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ABSTRACT
A synthetic method has been developed for the introduc-
ticn of tellurium into the steroid sidechain. A modification
of the Hinsdiecker degradation was used for the conversion
of 3a-acetoxy-~53-cholanic acid and 33-acetoxyv-Za~cholanic acid
to the corresponding 24-norbromides. The 24-norbromides were
then coupled with sodium alkyl tellurols to form the 24-nor-
23-(alkyl telluro) staroids. In this manner 3a-nydroxv-24-
nor-23-(isopropyl telluro)-58-cholane, 3a-hydroxy-24-nor-23-
(isopentyl telluro)-38-cholane, 38-nydroxy-24~-uor-23-(isoprepyl
telluro)-5a-cholane and 38-uvdroxy-~24-nor-Z3-(isopentyl
telluro)-5a-cholane have been prepared. The physical prop-

erties of these interesting compounds have been studied in
detail.

INTRODUCTION

Adrenal izaging using I-131 labeled 3B-hydroxy-19-iodo-cholest-5-
ene [1,2] has proven to be an important noninvasive procedure for the
diagnosis of adrenal disorders. This agent has been used successfully
in the diaghosis éf Cushing's syndrome [3,4], adrenal adenoma [5,6],
and aldosteroca of the adrenal cortex [7,8,9,10]. In addition, adrenal
remnants have been identified in patients with persistent Cushing's
syndrome following adrenalectomy [5,6,11]. Both metastatic adrenal
carcinoma [12) and the gall bladder [13] have also been visualized with
this agent. The uniqueness of this noninvasive method fcr the diagnosis

of adrenal disecase and related disorders has resulted in the preparation
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of other steroids laobeled with a variety of garma-cxzitting nunlicdec.
High adrenal/tissue ratios have been demonstrated in laboratory anizals
after the ad:inistfation of I-131-labeled 35-lLydroxy-19-ncr-6£~(iods
methyl)-cholest-5(10)-ene (NP-59) ([14,15,16) and Se-75-labeled 38-
hydroxy-10-(methyl seleno)-cholest-5-ene {17]. The success of these
studies has suggested that the preparation.of potentiz2l adrenal imaging
agents labeled with gamma-emitting nuclides with properties more attrac-
tive than those exhibited by I-131 and Se-75 should be further explored.
~The Te-123m nuclide decé}s (120 day half-life) via an isﬁmeric
transition with emission of a singlé gamma photon with an energy of
159 keV. We have initiated a broad program directed towards the prepa-
ration of a variety of Te-l23m-labeled substances which may have diag-
nostic potential in nuclear medicine. Although the general field of
selenium organic chemistry is well documented [18) the chemistry of
tellurium organic compounds has evidently not been well established
because of a lack of interest in this area and also because of the dif-
ficulty in prepa%ing and handling many of these substances [19]. 1In
addition, selenium is an important trace element and in comparison
tellurium has no established biological importance.

Considerable effort is therefore now being exerted in this labora-
tory directed towards developing synthetic techniques for the prepara-
tion of tellurium organic compounds that may be of biological interest.
We have recently reported the preparation of Te-123m-labeled 178~
hydroxy-2,3-bisnor-A-tellura-Sc-androstane [20] and the efficacy of this

e substance as a prestatic imaging agent is presently being investigated.
Our interest has now focused upon the introduction of tellurium into the

steroid sidechain rather than the nucleus since we wished to prepare a
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3g-nydroxy steroid in which the total trars geovzetry of the s:teroid
nucleus was maintained. These requirements sugzgested that introcduction
-

of the hetercatom into the steroid nucleus would be diffisule. Furcher-

more, the degrees of freedoz of the sidechain suggested that the tellu-
rium hetercatom could be accommodated in this region of the molecule.
The latter approach was also attractive because of the ready availabil-
ity of bile acids which were envisioned as starting materials for the
proposed route. In the present paper the strategy that has been devel-
oped for the introduction of tellurium into the steroid sidechain is
discussed and the synthesis and physical properties of several 24-nor-

23-(alcyl telluro) steroids are described in detail.

EXPERIMENTAL
- General

-The 3a-nydroxy-58-cholanic acid (lithocholic acid), 38-hydroxy-5a-
cholanic acid (allolithocholic acid) and 38-hydroxy-22,23-visnor-3a-
cholanic acid were purchased from Steraloids, Inc. (Wilton, NH). Iso-
propyl iodide and isopentyl iodide were obtained from Eastman Organic

" Chemicals (Rochester, NY) and were used without further purification.
Tellurium metal was purchased from Alpha Inorganics (Danvers, MA) and
was ground to a fine 45-micron powder prior to use. Analytical thin-
layer chrocatographic analyses (t.l.c.) were performed using precoated
250-micron thick silica gel GF plates purchased from Analtech, Inc.
(Newark, DE). For preparative t.l.c. analyses glass plates were coated
with l-mm thick layers of silica gel PF-254 (Merck, Darmstadt). The
following solvent systems were used: S-1, chlecroform; S-2, etner-nexane,
5:95; S-3, ethyl acetate-chloroform, 30:70. Analytical plates were
sprayed with an ammonjum colybdate-sulfuric acid reageat and then heated
at 80-100°C to visuvalize the spot colors [21]. The telluro steroids
were also detected as cark areas on both analvtical and preparative
plates by viewing the plates under a 254-nz ultraviolet light source.
In this manner, bands were detected and scraped from the preparative
plates. The material was then eluted from the silica gel with chloro-
form. Gas liquid chrovratograpnic analyses (g.l.c.) were perforned
using a Varian mocdel 1400 gas chroratograph equipped with a flame ioni-
zation detector. A 4% Dexil colurmn (1/4 in. x 10 ft) was programmed
from 28 to 310° at 6°/min using helium as a carrier gas at a flowrate

. of 20 cm?/min. Columa chroratographic analyses were performed as
described in the text (vide in7rnc). Melting points are uncorrected and
were determined in capillary tubes using a Bichi S¥P-20 apparatus. The
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ultraviolet spectra (u.v.) were determined in ethanol solution using a
Beckz=an Db double beam spectrsphotormeter. Infra-red spectra (i.r.) were
deter=zired using KSr pellets with a Becksan Model 1E4 spectrophotcreter.
Low resolution zass spectral analyses (m.s.) wer2 performed using the
Oak Ridge National Laboratery low resolution instrument [22) under the
follewing conditions: ionizing energy, /C eV; probe tezperature, 200-
220°C; sourze tezperature, 120°C; trap current, 100 pA. Naturally
occuring tellurium contains the following stable isotopes: Te-130, 34%;
Te-128, 32%; Te-126, 19%; Te~125, 7%; Te-124, 5%: Te-123, 1¥%; Te-122,

3% [23]. Because of the complex clusters of peaks that are detected

for ions that contain tellurium, only those ions that contain the Te-120
isotope are tabulated in the mass spectral data. To conserve space,
only those ions of mass greater than m/z 200 have been tabulated. High
resolution mass spectral measurements were determined with an MS S0 mass
spectrcceter equipped with a DS 50 data system. Spectra were recorded
under the following conditions: ionizing energy, 70 eV; source tempera-
ture, 150°C; probe temperature, ~200°C; trap current, 500 uA; resolution,
10“; scan rate, 10 sec/decade; accelerating potential, BOOO volts. The
nuclear magnetic resonance spectra (n.m.r.) were determined using a
Varian XL-100 spectrometer. Samples were dissolved in CDCl; solution
and resonances are reported downfieid (§) from the internal tetramethyl-
silane standard.

Preparation of Dialkyl Ditellurides

The dialkyl ditellurides were prepared by the reaction of alkyl
iodides with sodium ditelluride in liquid acmonia (24). In a typical
preparation tellurium povder (127 mg, 1 mmole) was added to 25 ml of

--liquid axmonia that had been distilled into the reaction vessel under
an argon at=osphere. Freshly cut scdium zmetal (25 mg, 1.1 rmole) was
.-added and the solution was stirred two hours. The alkyl iodide (1 mmole)
was added to the deep red sodium ditelluricde solution and the mixture
was stirred two hours. The ammonia was evaporated under an argon streanm
and benzene was added to the residue. Exzraction of the residue with
ether or methanol resulted in emulsificazion of the amorphous tellurium
residue which necessitatec a filtration step. This problem was not
encountered during benzene extraction. The cranze-colored benzene ex-
tract was decanted from the residue which consisted of amorphous tellu-
riun and other insoluble products. Upon evaporation of the solvent
in vzcuo an orange gum was obtained. The sxmall scale of this reaction
made even microscale distillation of the oxygen- and light-sensitive
ditellurides impractical. Tyvpical yields averaged from 50-70%. The
dialkyl ditelluride yields were deterr:ined in incependent expericents
by using the isoropic tracer [25]. The di:zellurides consisted of pun-
gent spelling red oils ancd weve used <:i: .y for subsequent reactions
without further purification.

-
- -
ect

38-Acetoxv~20i-brormc-3:-=reznane (II)

The modified Hinsdiecker degrad
nor-5u~cholane (I) gave 3E-acetexy-
yield. The product crystallized from

] of 38-acetoxy-22,23-bis-
cme-3u-pregnane (II) in 20%
~anol-water as microcrystals,

t) Q.

-
25
2

m.p. 106—109'C; i.r., vKB: 1735 em~' (azezate carbonyl); m.s., 426 (M,
max
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absent), 366 and 364 (M-CH:COOH, 2%, 2X), 344 (M-HBr, 29%), 329 (M=CH 3~
HBr, 22%), 313 (M~sidechain, 45%), 284 (M-Br-CH.CCCH, 26%), 269 (M-CHi-
HBr-CH:CCOH, 76%L), 255 (63%), 241 (&%), 230 (12%), 227 (13%), 215 (30%),
and 201 (20%). Although the crystalline product appeared hecmogeneous by
both coiuca (neutral alumina) and t.l.c. analyses (S-1, R¢ 0.82), the
n.m.r. analysis indicatecd this zmaterial was a mixture apparently con-
taining both (20R)- and (20S)-3E-acetoxy-20-brozo-5a-pregnane. an
analogous mixture of (20R)- and (20S)-bromides has been obtained upon
classical Hinsdiecker degradation of 38,l2a-diacetoxy~23,24-bisnor-
desoxycholic acid [27].

Attempted Preparation of 38-Hydroxy-20f-
(isopentvl telluro)=-3a-pregnane (IV)

The 3B-acetoxy-20g-bromo-Sa-pregnane (II, 43 mg, 100 umcles) was
added to a solution of sodium isopentyl tellurol (200 pmoles) in liquid
ammonia prepared from diisopentyl ditelluride in the usual manner [24].
Upon evaporation of the solvent only unreacted (II) was recovered. The
coupling of 38-acetoxy-20f{-bromo-5a-pregnane with sodium isopentyl
tellurol was also attempted in refluxing methanol. Diisopentyl ditellu-
ride (81 mg, 200 umoles) was dissolived in methanol under an argon atmos-
phere. Sodium borohydride was added in small portions until the orange
color discharged and the solution became colorless. A 1 N sodium hy-
droxide solution (0.5 ml, 500 umoles) was added and then 38-acetoxy-20¢-
bromo-Sa-pregnane (43 mg, 100 umoles). The mixture was refluxed one
hour, pcuraed into water and extracted with ether. Following drying over
anhydrous sodium sulfate, the solvent was removed in vacuo to yield an
orange gum. Analysis of an aliquot by t.l.c. (S-1) on PF-254 plates

-4indicated only one u.v. absorbing component chromatographing with the
expected mobility of diisopentyl ditelluride (R¢ 0.94). Upon being

--sprayed with sulfuric acid-ammonium molybdate spray, a second spot
appeared (Rg¢ 0.29). This material was purified by t.l.c. and proved tc
-be 3B-hydroxy-20f{-bromo-Su-pregnane (III), 33 mg, m.p., 125-129°C (sof:-

ening at 122°C); 1i.r., viii 3340 cm~! (-OH); m.s., 366 and 364 (M-H,0,

3% and 3%), 351 and 349 (M-H,0-CHi:, 2% and 2%), 312 and 310 (7% and 8%
302 (29%), 300 (9%), 287 (58%), 285 (48%), 284 (M-HBr-CHiy, 53%), 273
(24%), 269 (M-CH3-HBr-u,0, 100%), 235 (45%), 245 (18%), 243 (8%), 230
(32%), 227 (20%), 215 (32%), 214 (17%), 213 (12%), 203 (19%), 202 (22...
and 201 (23%).

3a-Acetovv-24-nor-23-bromo-58~-cholane (VII)

The preparation of 3a-acetoxy-24-nor-23-bromo-58-cholane by modi-
fied Hiinsdiecker degracation of 3a-acetoxy~5Z-cholanic acid has been
described earlier [28].

3a-Hvdroxv~24-nor-23-(isopentvl telluro)-58-cholane (IX)

The 3u-acetoxy-24-nor-23-bromo-5c-cnholane (91 mg, 200 pmoles) was
added to a methanolic solution of sodium isopentyl tellurel (400 unmole:
prepared as described earlier. The solution was refluxed one hour,
after which tire t.l.c. analysis of an aliquot indicated the reaction
to pe cocplete. The solution was poured into water and extracted with
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chloroform. Analvsis by t.l.c. (S-1) using PF-254 plates followed by
u.v. irradiation irdicsted the presence of diiscpenzvl ditelluride

(R, 0.95) and a second u.v. atsordirg zaterial (R¢ 0.25). This preduct
was purified by t.l.c. to give a 3a-hycroxy-l4-ncr-I3-(isopentyl
telluro)-53-cholane (IX) as a thick gum, 34 mg (2I%). Trituration with
ether gave only a semi-solid which cculd not be crystallized; u.v.,

A 234 (log € 4.1) and 221 nm (log € 3.4); i.r., vKEr 3330 co~!
max Tax

(-CH); m.s., 532 (M, 14%), 514 (M-H.0, 147), 461 (M-C: =Hy,, 15%), 443
(M-HZ0-CsHyy, 77), 415 (17), 396 (3%), 392 (3%), 353 (2%), 331 (5%),

328 (6%), 313 (12%), 302 (’A), 299 (7%), 297 (1C%), 285 (B%), 278 (127,
273 (9%) . 257 (M-sicechain, 44%), 263 (3%), 229 (15%), 215 (52%), and
201 (25%); hign resolution a.s., 532.2884 (calculated for C, H5¢OTe:
532.2898); n.m.r., 0.62 (s, 3H, C-18-CE¥j3), C.92 (s, 3H, C- 19 ~CH3),

0.93 (4, J = 6Hz, 3H, C-21-CEi), 2.60 (complex multiplet, 4H, methylene
hydrogens flanking the tellurium) and 3.58 (m, 1lH, C-3a-H).

Ja~-Hyvdroxv=-24~-nor-23-(isopropvl tellurc)-58-chclane (XI)

A solution of sodium isopropyl tellurol was prepared by reduction
of diisopropyl ditelluride (135 mg, 400 ucoles) with sodium borohydride
in basic methanocl in the usual manner. The 3a-acetoxy-24-nor-23-bromo-
Sg8-cholane (90 ng, 200 umoles) was added, and the mixture was refluxed
two hours and the product obtained as described earlier. Purification
by t.l.c. (solvent, chloroform; Rf 0.19) gave 3a-hydroxy-24-nor-23-
(iscproryl telluro)-58-cholane, 31.6 mg, as a thick gum. Even tritura-
tion with ether gave only a gummy semi-solid that could not be adequately
crystalllzed despite nuzmerous attempts from a variety of solvents;

i.r., vmax 3360 (-CH); u.v. Amax 235 (log € 4.1) and 222 nm (log € 3.4);

-m.s., 504 (M, 8%), 486 (M-H,0, 12%), 461 (M-isopropyl, 2X), 443 (M-H,0-
isopropyl, 8%), 349 (1%), 332 (3%), 330 (4%), 313 (16%), 299 (9%), 297
(147%), 285 (84), 283 (6%), 278 (8%, 273 (23%) 271 (8%), 260, (9%), 257
(63%), 255 (55%), 243 (7%), 241 (8%), 233 (6%), 231 (10%), 230 (1s5%),
229 (13%), 219 (5%), 217 (12%), 215 (58%), 211 (6%), 203 (22%), and
201 (28%); high resolution m.s., 504.2564 (calculated for C,pgH, gO0Te:
504.2584); n.o.r., 0.63 (s, 3H, C-18-CHj3), 0.92 (s, 3H, C-19-CHy),

0.93 (d, J = 6Hz, 3H, C-21-CH3), 1.60 (&, J = 6Hz, 6H, C-26, and
C-27-CH3'S), 2.64 (m, 2H, C-23-H's), 3.38 (m, 1H, C=-25-H), and 3.57
(m, 1H, C-3a-H).

38-Acetoxv=-24i-nor-23-bromo=-3a~-chclane (VIII)

The 3B8-acetoxy-24-nor-23-bromo-5a-cholane was prepared by the
modified Hiinsdiecker degradation of 38-acetoxy-3a-cholanic acid (II)
and was purified as described earlier {28). The product was crystal-
lized from ethanol-water to give fine needles (178 mg, 20%), m.p. 198°C.
The product was horozenecus as determined by t.l.c. analysis (S-1,

Rf 0.84; S=2, Ry 0.23); 1.7., Vof 1730 cz™} (acerare carbonyl); m.s.,
max

454 and 452 (M, 4%, 4%), 439 and 437 (M-CHi, 3%, 3%), 394 and 392

(M-CH5CO0H, 1€%, 17Z), 379 and 377 (M-CH3;-CH:COOH, 15%, 15%), 340 and

338 (8%, 9%), 325 and 323 (2%, 2%), 315 (7%), 312 (6/), 290 (8%), 286

and 284 (6%, 7%), 276 (15%), 275 (22%), 257 (M-sidechain-CH,COOH, 28%),
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255 (11%), 241 (3%), 230 (&0%), 215 (10C%), and 201 (24%): n.m.r
(s, 3#, C-18-CH:), 0.81 (s, 3H, C-19-CH:), 0.91 (d, 3H, J = 6&Hz,
C-21-CHs), 2.C05 (s, ZH, acetate CH:), 3.37 (=, 2H, C-23 H's), and 4.64
(n, 1H, C-3aE).

., 0.65

38-Hvdroxv-2i-nor~23~/igcrzentv] tellurc)-Sa-cholane (X)

Sodium isopentyl tellurol (200 umoles) and 3f-acetoxy=-24-nor-23-
bromo-Sa-cholane (VIII, 45.4 mg, 100 umoles) were coupled in refluxing
wethanol as described earlier. The reaction mixture was poured into
water and the crude product extracted with chloroform. Purification by
t.l.c. (S-1) gave a thick gum (7 mg, 14%). The product was homogeneous
by t.l.c. analysis (5-1, R¢ 0.14) and trituration with a small volume of
ether gave a white solid, m.p. 78-80°; u.v. Apyx 234 (log € 4.1) and

221 nm (log € 3.4); {i.r., vi’;‘ 3300 cm=! (-OH); m.s., 532 (M, 48%), Slé

(M=H,0, 57%), 461 (M-CsHyj, 10%), 443 (M-H,0-CsH,y, 17%), 415 (2%), 349
(2%), 331 (3%), 313 (21%), 303 (2%), 299 (3%), 297 (7%), 285 (12%), 273
(15X), 257 (M-sidechain, 30X), 255 (19%), 243 (8%), 222 (39%), 215 (28%),
and 201 (20%); high resolution m.s., 532.2843 (calculated for CzeH:QOTe.
532.2883); n.m.r., see Fig. 3.

38-Hvdroxv-24-nor~23-(isovropvl telluro)=-Sa=cholane (XII)

Sodium isopropyl tellurol (400 ymoles) and 38-acetoxy-24-nor-23-
bromo-5a~-cholane (VIII, 45 mg, 100 pmoles) were coupled in refluxing
‘methanol and the product obtained and purified in the usual manner to
give a thick gum (15.6 mg, 31X). Trituration with ether gave a white
solid which was homogeneous by t.l.c. analysis (S-1, R¢ 0.14), m.p. 118-

119°C; u.ve, Ap,, 235 (log € 4.1) and 222 nm (leg e 3.4); i.r., viﬁi

3310 cm~! (-OH); m.s., see Fig. 2 for complete spectrum; high resolution
m.s., 504.2610 (calculated for C,gH,g0Te: 504.2629); n.m.r., see Fig. 4.

‘ RESULTS AND DISCUSSION
General

The gcal of the present study was to develop a method for the intro-
duction of tellurium into the steroid sidechain. There are a variety
of methods known for the incorporation of tellurium into organic mole-
cules [19). 1In the present study a svnthetic method that used elemental
tellurium was attractive since the eventual preparation of Te-123m-
labdeled 24—nor-23-(3lkyl telluro) steroids from the elemental form of
the nuclide was anticipated., The reaction scheme that was envisioned

resembled the coupling of an alkyl halide (R'X) with a sudium alkyl
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tellurcl (Na7eR). A nurcber of dialxyl tellurides (R-Te-R') have been
prepared by this general me:znod [19]. The sodium alkyl tellurzls can
be generated from symzmetrical dialkyl ditellurides (R;Te;) and a con-
venient system for the preparation of the latter intermediates involves
the alkylation of sodium ditelluride (NajTe,) with an alkyl halide.

The sodium ditelluride is unstable but may be formed irn situ by the
reaction of elemental tellurium with a stoichiometric amount of sodium
metal in liquid ammonia [24]. The dialkyl ditelluride chus fcrmed may
be cleaved with sodium’in liquid armonia [24] or by sodium borchydride
reduction in a basic medium [19]). The resulting sodium alkyl tallurols
caﬁ then be reacted with the appropriate alkyl halide to form the de-
sired unsymretrical dialkyl telluride. These transformations are sum-

marized below.

Te + Na > NayTey >
1
R,Te, —roduction . worer B X, Rote-r’

Preparation of 24-Nor-23-(Alkvl Tellurn) Steroids

In the present study bile acids were readily converted to th: cor-
B responding norbromides via a modification of the Hinsdiscker reaction
[26,28]. Fabrication ofbthe alkyl-telluro sidechain was then acccn-
plished by reaction of the norbromide with the appropriate sodium alkyl
tellurol. The sodium alkyl tellurols were prepared by sodium boro-
hydride reduction of the precursor dialkvl ditellurides in basic-
methanol solution. By choice of the appropriate dialkyl ditelluride a
variety of alkyl-telluro stercids can be prepared by thi; method. The
present study was limited to the attempted svnthesis of 2035-(alkyl

.

telluro) and 23-(alkyl tellurs) stercids. Thne general scheme that was

10717193 | |
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developed is outzlined below.

' HeQ-Br-
3-Acetoxy steroid-R-CCOH Hgd-Bro |

| 5;Acetoxy steroid-R-3r —§3:I§:5L——>
3-Hydrexy stercid-R-Te-R'

In an initial experiment 33-acetoxy-22,23-bisnor-5a-cholaniz acid
(1) was converted to 35—acetox7-20i—brc:o-Su—pregnéne (I1). Although
apparently homogeneous upon t.l.c. analysis, this product was found by
p.m.Tr. studies to be a mixture of two species, presumably the (20R)-
and (2CS)-brozoides. An analogous mixture of C-20 {somers was also ob-
tained upon phosphorus pentabrumide treatment of the sodium borohydride
reduction product of 3B-acetoxy-preg-5-en-20-one [29]. The bromide mix-

ture (II) did not react with sodium iscpentyl tellurol in either liquid

armonia or refluxing methanel. In the latter system 38~-hydroxy-20g-

- bromo-5a-pregnane (III) was isolated as the hydrolysis product. The

—-failure to form 3B-hydroxy-20f-(isopentyl telluro)-Sa-pregnane (IV) was

-attributed to steric hindrance in the vicinity of the secondary C-20
-bromide. In an attempt to determine the reactivity of a steroid con-
taining a primary halide in the sidechain, 3a-acetoxy-24-nor-23-bromo=
Sg-chclane (VII) was prépared as a model subs:trate via Hinsdiecker
degradation of the readily available lithccholic acid acetate (V).
Reaction of (VII) with sodium isopentyl tellurol in refluxing methanol
gave 3a-hydroxy=-24-nor-23-(isopentyl tellurc)-SZ-cholane (IX) in mod-

erate yield (32%). The isomeric 3£-hydrcxy-I4-nor-23-(isopentyl tellurc:
nor-23-breoco~-5a~cholane (VIII). The lat:er intercediate was prepared

by Hinsdiecker degracdation of allolithochclic acid acetate (VI). These

studies indicated that 24-nor-23-(alky. tellurc) steroids could be
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Ry
Ro
Compound Ry RZ R3
| -OAc Q-H ~ CH(CH)COOH
I -0Ac Q-H 'H } (20R)-
- CH(CH
m -0Ac Q@ -H (CH3)Br (205) -
v B-OH a-H -CH(CH3)Te(CH2)ZCH(CH3)2
\Y a - OAc B-H
- CH(CH4)CH,CH, COOH
Vi -0OAc a -H .
Vil Q -0Ac B-H
~CH{CH,)CH,CH, Br
Vil B-OAC a-H
I X a - OH B.-H Te (CH.)- CHICH
-CH{CH3)(CH,), Te (CH .
b e B-OH a-H } 3 2'2 22 S'a
X! @ - OH B-H CH{CH)(CH,), TeCH(CHS,)
- e
X11 a-0r . 3-H 3 2’2 2’2

Fig. 1. Steroid Structures.
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readily prepared by this cethodology.

The 3-hydroxy-24-nor-23-(alkyl telluro) stercids are relatively
insoluble in ether. The telluro steroids could not te efficiently
extracted from reaction mixtures with ether but were readily extracted
with chloroform or ethyl acetate. Following thin laver chromatographic
purification and extfaction of the telluro steroids from the absorbant
with chloroform-methanol, evaporation cf the solvent gave gummy solids.,
Trituration of the 38-hydroxy-24-nor-23-(alkyl telluro) steroids with
ethyl ether gave wnite solids. Melting points were obtained on sanples
prepared in this manner since the small amounts of relatively unstable
procducts could not be adequately crystallized. Similar trituration of
the 3a-hydroxy-24-nor-23-(alkyl telluro) steroids gave only thick
glasses which did not exhidit well-defined melting points. The telluro..
steroids are more stable upon exposure to light and oxygen than a number
of simple dialkyl tellurides that have been prepared in this laboratory
[29]. Thg_3a-hydroxy-24-nor-23-(alkyl telluro) steroids appear less
stable than the isomeric 33-hydro;;;24—no:-23-(alkyl telluro) analogs
and the former compounds slowly decomposecd when stored in the dark under
argon at 4°C. The 38-hydroxy-24-nor-23-(alkyl telluro} steroids were
stable when stored as dry solids under these conditions for periods of
up to several months.

As described below, an analysis of the physical pfoperties of these
unusual 24-nor-23-(alkyl telluro) steroids demonstrated that the struc-
tures assigned to the synthetic products are consistent with the pro-
posed strﬁc:ures. The wltraviolet spectral properties of the iso-
meric 24-nor-23~-{isopentyl telluro) steroids (IX) and (X) are very

similar. The isomeric 24-nor-23-(iscpropyl telluro) steroids (XI) and
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(XII1) also exhibit similar spectral properties. Tellurides absorb
strongly in the ul:raviélet region as a result of an n = ¢c* transition
[19]. The 24-nor-23~(alkyl telluro) steroids prepared in the present
study all exhibit essentiz2lly iderntical ultraviolet spectra. The ultra-
violet spectrum of 38~hydroxy-24-nor-23-(isopropyl tellurc)-Sa-chclane
(X11), for example, contains & maxizal absorption Qt 231 nm and the high
extinction coefficient (log € 4.1) can be used to determine accurately
the concentration of sglu:ions of the telluro steroids. Such measure-
ments should facilitate the determination of the specific activity of
Te-123m-labeled 24-nor-23-(alkyl telluro) steroids.

Although the mass spectra of these 24-nor-23-(alkyl telluro)
stefoids have not been studied in detail, several general corments can
be made concerning the origin of a number of ions found in the spectra

- of these compounds. The mass spectra of the four telluro stercids (IX),

- (X), (1), and (XII) are qualitatively very similar and the mass spec-
trum of 3B-hydroxy-24-ror-23-(isopropyl telluroc)-Sa-cholane (XII) will

-serve as an illustration to discuss the general characteristics of the
electron-izpact-induced fragrmentation of such compounds. The high mass
region of the mass spectrum of 33-hydroxy-24-nor-23-(isoprcpyl telluro)-
Sa-cholane (XII) is illustfated in Fig. 2. 1Ions conctaining the tellu-
rium heteroatom are generally easily recognized by the presence of a
cluster of peaks representing the various tellurium isotopes (vide ate).
Ions containing the Te-130 isotope are found at m/z 504 (M), 486 (H-HZO),
461 (M-C3H9), 443 (M-H,0-C3H9) and 257 (ﬂ-sidechain). The moderately
abundant m/z 461 ion is formed by loss of the isopropyl group indica-
ting preferential cleavage of the smaller alkyl group. OCne unique

feature of the mass spectra of (XII) and other 24~nor-23-(alkvl telluro)
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steroids appears to be thz absence of ions corresponding to rethvl]l loss.

The nuclear magnetic resonance spectra of 24-nor-23-(alkyl telluro)
steroids contain resorances that are easily assigred, and the spectruc of
38-hydroxy-24-nor-23-(isopentyl telluro)-5a-cholane (X) 1s illustrated
in Fig. 3. The methyl group resonances are <asily assigned (Table 1)
and the four proton multiplet centered at 2.65 ppm undoubtedly repre-
sents the protens of the two deshielded methylene groups that flank
the tellurium hetercatom. These protons are further ccupled to the
adjacent methylene prdtons, and we have not yet attempted to further
delineate this complex coupling pattern. The nuclear magnetic reso-
nance spectrum of 3f-hydroxy-24-nor-23-(isopropyl telluro)-Sa-cholane
is very instructive (Fig. &). The methyl resorances are clearly recog-
nized (Table I) and the coupling patterns of the methylene and methine
protbns flanking the tellurium can be easily extracted. The two-proton
multiplet centered at 2.66 ppm represents the C-23 methylene protons
and appears to be a ABA'B' four-spin system as might be expected if the
system is subjected to restrained rotation. The septet centered at
3.41 ppm represents the methine proton of the terminal isopropyl group
and is partially obscured by the one-proton wmultiplet at 3.58 ppm. The
latter resonance represents the axial C-3a proton. These nuclear mag-
netic resonance data are summarized in Table I and are compared to data
for the isomeric S58-steroids.

The methodology that has been develcped in the present study should
be applicable for the preparation of a w.de variety of 24-nor-23-(alky!
telluro) steroids. The preparation of such compounds could be of con-
sicerable practical ircportance since we have recently demonstrated the

concentration in rat adrenals of Te-1ll=m-labeled 38-hydroxy-24-nor-23-
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(isoprooyl telluro)=-5a-chclane [30,31;. These studies have shown that
Te-123zm-labeled 24-nor-23-(alkyl telluro) steroids represent a nevw class
of poteatrial adrenal izaging agents.
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Furn F. Knapp, Jr.
I'PROVED TISSUE-SPECIFIC SCINTICRAPHIC IMAGING AGENTS
The present development is a new composition of matter comprising
steroids, amino acids, and the like labeled with the radiocactive

; 123mT
nuclide tellurium-122m. These e-labeled compounds are useful as
tissue-specific, scintigraphic imaging agents in diagnostic nuclear
medicine procedures. This particular nuclide has multiple advantages

as a radioactive label over some prior art nuclides.

Background

Adrenal disease is a cormonly observed clinical disorder and the
excessive or subnormal production of adrenal steroids (corticosteroids)
results in severe physiological consequences. The hypercorticoid condi-
tion (Cushing'é Disease) results from the overproduction of corti-
costeroids and can have a variety of primary causes. Large amounts of
corticosteroids are produced by carcinomas and ademas of the adrenal
glands. The involvement of corticosteroid-producing tumors is oftea
unilateral, involving only one adrenal gland. Since there are two
adrenal glands it is essential for the physician to locate the specific
gland which is involved in the overproduction ofkéorticosteroids.

Clinical procedures which are presently used to assess adrenal function

include the determination of steroid levels by adrenal venography and
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the use of contrast venograsny to visvallze the adrenal gland hy
nor=al x-ray transmission anzlrsis. It is generallw recognized that
adrenal vein catheterization is a difficult and dangerous procedure
which few physicians are adejuately trained to perform. The use of
an agent labeled with a gamma-emitting radionuclide which would con-
centrate in the adrenal glands would greatly aid the phyvsician in the
diagnosis of adrenal disorders. In addition, this diagnostic method
would also serve as an adjunct in cases where the use of an invasive
proceédure is also required. Such a noninvasive procedure would guide
the surgeon to the specific adrenal gland that must be removed, or
from which a tumor must be excised.

1311- and 75Se-labeled steroids are being eval-

Presently both
uvated by other groups as potential adrenal imaging agents. Results in
laboratory animals with these agents have indicated acceptable adrenal
accumulation of these agents and good quality images of dog adrenal

glands have been obtained. One of these compounds, 131

I-19~iodocholest=-
S5-en-38-0l1, has undergone extensive human tests and has been used to
successfully diagnose a number of adrenal disorders. The radioiodinated
steroids are very unstable in vivo. As a result of this in vivo
iﬁstability, a high thyroid accumulation of radioactive iodine is
encountered which cannot be entirely overcome by predisposition of

the patient with thyroid blocking agents. The use of the 131I-labeled
agents also results in a high patient beta-adsorbed dose due to the

high beta yield from this nuclide (major 8 at 610 keV). In addition,

the short physical half-life of the 1311 nuclide results in a short
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1ife. The relgzively time=-consoning multi-step svntnesis of
the I-labaled stercids courled with their short shelf life indi-
cates that patient costs will be relazively high.

The 7SSe-labeled steroid overccmes problems associated with the
short shelf life, high beta dose anc in vivo instability encountered

131,

with the I-labeled agents. The 73S

e nuclide, however, decays with
the emissicn of several high energy photons which results in inefficient
collimation and poor quality images.

The early diagnosis of pancreatitis and pancreatic carcinoma is a

L 75 S
comnmon clinical problem. The use of Se~labeled selenomethionine
(Fig. 1, V.b5,) was originally developed because of the biological
importance of the amino acid, methionine, and the availability of the -
o 75 . 75 . .

gamma-emitting ~Se nuclide. Furthermore, Se was readily incorporated
into selenonmethionine by both microbiological and chemical methods.
Selenomethionine (V.b.) behaves similarly to methionine (V.a.) in vivo
and is concentrated in a number of animal species by the pancreas and
other tissues that are involved in active protein synthesis. The

. . . 75 .
multiple high-energy gamma emissions of Se, however, result in poor
images with an unnecessary radiation dose to the patient.

Sumnary of the Invention

In structurally-related organic compounds which are tissue-
specific to absorption in special organs, said organic compounds being
derivatized with a radionuclide for the purpose of scintigraphic
exanination of said special organs in vivo, the present invention is
an improverent comprising organic compounds derivatized with the

lZBmTe

radionuclide
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Detailed Description
Recause of the imnurtance and ne=< 7>r radiovnuclide~labeled

steroids, as pointed out in the Zackzround Section, extensive appli-
PP

cation of the invention is empodied in these compounds. The general

. - . . . . . 123
schene for the synthesis of steroids labeled in a sidechain with e
is by coupling steroidal halides or other functionalized forms of a

. . 23 . .
steroid substrate with 1 M re-labeled reagents. This general scheme

is illustrated below.

123m.re)_Y

Steroid-X.+ R-(
Steroi&t(123mTe)—R

The steroild substrate contains a grouz (X) that can be a halide,
p-toluene sulfonyl, methyl sulfonyl, cr similar functionality. The
123mTe-labeled reagent contains the group (Y) which would generally be
an alkali metal. The general strategy is that the driving force for
the coupling of substrate and reagent is the formation of the (X-Y)
species. The (R) group can represent a variety of organic meieties.

A more specific route involves the ccupling of steroidal sidech;in
halides with alkali metal salts of alwyl zellurols. The steroidal
sidechain halides can be prepared frcoz bSile acids or related steroidal
acids via a Hunsdiecker-type degradaticn or by the action of reagents
such as acyl halides or phorphorus hal.zes or steroidxl sidechain
alcohols. An altermate route involves i~z reaction of the steroidal
sidechain alcohols with the R3P2 spec.es fcrmed by reaction of tri-
phenvl phosphine and a carbon tetrahal..e. The reaction of steroidel
sidechain halides with alkali metal sal:s cf alkyl tellurols is an

attraccive route and has been studied .- le:zail. Since these unusual
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stercids have nct been previously prepared, a cetailed desaription of

tne preparation and physical and chenmical preperties of a representati

24-nor-23-(alkyl telluro) steroid is presented (Example I). A mono-
hvdroxy bile acid such as lithocholic acid or allolithocholic acid
can be conveniently converted to the corresponding 24-norbromide via
a modification of tne Hunsdiecker degradation as illustrated in Fig.
II. This reaction groceeds in reasonable yield and the synthesis and
purification of the norbromides can be completed in a single day.

The steroidal norbromides can be coupled with sodium alkyl tellur~:s
(NaTeR) which are formed by reduction of dialkyl ditellurides (Tesz)
in basic solution. The ditellurides are formed by alkylation of sodiu=
ditelluride (NazTez). One convenient method for the generation of the
sodium ditelluride that can be conveniently adapted to the microscale
consists of reacting the metallic tellurium with a stoichiometric amou--
of metallic sodium in liquid ammonia. The sodium ditelluride is then
alkylated by the addition of the desired alkyl halide, alkyl sulfate,
etc. The dialkyl ditelluride can be reduced by one of a variety of
merhods. One method which is simple and uses reagents, whose produccs
do not interfere with subsequent transformations, is reduction of the
ditelluride with sodium borohydride in an organic solvent in the
presence of base. The sodium alkyl tellurecl is gererated in this
manner in situ and is readily available for subsequent reaction with
the steroid substrate. The final product from this series of reactic-

is the 24-nor-23-(alkyl telluro) steroid and it can be easily purifiie:

either by thin-layer chromatography or by absorption column chromato;-

1011210



Using this method essenzially any 24-nor-23-(alkyvl telluro) steroid
e PR y - - 'S 75
can be prepared. To alleviate disacdvantages of the use of Se as

123z

described earlier, “Te-labeled tellurcmethionine (V.e.) has been

previously suggested as a superior alternative for pancreatic imaging.
Attempts to prepare 123’—:‘l'e-labelecl telluromethionine by microbiological
techniques have been unsuccessfuyl. Our first attempts to prepare
telluro amino acids by methods involving the introduction of the benzyvl
telluro moiety failed primarily because of Fhe extreme instability of
dibenzyl ditelluride. In addition, the benzyl methylene carbon-
tellurium bond is unstable even in simple benzyl alkyl tellurides.
These properties preclude the preparation of the requisite benzyl
telluro intermediates. Our early studies of factors affecting the
formation and stability of ditellurides and tellurides proved that
phenyl alkyl tellurides are much more stable than simple dialkyl tel-
lurides because of the stabilizing effect of the aromatic ring. Thus

a scheme was devised for the preparation of a representative g-amino
acid containing the phenyl telluro moiety (Fig. I). The method developed
should be of general applicability for the synthesis of a variety of
telluro amino acids. Its success results from strictly avoiding any
attempts to isolate the tellurol intermediates. Such intermediates (I)
are quite useful svnthetically when generated in situ, however, and

are formed by reduction of the precurscr ditellurides under an inert

atmosphere. The method is illustrated in Examples III and 1IV.

Embodiments of the Invantion

Compounds that have been prepaved in this laboratory using the

1071711 L




method described abové include:
24-nor-23-(isopropyl telluro)->3,-cholan-33-0l
24~-nor-23-(isopropyl telluro)-3i-cholan-3z-ol
24-nor-23-(isopentyl telluro)-3:-cholan-3g-0l
24-nor-23-(isopentyl telluro)-332-cholan-3a-0l
24-nor-23-(phenyl telluro)-53-cholan-3a-o0l
24-nor-23-(octyl telluro)-5a-cholan-3f-cl
24-(isopropyl telluro)=-chol-5-en-32-0l
24-(isopropyl telluro)-chol-5-en-33-0Me
17 -(isopropyl telluro methyl)-androst-5-en-38-o0l
Example I
The synthesis of 24-nor-23-(isopropyl telluro)-Sa—cholan—BS-oi'
is described. Diisopropyl ditelluride (70 mg, 200 umoles) was
dissolved in 10 ml of methanol in an argon atmosphere with gentle
warming. Sodium borohydride was added in small portions to the
orange solution until a clear, colorless solution was obtained.
Following the addition of 1 N sodium hydroxide solution (1 ml,
1 mmole) the 24-nor-23-bromo-5:-cholan-3fyl acetate (45 mg, 100
v nmoles, prepared by Hunsdiecker degradation of allolithocholic
acid) was added. The solution was refluxed one hour after which
time thin layer chromatographic analysis indicated the reaction
to be complete. The solution was poured into water and extracted
thoroughly with chloroform. Chloroform or ethyl acetate (but
no: ether) ef{ficiently extract the product from the crude mix-
ture. The combined chloroform extracts were washed thoroughly

with water, dried over anhvdrous sodium sulfate, and the solvent

-7-
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removed in vazuo to give a thick gum. Thnis material w-as
purified by preparative thin-laver chreonatography (soluven:
systen, chloroforn, Rf 0.14). The purified product con-
sisted of 15.6 mg of a thick gum which solidified to a white
solid upon trituration with ether, m.p. 118-119°C. The
ultraviolet spectrum (EtOH) contained maxima at 225, 237,
and 268 nm. The infrared spectrum (KBr) contained a maxinmum

absorbence at 3420 cm-l (~OH). High resolution mass spectral

measurements indicated a molecular formula of C OTe

26146

(found: 502.2509; calculated for C OTe:502.2589).

26546

The tissue distribution, metabolic fate, and excre-
tion of radiocactivity following intravenous administration
123mT -

of e-labeled 24-nor-23-(isopropyl telluro)-Sa-cholan-38-o0l
have been studied in detail in both male and female Fischer
strain rats. The results of these studies with male rats are
summarized in Figs. III through V. Male rats were injected

. . . 123m.I . .
via the tail vein with the e-labeled steroid (6-15 uCi)
in a saline-ethanol-Tween 80 emulsion and were sacrificed at
various time intervals varying from one hour to three weeks
later. The organs were removed, weighed and counted, and in
this manner the distribution of radicactivity was determined

(% dose/g). These data are shown in Figs. III and IV. The
urine and feces of these animals were also monitored for radio-
activity and these results {(Fig. V) indicated that approxi-

mately 507 of the administered radiocactivity was excreted in

1071213
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1011214

in five davs. In 2Zdition, several anizals wvere injected
wizh a larze Zdose oi the Te-labeled steroid (100 pCi)

and examined with 2 rectilinear scanner at various time
periods from one hour to three weeks after injection. The
adrenal glands of these animals were clearly visible even
one day afrer inj=ction, and very clear images were obtained
one week later. Representative scintigraphic images obtained
with both a rectilinear scanner equipped with a 60-hole gold
collimator and an RC type proportional counter with a xenon
gas detector are illustrated in Figs. VI and VII. Some
animals weré sacrificed after such studies and the adrenals,
liver and lungs removed, homogenized in Folch medium, and

the resulting organic soluble material chromatographed on
silicic acid columns. -The resulting chromatographic profiles
indicated that the administered 1< "Te-labeled steroid was
converted to a nuober of metabolites in these rat tissues.
Since the tissues were treated in the same manner, the dif=-
ferences observed upon chromatozraphic analysis of the
extracted lipid soluble material mus: indicate that the
detected radiocactivity did not represent artifacts that
accumulated during the tissue canic:lation. These combined
results have demonstrated that rad.cactivity from 123m’re—
labeled sternid accumulates in the rat adrenal glands, that
the stercid is evidently metabo.:.:zed by rat tissues, and that

excellent images of rat adrenal :.:.nis can be obtained.

-9-
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Example 1]

NN

h)

Preparation of "Te-labeled Zl-ner-2I-(isozraovl
telluro)-53-cholan~-3:-01
123m 1 . . ] i
The Te nuclide can be precared via neutron irradia-
. 122 o
tion of isotopically enriched Te. The nicroscale syn-
. 123m : . .
thesis of the Te-labeled steroid was accomplished by

the geneyal method described earlier for the synthesis of
24-nor-23-(isopropyl tellura)-5=-cholan-3%-o0l (Exémple I).

The system was easily adaptable to the 200-500 mole scale.

In a typical preparation reactor-produced 123m’1‘e (22 mg,

25,78 mCi) was combined with carrier tellurium (45 micron
povder) to yield a final specific activity of 25.78 mCi/mmole.
Under an argogﬂatmosphere approximately 25 ml of liqiid
ammonia was distilled into the reaction vessel which con-
tained the tellurium powder. The vessel was cooled to

-60 to -70°C in an acetone—CO2 bath. Freshly cut metallic
sodium (25 mg, 1 mmole) was added to the rapidly stirred
slurry. The solution was stirred two hours and progressed
through the typical color change: vellow green blue red,
Isopropyl iodide (174 mg, 1 mmole) was added by means of a
Hamilton syringe inserted through a rubber septum. The initial
deep red color of the solution slowly turned to a yellow-amber
hue concomitant with the appearance of colloidal tellurium.
After being stirred for one hour the ammoria was allowed to
evaporate under a stream of argon yielding a residue consisting
of an orange gum containing metallic tellurium. The residue

was extracted with several small portions of benzene (15 ml

-10-



total Qolu:e) and the orange-colored ccnbined extract

washed well with water. The benzene solution was diluted
with methanol to 25 ml in a volumetric flask and aliquots
taken for counting. The benzene-extracted material con=-
sisted of 10.75 mCi of activity indicating a 427 yield of
123m . 1abeled diisopropyl ditelluride. The ditelluride
solution was combined with an additional 25 ml of methanol
and the mixture stirred vigorously under an argon atmosphere.
Small portions of sodium borohydride were added until a color-
less solution was obtained, indicating complete reduction to
123m'I‘e-labeled isopropvl tellurol. Gen:tle warming of the
ditelluride solution was generally required for the vigorous
reductive process to be initiated. Approximately 80 mg (2
mmole) of sodium hydroxide was added to the colorless solu-
tion and the mixture then brought to a gentle reflux. Should
the solution turn light yellow it indicates that the ditel-
luride ha; re~-formed as a result of oxygen being introduced.
Sodium borohydride can therefore be added in small aliquots
until an zmber solution is obtained. The 24-nor-23-bromo-5i-
cholan-38-01 acetate (Fig. II) (112 mg, 250 umole) was added
as a slurry in a small volume of benzene and the mixture
refluxed for one hour. At this time, thin layer chromat-
osraphic analysis of an aliquort indicated the reaction to be
complete. The solution was poured into water and the organic

layer washed several times with water. The yellow-colored

-11-
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benzene solutinn was applied to a silicic acid column
slurried in benzene, Fracticns 25 ml in volunme were col-
lected by elution with increasing concentrations of ethyl

ether in benzene. Aliquots (100 1) of each fraction were

taken for counting.

~ e
g A w n e

The 123™Ie-labeled steroids listed below have been

24-nor—-23-(isopropyl telluro)-53-cholan~3a-ol

prepared by this procedure.

24-nor-23-(octyl telluro)-5u-cholan-33-0l

24-(isopropvl telluro)-chol-5-en-38-o0l

24-(isopr-opyl telluro)-chol-5-en-35-OMe

173~ (isopropyl telluro methyl)-androst-5-en-38-o0l

Example III

For the preparation of a model telluro amino acid, diphenyl
ditelluride was reduced with sodium borohydride in methanol under
an argon atmosphere. The resulting phenyl tellurol was then
coupled with 5-(bromoethyl) hydrantoin, Fig. I (III), which
was conveniently prepared by known methods from DL~-homoserine,
Fig. I (II). The reaction resulted in a high yield of 5-
(phenyl telluro ethyl)-hyvdrantoin (IV.a.). This unusually
substituted hydrantoin is stable when stored in the dark as a
solid at 4°C. 1t was fully characterized and exhibited the
expected physical and chemical properties. Treatment of this
hydrantoin with 1 N NaOH in a teflon-lined bomb at 160°C

resulted in hydrolyvsis to DL-u-amino-Y-(phenyl telluro)


http://ditell.uri.de

1011218

burrric acid (V.d4.). Althoush some decoriosition was

derected, the procutl wWas
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and was fully characterized by the usual methods. The
123m~r s A . ¢

e-labeled amino acid (V.e.) was prepared from reactor-
produced 123mTe. The microscale synthesis of diphenyl

. . . . - 123m .
ditelluride was accomplished by reaction of the “Te with

phenyl magnesium chloride. The 123IT"Ie—].abeled dipnenyl
ditelluride was then reduced, coupled with the hydantoin,
and the labeled butvric acid (V.e.) then obtained by the
nethods described above. The physical properties of the
labeled amino acid were identical to those determined for
the unlabeled product, and radiochemical homogeneity was
established chromatograpﬁically.

Using this same method we have synthesized telluro-
methionine (V.c.). Special precautions must be taken in
this case hecause of the high volatility of dimethyl Aitel-
luride and methyl tellurol (I.b.). In addition, the 5-
methyl telluro ethyl) hydantoin (IV.b.) must be isolated by
a different method from that used to isolate 5-(phenyl telluro
ethyl) hydantoin (IV.a.)., Dimethyl ditelluride has been pre-~
pared by reaction of methyl iodide with sodium ditelluride.
Reduction of the ditelluride to methyl tellurol with subse-
quent coupling with S-(bromo ethvl) hvdantcin (III) then
gave (IV.b.). The 5-(methyl telluro ethyl) hydantoin has

been purified and characterized.

-13-



The inventicna should not be considered as bdeing
tissue-specific compositions herein descrited. 1In adiition to the
introduction of the 123jTe nuclide into the C-24 position of the
steroid sidechain this method can be adapzed for the introduction
of this nuclide into any other desired pos;tion of the steroid side-
chain. Examples would include the following fabrications: C=-17-~
(alkyl telluro)-, 23-nor~22-(alkvl telluro)-, C-20-(alkyl telluro)-,
C-25-(alkyl telluro)-, etc. The limiting factor for such syntheses
would be the availability of the appropriate steroid starting materials.
In addition, essentially any desired alk+l group could be introduced
into the steroid sidechain using this method. These could include
functionalized alkyl groups or groups that would be amenable to
functionalization after their incorporation into the sidechain. 1In
the latter case the introduction of such substituents would be a func~
tion of (a) the.compatibility of the presence of the alkyl substi-
tuents to the coupling procedures and/or (b) the availability of the
desired alkyl group. With regard to scinzigraphic analyses using
these agents, other tissues besides the zcrenal glands could con~
ceivably be imaged with this agent.

The general method was developed alsc fcor the preparation of
telluro amino acids. The first such ccrzound, DL-z-azino-y-{phenyl
telluro ethyl) butyric acid and tell_rc=zet~ionine have been prepared.
The svnthesis is easily adapted to :the ~icroscale and, providing the
requisite halo-alkyl hydantoin inter—c:-.czes are available, the

preparation of a variety of telluro a=z.~c acids is possible.

-14-
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ATED ART: The related art of tnis invantion is contained in the Yaci-roz=4

Section of this disclosure,

123m. aled . . .
Te-lacz2led agent would overcome a number of

123m . , L
disadvantages. The Te nuclide decavs with the emission of a

The use of a

single gamma photon in 847 abundance with an energy of 159 keV which

is ideally suited for the scintigraphic instruments used clinically

. : i 1?.3m.r .

in nuclear medicine. Secondly, the e-labeled steroid can be
prepared in a simple three-step sequence from readilv available starting
materials. The long physical half-life and the attractive radionu-
clidic properties would suggest a relatively low patient cost. Further-
more, the reasonably short biological half-life of this agent in rats

would suggest that the long physical half-life of IZBmTe

(e.g., 119
days) would not be as severe a problem as might be anticipated.
. . 123

Finally the per cent adrenal dose is much higher for the MTe

. c 131 75 .
steroid than that reported for the I- and “Se-labeled sterocids.
This would indicate that a lower overall dose would be required for
adequate adrenal imaging.

: . 123!:1.I . . c

It is anticipated that e~labeled steroids will be useful
adrenal imaging agents for the clinical diagnosis of adrenal dis-
orders and that the likewise-labeled amino acids will be useful in
the imaging of the pancreas. The greatest interest and subsequent

s ; 123m.  , _, .
utilization of such Te-lz2beled agents will probably be generated
in the general medical cormuaity. Favorable response would indicate
123a

that the preparation and distribution of Te-labeled tissue imagirg

agents would be developed also in the private industrial sector.

-15-
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ATION: The filing of a patent application may be warranced.
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Tellurometrhnionine
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S-49,068
“IMPROVED TISSUE-SPECIFIC SCINTIGRAPHIC IMAGING AGENTS"

Inventor: Furn F. Kna ,
enn.

Background of the Invention

This invention was made in the course of, or under, a contract
with the United States Department of Energy. It relates to the pre-
paration of ‘23mTe-1abe1ed organic compounds useful as tracers for
the study of metabolic pathways and physiological research.
Additionally, compounds of this jnvention have peteat+ed utility as
radioactive imaging agents for the detection of systemic or organal
disorders.

The use of radiocactively labeled organic compounds in

the study of biochemical reactions is well known. Tritium, 14¢ and
32P have been used extensively since their corresponding stable

isotopes‘are present in practically all important cellular components.

- A <. .
5

. e B
Biochemical agents labeled with 991: and 7 Se,have also found

application as scintigraphic imaging agents for the detection of cars

cinomas;—{What—else?) -4 v b oateal s oA b -
T Y D { re ol -q-.-—q',f. e /A aco ’
S i~ ag .o o S L N« R
Say . q,_—’: .
e s .. 131 75
- Steroids labeled with 1 and "“Se have been proposed as

adrenal imaging agents. Results in laboratory animals, i.e. mice, dogs,
have shown acceptable adrenal accumulation of the agents
good quality images of dog adrenals have been obtained. The use of
755e-1abe1ed 3 Beta-hydroxy-10-{methyl seleno)-cholest-5-ene is
described in S. D. Sarkar et al. in Journal of Nuclear Medicine, Vol. 16,
p.1038 (1975).

One disadvantage ]311 labeled adrenal agents is that the

f
radioiodinated steroids were very unstable in vivo resuylting in a high
thyroid accumulations of radicactive fodine. Additionally, 1311 ;as
o U Py O}
VA _1 . :

_'} [y Vo= ,7;,‘é

C‘{ - ’.”\.'; 4_& ’1.:' -.'--.’ a o A IR n/ (:J(, <
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a limitea shelf life and resuylts in a high Beta absorded dose. The
75Se nuclide decays with the emission of two high energy photons
which result in inefficient collimation and poor quality images.
Certain of the prior art difficulties could be avoided by the use of

123”Te-!abeied agents as suggested in Radioactive Pharmaceuticals,

Andrews etr;I. CONGJBSIXII. gb:fngfgéld. Virginia, National Bureau of
Standards 1966 p.118. German Patent 2,553,408 also suggests the use of
123mTe-1abeled compounds and describes the synthesis of a steroid
having nonradiocactive tellurium present at position 19,

Another useful class of tracer compounds are radicactively labeled
amino acids. Labeled amino acids have been used in the study of protein
metabolism and synthesiﬁ) Jfor exampie, that taking place in the
pancreas. Labeled amino acids are also useful in the study of the
effects of various pharmaceuticals on protéin metabolism. ([Can we pro-
vide some references which describe the use of radicactively-labeled

amino acids in the study of metabolism etc.?] SO e b -

) - =y - © et fad [ . - ’ . PRIV Y

{23mTe-1abe1ed amino acids are likely to be isoteric with the

sulfur analogs and behave similarly in vivo. Additionally, the high

123"'Te nuclide is a

quality scintigraphic images produced by the
substantial improvement over labeled amino acids. Prior art attempts to
prepare telluro-amino acids by microbiological methods have been
unsuccessful, see Kolar Z., Int. J. Appl. Radiat. Isot. 25 330 (1974).

Summary of the Invention

123m

It is an object of this invention to provide Te-labeled

biochemicals.

It is a further object to provide 3 method of synthesis for
123”Té-1abe1ed biochemicals.

These and other objects are achieved in a method for the preparation
of 123mTe-1abe1ed organic compounds comprising the steps of (a)

reacting a di-alkali metal ditellurol M 123mTe with a halogen-

-~

Tahs b sdediond e o .




substituted organic compound, R-£, R being an alkyl or aryl group, to form

123m

a symmetric diorgano-ditelluride Tey, (b) reacting said diorgano-

ditelluride with a reducing agent to form an alkali metal organo telluyride

123m

of the formula R- Te-M, (c¢) reacting said alkali metal organo

telluride with a halogenated organic compound with a formula R'-X, R being

an amino acid group, a group hydrolyzable to an amino acid, or a steroid

side chain to form an organo telluro of the formula R._123m

Te-R.

Detailed Description

One aspect of this invention involves a synthesis of 123mTe-

labeled steroids by methods which introduce the Te into the side chain
rather than the steroid nucleus. As used herein, the steroidal side
chain group is defined as/the well known cyclopentanophenanthrene nucleus

Without departing from the spirit of this invention, the steroid nucleus can
- . T - SN -

be substituted with < - iw positions.

. The side chain attached to the number 17 carbon

-

atoms can be any alkyl group of-up—to /e carbon atoms and can also
contain - groups. [Are there any steric limitations on what

can be substituted on the cardbon atom adjacent to the Te?

Please explain.]

]

According to the methods described herein the introduction of the tellurium
into the side chain rather than the stercid nucleus preserves the trans

geeometry of the steroid nucleus [Why is this important?]

f ' . f’ v e .
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Due to the general instability of telluro organic compounds, the pre-

_ sent synthesis method minimizes the need for isolating intermediates.
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The reaction sequence leadaing to a steroid having a tellurium labeled size
chain involves the reaction of a stercidenor-halide with an alkali me%a)

alky! tellurol to provide a steroidal alkyl tellurol.

A. General Procedures for Preparation of —— 123m'

123m

Te is conveniently prepared from isotopically-enriched
122Te, obtainable from the isotope sales office of the Oak Ridge
National Laboratory, Oak Ridge, Tennessee, 37830. The radiation of tn:s

isotope in a neutron flux provides a 123m

Te isotope. Generally,
irradiation will result in melting of target metal resulting in a hara
mass upon cooling. The target is taken into solution in an acid solut:icn

such as aqua regia,_ ' ) , etc. which is evacc-ates

to dryness to provide a tellurium salt. The salt can be redissolved '~ &

such as to assnir:g Sé}h;}r?t; d'nsso'lution of metalhc Te an¢ aqga- =
evaporated to dryness. The resulting sohd is d1ssolved 1n water. A sale
sueh—as ﬁ:aaﬂ is added (th’) ,", A
Vool i Aae N B D R N P [;—

and the so1ut10n is bq11ed for one-half hour (Why? T o ooaa-

IR A A = ey

-

30 )
and cooled. Se; is bubbled through the solution to cause the precip::s-
tion of tellurium metal which can be recovered by filtration, etc.

{1s th1s a known method of tel1ur1um prec1p1tat1on7] ",: T
ae. - Hept T

Jeo L”"."’ A e "'\':. "’J, : :w"'n ,. .‘n"' IETN ;'_.. -

123870 can be combined with carrier (non-radioactive) Te in th2 init-s
Te dissolution steps to reduce the specific activity to the desired “eve
while providing-isotopic homogeniety. The remainder of the synthesis e
be described with reference to Te, with the understanding that some or o
of the Te is in the 123"‘Te form.

8. Preparation of An Alkali Metal Alkyl Tellurol

The preparation of a di-alkali metal ditelluride is achieved by ‘e
direct reaction of teilurium powder with an alkali metal. This can e

veniently achieved by reaction in liquid ammonia to form MzTez, M

being any alkali metal. [Would any other non-aqueous solvent be sui:s .

N -

Mz =) (un A RA A AT A - e [ IR TR TP ‘:r}'_'fr‘v

':Dlv-sl s Fhestenss d s a3 et e wrlen
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MZTeZ

HzTez is unstable, it is reacted in situ by the direct addition of

is then converted to the desired di-alkyl-di-telluride. Since

the appropriate alky! halide to form a dialkyl-ditelluride

{1s it essential that the R-X be added only after the Na,Te, is

formed? Please explain) e D . T
/.‘-,_' . ! . - P LT _.‘_;."' ; . vo., - // / ey //
¥ . n
1: I‘K 1J R Y s} 5 Vo

" ’ v e ooy age, gt -
d -_— e f L“-‘r '4{.‘\1_'.'1" P » .(v/‘.,{_‘q/-"; N
F0T e e i vy, N 7

(et -."1:' ,.',,. P T -

The reaction product is extracted with a suitabie orgarnc solvent such as -

benzene, ;i et aiaa 0 vl s e e e e
R C ;“./i 2T n,-fvtﬂl - i bo " - “
. . .. .

L : O . Qn.- v, e e v rea /’
N . ) Liry ! PR
Ch e e Lt e L., / f ‘e 1,
'n\!. :'f\-_,.'__n ’ ’ [ I Y

capable of extracting,dialkyl di- tellur1de. (3 } The extracted dialkyl di-
telluride is reduced to form an alkali metal alkyl telluride by the addition

of a reducmg agent such as a.kali metal borohydride,

P [ - - " NEAP Y N Y t L

A R - - PRSI

[Does the renucmg agent have to be an a1ka11 metal compound"] 22N I

LT . MR

) .- 4 - . “ ! . ...{,_. . . -’,"....."

NaQH is added to the mixture and refluxed [th’] TN e s mn s dea

R . - Te et - , '

‘ -“ f/ {} ; ' oo A\ ‘_ /, ",-../‘.44‘5-;,\ PR
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The reduced product is an alkali metal alkyl tellurol. According to the
method of this invention, the alkali metal alkyl tellurol M-Te-R is reacted

with any halogenated organic compound R'-X to form R-Te-R'. [Are there any

——

re ey PR BT

Timitations on the composition of R'? Please exp1a1n ] L e, e

av & Loauaia ﬂ.-)..,.‘\ ,)l\ R S FRL A L
e Y- S A I R I (R )
C. Preparation of Steroidal nor- Hé11dés ~

XEV

FHre—preferred preparation procedure is a modified Hunsdiecker degrada-
tion of bile acids and other steroids containing carboxylic groups in the

side chain. [Is a carboxylic acid group necessary’ why?] Me— Lo -
[ab AV IR  JUI R PR S o l‘ ecawie - Stve b T

f-’/"-l PRI, Yoy A & - .~—‘-..." '\(\ . :‘,;T-\'

'*.l‘!l." LRI IF I ROl

This degredat1on comprises reaction of an appropriate steroid with mercur::

A

P R



oxide bromide, thO-Br2 in refluxing carbon tetrachloride, and is

described in detail in Cristol, S. J. et al. J. Org. Chem, 26, 280 (1971)
CPlagse tenderopy)

herein incorporated by referencea The result of the modified Hunsdlcker

degradation is a steroidal nor-halide. [Do you know of other methods of

preparing steroidal nor-halides? What does -nor- signify?] ; ' T

.l BECERN A T [ N ) . Lo .

. . . T R [
MO TR NP . ) EEA SR .or . B - P

<A " v A Ty .. e - PRI Vo VLI
H - .

D. Preparation of 24-nor-23 Alkyl Telluro Steroids

The steroidal-nor-halide is reacted directly with the alkyli metal
tellurol product of step B. This can be performed by direct addition of the

nor-halide as a slurry in a suitable organic solvent, for example benzene.
L * PP

10 :
The resulting telluro steroid can be recovered by Lon—exchange—- [Any other ’

. ‘ t -
recovery methods?] < v T o ! -

oo

e
o . JEEMP T N 3 -

E. Preparation of 123"'Te-’labe1ed Amino Acids

The preparation of telluro amino acids involves the reaction of a halo-
genated organic compound with an eIka]i metal telluride. Unlike the seleno
compounds used in the prior artn}alkyi telluro compoounds are too unstable
for use even at the site of formation. Attempts to introduce tellurium from
benzyl tellurides into aminc acids have been unsuccessful. [How were they
unsuccessful? Did no product appear, or was it very low yields, etc? Were

other a1ky’| tellurldes attempted?] i/
] ' . Ve l. E

[Why can alkyl tel]ur1des be used in steroid 1abe11ng and not am1no ac1d

ke A T :»1r.vxl2:-: - cre g RO ) R
labeling?] i+ .~ - -, - ... R AR 3-3‘7"
{he .

atet

It has been found that the instability of alkyl tellurides can be over-
come by the use of phenyl tellurides. Following is described the general

l"\
procedure for labeling amino acids with 123Te.

10112312
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A. Preparation of ézlmie-1abe\ed Diphenyl Ditellurides

123m

Phenyl magnesium chloride is reacted with Te to form a

diphenyl telluride. [Please describe this step in detail.]

(Is there any reason why the diphenyl telluride cannot be prepared by the

same method used in the preparation of dialkyl tellurides for steroid

1abeling?] N, T
RS I‘\‘."l: e e - ’i et e s - '
cleedien TUdaR AL A e s e e ey

_ s /
i F}q.?.“ AN L S 2 Sl LN NEEEN e 2rr - -
- . N avel- o0 did- s R . .
‘i v b-n o o- 'U( JEA " t'l':“.. Dl ] j-}z X, = SN ., ~~€ FCv™ <
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B. Prenaraticn of Phenvl Tellurol

The diphenyl di-tellurol from step A. is reacted with a reducing

agent such as an alkali metal borohydride, or

[Please describe this reaction in detail. What is the resultant

product? Sodium alkyl tellurol?) N C \ I

—_— -~ B -

C. Preparation of Telluro Amino Acid

This 1s readi1y accomp!xshed by reactlon with a ha1Togenated com-

RV PR (S AN A Paleer, 30 e
poun?fhyﬂra4yzab+e to form an am1no acwd for examp]e hydantoin. This
method 1{s similar to prior art methods of preparing seleno amino acids, See
Klosterman, H. J. et al., J. Am. Chem. Soc. 69 2009 (1947), (Please
describe this step in detail. Also please 1ist other materials than hydan-
toins, which can be used.)

1071123514




The following examples illustrate the preparation of several repre-

sentative 123'"Te-labe1ed compounds;
EXAMPLE 1
Preparation of l23"'Te

Isotopically enriched 122Te (94.71%), obtained from the isotope
sales office of the Oak Ridge Mational Laboratory, was irradiated for '4
days in the Oak Ridge High Flux lsotope Reactor at 2 x 1015
neutrons/cmz-sec. The reactor irradiation of the metallic tellurium
resulted in the formation of a molten target mass which had solidified
during cooling. The target was dissolved in an aqua regia and the so'.:
is taken to insipient dryness. The solid residue was dissolved in cor-
centrated hydrochloric acid and taken to dryness again. The acid treat~we -
was repeated again and the resulting solid was dissolved in 200 m] of wa-e-

(About how much solid was there?) 1‘1‘4 Yr e ey

After the addition of NaBr (5 grams) the so]uti;n was boiled for one-ha ’
hour, cooled, and SO; was passed through the solution at the rate of wwo
bubbles per second for two hours. The tellurium metal precipitated as ve-.
fine particles and was recovered by centifugation. The recovered part': o
were washed three times with water and dried in an oven at 140°C. The -~
very of 123mTe is consistently better than 50% by this method.
EXAMPLE II
Preparation of di-sodium di-telluride.

22 milligrams, 25.8 mCi was combined with carrier tellurium, (45

icron powder) to yield a sample with a specific activity of 25.8

07171255
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reaction vessel containing the tellurium powder. The ammonia is main-

tained in the ligquid state by inserting the flask in a bath of

- - - ‘

. . o y

The reaction vessel had been previously flushed with argon connected to 2
small trap to maintain a slight argon pressure during the reaction.
Freshly cut pieces of metallic sodium {23 mg, 1 mole} were added to the
rapidly stirred slurry. The solution was stirred 2 hours and progressed
through the color changes yellow, green, blue, red. The red color indi-
cated the completion of NazTez formation. '
EXAMPLE 111
Preparation of dialkyl di-telluride.
Isopropyl iodide (174 mg, 1 mmole) was added to the reaction vessel
of Example Il by means of a syringe inserted through a rubber septum. The
initial deep red color of the solution slowly turns to yellow amber con-
comitant with the appearance of colloidal tellurium. After one hour of
stirring the ammonia was allowed to evaporate under a stream of argon
Yyielding a residue consisting of an orange gum containing metallic
tellurium. The residue was extracted with several small portions of benzene
{15 m).) and the combined extracts were washed with water several
times. The benzene solution was diluted with methanol to 25 ml. and
aliquots were taken for counting. The benzene extracted material indi-
cated 2 42% yield of 123™re di-isopropyl di-telluride.
EXAMPLE I¥

Preparation of sodium alkyl telluride.

The 123mTe di-isopropyl di-telluride solution from Example o
Ry 3wt ey, o ;\ \_/\S“ ’-\“- -t
111 was combined with 25 ml. of methanol (Why?) v rdw- v d e ulitianr
R A PR I LN Sl S L A e e i< o, o
R R N L S 1 I and the mixture stirred vigorously
4 -\ It L 2y s Ae Ty y-,u','."i [

r ~
under an argon atmosphere. Small portions of sodium borohydride were then
added until a colorless solution was obtained which indicated complete
reduction of the di-telluride to the sodium isopropyl tellurol. In some

cases gentle warming of the di-telluride solution is needed to initiate the

reduction.

10717256
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EXAMPLE V
Preparation of steroidal-nor-bromiges.
{Please describe the Hundiecker synthesis of 3 beta-acetoxy-24-nor-bromo-5-

alpha-cholane in detail, emphasing any features you regard as new.]

EXAMPLE VI
Preparation of 3-beta-hydroxy-24-nor-23(isobutyl telluro)-S-beta-cholane.
To the solution of Example 1Y was added about 80 mg. (2 mmole) of

sodium hydroxide and the mixture was then refluxed {What is the purpose

f this step?) . - ;¢ s - e e Core P
o e S e I i -
M. -~ "" "- ;\'/4' A C. = l -~ - -
~ 7’ .
1 le \ e =om = ‘,’:..‘—: i,

112 milligrams of 3 Beta-24-nor-23-bromo-5 alpha-cholane from Example V was
added to the colorless solution as a slurry in a small volume of ben-

zene and the mixture was refluxed for 1 hour. After this time period the
reaction was completed as indicated by thin layer chromatographic analysis.
The resulting solution was poured into water and the organic layer washed
several times with water. The yellow-colored benzene solution was applied
to a silicic acid column, slurried in benzene. (Does this silicic acid

material have a trade name or other identifying characteristics?)
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25 ml fractions were collected by diluticn with increasing concentra-
tions of ethyl ether in benzene. Aliquots (100 microlite?s) of each frac-
tion were taken for counting. The specific activity of the 123mTe-
labeled steroid product was 26 mci/mmole, indicating more than ____% yield.

{Why did the acetoxy group convert to hydroxy? Is this necessary or

desirable?] - = - —~ A

EXAMPLE VII
Preparation of 3-alpha-hydroxy-24-nor-23-(isopentyl telluro)-5-

]
beta-colane. .
oo €
3-a1pha-acetoxy-24-nor-23-bromo-5-a*pha-cholaq\prepared by a

" modified Hunsdiecker synthesis from [ 2! .- .. ¢ -7~ S

was added as described in Example V. [Any difference in preparation?]

Mo

to 2 methanolic solution of sodium isopentyl tellurol prepared as in Example
IV from di-isopentyl di-tellurides prepared as in Example __ . The solu-
tion was refluxed for one hour after which time thin layer chromotography
indicated the re;;ion to be complete. The solution was poured into water
and extracted with chioroform. The yield was 34 milligram (32%). The

material was purified by a thin layer chromotography. [Is there anything

AN e

special about the TLC? What instrument, solvent and absorbant were used?]

EXAMPLE VIII
Preparation of3-alpha-hydroxy-24-nor-23-(isopropyl telluro)-5-beta-

cholane.
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A solution of sodium isopropy! tellurol was prepared by reduction of
diisopropyl di-telluride (135 mg, 400 micro moles) with sodium borohydride
in basic methanol in the manner of Examples 1-12.
3-alpha-acetoxy-24nor-23-bromo-5-beta-cholane (930 mg, 200 micro moles) was
added and the mixture was refluxed two hours. Purification was performed by
thin layer chromotography using chlaroform solvent.) {This material and the
material of Example VI could not be crystallized, how would you propose

purifying the product?)

EXAMPLE IX
Preparation of 3-Beta-hydroxy-24-nor-23-{isopentyl telluro)-5-
alpha-cholane.
3-beta-acetoxy-24-nor-23-bromo-5-alpha-cholanewas prepared by the
modified Hunsdiecker degradation of 3-beta-acetoxy-5-alpha-cholanic

acid and purified, (How?)

The product was crystallized from methanol and water_to give fine needles.

To this material was added 200 mu moles of sodium isopentyl tellurol. In

AréfTﬁii;g methanol The reaction mixture was poured into water and the cruce
product extracted with chloroform. Purification by thin layer chromo-
tography gave a thick gum the product was homogeneous by thin layer chromo-
tography analtysis and trituration with a small volume of ether gave a

solid having a melting point of 78 to 80°C (How has this material

purified?) k.- —

The 3-hydroxy-24-nor-23-(alkyl telluro) steroids are relatively

insoluble in ether but are readily extracted from reaction mixtures

1077259 mn e Gisabiall



with chloroform or ethyl acetate. {[What is the expected difference between

alpha and beta hydroxy steroids? Which would be preferred for imaging?]

EXAMPLES X

{Piease describe the successful synthesis of several 123Te-am‘no

acids in detail. Where is it most desirable to label the amino acids?)
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Adrenal Imaging
Fisher strain white albino rats were used for the following
investigation. The animals were six to ten weeks old, male rats
weighed 225-300 grams and the female rats weighed 160-180 grams. Food and
water were allowed ad libitum prior to injection throughout the duration of

123"‘Te-‘labe]ed steroid of

the experiment. Benzene solution of the
Example IX was taken to dryness under argon and the solid dissolved in etha-
nol. The solution was filtered through a millipore filter directly into a

sterile vial containing a physiological saline solution containing 10% Poly-

[P

sorbate 80. (What was the Polysorbate for?) - ~

p- A ! ( : A o
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The final ethanol concentration of this solution was 103. The steroid
solution {1 ml, 6-15 micro ci) was injected via the tail vein of rats
that were anesthesized with ether. The rats were sacrificed at select
times after being anesthesized with ether. Blood was drained from the

tarcass into a beaker containing a small amount of sodium citrate solu-

tion. (Is this to prohibit clotting?) /e~ —

. The organs were carefully removed, rinsed with 0.9% saline solution and




blottad dry prior to weighing. The tissue distridution data were ana-
lyzed through a multifactorial analysis of variance computer program.

Male and female rats were injected with the 123m

Te-labeled
steroid of Example IV (100-300 microcuries) as described above. After
three days the animals were sacrificed and the adrenals, livers, lungs
and ovaries were removed. Tissues were homogenized in 45 ml of a
chioroform methanol mixture (2-1, Folch medium) at 5000 rpm for 30
seconds using a Sorvali Omni-Mix device. The homogenates were filtered
through cheese cloth and after addition of an equal amount of water the
phases were allowed to separate. Aliquots of the lower organic phase
and upper aqueous phase were counted., The aqueous phase contained very
little radioactivity. The organic layers were separated and evaporated
to dryness in vacuo and the resulting residues dissolved in a small volume
of chloroform and applied to silicic acid co}gmns (600-200 mesh, 2 x 30 cm).
Fractions 25 m1 in volume were collected by ;iztion with increasing volumes
of ether in benzene. Aliquots of each fraction were counted.

The animals were anesthesized after intraperitonial injection of
a sodium pentabarbitol solution (30-50 mg/kg) and scans were cbtained
using a rectilinear scanner equiped with a 63 hole gold collimator a; a
focal distance of 3 cm. The animals were scanned at .25 inches per minute._
The camera images were obtained with an RC-type proportional counter camera
utilizing a xenon gas field detector {Do you have further des;ription of

the model number, etc. of the scanner which was used?]

The distribution of radiocactivity in tissues of male rats was
determined at a variety of time intervals of 1 hour to 21 days

following the intervenous administration of the 123m

Te-1abeled
steroid. The major organs were removed, weighed and counted directly

in a multichannel analyzer. The fjfgt-éroup distribution of radioac-

tivity\was determined at 1,6 in 18 hours after administration. <the—
~—resuits—erepresented—in-Table—l. At the early time intervals the
e

liver, spleen, adrjna1s and Yungs all contained significant levels of
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radigactivity. The concentration ot radio dCti.vlty INcreased apidlys o the
adrenals, however, while the lows of radicactivity decrueased or remsined
constant, in the other organs described ahove.i’r l'n the sceund group of ani-
mals the distribution of radioactivity was determined at one, three and
seven days after injection of the labeled steroid. WreSE results aré pre-
sented—in—FetrteTT. Ihe-cesults. indicate that the percent of the admi-
nistered radicactivity in the ddrenal began to decrease after one day.

K _‘?hese results are further substantiated by similar data ubtarned from ani-
mals in the third group t'a;'nk::'\:ver'e sacrified at seven, fourteen and twenty-one
days after injection with the labeled steroid. ¥nhe results of the thirg

LWWMW data of Favtes—i-iid

... mmuy the radioactive contents of the blood, liver and lungs are very high at
early time intervals decreasing rapidly with a concomitant increase in the
radioactive conte.;nts of the adrenal glands. The adrenal glands reached a
maximum concentration at one to two days after injection. Female rats

showed generally parallel concentrations except that the concentration of

radioactivity in the ovaries was also high,
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TABLE 1. ENPERIMENT-1. DISTRIBUTION CF RADIOACTIVITY IN MALE RAT
TISSUES 1, 6 ALD 18 LOURS AFTER INTRAVENOUS INJECTION OF '2°TTe-
38-HYDROXY-24-NOR-23~ (1SOPROPYL TELLURO)-5a-CHOLANE

Mean Percent Dose/gram, * s.d.

Tissue , 1 hour after dose 6 hours after dose 18 hours al:e: : se
Blood 1.48 £ 0.35 0.95 * 0.04 0.49 = 3 I
Liver 2.71 £ 0.30 2.03 £ 0.07 6.84 & 79
Spleen 2.98 £ 0.15 2.75 £ 0.27 1.29 ¢ - .8
Pancreas 0.16 £ 0.02 0.24 £ 0.06 0.19 : °
‘Stomach 0.11 % 0.04 0.07 £ 0.02 0.0% ¢
Small Intestine 0.71 * 0.19 0.71 £ 0.09 0.39 * .
Large Intestine 0.06 ¢ 0.03 0.72 ¢ 0.23 0.86 °

" Adrenals 4.51 % 1.16 16.51 £ 1.31 22.1; -
Kidneys 0.63 £ 0.04 0.76 ¢ 0.05 0.2 + . ¢
Prostate 0.07 £ 0.01 0.09 + 0.01 0.¢9 -
‘Testes 0.04 ¢ 0.003 0.08 £ 0.01 0.09 -
Heart T 0.48 % 0.09 0.53 ¢ 0.09 0.43 -
Lungs - 2.01 * 0.09 1.99 * 0.08 1.52 -
Thyroid 0.42 % 0.05 2.07 £ 0.78 0.5) -
Brain 0.04 * 0.01 0.05 £ 0.001 0.0+




TABLL 2. EXPERIMENT—2c DISTRIDUTION OF RADIOACTIVITY IN MALE RAT
TISSULS 1, 3 AND 7 DAYS AFTDR INTRAVENOUS. INJECTION OF '?3Tre-
3B-HYDROXY-24-%0R~23- (ISOPROPYL TELLURO)-5a-CHOLANE

Mean Percent Dose/gram, * s.d.

Tissue 1 day after dose 3 days after dose 7 days after dose
Blood . 0.61 * 0.04 0.37 % 0.03 0.28 & 0.04
Liver 1.01 + 0.23 0.53 £ 0.04 0.23 * 0.02
Spleen 1.59 ¢ 0.28 0.58 ¢ 0.07 0.29 = 0.05
Pancreas . . 0.33 + 0.07 0.30 ¢ 0.03 0.21 ¢ 0.008
Stomach 0.25 t 0.02 0.32 % 0.13 0.14 £ 0.0
Small Intestine 0.77 + 0.24 0.49 + 0.20 0.23 £ 0.02
Large Intestine 1.82 £ 0.93 1.89 ¢ 1.99 0.59 = 0.14
Adrenals 26.39 + 1,13 19.27 * 2.40 14.48 + 1.76
Kidneys 1.08 ¢ 0.14 0.94 * 0.06 0.75 + 0.07
Prostate 0.18 & 0.06 0.17 * 0.02 0.09  0.04
Testes " 0.14  0.02 0.12 ¢ 0.01 0.09 ¢ 0.01
Heart 0.59 * 0.09 0.26 + 0.04 . 0.12 % 0.02
Lungs 2,12 * 0.35 0.85 * 0.14 0.40 * 0.06
Thyroid 1.23 £ 0.09 0.73 £ 0.07 0.74 ¢ 0.27

- Brain 0.07 £ 0.01 0.07 £ 0,01 0.08 ¢ 0.001




TADLL 3. EXPERIMENT-3. DISTRIBUTION OF RADIOACTIVITY IN MALE RAT
TISSUCS 7, 14 AND 21 DAYS AFTER INTRAVENOUS INJECTION OF '%3™re-
38-HYDROXY~24=~}0R~23-(ISOPROPYL TELLURO)-Sa~CHOLANE

Meaa Percent Dose/gram, % s.d.

7 days after dose 14 days after dose 21 days after dose

Blood 0.19 * 0.05 0.16 * 0.04 0.09 * 0.02
Liver 0.14 * 0.03 0.06 £ 0.01 ~  0.03 £ 0.01
Splcen 0.32 ¢ 0.12 0.20 + 0.03 0.11 * 0.03
Pancreas ~ 0.2 0.0 0.07 £ 0.01 0.04 * 0.01
Stomach 0.05 + 0.02 * 0.01 * 0.01 0.01 ¢ 0.01
Small Intestine .  0.38 % 0.49 0.03 + 0.003 0.02 £ 0.01
Large Intestine 0.09 = 0.01 0.03 £ 0.01 0.02 = 0.01
Adrenals 5.56 ¢ 1.38 4.59 % 0.45 1.81 ¢ 0.57
Kidneys 0.49 * 0.12 0.29 * 0.05 0.16 *+ 0.01
Prostate 0.06 *+ 0.01 " 0.04 £ 0.01 0.02 * 0.004
Testes - -=0.07 £ 0.01 0.05 = 0.01 . -0.03 2 0.004
Heart 0.09 % .03 0.03 ¢ 0.02 : 0.02 + 0.001
lungs ©0.22 % 0.04 0.11 + 0.01 0.05 * 0.004
Thyroid 0.13 £ 0.07 0.15 + 0.08 0.12 ¢ 0.06
Brain 0.0% * 0.01 0.06 * 0.03 0.03 * 0.02
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Experiments were also conducted to determine if the labeled steroid was
JApetabolized by the adrenals and other tissues of rats. Three days following
intravenous administration of the labeled stercid male and female rats were
sacrificed and selected tissues removed, weighed, counted and homogenized in

Folch medium. The organic phases from the Folch extracts were chroma-
tographed on silicic acid columns by e11q§ion with solvents of increasing
pofarity. The columns were initially e1f:;ed with benzene followed by
solvent mixtures containing increasing proportions of ether and benzene and
were finally washed with methanol. The profiles from male rats suggested
that the labeled steroid was metabolized to several products by the male
adrenals. The adrenal exract from a female rat contained a nonpolar
radioactive component and also significant radicactivity in a region
resembling the original steroid which appears to indicate a significant bor-
tion of the agent was not metabolized. The presence of non-polar radioac-
tive components would indicate at Jeast partial metabolism. Among the
tissues which were examined.the components that were observed upon chroma-
tographic analysis of extracted lipids were consistently different and would
indicate that the radioactiye components represent true metabolites.

Tpe metabol{ sm of such gdriREl imaging agents is important because TJ-_ir AR :
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) T%elidrenal §1ands of the maié'}afs were‘cleﬁrly imaéed'oﬁe déy Co-
after administration of the lz3"'Te-1abe1ed steroid. Both the adf;-
nals and ovaries of female rats were also imaged following the injec-
tion of the agent both a rectalinear scanner and an RC-type propor-
tional counter camera. -
Tests with other steroids indicate a complex relationship betwegn
steroid structure, relative rates of entry and exit from the various
body components. Two steroids prepared according to the above-
described procedure, 3-beta hydroxy-24-nor-23-octyl-telluro-chol-5-ene

and 3-beta methoxy-24-isopropyl-telluro-5-ene accumulate slowly in the




adrinals. The steroid 3-beta-hydroxy-24-isopropyl telluro-chol-S-ene
showed a slightly greater adrinal uptake than the steroid in the above
test. Two other steroids (3-alpha hydroxy-24-nor-23-(isopropy!
tel]uro):;:beta-cholan ‘and 3-beta hydroxy-[(isopropy} telluro)
methyl]-androsed-5-ene did not concentrate in the adrinals.

It is seen that the general synthesis method of this invention can
be adapted to the preparation of anyAaIkyl telluro steroid merely by

providing a suitable allogenated reaction site and such sterpids are

contemplated at equivalents of the specific steroids described herein.
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June 23, 1978

Dean E. Zarlson, Chief, Prosecuticn 2ranch, Patents, i)
Germantoun, CiXl, AZ-310143
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Foreign filing 1s recommended. The following countries should be
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Stephen 0. Hamel
Assistant Patent Counsel
for Patant Prosccution
NCPAYU/ D 0ak Ridge
A .
nSiciuras:

As stated above

RS KE R LAY SN TP S0 TR A SRR A DY Gl

101127 e -



