II. 

43.6 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 treated 

with Girard1s reagent "T".50% was recovered as estrone.The non-

ketonic fraction on chromatography(No.33) yielded 5.1 mg. des­

oxyestrone.Other crystalline fractions,possessing the 280 my 

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. 

ketonic 20.1 mg. 

non-ketonic 
1. Bz. 100% o i l 
2. " 2%acetone 0.130 " oil 
3. " 5 » 5.103 " 133-136°C Desoxyestrone 
4. « 7£ H 6.167 " 123-25,197°C ? 

! 5. " 10 H 2.402 " 192-197°C ? 
i 6. ",15 * 1.780 " oil 

7! " 2 0 » 1^574 » 99-100°C ̂ m_x 264,270,280 mu V 
8. Ether 100% 4.683 « oil ^ ' 

The ketonic fraction was subjected to another Clem­

mensen reduction.14.1 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 1y 

2*>o 
— i — 

ZSo l(>o 

—i— 

170 iA° 
—! 
Z.90 £00 

v 
3(0 yy\ v± 
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34. The action of faecal bacteria on estrone. 

Estrone (47 mg.) was dissolved in ethanol (5 ml.) 

and added to a 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 my 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 my maxi­

mum. In the non-ketonic fraction 4.6 mg. o(-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% 
2. * 2% acetone 

« 4 tt 

"10 " 
tt 1 5 it 

" 20 " 
7. Ether 100% 
8# CH30H * 

3. 
4. 
5. 
6. 

oil 
oil 
130°C 
oil 

4.670 mg. 175-180°C 
2.836 " oil 
1.439 " 226-228°C 
1.827 " oil 

Chromatogram 34 K 

l.Bz. 
2. " 
3. " 
4. " 
5. " 
6. " 

100% 
2% acetone 
4 " 
10 " 
15 " 
20 " 

7.Ether 100% 
8.CH3OH " 

o(-estradiol 

B-estradiol 

oil 
oil 

4.769 mg# 249-251°C estrone 
2.955 « « H 
0.675 " ? 
0.211 " oil ? 
0.086 " oil ? 
1.223 " oil ? 
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Summary and Conclusion of Part 3. 

A search for the hypothetical estrogen oxidation 

product, which can be reactivated by zinc and hydrochloric 

acid treatment (according to Smith and Smith), 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 quantities of 

estriol were extracted from the aqueous phase. As Smith 

had accepted his method of hydrolysis to give complete 

liberation of the estrogens present, the additional quan­

tity of estriol liberated could not be accounted forfgiving 

rise to the concept of the THzti/To r a t i o # 0 n tiie basis of 

incomplete hydrolysis of estriol glucuronate alone, a ratio 

of 2 to 3 was obtained in all experiments.This additional 

estriol was also obtained on second hydrolysis (3 hours) 

without zinc in the autoclave or under a stream of nitrogen. 

Without protection from atmospheric oxygen the yield of 

estriol was considerably smaller. These observations were 

confirmed by hydrolysis experiments on estriol glucuronate 

and evidence for the following explanations was obtained. 

After 10-minutes hydrolytic treatment of the urine, 

the estrogens were extracted with ether. When the aqueous 

phase was subjected to another hydrolytic treatment, 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 acid,prevents this destruction. Besides 

its protective action, zinc treatment has a number of dis­

advantages. 

It was observed that zinc would adsorb large quanti­

ties of estrone and estriol, which could only be recovered on 

thorough extraction.Secondly, the reduction of estrone by 

zinc and hydrochloric acid, which uniformly increased the 

biological activity 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 Smith's method gave rise to 

desoxyestrone (90%), while the remaining 10% consisted pre­

dominantly of A(-estradiol with small amounts of B-estradiol. 

The biological activity of desoxyestrone has not been deter­

mined, but the compound is not soluble in H sodium hydroxide 

solution and will therefore not be estimated in the phenolic 

fraction. In the presence of larger quantities of estrone, 

reduction is very incomplete, leaving part as estrone, while 

most of it is recovered as o(-estradiol with only traces of 

B-estradiol. Variations in the concentration of estrone must, 

therefore, lead to great differences in activity on biolo­

gical assay depending on the product formed. 
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No evidence for the existence of an inactive 

estrogen oxidation product was obtained. This observation 

is in line with the findings of Cantarov et al., that the 

liver does not destroy the estrogens, but removes them 

from circulation secreting them into the bile. With the 

bile the estrogens pass into the intestine and are reab­

sorbed, establishing an entero-hepatic circulation.Whether 

all estrogens are slowly excreted in the urine as conju­

gates or can be inactivated by the faecal bacterial flora, 

when passing through the intestine, was investigated. 

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 intestinal tract appears insignificant. 

A quantitative recovery of the estrogens adminis­

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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