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SYNTHESIS AND PURIFICATION OF ~D~~ACTIVE 68-I~~O~THYL- 

~9-N~RCHOLEST-~(lU)-EN-38-~L 

K. N. Scott, M. W. Couch, T. H. Mareci, an& C. M. Williams, 
Veterans Administration Hospital, Gainesville, Fla,, 
and Department of Radiology, University of Florida, 

Gainesville, Fla., 32610 
Received: 5133./76 

A method for the synthesis and purification of 68-iodo- 
methyl-19-norcholest-5(10)-ene-38-ol-1311 of >98 mole% chem- 
ical purity and ,99% radiochemical purity is presented. 
Carbon-13 and proton NMR were used to establish the identity 
and purity. Discrepancies in the characterization of this 
compound, previously published by two other research groups, 
are discussed. 

Radioiodinated 19-iodocholest-5-en-38-ol (I, Figure 1) 

was first synthesized by Counsel1 et al. in 1970 (I> and sub- -- 

sequently shown to be an effective adrenocortical imaging a- 

gent in humans(2). Kojima et al. (3,4f in 1975 showed by -- 

thin layer chromatography (TLC) that this compound contained 

an impurity which they identified as 68-iodomethyl-19-nor- 

cholest-5(10)-en-38-01 (II, Figure l), This was subsequent- 

ly confirmed by Basmadjian et al.(S) and Sarkar et al.(6]. -- -- 

Characterization of II was by UV (3,4), IR (S), proton nu- 

clear magnetic resonance (PMR) (3,4,5) and reduction to 68- 

methyl-19-norcholest-5(10)-en-38-01 (3). Both groups used 

preparative TLC to separate I and II. 
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The physical characteristics of II, as reported by the 

two groups, do not agree. Basmadjian et al. (5) obtained II -- 

as a low melting solid and Kojima et al. (3,4) as a glass. -- 

More importantly the PMR data disagree. Since there are dis- 

crepancies in the characterization of II by the two groups 

of investigators and since no evidence for the purity of II 

has been presented, we report here a procedure for the syn- 

thesis of II in gram amounts and of greater than 98 mole% 

chemical purity as proven by CMR. Since radioactive II ac- 

cumulates to a greater extent (S-10 fold) in the adrenal 

gland than radioactive I (4,5,6), our synthetic method for 

the preparation of II is of radiopharmaceutical importance. 

EXPERIMENTAL 

Nuclear Magnetic Resonance Spectroscopy: Nuclear magnetic 
resonance suectra were obtained with a Bruker model HX-90 
spectrometei equipped with a fast Fourier transform system 
using a Nicolet model 1083 computer. Proton spectra were 
obtained at 90.00 MHz and 13C spectra at 22.63 MHz spectro- 
meter operating frequencies. The samples were dissolved in 
a stock solution of deuteriochloroform which contained 5% by 
volume hexafluorobenzene (C6F6) and tetramethylsilane (TMS) 
in 1% by volume concentration for PMR spectra and 10% by 
volume concentration for CMR spectra. The fluorine signal 
from the C6F6 served as the field-frequency stabilization 
signal. Chemical shifts were measured relative to TMS. 
The CMR spectra shown in Figure 2 were obtained with simul- 
taneous proton noise decoupling. 



High Pressure Liquid Chromatography: A Waters Model 6000 
Solvent Delivery System with Model U6K injector coupled to 
a LDC Model 1107 RefractoMonitor refractive index detector 
was employed for high pressure liquid chromatographic (HPLC) 
separations. 

6g-Iodomethyl-19-norcholest-S(lO)-en-38-01 (II): Pure I (7) 
(1 88g) was refluxed under nitrogen in iso-propanol for 48 
hours. The solvent was removed in vacu=o give an orange 
oil; TLC (CHC13, Eastman chromagramsheets with fluorescent 
indicator) Rf 0.34 and R 0.50; HPLC (5~ Lichrosorb, 25cm x 
9.4mm ID, CHC13 at 3.0ml min) $ disclosed one large (7.6min) 
and at least 6 smaller peaks. HPLC separation of this large 
peak gave 0.75g pale yellow glass; high resolu;izdmass spec- 
trum: Calcd. for M+, C27H4 IO: rnh 512.2515. 
512.2521; TLC, CHC13 Rf 0.20; CHCl : acetone (2O:l)' R 0.44; 
CHC13: 
0.54. 

EtOH (1:l) Rf 0.62; benzene. 3 ethyl acetate (l:lf Rf 

6B_131 Iodomethyl-19-norcholest-5(10)-en-3B_ol (II-1311): 
Radioiodinated II was prepared by refluxing II with Na1311 
in acetone under N 
moved and the resu ting oil was dissolved in ether, washed 1 

for 4 hours. The acetone was then re- 

with water and dried over anhydrous Na SO . 
vent gave a yellow oil which was disso ve 3 8 

Removal of sol- 
in CHCl and 

placed on a 2mm Silica Gel TLC plate with fluoresc&t indi- 
cator (Merck). 
0.59, and 0.23. 

Development with CHC13 gave 3 bands, Rf 0.79, 
The Rf 0.23 band was scraped off and extr- 

acted with ether and CHCl Removal of solvent gave a pale 
yellow oil shown to be 97$'chemically pure II by CMR. TLC 
in the 4 solvent systems described above were identical with 
the non-radioactive II and showed the compound to be >99% 
radiochemically pure. 

RESULTS 

When we prepared II by refluxing I in iso-propanol for 

48 hours, the resulting crude material was 80 to 100% II and 

the impurities were I and a number of other irreproducible 

steroidal compounds. The crude product was purified by 

HPLC, over 15 mg of >98% pure II being obtained from a 

single injection. Thus, HPLC provides a simple fast method 

for the purification of gram amounts of II. Insufficient 

quantities of II for toxicological studies were obtained by 

preparative TLC (6). 
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The purity of II was established by CMR. It has re- 

cently been shown in our laboratory that quantitation of 

mixtures of closely related compounds can be accomplished 

by CMR (8). By this method, components of 2 to 98 mole% 

can be quantitated with a standard deviation of + 3% or 

less. A sufficient number of CMR scans were accumulated of 

solutions containing 1OOmg or more of II to yield spectra of 

such signal-to-noise ratio that carbon-containing components 

of 2 mole% or greater abundance could have been detected. 

Since in five different preparations of II, only the 27 

expected carbon resonances of II were observed and no addi- 

tional resonances indicating impurities were detected, the 

purity of II was shown to be consistently >98 mole%. 

Using CMR we have unequivocally identified our product 

as 68-iodomethyl-19-norcholest-S(lO)-en-38-01. This ident i - 

fication was based on detailed analysis of the CMR spectrum 

of II (Figure 2c) and comparison to the CMR spectra of seven 

related steroids (9) : estr-S(lO)-ene-3f3,17B-diol 17-propio- 

nate (9,10), 178-hydroxy-4-androsten-3-one (ll), 178-hydroxy- 

19-norandrost-4-ene-3-one (ll), 178-hydroxy-4-androsten-3- 

one 17-acetate (11)) 5a-cholestane-3@,5-diol 3-acetate (12), 

So-cholestane-3$,5-diol-6B_methyl 3-acetate (12), and 38-O- 

methyl-6f3-iodomethyl-l9-norcholest-5(lO)-ene (9). Since 

the first published CMR spectra of steroids in 1969 (ll), 

CMR spectroscopy of steroids has been thoroughly documented 

and is now well understood. Moreover, since the A and B 

ring structure of estr-5(10)-ene-38,178-diol 17-propionate 
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closely resembles that of II, the CMR spectra for the A and 

B rings of these two compounds are very similar. Thus 

there can be no ambiguity in our assignment of the CMR 

spectrum of II, and hence the identity of this compound. 

(0) 

(Cl 

Figure 2. Carbon-13 nuclear magnetic resonance spectra. 
The spectra are displayed in two segments: the left segment 
shows the unsaturated carbons and the up-field half of the 
hexafluorobenzene reference signal; the right segment shows 
the saturated carbons. (A) Compound I, prepared by the 
method of reference (1). The impurity peaks are designated 
by x. (B) Compound I, prepared by the method of reference 
(7) * (C) Compound II. Spectra (A) and (B) have been pub- 
lished previously (7), but are included to show the re- 
lationship of the three spectra. 

Comparison of Figure 2a and 2c clearly shows that the 

impurity peaks observed in 2a are the peaks corresponding 
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to carbons 1 to 13, 17 to 19 of II 

vocally shows Lhat the impurity in 

in 2c. Thus CMR unequi- 

19-iodocholesterol ob- 

tained by the literature method (I) is indeed compound II. 

Our P&B data for II (Figure 3Gf agree to within 0.02 

ppm with those obtained by Kojima ct al.(S), The most up- -- 

field methyl signal at OS70 ppm has been assigned by us and 

Kojima et af, I_- to the C-38 methyl protons. C&early, it. is 

the same singlet as that abserved in impure I (Figure 3a) 

and formerly (1) erroneously assigned to tha C-18 methyl 

protons of I. Since F%R data for pure I have not been pub- 

lished previously, we include these data in Pigure 3b. 

Figure 3% Protan nucfetmr magnetic resonance spectrtka, Chem- 
ical shifts are given in ppm from THS. 
prepared by the method of reference (1). 

{A) ~orn~o~~ I, 

prepared by the method of reference (7). 
(B) Compound I, 
(C) Compound II. 



Our PMR data for II, and hence our assignments of the 

peaks, do not agree with those reported by Basmadjian et al. -- 

(5) l 
These authors, like Kojima et al. and we, observed the -- 

C-18 methyl proton singlet at 0.70 ppm corresponding in area 

to 3 protons. However, Basmadjian et al. report a large -- 

singlet, corresponding in area to 6 protons, at 50 cps (0.83 

ppm) and a smaller singlet at 55 cps (0.92 ppm) correspon- 

ding in area to 3 protons. Thus, although we all observe 

peaks in the same spot in the spectrum (the three peaks 

assigned to H-18, H-26 and H-27 in Figure 3c), the inten- 

sities reported by Basmadjian et al. are totally different -- 

from those shown in Figure 3c. Moreover, the peak positions 

and the intensity pattern reported by Basmadjian et al. -- 

have not been observed for H-18, H-26 and H-27 in any of 

the previously reported PMR spectra of steroids which con- 

tain the C-20 cholestane side chain (13,14). The intensity 

pattern observed has consistently been that shown in Figure 

3c. 

Basmadjian et al., like Kojima et al. and we, observe -- 

a complex multiplet at 4.0 ppm for the C-3 proton. However, 

for the CH21 protons they do not observe the well-defined 

triplet at 3.06 ppm and doublet-doublet at 3.48 ppm shown 

in Figure 3c and also reported by Kojima et al. -- Basmadj ian 

et al. -- report two “multiplets” at 194 cps (3.23 ppm) and 

214 cps (3.56 ppm). These values are surprisingly similar 

to the CH21 chemical shifts of 3.25 and 3.51 ppm reported 

for impure I (1) . 



Since Basmadjian et al. do not show a PMR spectrum of -- 

their product, we cannot explain the anomalous data reported 

by them. A possible explanation would be that although they 

probably have obtained II, it is contaminated by I and other 

unidentified impurities. 

DISCUSSION 

Our results emphasize the inadvisability of relying 

heavily on the PMR spectrum to establish the identity and 

purity of newly synthesized steroids. The PMR of both I (1) 

and II (5) have been incorrectly assigned and impurities in 

these supposedly pure compounds were not recognized. Thus, 

the radiopharmaceutical properties of neither I nor II can 

be evaluated from the results reported in (1,2,5,6) because 

of the variable and unknown concentration of these two com- 

ponents. Our results emphasize the importance of CMR spec- 

troscopy in establishing the identity and purity of steroids. 

From the CMR spectra we could readily observe that I (1) 

contained impurities. Furthermore we could characterize 

this impurity and then could establish the identity and 

purity of II. Now that we have presented methods for the 

preparation of I (7) and II of >98 mole% chemical purity 

and >99% radiochemical purity and in gram amounts, the 

toxicity and radiopharmaceutical properties of these com- 

pounds can be evaluated. 



ACKNOWLEDGEMENTS 

Financial support was provided by the Veterans Admini- 
stration (MRIS 9416). We are grateful to Dr. S. G. Levine 
for providing a sample of estr-S(lO)-ene-38,178-diol 17- 
propionate and for Dr. R. L. Foltz, Batelle Memorial Insti- 
tute, for the high resolution mass spectrum (NIH Contract 
69-2226). 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

REFERENCES 

R. E. Counsell, V. V. Ranade, R. J. Blair, W. H. Beier- 
waltes, and P. A. Weinhold, Steroids, l6_, 317-328 (1970). 

B. G. Anderson and W. H. Beierwaltes, Adv. in Int. Med., 
G. H. Stollerman ed., 19, 327-343 (197‘4). 

M. Kojima and M. Maeda, J.C.S. Chem. Comm., 1975, 47 (1975). 

M. Kojima, M. Maeda, H. Ogawa, K. Nitta, and T. Ito, J. 
Nucl. Med., 16, 666-668 (1975). 

- 

G. P. Basmadjian, K. R. Hetzel, R. D. Ice, and W. H. Beier- 
waltes, J. Labelled Compounds, 11, 427-434 (1975). 

S. D. Sarkar, W. H. Beierwaltes, R. D. Ice, G. P. Basmad- 
jian, K. R. Hetzel, W. P. Kennedy, and M. M. Mason, J. 
Nucl. Med., 16, 1038-1042 (1975). 

- 

M. W. Couch, K. N. Scott and C. M. Williams, Steroids, 
27, 451-458 (lY76). 

T. H. Mareci and K. N. Scott. Submitted to Analytical 
Chemistry. 

K. N. Scott and T. H. Mareci. Submitted to J. Amer. Chem. 
sot. 

S. G. Levine, N. H. Eudy and C. F. Leffler, J. Org. Chem., 
3l_, 3995-4002 (1966). 

H. J. Reich, M. Jautelat, M. T. Messe, F. J. Weigert and 
J. D. Roberts, J. Amer. Chem. Sot., 91, 7445-7454 (1969). 

J. W. Blunt, Aust. J. Chem., 25, 1017-1021 (1975). 

N. S. Bhacca, L. F. Johnson, and J. N. Shoolerly, "High 
Resolution NMR Spectra Catalog," Varian Associates, Palo 
Alto, Cal., 1962, Spectrum Nos. 363 and 698. 

N. S. Bhacca and Dudley H. Williams, "Applications of NMR 
Spectroscopy in Organic Chemistry," Holden-Day, San Fran- 
cisco, Cal., 1964, pages 7 and 35. 


