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The Location of Tritium in [1-3H]Ergostero1 
By B. Pelc and E. Kodicek, Dunn Nutritional Laboratory, University of Cambridge and Medical Research 

Tritium in [l -3H]ergosterol has been found to be distributed 83-85% at  the 1 LY- and 13-1 5% at the 1 P-position. 
It has been confirmed that the tritium a t  the 2-position is lost during enol acetylation of [I ,2-3H,]ergosta-4,6,22- 
trien-3-one. A comparison with other 1 - and 1.2-tritiated steroids is given. 

Council, Cambridge CB4 I X J  

THE determination of tritium distribution in steroids [1-3H]erg~~ter~1 l8 in view of the difficulties of applying 
labelled for biochemical studies has been well docu- stereochemical degradative reactions to ergocalciferol 
mented.l-l* Compounds labelled with tritium in the itself. 
l-position have been prepared from Al- or A1y4-3-oxo- [ 1-3H]Erg~~te r~ l  was prepared from ergosta-l,4,22- 
derivatives by heterogeneous l5 or homogeneous l 6 5 l 7  trien-3-one by hydrogenation with tritium over the 
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TABLE 1 
Relative distribution of tritium in [l-3H]steroids 

Position of label (%) 
A r > 

Derivative 1 u- 18- 2u- 2/3- Other 
[ 1 -3H] Cholesterol 8s 13 83-85 13-15 2 
[1-3H]Ergosterol 83-85 13-15 2 
[ 1-3H]Androst-4-ene-3, 17-dione 25 75 
[ l-3H]Androst-4-ene-3, 17-dione 93 7 
[ l-3HlTestosterone 2 17 83 

[1,2-3H2]Cholesterol 6s 7*13 3 8 4 4  16-22 u + 8 4 0  
[ 1 ,2-3H,]Testosterone 13 44 18 25 
[ 1 ,2-3H2]Testosterone lo 43 7 43 6 1  

[1,2-3H2]Cholesterol 9113 47-49 15-17 u + 36 

[1,2-3H2]Testosterone l o  13 38 12 37 
[1,2-3H,]-11~-Hydroxyandrost-4-ene-3,17-dione * 16 53.5 a f S 2 1  9.5 

[1,2-3H2]-1 l~-Hydroxyandrost-4-ene-3,17-dione 13 38 a + 8 4 2  7 
5 Pd-C. 6 Chloro tris( triphenylphosphine) rhodium ( I). 

Starting material- 
catalyst 

l-en-3-one-Pd @ 

1 ,4-dien-3-one-Rh b 
1,4-diene-3,17-dione-Pd a 

I-ene-3,17-dione-Pd 
1 '4-dien-3-0ne-Pd 5 

1 ,.l-dien-S-one-Rh b 
1,4-dien-3-0ne-Pd @ 

1,4-dien-3-one-Pd b 
1,4-dien-3-one-Rh b 
1,4-dien-3-0ne-Pd a 

From [ 1, 2-3H,] hydrocorti- 
sone (Pd) after cleavage 

1,4-diene-3,17-dione-Pd 5 

hydrogenation (Table 1). The nature of the hydrogen- 
ation determines the ratio of tritium in the a- and 8- 
configurations. We have studied the distribution in 
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homogeneous catalyst, chlorotris(tripheny1phosphine)- 
rhodium(1). The resulting [l ,2-3HJergosta-4,22-dien- 
%one (specific activity 2.4 Ci -01-l) was converted 
into the 4,6,22-trien-3-one (2.4 Ci mmol-l) and this on 
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enol acetylation gave a mixture of the 3-acetoxy-2,4,6,22- 
tetraene and the 3-acetoxy-3,5,7,22-tetraene (1.3 Ci 
mmol-l). Reduction of this mixture with sodium boro- 
hydride gave [1-3H]ergostero1(1.3 Ci -01-l) and [1-3H]- 
ergosta-4,6-dien-3P-o1, purified by preparative t .1.c.18 

H H HO 

(10 )  (11 1 (12) 

It was not clear whether the mixture of enol acetates 
contained the [ l  3H]- or the [l ,2-3H,J-3-acetoxy-3,5,7,22- 
tetraene, but the tritium-distribution experiments 
showed that ergosterol contained the label in the l-posi- 
tion exclusively. To confirm the loss of tritium from 
the 2-position during enol acetylation, isoergosterone (1) 
was converted into the 3-acetoxy-2,4,6,22-tetraene (2) 
with isopropenyl acetate and toluene-9-sulphonic acid in 
benzene.lg This tetraene gave, after heating under 
reflux in toluene-acetic anhydride with sulphosalicylic 
acid (as for the radioactive material), the isomeric 
3-acetoxy-3,5,7,22-tetraene (3). Attempted isomeris- 
ation in toluene under reflux or in toluene-acetic an- 
hydride under reflux was not successful. This showed 
that the isomerisation is not a thermally equilibrated re- 
action, that the 3-acetoxy-2,4,6,22-tetraene is the primary 
product of enol acetylation, and that tritium is lost from 
the %position. 

For the tritium-distribution experiments, [1-3H]- 
ergosterol was diluted with the carrier, trienol (4), re- 
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crystallised, and hydrogenated to give 5a-ergost-8( 14)- 
e n - 3 P - 0 1 . ~ ~ ~ ~ ~  Isomerisation to 5a-ergost-14-en-3p-01 and 
hydrogenation in ether-acetic acid gave the saturated 
alcohol (5) .22-24 Oxidation with sodium dichromate di- 
hydrate afforded the ketone (6); attempted equilibra- 
tion of which with potassium hydroxide in aqueous 
methanol for 20 h or under reflux for 3 h lo did not cause 
any loss of radioactivity, thus confirming that there was 
no tritium at the 2-position. 

Monobromination of ketone (6) 25 gave 2a-bromo- 
compound (7), which was dehydrobrominated with 
calcium carbonate in dimethylformamide 26 to the un- 
saturated compound (8) with a stereospecific loss of 
tritium from the 1a-position. The dehydrogenation 
with 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) 27 of 
the 3-oxo-compound (6) gave the same result. Dibrom- 
ination of the ketone (6) 25 afforded the 2a,4a-dibromo- 
derivative (9). Subsequent stereospecific dehydro- 
bromination with calcium carbonate in dimethylform- 
amide gave the dienone (10). This was purified on a 
column and by t.1.c. and converted into the 1,4,6-trien- 
%one (1 1) ,27 which showed a loss of radioactivity similar 
to that for the enone (8). A dienone-phenol rearrange- 
ment 28 gave the amorphous aromatic product (12) with 
retention of ca. 2% of the original radioactivity. The 
results are summarised in Table 2. 

TABLE 2 a 

Relative molar activity (r.m.a.) of derivatives of 
[ l-3H]ergosterol 

Derivative 
Ergosterol 
5u-Ergost-8( 14) -en-3p-ol 
5u-Ergostan-3p-01 
5u-Ergostan-3-one 
5a-Ergostan-3-one 6 
Za-Bromo-5a-ergostan- %one 
5 a- Ergos t- 1 -en- 3-one C 

5u-Ergost-l-en-3-one 
2a,4u-Dibromo-5u-ergostan-3-one 
Ergosta-1,4,6-trien-3-one 
3-Acetoxy-l-methyl-l9-norergosta-l, 3,5( 10) ,6- 

tetraene 

R.m.a. ("/b) 
102 
102 
101 
100 
100 
100 
17 
16 
99 
15 
2 

a Standard deviations were less than 1%. After alkaline 
equilibration. After dehydrobromination of the 2u-bromo- 
derivative. d After dehydrogenation with DDQ of the 3-OXO- 
derivative. * Dehydrobromination of the 2u,4u-dibromo- 
derivative, followed by dehydrogenation with DDQ. 

We found that the relative distribution of tritium in  
[1-3H]ergosterol (no. 2, Table 1) is very close to that of 
[1-3H]cholesterol (no. 1). Comparison with the known 
[1-3H]- and [1,2-3H,]-steroids shows some differences. 
When Al-3-oxo-steroids were used as starting materials 
(nos. 1 and 4) the relative distribution of tritium in the 
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la- and lp-positions was more or less the same. This 
difference could be explained in terms of a long-range 
effect of the 17-substituents, though there are not yet 
many examples available. Hydrogenation of 1,4-dien- 
3-ones on a heterogeneous catalyst gave predominantly 
p-tritiated steroids (with the exception of cholesterol, no. 
7) and did not cause equal labelling at the 1- and 2-posi- 
tions (nos. 8,11, and 12 show that there was more tritium 
at the 1- than the 2-position). But Osawa and Spaeth lo 
found that hydrogenation did label both positions equally 
(e.g., nos. 9 and lo), not only with a homogeneous 
catalyst but also with a heterogeneous catalyst. The 
extreme lability of a 2-tritium atom is the cause of the 
easy loss of part of label during purification of [ l ,PHJ-  
steroids.1° 

EXPERIMENTAL 

M.p.s were taken on a Gallenkamp apparatus. U.V. 
spectra were recorded with a Unicam SP 200 spectrometer, 
and optical rotations were measured for solutions in chloro- 
form (c 0.5%) at  20-25'. Radioactivity was measured by 
scintillation counting of multiple samples (5-10 mg each) 
in a Packard Tri-Carb model 3375 liquid-scintillation 
spectrometer. 

3-Acetoxyergosta-2,4,6,22-tetraene (2) .-Isoergosterone (1) 
(500 mg), benzene (50 ml), and isopropenyl acetate (15 ml) 
were heated under reflux for 24 h with toluene-p-sulphonic 
acid (50 mg) ; the distillate was dried with silica gel. The 
solvents were evaporated in vamo and the residue was dis- 
solved in light petroleum-benzene (1 : 1) and filtered through 
silica gel (10 g). The product crystallised from ethanol to 
give the tetraene (2 )  (330 mg), m.p. 137-139", Am=* (MeOHj 
302 nm (E 15,000), [lit.,29 m.p. 137", A,, 304 nm (E 16,500)]. 
3-A cetoxyergosta-3,5,7,22-tetraene (3) .-The enol acetate 

(2) (50 mg), sulphosalicylic acid (5 mg), toluene (5 ml), and 
acetic anhydride (0.5 ml) were heated under reflux for 3 h. 
The solvents were evaporated off in vacuo and, after the 
usual work-up, the product was crystallised from ethanol ; 
m.p. 143-145" (lit.,29 146"). U.V. analysis (at 314 nm) 
showed 85% of enol acetate (3).  
5a-Ergostan-3-one (6) .-Ergosterol (4) (10 g) was hydro- 

genated according to the method of Nes and Mosettig,21 to 
give 5cr-ergostan-3P-o1(5) ,z2 which was oxidised to the 
ketone (6) (3.1 g), m.p. 156-159" (from methanol-ethyl 
acetate), (lit.,24 160"). 
Ba-Bromo-5a-ergostan-3-one (7) .-The ketone (6) (1 g) in 

acetic acid (35 ml), containing few drops of a solution of 
hydrogen bromide in acetic acid, was brominated with 
bromine (400 mg) in acetic acid (3.6 ml). Methanol (20 ml) 
was added and the product was left in the refrigerator 
overnight. The product was washed with methanol and 
ether to give the bromo-derivative (7) (700 mg), m.p. 179- 
181' (from acetone) (lit.,30 19l0), [a],, +30° (Found: C, 
70.4; H, 9-8; Br, 16.1. Calc. for C2,H4,BrO: C, 70.1; H, 
9.9; Br, 16.6%). 

5a-Ergost-l-en-3-one (8) .-(a) The bromo-derivative (7) 

*9 I. M. Heilbron, T. Kennedy, F. S. Spring, and G. Swain, 
J .  Chew. SOC., 1938, 869. 

(600 mg) and calcium carbonate (1 g) in dimethylformamide 
(10 ml) were heated under reflux for 1 h. The product was 
extracted into benzene, washed with water, and chromato- 
graphed on alumina (15 g ;  activity 11). Elution with light 
petroleum-benzene (2 : 1) gave the ketone (8) (250 mg), m.p. 
119-121" (from acetone-methanol) [a], +43", A-. 
(MeOH) 230 nm (E 9400) (Found: C, 84.2; H, 11.8. CZ8- 
H,,O requires C, 84.4; H, 11.6%). 

(b) The ketone (6) (200 mg) and DDQ (135 mg) in dioxan 
(10 ml) were heated under reflux for 24 h. Ether extracts 
were washed with sodium thiosulphate solution, sodium 
hydrogen carbonate solution, and water. The product was 
purified by t.1.c. (silica gel) to 94% purity (u.v. analysis a t  
230 nm). 
2cr,4a-Dibrovnoergostan-3-one (9) .-The ketone (6) (1 g) in 

acetic acid (35 ml) and carbon tetrachloride (15 ml) con- 
taining few drops of a solution of hydrogen bromide in 
acetic acid, was treated with a solution of bromine (800 mg) 
in acetic acid (7.2 ml) for 24 h. Water was added, and the 
product was extracted into benzene and washed with dilute 
sodium hydroxide solution and water to give the dibromo- 
derivative (9) (1.1 g) ,  m.p. 194-195" (from acetone), 
[a], -7", (Found: C, 59-9; H, 8-3; Br, 28.0. C,,H4,Br,0 
requires C, 60.2; H, 8.3; Br, 28.6%). 
Ergosta-l,4-dien-3-one (10) .-The dibromo-derivative (9) 

(1 g) and calcium carbonate (1 g) in dimethylformamide 
were heated under reflux for 1 h. The product was ex- 
tracted into benzene and washed with water. After evap- 
oration, the residue was chromatographed on alumina (30 g ; 
activity 11). Elution with light petroleum-benzene (1 : 1) 
and benzene gave material which resisted all attempts a t  
crystallisation. It was pure (by t.1.c. and g.1.c.) and had 
A,, (EtOH) 245 nm (c 13,600). 
Ergosta-l,4,6-trien-3-one (11) .-The ketone (10) (200 nig), 

DDQ (145 mg), and toluene-fi-sulphonic acid (200 mg) in 
dioxan (10 ml) were heated under reflux for 3 h. The 
product was extracted into ether, and washed with sodium 
thiosulphate solution, dilute sodium hydroxide, and water. 
It was purified by t.1.c. (silica gel) but resisted attempts a t  
crystallisation and had 1- (EtOH) 225, 254, and 300 nm 
(11,100, 10,000, and 10,800) ; the cholesterol analogue has 
A,, 224, 258, and 300 nm (E 10,700, 9300, and 12,900).31 

The ketone (11) (100 mg) in acetic anhydride (5 ml) and 
toluene-p-sulphonic acid (20 mg) were heated at  100" for 5 h. 
Water was added and after the usual work-up, a solution in 
light petroleum-benzene (1 : 1) was passed through a short 
column of alumina to give amorphous material (12) (45 mg), 
which did not crystallise, A,, (EtOH) 224 and 265 nm 
(23,000 and 7100); the cholesterol analogue had A,,, 226 
and 264 nm (E 31,600 and 12,300).30 

We thank the University Chemical Laboratory, Cam- 
bridge for microanalyses. The assistance of the Radio- 
chemical Centre, Amersham, Buckinghamshire, in the 
tritiation procedure is acknowleged. 

[1/1521 Received, August 20th, 19711 

30 I. M. Heilbron and J. C .  E. Simpson, J .  Cham. SOC., 1932, 

31 A. I. Scott, ' Interpretation of the Ultraviolet Spectra of 
2402. 

Natural Products,' Pergamon, Oxford, 1964, pp. 410 and 421. 




