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ABSTRACT 
STEROID DERIVATIVES AND THEIR USE 

IN RADIOIMMUNOASSAYS 

Radiolabeled steroid derivatives having 
the formula 

wherein St is a 6~dehydro derivative of a 3-oxo-4,5~ 
dehydro steroid intended for radioimmunoassay, said 
steroid being saturated in the 1,2-position; R is 
hydrogen or alkyl of 1 to 3 carbon atoms; n is 0, 1, 
2, 3 or 4; and the asterisk {*) indicates tagging with 
a radioisotope, are useful as tracers in radioimmuno-
assays. The unlabeled analogs can be coupled with 
an immonogenic carrier and used to induce antibody 
formation in animals. 

OH 
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STEROID DERIVATIVES AND THEIR USE 
IN RADIOIMMUNOASSAYS 

Radioimmunoassay techniques have been used to 
determine the concentration in body fluids of various 
endogenous and exogenous steroids. In the development 
of radioimmunoassays for the various steroids, the 

5 preparation of a radiolabeled antigen is of primary 
concern. Possible radioisotope labels are tritium, 
carbon-14, iodine-125, iodine-131 and others. However, 
because tritium and carbon-14 must be counted by liquid 
scintillation (a time-consuming and expensive process), 

10 iodine-125 and iodine-131 are more desirable. For reasons 
well-recognized in the art (e.g., half-life, radiation 
hazard, counting efficiency and others) iodine-125 has 
become the radioisotope of choice for use in steroid 
radioimmunoassays. 

15 The chemical structure of steroids is such that it is 
generally not possible to radioiodinate them directly. 
It is necessary, therefore, to utilize as a precursor of 
the radiolabeled antigen a derivative of the steroid to 
be assayed which can be readily iodinated. In choosing 

2 0 or developing such a derivative, the primary concern is 
the affinity of the derivative for the antibodies of the 
steroid to be assayed; the affinity of the derivative 
for the antibodies should, of course, be as close to the 
affinity of the steroid for the antibodies as possible. 

2 5 Compounds having the formula 
O O 

i II II 6- (H0-C-CH 2-CH-CH 2-C-0-CH 2-t^St 
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are readily tagged with a radioisotope and can be used 
(when radiolabeled) as a tracer in radioimmunoassay 
procedures for the determination of steroid levels in a 
body fluid. The unlabeled compounds can be coupled with 

5 an immunogenic carrier and suitable adjuvant and injected 
into animals to induce antibody formation. In formula I, 
and throughout the specification, R is hydrogen or an 
alkyl group of 1 to 3 carbon atoms; n is 0, 1, 2, 3 or 4; 
and St is a 6-dehydro derivative of a 3-oxo-4,5-dehydro 

10 steroid intended for radioimmunoassay, said steroid being 
saturated in the 1,2~position. 

Exemplary of 3-oxo-4,5-dehydro steroids intended for 
radioimmunoassay which can be modified structurally as 
shown in formula I are Cortisol, cortisone, corticosterone, 

15 testosterone, 19-nortestosterone and methyltestosterone. 
The steroids of formula I can be prepared using the 

corresponding 6-hydrosteroid as the starting material. 
Many of these starting steroids (St-H) will be 17a,21-
dihydroxy pregnenes. In these instances, it will be 

20 necessary to protect the substituents in the 17-, 20-
and 21-positions prior to running the reactions needed to 
prepare the steroids of formula I. Various methods for 
protecting these substituents will be apparent to the 
practitioner of this invention. An exemplary method 

25 comprises the reaction of the unprotected steroid with 
paraformaldehyde in the presence of hydrochloric acid to 
yield the corresponding 17,20 : 20,21-bis-methylenedioxy 
derivative. 

Reaction of the 6-hydrosteroid starting material 
30 (protected, if necessary) with formaldehyde in the 

presence of a secondary amine, e.g., pyrrolidine, affords 
a mixture of 6a-and 6g-hydroxymethyl steroids having the 
formula 

II 6-(HO-CH2-^-St ' 
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these derivatives can be separated using conventional 
techniques. In formula II, and throughout the 
specification, St' can be St or the corresponding 
protected steroid moiety. The above reaction can be 

5 carried out in an alcohol solvent, preferably in an inert 
atmosphere, e.g., nitrogen or argon. The absence of 
oxygen during the reaction minimizes the formation of 
significant amounts of 6a- and 63- hydroxy steroids as 
by-products. 

10 Alternatively, the 6-hydrosteroid starting material 
(protected if necessary) can be reacted with pyrrolidine 
in an alcoholic solvent to yield III 3-[ (l-pyrroli~ 
dinyl)] St'1 '-3,4,5,6-dehydro, wherein St 1' 1 is a steroid 
saturated in the A and B rings. Compounds of this type 

15 are known; see, for example, Helvetica Chimica Acta, 
56(7):2396-2404 (1973). An intermediate of formula III 
can then be reacted with formaldehyde in an alcoholic 
solvent to yield the corresponding 6a~ and 6)3- hydroxy-
methyl steroids of formula II. 

20 The 6a- and 63- hydroxymethyl steroids of formula 
II can be reacted with a glutaric anhydride derivative 
having the formula 

30 to yield the corresponding steroid having the formula 
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V 
O O 
Il II 

6- (H0-C-CH2-CH-CH2-C-0-CHg*~St 

^ V n 

O-alkanoyl 

The reaction can be run in the presence of an 
organic base (e.g., a nitrogen containing hetero-
cyclic such as pyridine or a tertiary amine such 
as triethylamine), preferably at an elevated 
temperature. 

Removal of the phenolic hydroxyl 
protecting group in a compound of formula V (and, 
where necessary, removal of the protecting group 
from the 173, 20- and 21-positions) yields the 
corresponding steroid product of formula I. 

The anhydrides of formula IV can be 
20 prepared by first reacting a 4-methoxyphenyl 

aldehyde having the formula 
VI 

c h 3 0 - O < C V > 

25 with at least 2 molar equivalents of cyanoacetic 
acid in the presence of a base (e.g., sodium hydroxide) 
to yield, on acid hydrolysis, a compound having the 
formula 

V I I 

0 
R. H \ t ch9 -c-oh 

I 1 

C H 3 ( C H 2 > n 
CH„-C-OH 

2 )| 
O 
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An alternative preparation for the compound of formula 
VII wherein n is 0 and R is hydrogen, i.e., 3-(4-
methoxyphenyl)glutaric acid, is disclosed by Smith 
et al., J.A.C.S., 72, 1877 (1950). In that procedure, 
anisaldehyde is condensed with ethyl acetoacetate in 
the presence of piperidine to give ethyl anisal-bis-
acetoacetate. Cleavage of this product to give the 
desired 3-(4-methoxyphenyl)glutaric acid can be 
accomplished with boiling alcoholic sodium hydroxide 
solution. 

Demethylation of the glutaric acid deri-
vatives of formula VII results in glutaric acid 
derivatives having the formula 

V I I I „ O 
R II \ — . çh2 -c-oh 

HO - r > - (CH„ ) - ÇH \ / . / n 1 CHn-Ç-
2 'S 

OH 

and can be accomplished by following one of the 
several procedures known in the art for the demethyl-
ation of aryl methyl ethers. One such procedure, 
described by Feutrill et al., Aust. J. Chem., 25, 
1719 (19 72), involves the treatment of the aryl methyl 
ether with thioethoxide ion (readily prepared in situ 
from ethanethiol and sodium hydride) .in a polar 
aprotic solvent, preferably dimethylformamide. 

The phenolic hydroxy group of a compound 
of formula VIII can be protected with an alkanoyl 
group using art-recognized procedures. One such 
procedure comprises reacting the glutaric acid deri-
vative with the appropriate acid anhydride (acetic 
anhydride is preferred). The preferred method of 
preparing a glutaric anhydride derivative of formula 
IV from the glutaric acid derivative of formula VIII 
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is to combine the conversion of the acid to anhydride 
and the protection of the phenolic hydroxy group into 
a single step. When the R^ protecting group is 
acetyl, this would involve heating a glutaric acid 
derivative of formula VIII in acetic anhydride. 

with an immunogenic carrier, such as a high molecular 
weight protein of which bovine serum albumin and 
thyroglobulin are exemplary, and if necessary an 
adjuvant in order to produce a substance capable of 
inducing antibody formation in animals. Procedures 
for such couplings are well known in the art? see, 
for example, Parker, "Radioimmunoassay of Biologically 
Active Compounds", Prentice-Hall, Inc., New Jersey 
(1976). 

The compounds of formula I can be labeled 
("tagged") with a radioisotope, preferably iodine-125 
or iodine-131, and most preferably iodine-125, using 
procedures well known in the art, to yield a radio-
labeled hapten having the formula 

The asterisk (*) in formula IX indicates tagging with 
a radioisotope, Exemplary of the methods known in 
the art is the method of Hunter and Greenwood; see 

The compounds of formula I can be coupled 

IX 
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Nature, 194:495 (1962). The radiolabeled compounds 
of formula IX form an integral part of this inven-
tion. 

The radiolabeled compounds of formula IX 
can be used as tracers in radioimmunoassay procedures 
following the general principles set forth in the 
Background of the Invention, supra. Exemplary 
detailed procedures are described in Jaffe et al., 
"Methods of Hormone Radioimmunoassay", Academic Press, 
New York (1974) and Berson et al., "Methods in 
Investigative and Diagnostic Endocrinology", Vol. .3 
on "Steroid Hormones", North Holland, Amsterdam (1975). 
The radiolabeled compounds of this invention may 
also be used as reagents in the automated radio-
immunoassay system of Brooker et al. disclosed in 
United States patent 4,022,577, issued May 10, 1977. 

The following examples are specific 
embodiments of this invention. 
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Example 1 
(6a,lip)-6-[[DL-4-Carboxy-3-(4-hydroxyphenyl)-1-
oxobutoxy]methyl]-11,17,2I-trihydroxypregn-4-ene-
3,20-dione (Cortisol derivative) 

A) lip-Hydroxy-6- (hydroxymethyl)-17, 20 : 20 , 21-fcuLs.- [methyl-
enebis(oxy)]pregn-4-en-3~one (6a and 6â-isomers) 

A suspension of lip-hydroxy-17,20 : 20, 21-
bis[methylenebis(oxy)3 pregn-4-en-3-one (1.6g) in 
methanol (50 ml) containing pyrrolidine (l.lg) is 
refluxed until a homogeneous solution is obtained. 
The solution is then cooled to room temperature and 
a 37% formaldehyde solution (5.0 ml) is added. The 
solution is then refluxed for 15 minutes and the 
solvents are evaporated to afford 1.7g of a gummy 
residue. 

The above reaction is repeated two more 
times on 3.6g each of the starting steroid. The 
materials from the three runs are then pooled and 
chromatographed on a silica gel column to isolate 
(i) 6.8g of the starting steroid, (ii) 1.05g of a 
mixture of the 6a and 6P~isomers of the title 
compound, and (iii) 0.8g of a mixture of the 6a and 
63-isomers of 6,113-dihydroxy~17,20 : 20,21-bis-
[rnethylenebis (oxy) ] pregn-4-en-3-one. 

The 6a and 6 3-isomers of the 6-hydroxy-
methyl steroid (1.05g) are separated by repeated 
thin-layer chromatography on silica gel plates to 
afford 0.25g of the 6a-isomer, melting point 228-
245°C, and 0.74g of the 63-isomer, melting point 
175-185°C. 
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B) (6tx, 113)~6~[[DL-3-[4-(Acetyloxy)phenyl]-4-carboxy-
l-oxobutoxy]methyl]-ll-hydroxy-17,20 : 20,21-h±a-
[methylenebis(oxy)]pregn-4-en-3-one 

A solution of 105 mg of lip-hydroxy-6a-

(hydroxymethyl)-17,20:20,21-bis[methylenebis(oxy)]-

pregn-4-en-3-one in 0.8 ml of dry pyridine containing 

180 mg of 3-[4-(acetyloxy)phenyl]glutaric anhydride 

is heated in a bath at 70-80°C for 3.0 hours. The 

pyridine is then evaporated in vacuo, the residue 

is dissolved in ethyl acetate, washed with 5% 

hydrochloric acid and water, and evaporated to a 

residue. This is subjected to thin-layer chroma-

tography on silica gel plates to isolate 113 mg of 

the title compound, melting point 117-124°C. 

C) (6a,116)-6-([PL-4-Carboxy-3-(4-hydroxyphenyl)-
T^ôxobutoxy J mêEhyl J -1 r^TFTydroxy-17 , 21) : l\\, 

[methylenebis(oxy)]pregn-4-en-3-one 

A solution of 110 mg of (6a,110)-6-[[DL-3-

[4- (acetyloxy)phenyl]-4-carboxy-l-oxobutoxy]methyl]-

ll-hydroxy~17,20 : 20,21-bis[methylenebis(oxy)]pregn-

4-en-3-one in 8 ml of methanol is adjusted to pH 9.0 

with triethylamine and refluxed in an oil bath for 

22 hours. The mixture is then cooled, acidified 

with 5% hydrochloric acid, concentrated in vacuo 

to remove most of the methanol, diluted with water, 

and extracted with ethyl acetate. The ethyl acetate 

solution is washed with a saturated sodium chloride 

solution, dried and evaporated to afford 9 5 mg of 

the title compound, melting point 105-118°C. A 

thin-layer chromatographic examination shows that 

this material contains only traces of impurities. 
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D) (6a, 11(3)-6- [ [PL-4-Carboxy-3- (4-hydroxyphenyl)-1-
oxobutoxy]methyl]-11,17,21-trihydroxypregn-4-ene-
3,20-dione 

A solution of 60 mg of (6a,113)-6-[[DL-4-
carboxy-3-(4-hydroxyphenyl)-1-oxobutoxy]methyl]-11-
hydroxy-17,20: 20,21-bis[methylenebis(oxy)]pregn-4-
en-3-one in 4 ml of 50% acetic acid is heated at 
100°C for 4.0 hours under nitrogen. The solvents 
are then evaporated iri vacuo and the residue is 
subjected to preparative thin-layer chromatography 
on silica gel plates to afford 30 mg of the title 
compound, melting point 103-128°C. 

Example 2 
(63,113)-6-[[PL-4-Carboxy-3-(4-hydroxypheny1)-1-
oxobutoxy]methyl]-11,17,2l-trihydroxypregn-4-ene-
3,20-dione 

A) (63,113)-6-[[PL-3-[4-(Acetyloxy)phenyl]-4-carboxy-
l-oxobutoxy}methyl] -ll-hydroxy-17, 20:20, 21 -Jai-S.-
[methylenebis.(oxy) ]pregn-4-en-3-one 

A solution of H3-hydroxy-63-(hydroxymethyl )-
17,20:20,21-bis[methylenebis(oxy)]pregn-4-en~3-one 
(300 mg) is reacted with 3-[4- (acetyloxy)phenyl]glutaric 
anhydride (515 mg) following the procedure described 
in Example IB to afford 295 mg of the title compound, 
melting point 99-119°C. 
B) (63 , .113) -6- [ [PL- 4-Carboxy- 3- ( 4-hydroxyphenyl-1-

oxobutoxy ] methyl ] -ll-hydroxy-17, 20:20, 21~j2iog.~ 
[methylene&jLs. (oxyl 1 prego-4-en-3-one 

(6 3,113)-6-[[PL-3-[4- (Acetyloxy)phenyl]-4-
carboxy-1-oxobutoxy]methyl]-ll-hydroxy-17,20:20,21-bis-
[methylenebis(oxy)]pregn-4-en-3-one (325 mg) in 
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methanol (18rriL is reacted following the procedure 
described in Example 1C to afford 305 mg of the 
title compound, melting point 103-128°C. 
C) (6|3 , lip) -6- [ [PL-4-Carboxy-3- (4-hydroxyphenyl) -1-

oxohutoxy]methyl]-11,17,21-trihydroxypregn-4-ene~ 
3,20-dione 

A solution of 100 mg of (60,lip)-6-[[DL-
4-carboxy-3-(4-hydroxyphenyl)-1-oxobutoxy]methyl]-11-
hydroxy-17,20:20,21-bis[methylenebis(oxy)]pregn-4-
en-3-one is reacted in 4.0 ml of 50% acetic acid 
following the procedure described in Example ID to 
afford 26 mg of the title compound, melting point 
177-205°. Spectral examination shows that this 
material is contaminated with a small amount of the 
6a-isomer. 

Examples 3-9 
Following the procedures of Examples 1 and 2, 

but substituting the starting steroid listed in column 
I for the Cortisol derivative of Example 1A and the 
anhydride reagent listed in column II for 3—[4 — 
(acetyloxy)phenyl] glutaric anhydride, yields the 
a- and p-isomers compound listed in column III. In 
those instances wherein the starting steroid is not a 
bis-methylenedioxy derivative, the procedures of 
Examples ID and 2C will, of course, not be necessary. 



Column I 

3 17,20:20,21-bis-[methylene-

bis (oxy)]pregn-4-ene-3,H-dione 

4 11B/'21 ,dihydroxypregn-4-ene-3, 
20-dione 

5 pregn-4-ene-3,20-dione 

6 172-hydroxyandrost-4-en-3-one 

Column II Column III 

3- [4-(acetyloxy)phenyl]-

glutaric anhydride 
6-[[DL-4-carboxy-3~(4-

hydroxyphenyl)-1-oxobutoxy]-

methyl]-17,21-dihydroxypregn-

4-ene-3,11,20-trione 

3-[4-(acetyloxy)phenyl]-
glutaric anhydride 

3- [4-(acetyloxy)-3-
methylphenyl]glutaric 
anhydride 

3- [ [4-(acetyloxy)phenyl]-

methyl]glutaric anhydride 

6-[[DL-4-carboxy-3-(4-

hydroxyphenyl)-1-oxobutoxy]-

methyl]-11B,21-dihydroxypregn-

4-ene-3,20-dione 

6-[[DL-4-carboxy-3-(4-

hydroxy-3-methylphenyl)-

1-oxobutoxy]methyl] pregn-

4-ene-3,20-dione 

6-[[DL-4-carboxy-3-[(4-hydroxy-

phenyl)methyl]-1-oxobutoxy] -

methyl]-176-hydroxyandrost-

4-en-3-one 

i 

r 

H 

W iù 
cn 

U1 
w 



7 19-nor-17 B-hydroxyandrost-
4-en-3-one 

8 173-hydroxy-17a-methyl-
androst-4-en-3-one 

9 llB-hydroxy-17,20:20,21-
bis [methylenebi£(oxy)]-
pregn-4-en-3-one 

3-[2-[4-(acetyloxy)phenyl] - • 
ethyl]glutaric anhydride 

3-[3-[4-(acetyloxy)phenyl]-
propyl]glutaric anhydride 

3-[4-[4-(acetyloxy)phenyl]-
butyl]glutaric anhydride 

19-nor-6-[[DL-4-carboxy-
3- [2-(4-hydroxyphenyl)-
ethyl]-1-oxobutoxy]-
methyl]-17B-hydroxyandrost-
4-en-3-one 

6[[DL-4-carboxy-3-[3-(4-
hydroxypheny1)propyl]-
-1-oxobutoxy]methyl]-
178-hydroxy-17a-methyl-
androst-4-en-3-one 

6-([DL-4-carboxy-3-[4-
(4-hydroxyphenyl)butyl)-1-
oxobutoxy]methyl]-11B,17, 
21-trihydroxypregn-4-ene-
3,20-dione 
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What is claimed is: 

1. A steroid having the formula 
O o 

I II 
6 - ( H 0 - C - C H o - C H - C H 2 - C ~ 0 - C H 2 ^ ' S t 

R 

OH 
wherein St is a 6-dehydro derivative of a 3-oxo~4,5-
dehydro steroid intended for radioimmunoassay, said 
steroid being saturated in the 1,2-position; R is 
hydrogen or alkyl of 1 to 3 carbon atoms; and n is 
0, 1, 2, 3 or 4; and radiolabeled derivatives thereof. 

2. A steroid in accordance with claim 1 wherein R 
is hydrogen. 

3. A steroid in accordance with claim 1 wherein R 
is alkyl of 1 to 3 carbon atoms. 

4. A steroid in accordance with claim 1 wherein n 
is 0. 

5. The steroid in accordance with claim 1 having 
the name (6a , 113 )-6-[ [DL-4-carboxy--3-(4 -hydroxyphenyl) ~ 
1-oxobutoxy]methyl]-11,17,21-trihydroxypregn-4-ene-3,20-
dione. 

6. The steroid in accordance with claim 1 having " 
the name (6g,lift)-6 - [[DL-4-carboxy-3-(4-hydroxyphenyl)-1-
oxobutoxy]methyl]-11,17,21-trihydroxypregn-4-ene-3,2 0-
dione. 

7. A radiolabeled derivative in accordance with claim 
1 , 

8. A radiolabeled derivative in accordance with claim 
1 wherein the radiosiotope is iodine-125. 
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9. A process for preparing a steroid having the 
formula 

wherein St is a 6-dehydro derivative of a 3-oxo-4,5-
dehydro steroid intended for radioimmunoassay, said 
steroid being saturated in the 1,2-position; R is 
hydrogen or alkyl of 1 to 3 carbon atoms; and n is 
0, 1, 2, 3 or 4, characterized by reacting a steroid 
having the formula 

wherein St is a steroid as hereinabove defined, or in a 
protected form, with a compound of the formula 

wherein the phenolic hydroxy group is protected, and 
removing said protecting groups by conventional methods. 

10. A process according to claim 9 wherein the 
product is radiolabeled. 

11. A process according to claim 9 wherein the 
product is radiolabeled with iodine-125. 

OH 

6- (HO-CH^-St 
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