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ASW&iCT 

A I.?:?-oestrndiol hanten has been prensred in whi.ch 
con~~uqation has been made at the f3 ?osition, which being 
distal to the functional grouts of the oestropen may 
elicit a mere snwific immune res-cnse than that nroduced 
by present day bantons. The nrwaration of 17?-oestradiol- 
6(C-carhoxymethyl) oxime-bovine serum albumin con,juTate 
is described. 'The corn27'!ollnd was nrenared via 6%keto-17[3- 
oestra'~iol arid its G-cnr%o. ymmet~yl oxime derivative, 
wl,i.ch wr,$ cwnld usinr" i~rlhutTrl chlorofomate tr, bovine 
serum a1bu~i.n. The ccw70unds were characterized hy 
meltinc rOLntc, TJ~~YT~! :rjolek ST)CC,~P, nuclenr m3Rnetic 
re.s~rlaPce zip': m .-. s .s s~~c,trr‘~etr~~. 
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conjugated at various positions to bovine or rabbit serum 

albumin. 4-7 The specificity of the respective antibodies 

appeared to be dependent on the position of conjugation, 

and data ha= suggested that the major portion of the 

steroid is recognised as a single imqunoreactive unit. 

In general, structural differences in the steroid molecule 

distal to the conjugation had the greatestinfluence on 

relative activity. 1 This has led to the suggestion that 

conjugates prepared through a position distal to structurally 

unique regions would enable these functional groups to be 

recognised, and that this would lead to the production of 

more specific antisera. 

Highly specific antibodies now exist for testosterone 

and progesterone', but 

antibody available for 

for the latter steroid 

the functional 3 or 17 

reaction with oestrone 

as yet there is no truly specific 

l?+oestradiol. Present antibodies 

have been produced using either of 

groups and there is a serious cross 

and 17o-oestradiol. This 

communication de<-.cribes the preparation and characterisation 

of a steroid hap-ten which involves coupling serum bovine 

albumin via the 6 position. Details of the specificity 

and sensitivity of the antibody produced by this antigen 

will be given in a subsequent publication. 

Melting points were obtained usinF a Kofler block 

and are uncorrected. Infra red soectra were obtained with 

nujol emulsions using a Perkin Elmer, (Beaconsfield, 
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&gland), P’odel 137 double beam spectrophotometer. 

r/lass spectra were recorded with a Perkin ?lmQr Kodel 

lw9 l The probe temperature was 'lRCO. Nuclear magnetic 

resonance spectra were recorded using a Perkin Elmer Model 

RI2 spectrometer, Spectra were time accumulated on a 

digital signal averaging accessory (100 times). 

Ultra violet spectra were recorded on a Pye Unicam 

SP 800 (Cambridge, &q$and). 

All solvents used were of analytical grade, 

0-carboxymethyl hydroxylamine hemihydrochloride was 

obtained from K & K Laboratories (New York). Tri-n- 

butylamine was purchased from British Drug Houses (Poole, 

Dorset), Bovine serum albumin was purchased from Armour 

Pharmaceuticals Ltd. Laboratories (Zastbourne, &gland). 

17P-oestradiol was obtained from Koch-Light 

(Colnbrook, England). An authentic sample of 6-keto-17P- 

oestradiol diacetate was obtained from the Medical Research 

Council reference collection. 

Preparation of 17P-Oestradiol-diacetate 

17P-oestradiol was recrystallised. from ethanol 

(needles m-2, 73-4') and dried. Purified 17$-oestradiol 

(IO*0 g) was acetylated by dissolving in r?yridine (140 ml) 

and heating the solution with acetic anhydride (=5 ml). 

The mi>rture was heated under reflux for I hr, cooled, 

poured into ice-water and filtered. The precipitate was 
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dried and recrystallised from ethanol-water to give 

plates m,p. 123-126' (Lit. m.p. 126-128'). The yield 

was 12.6 g (97%). 

Freparation of 6-keto-17$-oestradiol-diacetate 

The purified diacetate (11 g) was dissolved in 

glacial acetic acid (38 ml) and chromium trioxide (9.3 g) 

in aqueous acetic acid (95~5%) added. The mixture was 

stirred at room temperature for 24 hr, diluted to 50’2 ml 

with water and the mixture extracted with ether (4 x 5°F ml). 

The com?jned ethereal extracts were washed with 

saturated NaT!CO 
3 

solution unt-!l a pink colour developed 

in the aqueous phase. The ethcl-eal layer was then washed 

wjth a solution containing IN Na 2 CO 3 and saturated XaHCO 
3 

(?:I) and finally with water. The washed ethereal extract 

was dried (lYgSO4) and evaporated to dryness under reduced 

pressure. The yield of crude 6-keto-I?@oestradiol 

diacetate was 6.6 g (60%). 

The crude product was dissolved in ethyl acetate- 

petroleum ether (b.p. 6C-8Q") [I:41 and chromatographed 

on a column of silica gel (4W ml). The column was 

eluted with ethyl acetate-hexane [I:41 and 250 ml 

fractions collected. (The fractions wsre analysed by 

thin layer chromatography (TIE) using systems 1 and 2 

(see below). After 2500 ml had been p,assed through the 

column, fractions containing 6-keto-(?)17$-oestradiol 

diacetate were pooled (75:’ ml). 'The purity of thc>se 

pooled fractions was checked by the use of two silica 

gel TLC systems: only one spot was observed which 

corresponded identically with the authentic marker. The 
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solvent from the fractions containin? thi.s steroid was 

removed under reduced pressure and the residue 

recrystallised from ethanol to give needles m-p. 173~5-175 

(lit. ref. 173-175’). 

Preparation of 6-Veto-IT@-oestradiol 

The 6-keto-IT@-oestradiol diacetate was hydrolysed as 

follows: The diacetate (1 g) was dissolved in 20% (v/v) 

methanolic KOH (30 ml). The m'xture was left at room 

temperature for 24 hr and then poured into water and 

extracted with ether. The ether was removed and the 

resi.due recrystallised from absolute ethanol to give 

plates m-p. 280-82' (yield 520 ng = 67%); A,,. 256 

(c =8500), a 327 (t: =3000) nm. ; The compound moved as one 

spot on thin layer chromatography. 

Preparation of 17F-oestradiol 6-(0-carboxymethyl) Oxime 

k mixture of 6-keto-17+oestradiol (0.5 g) and 

0-carboxymethyl hydroxylamine hemihydrochloride (0.5 g) 

was dissolved in a solution containing 20% (v/v) aqueous 

methanol (6C ml) and 1 Pi sodium acetate (40 ml). The 

solution was left at room temperature overnight. The 

volume of the solution was reduced by rotary film evaporation 

and water added to 200 ml. The pH of the solution was 

adjusted to pH 8.5 with 2N NaOH and the mixture extracted 

with ethyl acetate (1+ x 290 ml). The combined ethyl 

acetate extracts were washed with dri.lute sodium hydroxide 

(pH 8.5) (2 x 300 ml) and then with water (2 x 500 ml). 

The extracted aqueous phase was acidified to pH 5.0 with 

dilute HCl, and extracted wi.th ethyl acetate (4 x 5W ml). 



The latter ethyl acetate extracts were combined and 

evaporated underreduced pressure an? the residue 

recrystallised from acetone to Five 'l7[?-oestradiof-6- 

(~-c~r?~ox~ethyl~ oxime as needles m-p, "199-2UOo, The 

alkali-washed ethyl acetate extracts eont:*ined 

starting material w?ich was recovered in a simil:-lr way 

tq the above. 

Soectral data 

A *ax*(t'i" buffer):260 nm (Q= 97SO), T?? nm (c= 3'rSr;). 

vmax*' 
F-78, 5.91, 6*03 (shoulder), C;*lR, 4.31, 9*11. 

The product moved as one spot on TIC in the 

following; two solvent systems: 

I> Ethyl acetate-benzene-ethanol-acetic acid 

(~O:~~-YKW-~) Rf, O*T (Rf of Gketo oestradiol = 0*8). 

2) Bzhyl acetate-benzene-ethanol-hexane (~C:2~3:20:20). 

Rf' 
= 0*4 (Rf of 6-keto oestradiol = 0*62). 

Eans I;pectra 

The mass spectrum is shown in Fig, 1 whore it is 

compared with the corresponding soectra of both 

o~stradiol ‘2nd 6-ksto oestradiol. A11 thr~ compounds 

give nolscular ions of very high relative nbun?ance as 

expected. 8 The latter decreased in the order: 

oestradiol > Gketo oestradiol > 6-(-C-ca~rboxymethyl oxime), 

All three spectra illustrate the two cleavages X-59 

(-C3~60~) and x-54 (-C4H6) thus: 

Oestradiol M* gives I?;-59 = 213 and M+-5j9$-54 = 159 

6-Keto 1' ri' gives PI-59 = 227 and r";+-59+4 = 173 
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1 Pig;, 

The Mass ripectra of (a) oestradiol (b) 6-keto oestradiol 

(c) 6-(Cl-carboxymethyl oxime)-kcto oestradiol, 
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The 6-(O-carbox~ethyl oxime) first loses 74 (C2H203) 

and then: 

M+-74-59 = 226 and PI+-74, -59, -54 = 172. 

Nuclear MaFnetic Resonance Spectra 

Nuclear magnetic resonance spectra were recorded in 

(~0~)2~0 sclution, The following peaks, &values: 

8*48 (d, J = 6.6, H); 7.15 (d, J = 3, Ha) (see Fi&. II); 

7.16 (d, J = 9, WC); 6.77 (q, J :;r 9'6 and 3, Hb); 

4*66 (S, 2H); were clearly resolved from the bulk of 

the proton resonances (6:4+0), 

Fig. II 

Pre aration of 1 c ethyl) oxime 
B.S.A. 

A mix';ure of 17F-oestradiol-6-(0-carhoxymethyl) 

oxime (180 rnK) and tri-n-butylamine (@*22 ml) was 

dissolved in dry dioxan (7.5 ml) and cooled in ice. To 

this mixture isobutylchlorocarbonate (55 ~1) was added 

and thp mixture left for 30 minutes, keeping the 

temperature below IO'C. A solution of 3ovine ,?erum 

iilbumin (O-58 g) in a mixture of water (q5.3 ml), 

Dioxan ('to-3 ml) and IN NaOH (0.58 ml) was added and 

the reaction mixture left for 4 hrs at 5-?O" 2nd 

maintained at pl? 8 with NaOH, 
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Low molecular weight materials were removed from 

reaction mixture usinp a Sephadex G-25 column 

(30 x 2=5 cm) equilibrated in 0*9% NaCl solution, by 

eluting with O*(J% NaCl solution. 

The nurif ied. con juaate was acidified with dilute 

HCl (pH 4=6) and left for 4 days at 4'c. 

The precipitate was centrifuged, suspended in a 

small volume of :h;ater and dissolved by addinE enough 

solid NaHCO to redissolve. 
3 

The solution was then 

lyophylised. 

X solution of the con,+_zsate (5 m.q/lO ml - 7.14 1~ 

molar) in 0.05 P: tris-HCl buffer (nP 8.5) showed the 

following; UV maxima: 225, 26C (CD = C.o4) and 311 nm. From 

the snectrum of the unconjur-nter? oxime ta'ren under similar 

conditions of nH etc. a solution of %?~a owjme (5 mn/lOO ml 

r 0.14 m molar) Fc8ve an nntical itensj.t-r of 1.29 at 260 nm), 

it; W?S ~~Y!~l~~l.~%t;(?i? tt!‘-:t; 14.b moles of steroid :qere bound 

-wr rrole of -\roteir. 

0 B Coon a 8, 
“I 
NH- BSA 

Coupling of 17P-Oestradiol to Bovine Serum Albumin via 
the B ring. The diacetate is oxidised to the 6-keto derivative 
and thence to the 6-DO-carbox~ethy~) oxime. The latter is 
coupled to BSA by formation of a peptide bond with s-amino 
groups in the BSA and the carboxyl group of the steroid. 
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