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ABSTRACT

A synthetic method has been developed for the introduc-
ticon of tellurium into the sterecid sidechain. A mpodification
of the Hinsdiecker degradation was used for the conversion
of 3u-acetoxy~33-cholanis acid and 3Z-acetoxy~ig~cholanic acid
to the corresponding 24-norbromides. The 24-norbrozmides were
then coupled with sodium alkyl tellurols to form the 24-nor-
23-(alkyl telluro) staroids. In this manner 3a~hydroxv-24-
nor=-23=-(iscpropyl telluro)}~38-cholane, 3a-hydroxy-24-nor=-23-
{isopentyl telluro)-38-cholane, 38-hydroxy-24-i0r-23-(iscprepyl
tellure)~5a~cholane and 33-uvdroxy-~24-nor-Il-{isopentyl
telluro)-5a-cholane have been prepared. The physical prop-

erties of these interesting compounds have been studied in
deta il .

INTRODUCTION

Adrenal izaging using I-131 labeled 3B-hydroxy-19-icdo-cholest-5-
ene [1,2] has proven to be an important noninvasive procedure for the
diagnesis of adrenal disorders. This agent has been used successfully
in the diagﬁosis §f Cushing's syndrome [3,4], adrenal adenoma [5,6],
and aldosterora of the adrenal certex [7,8,9,10}], 1In addition, adrenal
remnants have been identified in patients with persistent Cushing's
syndrome fnllowing adrenalectemy [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 for the diagnosis

of adrenal discase and related disorders has resulted in the preparation
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of other steroids lchteled with a variety of garma-exitting nunlidec.
Bigh adrenal/tissue ratios have been demonstrated in laboratory anizals
after the administfation of I-13l-labeled 35-Lydroxy-19-nor-6:t-{iods
methyl) -cholest-5(10)-ene (NP-59) [14,15,16]) and Se-75-labeled 38~
hydroxy=-10-{zethyl seleno)-cholest-3~ene [17]. The success of these
studies has suggested that the preparation.of potentizl adrenal iwmaging
agents labeled with gamma-emitting nuclides with properties more attrac-
tive than those exhibited by I~131 and Se-75 should be furcther explored.
The Te-123m nuclide dec;ys (120 day half-1ife) wvia an isﬁmeric
transition with emission of a singlé garmma photon with an energy of
159 keV. We have initiated a broad program directed towards the prepa-
ration of a variety of Te~l123m-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 alse because of the dif-
ficulty in prepa?ing and handling many of these substances [19]. 1In
additien, selenium is an important trace element and in comparison
tellurium has no established biclogical 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 bioleogical interest.
We have recently reported the preparation of Te-~i123m-labeled 178-
hydroxy-2,3-bisnor~A-tellura~-Sc-androstane [20] and the efficacy of this
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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3s=-nvdroxy stercid in which the total trzrns gevmerry of the sieroid
nucleus was$ maintained. These requirements suzzested thar introduzction
of the hetervatom into the steroid nucleus would be diffi~ule.  Furcher-
more, the degrees of freedom of the sidechain suggested that the tellu-
riuz hetercatom could be accommodated in this Tegion of the molecule,
The latter approach was alsec attractive because of the ready availabil-~
ity of dile acids which were envisicned as starting materials for the
proposed route. In the pra2sent paper the strategy that has been devel-
oped for the introduction of tellurium inte the stereid sidechain is
discussed and the synthesis and physical properties of several 24-nor-

23-(alcyl tellurc) steroids are described in detail,

EXPERIMENTAL
- General

-The 3a-~nydroxy-58-cholanic acid (lithochelic acid), 38-hydroxy-5a-
cholanic acid (allelithochelic acid) and 38-hydroxy-22,23-bisnor-35c-
cholanic acid were purchased from Steraloids, Inc. (Wilton, NH}. 1Iso-
propyl iodide and isopentyl iodide were obtained from Eastman Organic
" Chemicals (Rochester, NY) and were used without further purificaction.
Tellurium metal was purchased from Alpha Inorganics (Danvers, MA) and
was ground to a fine 45-micron powder prior te use. Analytical thin-
layer chromatographic 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 goated
with lemm thick layers of silica gel PF~254 (Merck, Darmstadt). The
following solvent systems were used: 8-1, chleroform; 5-2, ether-hexane,
5:95; §-3, ethyl acetate-chleroform, 30:70. Analytical plates were
spraved with an acmonium colybdate-sulfuric acid reagent and then heated
at B80-100°C to visualize the spat colors [21]. The tellurc steroids
were alsc detected as cark areas on beth 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 elured frem cthe silica gel with chloro-
form. Gas liquid chrovarographic analyses (g.l.c.) were perfornmed
using a Varian mocel 1400 gas chroratograph equipped with a flame ioni-
zation detector. A 4% Dexil column (1/4 in. x 10 ft) was prograrmed
from 28 to 310° at 6°/min using helium as a carriar gos at a flowrate
of 20 cm¥/min. Column chrormatographic analyses were performed as
described in the text (vide in7ra). Melting points are uncorrected and
weTe determined in capillary tubes using a Bichi SMFP-2I0 appavatus. The



ultraviolet spectra (u.v.) were determined in ethanol solution using a
Beck=an Db doutle beam spectvsphotcrmeter. Infra-red spectra (i.r.) were
deterzined using K8r pellefs with a Beckman Model 184 spectroshotcreter.
Low resolution cass spectral analyses {(m.s.) wer2 performed using the
Oak Ridge Natiornal Laboratory low resolution instrument [22) under the
follewing conditions: iomizing energy, 70 eV; prcbe tecperature, 200~
220°C; sourre temperature, 120°C; trap current, 100 pA.  Naturally
occuring tellurium contains the feollowing stable isotopes: Te«130, 34%;
Te-128, 324; 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 thar ceontain tellurium, only those ions that contain the Te-=120
isotope are tabulated in the mass spectral data. To conserve space,
only those lons of mass greater than w/z 200 have been tabulated. High
resolution nass spectral measurements were determined with an MS 50 mass
spectreoeter equipped with a DS 30 data system. Spectraz were recorded
under the following conditions: donizing energy, 70 eV; source tempera-
ture, 150°C; probe temperature, ~200°C; trap current, 500 ua; resclution,
10%; scan rate, 10 sec/decade; accelerating potential, 8000 wvolts. The
nuclear magnetic resonance spectra (n.m.r.) were determined using a
Varian XL-100 spectrometer, Samples were dissolved in CDCly solution

and resonances are reported downfieid (%) from the internal tetramethyl-
silane sctandard.

Preparation of Dialkvl Ditellurides

The dialkyl ditellurides were prepared by the reaction of alkyl
iodides with sodium ditelluride in liquid ammonia [24). In a typical
preparation tellurium powder (127 mg, 1 mmcle) was added to 25 =l of

--liquid ammonia that had been distilled into the reaction vessel under
an argon at-osphere. Freshly cut scdium zmetal {25 mg, 1.1 tmole) was
.-added and the solution was stirred two hours. The alkyl icdide {1 tmole:
was added to the deep red sodium ditelluride sclution and the mixrture
was stirred two hours. The ammonia was evaporated under an argon strean
and benzene was added to the residue. Extracticon of the residue with
ether or methanol resulted in emulsification ¢f the amorphous telluriucm
residue which necessitated a filtraticn step. This problem was not
encountered during benzena extraction. The grange-colored bernzane ex-
tract was decanted from the residue which corsisted of amorrhous tellu-
rium and other insoluble preoducts. Upcn evaporation of the solvernt
in vzZcus an orange gum was obtained. The szall scale of this reaction
made even microscale distillation of the oxygen- and light-sensitive
ditellurides impractical. Typical yields averazged from 50~7C%. The
dialkyl ditelluride yields were deterrined in independent expericents
by using the isctopic tracer [253). The d:izellurides consisted of pun-
gent spelling red vils and were used direztly for subsequent reactions
without further purification.

38-Acetoxv=-20:-bro-c-*s--rezrnane (II)

The modified Hinsdiecker degracat.c~ (25
nor-5u-cholane (I) gave 38-acetoxy-IC: bt

2o l-zrzo

] of 38-acetoxy-22,23-bis-
-Zz-pregnane (II) in 20%
. yield. The product c¢rystallized from re:ranali-water as microcrystails,

m.p. 106-109%°C; i.r., T 1735 cm=' {a-ezate carbonyl); m.s., 426 (M,
max
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absent), 366 and 364 (M-CH;COOH, 2%, 2%), 346 (M-HBr, 29%), 329 (M=CH 4=
HBr, 22%), 3153 (M-sidechain, 45%), 284 (M-Br-CH.CCCH, 26%), 26§ (MCHa-
HBr-CH3COC0H, 764), 255 (63%), 241 (&%), 230 (12%), 227 (13%), 215 (30%),
and 201 (20%). Although the crystalline product appeared hemogeneous by
both coluza (neutral alumina) and t.l.c. analyses (S-1, Re 0.82), the
n.m.r. analysis indicated this caterial was a mixture apparently con-
taining both (20%)~ and (208)-3f-acetoxy-20-brozo-5a-pregnane, an
analemgous mixture of (IZOR)~ and (205)-bromides has been ottained upon
classical Hinsdiecker degradation of 38,l2a-diaceroxy-23,24~bisnor-
desoxycholic acid [27].

Attempted Preparation of 38-Hydroxy-20g-
(isoventvl tellurc)-3a-pregnane (IV)

The 3B-acetoxy-20g-broto~Sa~-pregnzne (II, 43 mg, 100 umcles) was
added to a solution of sodium iscpentyl tellurol (200 umoles) in liquid
ammonia prepared from diiscpentyl ditelluride in the usual manner [24].
Upon evaporation of the solvent only unreacted (II) was recovered. The
coupling of 3B-aceroxy-20{-bromo~-5a-pregnane with sodium iscpentyl
tellurel was also attempted in refluxing methanol. Diisopentyl ditellu-
ride (81 mg, 200 umoles) was dissolved in methanol under an argon atmos-
phere, Sodium berohydride was addad in small portions until the orange
color discharged and the sclution became colorless. A 1 ¥ sodium hy-~
droxide solution (0.5 ml, 500 umoles) was added and then 38-acetoxy-20¢§-
bromo-Sa-pregnane (43 mg, 100 umcles). The wmixture was refluxed one
hour, pcurad 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. (§-1) on PF-254 plates

-4dndicated only cne u.v. absorbing component chromatographing with the
expected mobility of diisopentyl ditelluride (Rf 0.94). Upon being

-.sprayed with sulfuric acid-zmmonium meolybdate spray, a secord spot
appeared (R¢ 0.29). This material was purified by t.l.c. and proved tc
-be 3B-hydroxy-20f{-bromo-Su-pregnane (III), 33 mg, w.p., 125-125°C (sof:-
ening at 122°C); i.r., viﬁi 3340 co~!? (-0H}; m.s., 366 and 364 (M-H,0,
3% and 3%), 351 and 349 (M-H,0-CHj, 2% and 2%), 312 and 310 (7% and 8%
302 (29%), 300 (%), 287 (58%), 28> (48%), 284 (M-HBr-CHjy, 53%), 273
(24%), 269 (M-CH3-HBr-H,0, 100%), 235 (45%), 245 (18%), 243 (8%), 230
(32%), 227 (20%), 215 (32%), 214 (17%), 213 (12%), 203 (19%), 202 (2z...
and 201 (23%).

Ag-Acetoxv~24-nor-23-bromoe-58~cholane (VII)

The preparation of 3z-acetoxy-24-nor-23-brecmo-58-cholane by mod:i-
fied Hiinsdiecker degracdation of 3a-acetoxy-5i-cholanic acid has been
described earlier {28].

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

The 3u-acetoxy-24-nor-Zi-bromo-5s-cnelane (91 mg, 200 umoles) was
added to a methanclic solution of sodium f{sopentyl tellurcl (400 umole:
, Pprepared as described earlier, The solution was refluxed one hour,
after which tirme t.l.c. analysis of an aliquot indicated the reaction
to be complete. The solution was poured into water and extracted with

1911140
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chloroform. Anaivsis by t.l.c., (S=1) using PF-254 plates follcwez by
u.v., irradiation irdicsted the presence of dilsgpentvl]l ditelluride

(R, 0.93) and a sceond u.v. absording zaterial R¢ 0.253). This preoduct
was purified by t.l.c, to give 2 Ja-hydroxy-lé-ncr-23-(isopentyl
tellurol-5d-cholane (IX) as a thick gum, 34 mg (22%). Trituratien with
ether gave only a semi-solid which ceould not be crystallized; u.v.,

A 234 (log e 4.1) and 221 nm (log € 3.4); i.r., Vo8 3330 cg-!
max Tax

(-OH) ; m.s., 532 (M, 14%), 514 (M-H.0, 14%), 461 (M-C:H),, 15%), 443
(M-H,0-CgByy, 7%), 415 (1%), 394 (3%), 392 (2%), 353 (2%), 331 (53,

328 (6%), 313 (12%), 302 (7%), 299 (73), 297 (iCX), 285 (B%), 278 (12%),
273 (9%), 257 (M-sidechain, &44X), 243 (92) 229 (13%), 215 (532%), and
201 (25%); hign resolutien a.s., 532.2884 (ca culated for C, Hsc0Te:
532.2898); n.m.r., 0.62 (s, 3H, C-18-CE3}, .92 (s, 3H, C- 19 -CH3),

0.9 (4, J = 6Hz, 3H, C-21-CBi), 2.60 (complex mulciplet, 4H, methylene
hydrogens flanking the tellurium) and 3.58 (m, 1H, C-3a-H),.

Ja-Hvdroxv=24-nor~-23~(isoorapvl telluroc)-58-cholane (XI)

A solution of sodium isopropyl tellurnl] was prepared by reduction
of diisopropyl ditelluride (135 mg, 400 urcoles) with sodium borohydride
in basic methanol in the usuval manner. The 3a-acetoxy-24-nor-23-brome-
Sg-cholane (90 mg, 200 umoles) was added, and the mixture was refluxed
two hours and the product cobrained as described earlier. Purification
by t.l.c. (soclvent, chlorecform; Rf 0.19) gave da~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
crystallized despite nuzmerous attenmpts from a variery of solvents;

1.r.f'i§§: 3360 (-OH); w.v. A___ 235 (log € 4.1) and 222 mn (log £ 3.4);

-meS., 504 (M, 8%), 4886 (M~H,0, 12%), 461 (M-isopropyl, 2%), 443 (M-H,0-

isoprepyl, 8%), 349 (1%), 332 (3%), 330 (4%), 313 (16%), 29% (9%), 297
(14%), 285 (8%), 283 (&%), 278 (8%}, 273 (23%), 271 (B%), 260, (9%), 237
(43%), 255 (55%), 243 (7?), 241 (8%), 233 (6%), 231 (10%), 230 (15%),
229 (13%), 219 (5%)y, 217 (12%), 215 (58%), 211 (6%), 203 (22%), and

201 (28%); high resclution m.s., 504.2564 (calculated for CyegHuLz0Te:
504.2584); n.o.r., 0.63 (s, 3H, C-18-CHj3), 0.¢2 (s, 3H, C-19-CH,),

0.93 {(d, J = 68z, 3K, C~- 21-CH3), 1.60 (&, J = BHz, 6H, €-25, and
C-27-CH3's), 2.64 (m, 2, C-23-H's), 3.38 (m, 1H, C=25-H), and 3.57

(m, 1H, C-3a-H).

J8-Acetoxv=2i-nor=-23-broro=-3a=-chclane (VIII)

The 3B-acetoxv-2é-nor-23-brome-5a-cholzne was prepared by the
modified Hiinsdiecker degradation of 3f-acetoxy-3a-cholanic acid (1I)
and was purified as described earlier {28). The product was crystal-
lized from ethanol-warer to give fine needles (178 mg, 20%), m.p. 198°C.
The product was hocozenecus as determined by t.l.c. analysis (S-1
Rf 0.86; S~2, R 0.23); i.r., vor

ma

454 and 452 (M, 4%, &%), 43% and 437 (M~CH3, 3%, 23%), 394 and 392
(-CH4COC0H, 16X, 172Z), 379 and 377 (M-CH;-CH:COOH, 15%, 15%), 340 and
338 (8,. %), 325 and 323 (2%, 2%), 313 (7%), 312 (&%), 290 (8%), 286
and 284 (6%, 7%), 276 (13%), 275 (22%), 257 {(M-sidechain-CH;COCH, 28%),

1730 cz”! (acetate carhonvl); m.s.,

o
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255 (11%), 243 (3X), 230 (40%), 215 (10C¥%), and 2021 (247 n.z.r., Q.65
(s, 3B, C-18-CH;), C.81 (s, 3H, C-19-CH:), 0.91 (d, 3H, J = &Hz,
C-21-CH3), 2.C05 (s, 2H, acetate CH3), 3.37 (=z, 2H, C-~23 H's), and 4.64
(n, lH, C-32K).

38-Hvdroxv-2i-nor~23~fisccentv]l tellurz)-S5a-cholane (X)

Sodium iscpentyl tellurol (200 umoles) and 3f-acetoxy-24-nnr-23-
bromo-5a-cholane (VIII, 45.4 mg, 100 Lmoles) were coupled in refluxing
wethanel as described earlier, The reaction mixiure was poured into
water and the crude product extracted with chlorororm. Purificatrion by
t.l.c. (S-1) gave a thick gur (7 mg, 14%). The product was homogenaous
by t.l.c. analysis (5-1, Rf¢ 0.14) and trituration with a small volume of
ether gave a white solid, m.p. 78~80°; u.v. Agax 234 (log £ 4.1) and

221 no (log € 3.4); f.r., vior 3300 ezl (-OH); m.s., 532 (M, 4B%), 514

(M-Hp0, 57%}, 461 (M-CsHyy, 10Z), 443 (M-H,0-CgHyp, 17%), 415 (2X), 349
(2%), 331 (3%), 313 (21%), 303 (2%), 299 (3%), 287 (7Z), 285 (12%), 273
(15%), 257 (M-sidechain, 30%), 235 (19%), 243 (8R), 22% (39%), 215 (28%),
and 201 (20X); high resolution m.s., 532.2843 (calculated for C,gHgg0Te:
532.2883); n.m.r,, see Fig. 3, . i

33-Hvdroxv=24=-nor-23-{isopropvl telluro)~Sa~cholane (XII)

Sodium isopropyl tellurel (400 umoles) and 38-acetoxy-24-nor-23-
bromo=-3a~cholane (VIII, 45 mg, 100 pmoles) were coupled in refluxing
"methanol and the preoduct obtained and purified in the usual manner to
give a thick gum (153.6 mg, 31%). Trituration with ether gave a white
solid which was homogeneous by t.l.c. analysis (S-1, Ry 0.14), m.p. 118-

119°C; uwve, Ap,, 235 (log £ 4.1) and 222 nm (leg € 3.4); i.r., vigi

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

. RESULTS AND DISCUSSIOHW
Gencral

The goal 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 intc erganic mole-
cules [19]. 1In the present study a svnthetic method that used elemental
tellurium was attractive since the eventual preparation of Te-=123m-
labeled 2$-nor-23-(31kyl telluro) steroids from the elemental form of

the nuclide was anticipated. The reactlon scheme that was envisicned

reseobled the coupling of an alkyl halide (R'X) with a sovdium alkyl
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tellurcl {(NaTeR). A number of dialkyl tellurid

s {(R-Te-R') have teen

i

prepared by this general metnhod [19].. The sodium alkvyl tellurzlis can
be generated from symmetrical dialxkyl ditellurides (®,Te;) and a con-
venient system for the preparation of the Jlatter intermediates jnvolves
the alkylation of sodium ditelluride (NajTe,) with an alkyl halide,

The sodium ditelluride 1is unstable but may be formed ¢rm situ by the
reaction of elemental tellurium with a stoichiometric amount of sodium
metal in liquid ammonia {24]. The dialkyl ditelluride thus fcrmed may
be cleaved with sodium‘in liquid arronia [24] or by sodiuw borchydride
reduction in a basic medium [19). The resulting sodium alxyl 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 > NapzTes >
L}
RZTeZ M; XaTeR R X > R=Te=R'

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

In the present study bile acids were readily converted te th: cor~-
h responding norbromides via a modification of the Hinsdiscker reaction
[26,28)., TFabrication ofmthe alkyl-telluro sidechain was then accen-
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 citellurides in basic-
methanol solution., By choice of the appropriate dialkyl ditelluride a
variety of alkyl-telluro steroids can be prepared by this method. The
present study was linmited to the attempted synthesis of 205-{alkyl

telluro) and 23-{alkyl tellurs) starcids., The general scheme that was

10711193 | !
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developed is cutlined below.

. N
3-Acstoxy steroid-R-CC0YH fed-Bro

e N“T"|
3-Acetoxy stercid-R-3r ——5——E—EL——->

3-Aydrexy stercid-R-Te-R'
In an initial experiment 33-acetoxy-21,23-bisnor-5a-cholanic acid
(I} was converted to 3S-aceto:y~20£~brc:o-5:-pregnéne {I1). Although
apparently hooogeneous upon t.l.¢. analysis, this product was found by
D.m.T. studias to be a mixture of two species, presumably the (20R)-
and (208)-brozides. An analogous mixture of C~-20 isomers was also ob-
tained upon phosphorus pentabromide treatment of the sodium borchydride
reduction product of 3B-acetoxy-preg-5-en-20-cne [29]). The bromide mix-~
ture (II) did not react with sodium iscpentyl tellurol in either liquid
ammonla or refluxipg methanol, In the latter system 38-hydroxy-20f-
rbroma-Sa-pregnane {III) was isoclated as the hydrolysis product. The
#—fai}ure to form 38-hydroxy-20£-(isopentyl tellurc)-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, 3s-acetoxy-24-ner-23-brome=
58-chelane (VII) was prépared as a model subszrate via Hiasdiecker
degradation of the readily available li:trcchelic acid acetate (V),

Reaction of (VII) with sodium isopentyl tellurol in refluxing methanol

gave 3a-hydroxy-24-nor-23-(iscpentyl tellurc)-Si-cholane (IX) in mod-
erate yield (32%). The isomeric 3Z-hyZroxv-Ii-nor-23-(isopentyl rtellurc -
Sa-cholane (X) was prepared in an anal::-us zanner from 38-acefoxy-24-

nor~23-broco~Sa-cholane (VIII). The ls::ier intercediate was preparad
by Hinsdiecker degradation of allolithochelic acid acetate (VI). These

studies indicated that 24-nor-23-(alkyl relliurc) steroids could be
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Ry
Ro
Compound R, Ro Rz
| -DAc O -H ~CH(CH;)COOH
Vi -0Ac @ -H } } (20R)-
- CHI(CH
I -OAc @ -H 38" | (509-
Y -OH Qa-H - CH(CH 3) Te(CH,), CHICHS),
\Y a - OAc B—H
- CH(CH4)CH, GHZCOOH
Vi -QAc Q@ -H
Vil a - DAc B-H
- CH{CH,)CH,CH, Br
Vi 3-0ac @-H
1'% a-0H [B-H
-CHI(CH )(CH2)2Te CH2)20H(CH
X [B-0H a-H
X1 @-0H [B-H
- CH(CH3)(CH,), Te CH(CH )5
X11 Q-OH,_,-B—H ~

Fig. 1. Stercid Structures.
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readilv prepared by this methodology.

The 3-hydroxy-24-nor-I13-(alkyl tellurc) stero.ds are relatively
insoluble in ether. The tellurc steroids could not te efficiently
extracted from reaction mixtures with ether but were readily extracted
with chloroform or ethyl acetate. Following thin laver chromategraphic
purification and extfaction of the telluro steroids from the absorbanc
with chloroform-methanol, evaporation cf the solvent gave gummy solids,
Trituration of the 38-hydroxy~24-nor-23-(alkyl telluroc) steroids with
ethyl ether gave white sclids., Melting points were obtained on sanples
prepared in this manner since the small amounts of relatively unstable
products could not be adeguately crystallized. Similar trituration of
the 3a-hydroxy-24-nor-23-(alkyl telluro) steroids gave only thick
glasses which did not exhibit well-defined melting points. The tellurob.
sterpids are more stable upon exposure to light and oxygen than a number
of simple dialkyl tellurides that have been prepared in this laboratory
[29). The 3Ja-hydroxy-24-ner-23-(alkyl telluro) steroids appear less
stable than the isameric 33—hydro;;;Zé—no:-23-(alkyl tellure) analogs
and the former compounds slowly decomposed when stored in the dark under
argon at 4°C. The 38-hydroxy-24-nor-23-(alkyl tellure} steroids were
stable when stored as dry sclids under these conditions for periods of
up to several months.

As described below, an analysis of the physiecal pfoperties of these
unusual 2é-nor-23-{alkyl telluro) steroids demonstrazed that the struc-
tures assigned to the synthetic products are consistent with the pro-
posed strﬁctures. The wWtravieclet spectral preoperties of the iso-
meric 24-nor-23-{isopentyl tellure) steroids (IX) and (X) are very

similar. The iIsomeric 24-nor-23-(iscpropyl telluro) stetoids (XI) and

1077190



(XII) alsc exhidbit 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 tellurc) steroids prepared in the present
study all exhibit essenticlly identical ultraviclet spectra. The ultra-
violet spectrum of 38-hydroxy-24-nor-23-(isopropyl telluro)-5a-chclane
(XII1), for example, contains & maxizal absorption ;t 231 nm and the high
extinction coefficient (log & 4.1) can be used to determine accurately
the concentration of s?lu:ions of the telluro steroids., Such measure-
ments should facilitate the determination ¢f the specific activity of
Te-123m-labeled 24~nor-23-(alkyl telluro) steroids.

Although the mass spectra of these 24-nor-23-(alkyl telluro)
steroids have not been studied in detall, several general cocments can
be made concerning the origir of a number of ions found in the spectra

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

- {X), (¥I), and (XII) are qualitatively very similar and the mass spec-
trum of 38-hydroxy-24-rnor-23-(isopropyl telluro)~5a-cholane (XII) will

~serve as an illustration to discuss the general characteristics of the
electron-izpact-induced fragnentation of such compounds. The high mass
regior of the mass spectrum of 2i-hydroxy-24-nor-23-(isoprepyl telluro)-
S5a~chelane (XII) is illustfated in Fig. 2. 1lons containing the tellu-
rium heteroaton are generally easily recognized by the presence of a
cluster of peaks representing the various tellurium isotopes {(vide ante).
lons containing the Te-~130 isotope are found at m/z 504 (M), 486 {x-HZO),
461 (M-C3H9), 443 (I-H,0-C3K9) and 257 (H-sidechain). The moderately
abundant m/z 461 ion is formed by loss of the iscopropyl group indica-
ting preferential cleavage of the smaller alkyl group. One unique

feature of the mass spectra of (XII) and other 24~nor-23-(alkyl telluro)
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steroids appears to be thz absence of lons corresponding to methvl lsss,

The nuclear ragnetic rescnance spectra of 24=-nor-23-{alkyl telluro)
steroids contain resonances that are easily assigred, and the spectzuc of
38-hydroxy=-2i-nor-23-(isopentyl tellurc)-3za-cholane (X} 1s 1illustrated
jn Fig. 3. The methyl group resonances are =asily assigned (Table I)
and the four proton multiplet centered at 2.65 ppm undoubtedly repre-
sents the protens of the two deshielded methylene groups that flank
the telluriym 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 tellurc)-5a~cholane
is very instructive (Fig. &4). The methyl resorances are clearly recog-
nized (Table I) and the coupling patterns of the methylene and methine
prctans flanking the tellurium can be easily extracted. The two-proton
multiplet centered at 2.66 ppm represents the (-23 methylene protons
and appears to be a ABA'B' four-spin system as might be expected if the
system 1s subjected to restrained rotation. 7The septet centered at
3.41 ppm represents the methine proton of the terminal {sopropvl group
and is partially obscured by the one-proton multiplet 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 5B~steroids.

The methodelogy that has been develcped in the present study should
be applicable for the preparation of a wvide variety of 24~nor-23-(alkyl
tellurc) stercids. The preparation of s.ch compounds could be of ceon-
sicerable practical imcportance since we have recently demonstrated the

concentration in rat adrenals of Te-1l3:z-labeled 38-hvdroxy-24-nor-23-

0131499 | |
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(isoprooyl telluro)=-5a-chclane (30,31, These studies have shown that
Te-123zm~labeled Z24-nor-23-{alkyl tellurc) steroids renresent a nev class
of poteatial adrenal izaging agents.
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A CASE NO.:

NVENTOR:

BJECT:

3STRACT:

SCRIPTION:

UNION CARBIDE CORPCRATION, WUTLEAR DIVISION

s-44 0bd CNID NO. 3549

Furn F. Knapp, Jr,.
I'PROVED TISSUE-SPECIFIC SCINTICRAPHIC IMAGING ACENTS
The present development is & new composition of matter comprising
steroids, amino acids, and the like labeled with the radicactive

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

as a radioactive label over some prior art nuclides,

Backzround

Adrenal disease is a commonly observed clinical disorder and the
excessive or subnormal production of adrenal steroids {(corticosteroids)
results in severe physiclogical consequences. The hypercorticeid 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 often
unilateral, invelving only cone adrenal gland. Since there are two
adrenal glands it is essential for the physician to locate the spacific
gland which is involved in the overproduction of.gorticosteroids.
Clinical proceduras which are presently used to assess adrenal function

include the determination of stercid levels by adrenal venosraphy and



the use of conirast venograsny to viseallse the adrenal glarnd Sy
nor=al x-ray trapsmission anzlrsis. It is generallv receognized that
adrenal vein catheterization is a difficylt and danzerous procedure
which few physicians are adejuately trained to perfaorm. The use of
an agent labeled with a gamma-emitting radionuclide which would con-
centrate in the adrenal glands would greatly aid the physician in the
diacnosis of adrenal disorders., In addition, this diagnostic method
would also serve as an adjunct in cases where the use of an invasive
procedure is also required. Such a noninvasive procedure would guide
the surgecn to the specific adrenzl gland that must be remeved, or
from which a tumor must be excised,

131y_ and 77Se-labeled steroids are being eval-

Presently both
uated 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, lBlI*l?—iodocholest-
S-en-32-01, has undergone extensive human tests and has been used to
successfully diagnose a number of adremal disorders. The radioiodinated
steroids are very unstable in vivo. As a result of this in vivo
iﬁstability, a high thyroid accumulation of radioactive iodiue is
encountered which cannot be entirely overcome by predisposition of
the patient with thyroid blocking agents. The use of the l:J'J'I-].a‘:n::lec't
agents also results in a high patient beta-adsorbed dose due to the
high beta yield from this nuclide (major 87 at 610 keV). In addition,

the short physical half-life of the 1311 nuclide results in a short

1011201




sheli life tne relatively time~censiming multi-staen svatiesis of
131, | . . 3 mtad ier el - £ i f. fadi
the I-labeled sreraids couried with their short shelf life indi-

cates that satient costs will te relatively high.

The 73Se—labeled steroid overccnes problems associated with the
short shell life, high beta dose and in vivo instability encountered

. . 131, 73 . .

with the I-labeled agents, The “Se nuclide, however, decays with
the emission of several high energy photeons which results in inefficient
collimation and poor quality images.

The early diagnosis of pancreatitis and pancreatic carcinoma is a

o 75 .
comnon c¢linical problem. The use of Se-labeled selenorethionine
(Fig. 1, V.b.,) was originally developed because of the biclogical
importance of the amine acid, methionine, and the availability of the -
. 75 . 75 .

gamma-emitting ' ~Se nuclide. Furthermore, Se was readily incorporated
inte selenormethionine 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.

Summary of the Invention

In structurally~relared 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 orzans in vivo, the present invention is
an improverent comprising organic compounds derivatized with the

lEBnT

radionuclide e,




Detailed Description
Bocause of the imnortance and ne=d for ralivnuclide~labeled

steroids, as poilnted out in the Backzround Seztion, extensive appli-

cacion of the invention is enmbodied in thase compounds. The general
scheme for the synthesis of steroids labeled in a sidechain with lz}mTe
is by coupling steroidal halides or other {unctionalized forms of a
steroid substrate with 123mTe—labeled Teagents. This general scheme
is illustrated below.
steroid-x + R- (17 %Te)-y
Steroiét(123mTe)-R

The sterold substrate contains a group (X)) that can be a halide,
p-toluene sulfonyl, methyl sulfonyl, cr similar functionality. The
123mTe-labeled reagent contains the grecup (Y) which would generally be
an alkali metal. The general strategv is that the driving force for
the coupling of substrate and reagent is the formation of the {X-1)
species, The (R) group can represent a variety of organic meieties,

A more specific route involves the ccupling of steroidal sidechéin
halides with alkali metal salts of alkyl rellurols. The steroidal
sidechain halides can be prepared froz bile acids or related steroidal

acids via a Hunsdiecker-type degradaticrn or by the action of reagents

L8]

sucnh as acyl halides or phorphorus hal.ces on stervoidal sidechain

alcohols., An alternate route involwves na2

&1

eaction of the steroidal
sidechain alechols with the R3P2 species ‘crmed by reaction of tri-
phenvl phosphine and a carbon tetratal..e. The reaction of steroidal
sidechain halides with alkali metal salzis cf alkyl tellurols is an

attractive route and has been studied .- lic:zail. Since these unusual

-
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starclics have net beén previnusly pre-zred, a detallad description of
tne preparation and physical and chermical preperzies of a representatioe-
24-nor-23={alkyl telluro) steroid is presented (Example I). A mono-
hvdroxy bile acid such as lithocholic acid or allclithocholic acid

can he conveniently converted to the corresponding 24-norbromide via

a modification of the Hunsdiecker degradation as illustrated in Fig.

II. This reaction prcceeds 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-ls
(*aTeR) which are formed by reduction of dialkyl ditellurides (TEZRZ)
in basic solution. The ditellurides are formed by alkylation of sodius
ditelluride (NazTez). One convenient method for the generation of the
sodium ditelluride that can be conveniently adapted to the micrescale
censists of reacting the metallic tellurium with a stoichiometric amcu--
of metallic sodium in liquid ammonia. The sodium ditelluride is chen
alkylated by the addition of the desired alkyl halide, alkyl sulfate,
etc. The dialkyl ditelluride can be reduced by one of a variety of
methods. One method which is simple and uses reagents, whose produccs
do not interfere with subsequent transformations, is reduction of the
ditelluride with sodium borohvdride in an organic solvent in the
presence of base. The sodium alkyl tellurol 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 purif:ie:

either by thin-layer chromatography or by absorption column chromatc,-

1011210



Using this method essenzially any 24-nor-23-(aluyl tellure) steroid
can be prepared, To alleviatg disadvantages of the use of ?559 as
described earlier, lZB:Te-labeled telluromethionine (V.e.) has been
previously suggested as a superior alternative for pancreatic imaging.
Attempts to prepare 123:Te-labeled telluromethionine by microbiological
techniques have been unsuccessful, Our firsc attempts to prepare
tellure arino acids by methods involving the introduction of the benzvl
telluro moiety failed primarily because q; Fhe extreme instability of
dibenzyl ditelluride. 1In 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 ting. Thus

a scheme was devised for the preparzation 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 amine acids. Its success results from strictly aveiding any
attempts to isolate the tellurol intermediates. Such intermediates (I)
are quite useful syntherically when generated in situ, however, and

are formed by reduction of the precurser ditellurides under an inert

atmosphere. The method is illustrated in Examples ITI and IV.

Enbodimanrs of the Inva=tion

Compounds that have been prepaved in this laboratery using the

10777211 o




matho2 described abové include:
2i-nor-23-{isepropyl telluro}-3.-choclan-33i-cl
24-nor-23-(isopropyl telluro)-3i-cholan-3z-ol
24-nor-23-(isopentvl telluroc)-3:~cholan-38-0l
2t-nor-23-{isopentyl telluro)-32-cholan-3u-ol
24-nor-23-(phenyl telluro)-53-cholan-3a-o0l
24wner-23~(octyl telluro)-5a-cholan-3f-cl
24-(isopropyl telluro)-chol-5-en-32-pl
24-(isopropyl telluro)-chol-5-en-33-0Me
17 -(isoprepyl telluro methyl)-androst-5-en-3B-0l
Example I
The synthesis of 24-nor-23-(isopropyl telluro)-5a~cholan-35-oi‘
is described., Diisopropyl ditelluride (70 mg, 200 umoles) was
disseolved in 10 ml of methanol in an argen 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 seluticn (1 ml,
1 mmole) the 24-nor-23-bromo-53:-cholan-38-vyl acetate (45 mg, 100
v nmoles, prepared by Hunsdiecker degradation of alloclithocholice
acid) was added. The solution was refluxed one hour after which
time thin laver chromatozraphic analysis indicated the reaction
to be complete, The splution was poured into water and extracted
thoroughly with chloroform. Chloroform or ethyl acetate (but
no: ether) efficiently extract the product from the crude mix-
ture. The combined chloroforn extracts were washed thoroughly

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

1011212



removed in vazuo to give a thick gum., This material was
purified by preoparative thin-laver chrromatogranshy (solvent
systen, chloroform, Rf 0.14). The purified product con-
sisted of 15.6 mg af a thick gum which solidified to a white
solid upon trituration with ether, m.p. 113-119°C. The
ultraviolet spectrum {(EtOH) countained maxima at 225, 237,
and 268 nm. The infrared spectrum (KBr) contained a maxinum

absorbencze at 3420 cm—l (-OH). High resolution mass spectral

measurements Indicated a molecular formula of C OTe

26846

{found: 502.2509; calculated for ¢ 0Te:502.2589).

26746

The tissue distribution, metabolic fate, and excre-
tion of radicactivity following intravenous administration
lZBmT f__n ]

of e-labeled 24-nor-23-(isopropyl telluro)-5a-cholan-38-ol
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

. . . 1231'n.I . .
via the tail vein with the e~labeled steroid (6-15 uCi)
in a saline-—ethanol-Tween 80 emulsion and were sacrificed ac
varigus time intervals varying from cne hour to three weeks
later., The organs were removed, weighed and counted, and in
this manner the distribution of radisactivity was deternined

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

mately 507 of the administered radiocactivity was excreted in
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in five da.s. Irn zddition, sevaral anizals were Injected
with a larse Jdese ol the "7 7" Te-labelod steroid (100 nCi)

and examined with a rectilinear scamner 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=2ction, and very clear images were obrained
one week later. Representative scintigraphic images obtained
with both a rectilinear scanner egquipped with a 60-hole gold
collimator and an RC type proporrtional counter with a xenon
gas detector are illustrated in Fige., VI and VII. Some
animals weré sacrificed after such studies and the adrenals,
liver and lungzs reroved, homogenized in Folch medium, and

the resulting organic soluble material chromatographed on
silicic acid columns. -The resulting chromategraphic profiles

P
o D

indicared that the administered Te—labeled steroid was
converted to a nusber of metabolites in these rat tissues.
Since the tissues were treated in the same manner, the dif-
ferences observed upon chromatozraphic analvsis of the
extracted lipid soluble material zus: indicate that the
detected radicactivity did not represent artifacts that
accunulated during the tissue can:culation., These comhined
results have demonstrated that rac.:activity from 123m‘1‘e—
labeled steroid accumulates in the rat adrenal glands, that

the stercid is evidently metabolized by rat tissues, anc that

excellent images of rat adrenal :zl.:~Js can be obtalined.

-9~



Exampla 11

-

-2

Preparation of Te~labeled Tl-nor-22-{isccroayl
telluroY-53-cholan-3Z-01

123, . , .
The “"Te nuclide can be precared via neutron irradia-

el
L -

tion of isoteopically enriched 1 Te. The nicroscale syn-
thesis of the 123mTe-labeled steroid was accomplished by

the geng;al method described earlier for the synthesis of
24-nor-23~(isopropyl tellura)-5%-cholan~3%-o0l (Ekémple I).

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

In a typical preparation reactor-producad 123mTe (22 mg,

25.78 mCi) was combined with carrier tellurium (45 micron
powder) to yield a final specific activity of 25,78 mCi/mmole.
Under an argaﬂ-atmosphere 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 bach, Freshly cut metallic
sodium (25 mg, 1 mmole) was added to the rapidly stirred
slurry. The sclution was stirred two hours and progfessed
through the typical coleor change: wvellow green  blue red.
Isopropyl iodide (174 mg, 1 mmole) was added by means of a
Hamilton syringe inserted through a rubber septum. The inicial
deep red coler of the solution slowly turned to a vellow-amber
hue concomitant with the appearance of colleoidal 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-~
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total Qolu:e) and the orange-colored ccombined eutract
washed well with water. The benzene soiucion was diluted
with merhancl to 25 ml in a volumetric flask and aliquorts
taken for ccunting, The benzene-exivracted material con-
sisted of 10.75 mCi of activicy indicating a 427 yield of
l23mTe-labeled diisopropyl ditelluride. The ditelluride
solution was combined with an additioﬁal 25 ml of mezhaneol
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
123mTe-1abeled isopropyl tellurcl., Gen:tle warming of the
ditelluride sclution was pgenerally required for the vigorous
reductive process to be initiated. _hpproxima:ely 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 oBﬁained. The 24~nor-23-bromo-5i-
cholan-33-01 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-
ozraphic analysis of an aliquor indicated the reacticn to be
complete. The solution was poured inte water and the organic

laver washed several times with water. The vellow=colored

=11~
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benzene solurinn was applied to a silicic acid column

[

slurried in benzene, Fracticns 25 ml in volume were col-
lected by elution with increasing concentrations of ethyl

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

taken for counting.

The 123mTe-labeledHSE§;

Siag-iiéted below have been

prepared by this procedure.

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

24-nor=-23-{octyl telluro)-5u-cholan-38-0l

24-(isopropvl telluro)-chol-5-en-38-0l

24~(isopr>pyl telluro)-~chol-5-en~35-0Me

173~ (isopropyl telluro methyl)-androst-5-en-38-0l

Example III

For the preparation ef g'model telluro amino acid, diphenyl
ditelluride was reduced with sodium barohydride in methanol under
an argon atmosphere. The resulting phenyl tellurcl was then
coupled with S5-(bromcethyl) hydrantein, Fig. I (III), which

was conveniently prepared by knowm methods from DL~homoserine,

. Fizg. I (I1)., The reaction resulted in a high yield of 3-

10112171

(phenyl telluro ethyl}-hvdrantoin {(IV.a.). This unusually
substituted hydrantoin is stable when stored in the dark as a
solid at 4°C. It was fully charvacterized 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 hydrolysis to DL-z-amino-Y-(phenyl telluro)


http://ditell.uri.de

(011218

butrric acidé (V.4.). Although some decorsosizion was
derected, the procuct was isclated In resson
and was fully characterized by the usual methods. The
lZJmT . i s ; o .

e-laheled ami=o acid {(V.e.) wa2s prepared from reactor-

produced 123mTe. The microscale synthesis of diphenyl

direlluride was accomplished by reaction of the 123mTe with
. . 123, .
phenyl magnesium chloride. The ie-labeled diphenyl

ditelluride was then reduced, coupled with the hydantolin,
and the labeled butyric acid (V.e.) then obtained by the
methods described above, The physical properties of the
labeled amino acid were identical to those determined for
the unlabeled product, and radicchemical homegeneity was
established chromatograpﬁically.
Example TV

Using this same method we have synthesized telluro-~
methionine (V.c.). Special precautions must be taken in
this case hecause of the high velatility of dimethyl éitel—
luride and methvl tellurol (I.b.}. In additien, the 5-
methyl telluro ethyl) hydantoin (IV.b.) must be isolated by
a different method from that used te isolate 5-(phenyl telluro
ethyl) hydantoin {IV.a.). Dimethyl ditelluride has been pre-
pared by reaction of methvl iodide with sodium ditelluride.
Reduczion of the ditelluride to methyl tellurol with subse-
quent coupling with 5-(bromo ethvl; hydantcin (III) then
gave (IV.b,). The 5~(methyvl telluro ethyl) hydantoin has

been purified and characterized.

-13-
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tiscue-specific compositinas herein de~crited, Tn adiition to the
introduction of the 1231Te nuclide into the (-24 position of the
steroid sidechain this method can bz adapted for the introduction

of this nuclide into any other desired pos;:ion 0f the sterold side-
chain. Examples would include che following fabrications: C-17-
{alkyl tellufo)-, 23=-nor~22-(alkvl teilurc)-, C-20-(alkyl telluro)-,
C-25-{alkyl telluro)-, etc, The limitirng factor for such svntheses
would be the availability of the appropriete stercid starting materials.
In addition, essentially any desired alkwl group could be introduced
into the steroid sidechain using this mezhod. These could include
functionalized alkyl groups or groups that would be amenable to
functionalization after their incorporarion into the sidechain. In
the latter case the introduction of suzh substituents would be a func-
tion of (a) the.compatibilicy 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 scintigraphic analyses using ”
these agents, other tissues besides the zZrenal glands could con-
ceivably be imaged with this agent.

The general method was developed alsc for the preparation of
telluro amine acids., The first such co-gound, Dl-z-azino-y—{phenyl
telluro ethyl) butyric acid and tell_rcmet-ionine have been prepared.
The svnthesis is easily adapted ro the ~icrescale and, providing the
requisite hale-alkyl hydantoin inter—s:.zzes are available, the

preparation of a variety of tellurc a-.n: acids is possible.

1011219



T: The related art of tnis invention is contained in tho Y“ael-roas-d

Saction of rhis disclosure,

123,
L

The use of a e-lataled agent would overcomz a number of

)

123m . : .
disadvantages. The Te nuclide decays with the emission of a

single gamma photon in 847 abundance with an energy of 139 keV which
is ideally suited for the scintigraphic instruments used clinically
. ] 123m; .
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 relarively low patient cost. Further-
more, the reasonably short biclogical half-life of this zgent in rats
would supgest that the long physical half-life of 123mTe (e.g., 119
days} would not be as severe a problem as might be anticipated.
. . l23mT
Findlly the per cent adrenal deose is much higher for the e
. , 131 75 .
steroid than that reported {or the I- and "“Se-labeled steroids.
This would indicate that a lower overall dose would be required for
adequate adrenal imaging.
. . 123mT . . c
It is anticipated that e-labeled stercids will be useful
adrenal imaging agents for the clinical diagnosis of adrenal dis-
orders and that the likewise-labeled amine acids will be useful in
the imaging of the pancreas. The greatest interest and subsequent
. 23m. . . )
utilization of such Te-labeled agents will probably be generated
in the general medical cormunity. Favorable response would indicate
123m_

that the preparaticn and distributien of Te-labeled tissue imazing

agents would be developed alsc in the private industrial sector.

-15-
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AT AT ION: The filing of a patent application wmay be warranted,
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{
1~

GCMCVd.l Schheme similar to Lired
described on  RE=T-T et

Te-1Bm + Qg2 —> — P T D, —

QP TemH +  Br-CHyCH, CH— 4
- \

o= C=9
o )

l A0

Q—"">"Te~ CH, CH, CH — N4
\ |

o=C C==0
~ . 7
-  Naoh | A B
AH
' 1231 /
. \
h ceold

Te-13m (JSce 7"53} Bd..'}'CLI # 2
36.5¢ mC  prepaced by AFC)
= Te cavvritr CﬁLS._() = -l-o*t--(.( LS Kiw
WWWHW-*W" T T e e e = e
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n S Ml nﬂ THFE + S Mmall
C")/J"‘-d.( o-c bcn eyl ‘j)grox.'dc.

I wl of © (-% Cl. 1_"_:\_)'4/ 2 ranailes,
n THP) au:\,deg-* ,S‘olut.'\-i'oh sLiVVOd-—
na v ed color L il byeqjh{- Lo
vellwy momgu\,#o{uily t cooled
i~ an . ice padh - allowed +o
~e%_M1|'.bva¥f fo ved. & stivving
for 30 min — Some Tel gnd
davh ved polabion.

F i !402,&. O BN 25l uo!uh«e,;-r:u
*P(ark,b“"- WLLJL'I{,A < be'HJ-.ch.-c,
which wwar wsed 4o dilude the
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Lo 28 ml. — ﬁ{}&qq’“f Comnm ted
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u\v\l—:" o Cc(ovlt.f/‘ J‘o(u\_"-t'obx
wos ebtained
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“IMPRAVED TISSUE-SPECIFIC SCIMTIGRAPHIC IMAGING AGENTS®

Inventor: Furn F. Kna
enn,

Background of the Invention

Tnis invention was made in the course of, or under, a contract
with the United States Department of Epergy. It relates to the pre-
paration of 123'“7e-1abe1ed organic compounds useful as tracers for
the stydy of metabolic pathways and physicltogical research.
Adgitionally, compounds of this invention have petemtied utility as
radicactive imaging agents for the detection of systemic or organal
disorders.

The use of radiocactively labeled organic compeunds in

the study of biochemical reactions is wel) known. Tritium, ¢ and
32p have been used extensively since thefr corresponding stabie

1sntapes jare present in practically all 1mportant cellular components.

75 =T S P - F

Biochemdcal ageats 1abe1ed with gng and Se,have also found

application as sc1nt1graph1: imaging agents for the detection of care

1l

cinomas;-{ﬂhax—olse?] ped by gl st e
i SRR { e 0{__'___.__'.'* - ‘__‘- --’r T A
Sl wg caten e la AT
Sa Co '{f.'/‘ -
T Steroids labeled with 311 and />Se have been proposed as

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

One df sadvantage 11 1apeted adrenal agents is that the ,

radicicdinated steroids were very unstable in vivo resulting in ATégh

thyroid accumulations of radicactive fodinre, Additionally, 1311 has

i /\ i I - ' .. T ‘ . - . -,_‘I"“‘ L
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a timicea snelf 11fe ang resylts in a high Deté absorped dose. The
755e nuclide decays with the emission of two hign energy phatons
which result in inefficient coilimation and poor guality images.
Certain of the prior art difficulties could be avoided by the use of

123”Te-1abeied agents as suggested fn Radicactive Pharmaceutfca1s.

Andrews etr;l. CDNG:%51111. g;?ingffe1d. virginia, National Bureau of
Standards 1966 p.118. German Patent ?,553,408 2150 suggests the use of
123”Te-labe1ed campounds and describes the synthesis of a stereid
having nonradicactive tellurium present at posiiion 19.

Another useful class of tracer compounds are radicactively labaled
amino acids, Labeled amino acids have been used in the study of protein
metabolism and synthesii, JFor example, that taking place in the
pancreas. Lapeled amina 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 radioactively-labeled

amino acids in the study of metabolism etg.?] ;{J P A

J - " - o A . - - - . EEREPEY

%zzmTe-1abe1ed amino acids are 1ikely to be isoteric with the

sul fur analogs and behave similarly in vive. Additionally, the high

123mTe miclide is a

quality scintigraphic images produced by the
substantial improvement over labeled aminc 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

1t is an object of this invention to provide 123”Te-]abe1ed
biochemicals. .
It is a further object to provide a method of synthesis for
123”Té-13he1ed biochemicals.

These and opther objects are achieved im a method for the preparation

of 123”Te-1abe1ed organic compounds comprising the steps of (al

123m

reacting a di-alkali metal ditellurel M Te with a halogen-

e

Tlid e d dedica g s a




supstituted grgani¢ compound, R-f, R being anm alxyl or aryl grcup, %o form
a symmetric diorgano-ditelluride 123m7e2, {b) reacting said diorgano-
ditelluride with a reducing agent to form am alkali metal organo telluride

123m.

of the formuta R- Te-M, {c} reacting said alkali metal organc

tetiuride with a halogerated organic compound with a formula R'-X, R being

an amino acid group, 2 group hydrolyzable to an aming acid, or a steroid

side chain to form an organo telluro of the formula R'-123m

Te-R.

Detailed Description

Cne aspect of this invention involves a synthesis of 123mTe-
labeled steroids by methods which introduce the Te into the side chain
rather than the staroid rucleus. As used herein, the steroidal sige

chain group is defined as!the well known cyclopentanophenanthrene nucleus

Without departing from the spirit of this invention, the steroid sucleus can
. . M - AR R

be substituted with A - 1nfpositions.

. The side chain attached to the number 17 carbon

atoms can be any alkyl group of-aup—io I carbon atoms and can also

LR

contain - groups. [Are there any steric limitations on what

Please explain.)

cae . -

can be substituted on the carbon atam adjacent to the Te?

According to the methods described herein the introducticn of the telluri,n
into the side chain rather than the steroid nucleus preserves the trans

geeometry of the stercid nucleus [whny is this important?]

{ R & - .
. — L/ -
- ' . o S L . . L
/.: . Sy A i__ —— P :
Ll -"\,2"' = T !
13 1 X | 1.0 . I
- e A "
i o - ,{ .
el i IR - . ;
P b : ey
o~ — "'(- -
i1 F . I
L ‘}[ P i e
: Y -

Due to the general instability of telluro organic compounds, the pre-

_ sent synthesis method minimizes the need for isolating intermediates.




The reaction segquence leaaing to 2 stercrd having a tzllurium ladeles si17e
chain invalves the reaction of a stercidsnor-nalide with an alkali me+al

alkyl tellurg! to provide a steroidal alky! tellurol.

A. General Procedures for Preparation of 123m£5

123m

Te is conveniently prepared from isotopically-enriched
lzzTe. cbtainable from the isotope sales office of the Dak Ridge
National Laboratory, Dak Ridge, Tennassee, 37830, The radiation of in's
isotope in a neutron flux provides a 123"'Te isotope. Generally,
irradiation will result in melting of target metal resulting in a hara
mass upon ¢ooling., The target i1s taken into selution in an acid solution

such as agua regia, ' ) , etc. which 5 evats-stes

to dryness to provide a tellurium salt. The salt can be redissolved 'n ¢ 3

i

such as to assure ccmp]ete disso1ution of metaliic Te onc aga--

evaporated to dryness, The resulting selid is d1sso1ved 'In water. A osple

" WaBr e hom gt ee e VL, -
suetr—us HABR ls added {thﬂ S e Tl .

i -0 i A, o T N P e e l—"-'_
and the so'lutwn is boiled for one-half hour {Why? 7T8e o oai
l P . .- LA F - - b TR " - .

- . - R . T~ e c.\..-l-r

10
and cooled. So;*is bubbled through the solution to cause the precip:ts-

tion of tellurium metal which can be recovered by filtration, etc.

{1s th1s a known method of teHurwm prec‘imtatmn’} ‘T'-: T e ‘_'_‘ -
e, - - i =P et - -
FT LA, {-.. »-\-:. J‘fp' r'-"g'.“.‘-'. r R

+ P - -

123"“th can be combined with carrier (non-razdicactive) Te in the init s
Te dissolution steps %0 reduce the specific activity to the desired ewe
while providing-isotopic homogeniety. The remainder of the synthesis «
be described with reference to Te, with the understanding that some or 4
of the Te is in the 123mTe form.

8. Preparation of An Alkali Metal Alkyl Tellurol

The preparation of a di-alkali metal ditelluride is achieved by i-e
direct reaction of teilurium powder with 2n alkali metal. This can >

veniently achieved by reaction in liquid ammonia to form HzTez,

being any alkali metal. ([Would any other non-aquecus solvent be suits o

i Mee Vtwid  apaipala - tr oa L
: Tiafuzwen s’ Flestrma s 2 At a3 et e owrgen
-

e

Tr a—ty FEad

TRl et om -y
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Mz.'ez is then converted to the desired di-alkyl-di-telluride, Since
nzTez is unstable, it is reacted in situ by the direct addition of
the appropriate alkyl halide to form a dialkyl-ditelluride

(Is it essential that the R-Y be added only after the Na,Te, is

formed? Please explain) = .-~ Ce 4 N
j,_‘-r . - . - ;o R R / . b - i / N "r; ".’;r
. R .
P 18 fre gz i A e P =
' 7/ [} {’ _“.'....;.‘:_. . "f';l"_ LR

. — - , [ hr:\l‘"."r‘ [P . I',/_uu_‘ Lo . . !
P e e DT, PR
I | R --';,- e R T - i

The reaction product {s extracted with a suitab'le orgamc solvent such as -

benzene, _j At a0 el ey e et el e e
) ) - . . b . )
e PR .41'---.-~\’-:’ vt A A L R
' T e s L 2 FLS tar e e T T
e At b T / P f\ i, -
‘H.n. R SR LR T s e b

capable of extracting dialky! di- te1lur1de. (3.} The extracted dialky! di-
telluride i$ reduced to form an alkali metal alkyl telluride by the additicon

of a reducing agent such as alka'li metal borohydr‘ide.

L e . - P " St . . 3 S sl VRN
N - | ] - [ P - ” o
' " N - f - I. \
P A . . . " P nt .

- i

[Does the - reducmg agent have to be an a]ka]‘! meta1 compound"] ,-'/-:_ o
A . g - . I'I , "-"_|-- i I’.I" .'_. ..'.;. . .

Ra0H is added to the mixture and refluxed [th"] TN e e meens des

RN - “ D . -
T A v b e AR r. Lk /( LA st .
2 S AR, LA - T LT

- e T L 2 PRI LR T ! ; PR ] Do

o . ] .

R R T S A L -

The reduced product is an alkali metal alkyl tellurol. According to the
method of this invention, the alkali metal alkyl telluro! M-Te-R js reacted

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

e leepas it ien T i
Vimitations on the composition of R'? Please exp]ain | BT !r‘”) C e
LA »b"-”‘ﬁ d'-}"r B ‘)Jl . F L'- - -’.‘."-('_"- R | o l‘""
o .ot I o R o T N fe ~rn.
L. Preparation of StermdaT nor-Halides ~
TR

Hre—preferred preparation procedure is a modified Hunsdiecker degraca-
tion of bile acids and other sternids containing carboxylic groups in the

side chain. [Is a carboxylic acid group necessary? Why?] Moo Lbo -
T h." ety Fa -‘I;‘I' | PRl B B ST IR .
I T D S R R e N N A T R S A S

+-l"."-: LA L

[}

~
This degredation comprises reaction of an appropriate steroid with mercur::



oxide bromide, thC-Br2 1n refluxing carbon tetrachloride, and is

described in detail in Cristol, S. J. et al. J. Org. Chem. 26, 280 t19?1}
(¥ n-rdo..r.n,'}
herein incorporated by references The result of the modified Hunsd1cker

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

preparing steroidal nor-halides? What does -nor- signify?] i
L T | SR

S PRI . G e e e :

\ i’ 1 Lo T B e - P Tt Lo Cyowe e

0. Preparation of 24-nor-23 Alkyl Tellurc Stercids

The sterpidal-nor-halide is reacted directly with the alkyli meta!l
tellurol product of step B. This can be performed by direct addition of the

nor-halide as a slurry in a suitable organic solvent, far example benzene.

L * el .
The resylting telluro steroid can be recovered by Qon—exchange—- [Any other
recovery methods’] L - o oot =

LRI -

LIV g
- ' i =

E. Preparation of 123"'Te-1abe‘led Amino Acids

The preparation of telluro amino acids invelves the reaction of a hale-
genated organic compound with an e!kali metal tetluride. Unlike the seleno
compounds used in the prior artn_a1é}i 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? D[id no product appear, or was it very low yields, etc? Were

other a1ky1 tellurides attenptea?) ;e
] . [ 1.-

[wWhy can a]kyl te11ur1des tbe used in sterpid 1abe11ng and not am1nu ac1d

L -3 R N IR " LI [L

1abeling?] F' P e e LAt T e, ,4 i NEEDE
LI A

It has been found that the instability of alky) teilurides can be over-
come by the use of phenyl tellurides, Following {s described the general

procedure for labeling amino acids with 123?&.

1011252



t A
A. Pregaration of “2=Mze.laveled Dipheny) Dizellurides

Fhenyl magnesium chlioride i$ reacted with 123mTe to form a

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

[1s there any reason why the diphenyl telluride cannot be prepared by the

sane method used in the preparation of dialkyl tellurides for steroid

Jabeling?] ~-. P e iTons .
R faaTie T e AR AT ST
s e N ...f..r.; o Leed 0! o /
W Frod-r v Fere vt e O N UL

- A a4 did- t o= _
di oo e, Lo JE' . l‘-l.:,\_, - Jons a, S meL € kLT
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B. Pregaraticn of Prenyl Tellural

The diphenyl di-tellurel from step A. is reacted with a redycing

agent such as an alkali metal borohydride, or

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

product? Sodium alkyl tellurol?) > T

g

£. Preparation of Te11uro Amino Acid

This 1s reedi1y accompl15hed by reaction with a ha]Togenated com-
.,U!--’-"_' .,..,, | o . ; B A Palzer, cen
pound.hydro%yzab#e to form an am1no ac1d for examp]gﬁhydanto1n. This
thnd ts similar to prior art methods of preparing selenc aming acids, See
Klosterman, M, J, et at., J. Am. Chem. Soc. €% 2009 (1947), (Please
describe this step in detafl. Also please list other materials than hrdan.
toins, which can be used.)

.?:'r‘ a"&\ f-[ SECEE

)
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The following examples illustrate the preparation of several repre-

sentatfve l23"'Te-1abe1ed COmPouUnas.
EXAMPLE 1
Preparation of 123'“Ts'e

Isotopically enriched 122Te (94.71%), obtained from the isotope
sales office of the Jak Ridge National Laboratory, was irradiated for '3
days in the Qak Ridge High Flux Isotope Reactor at 2 x 1015
neutrons!cmz-sec. The reactor irradiation of the metallic tellurium
resulted in the formation of a moltén target mass which had solidified
during cooling. The target was dissolved in an aqua regia and the sol.:
is taken to insipient dryness. The so1iq residue was dissolved in cor-
centrated hydrochloric acid and taken 10 dryness again., The acid treatiw
was repeated again and the resuliing solid was dissolved in 200 m] of we' -
{About how much solid was there?) =3 Groo. . oo oy

|
After the addition of NaBr (5 grams) the solution was boiled for one-ra °

hour, cooled, and S0s was passed through the solution at the rate of wwe
bubbles per second for two hours. The tellurium metal precipitated as «r-.
fine particles and was recovered by centifugation. The recovered part:. »
were washed three times with water and dried in an oven at 140°C. The ~
very of 123mTe is consistently better than 90% by this method.
EXAMPLE II
Preparation of di-sodium di-telluride.

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

- migrgn powder) to yield a sample with a specific activity of 25.8

WCT/mmole. Approximately, 25 m) liguid ammonia was condensed into tne

F0172535
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reaction vessel cgntaining the %tellurium powder. The ammonia is main-

tained in the liguid state by inserting the flask in a bath gf

- . . —

1 : a . ’ - ' _J

The reaction vesse] 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 sturry. The solution was stirred 2 hours and progressed
through the color changes yellow, green, bluye, red. The red ¢olor indi-
catad the completicn of NazTez formation.
EXAMPLE II1

Preparation of dialkyl di-ielluride.

Isopropyl iodide (174 mg, 1 mmoie) was added to the reaction vessel
of Example II by means of a syringe fnserted 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
yielding a residue consisting of an orange gum containing metallic
tellurium. The residue was extracted with severa) small portions of benzene
{15 m1.) 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 a 42% yield of 123mTe di-isopropyl di-telluride.

EXAMPLE I¥

Preparation of sodium alkyl! telluride.

The 123’“th di-isopropyl di-telluride solutien from Example [T
Dol ety e o e
111 was combined with 25 ml. of methanol (Why?) v réw- dina wiidianc
NN A RIS T A Perorete AT LT,
R S I I T A and the mixture stirred vigorously
i Y ohe o R e

r = h
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 isopropy! tellurcl. In some

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

reduction.
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EXAHPLE ¥
Preparation of sterpidal-ngr-bromiqes,
[Please describe the Hundiecker synthesis of 3 beta-acetoxy-24-nor-bromg-5-

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

EXAMPLE VI
Preparation of 3-beta-hydroxy-24-nor-23{isobuty} telluro}-S-beta-cholane.
To the solution of Example IY was added about 80 mg. (2 mmole) of
sodium hydroxide and the mixture was then refluxed (What is the purpese

f this step?) S P N - .
oL . .. .

L4 . f Y

[ LR -y [ PP

bl
e o rmm AN

112 milligrams of 3 Beta-24-nor-23-bromo-5 alpha~cholane from Example ¥ was
added $o the colorless solution as a slurry in & small voTume 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 fnto water and the arganic layer washed
several times with water. The yellow-colored benzene solution was applied
to 8 silicic acid column, slurried in benzene. (Does this silicic acid

material have a trade name or other identifying characteristics?)

S st

Ea




25 ml fractions were collected by diluticn with increasing concentra-
tions of ethyl ether in benzene. Aliquots (100 microiitefs} of each frac-
tion were taken for counting. The specific activity of the 123my,.
labeled steroid product was 26 mci/mmole, indicating more than __ % yield.

[wWhy did the acetoxy group convert to hydroxy? Is this necessary or

desirable?] - - - - SR

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

i
beta-colane. '

rERRe €
3—a1pha-acetcxy-24-nor-23-brcmo-S—&+phe-chc1aq\prepared by a

I

" modified Hunsdiecker synthesis from L T

was added as described in Example V. [Any oifference in preparation?]
1

to & methanolic solution of sodium isopentyl tellurc) prepared as in Example
I¥ from di-isopentyl di-tellurides prepared as in Example __ . The solu-
tion was refluxed for one hour after which time thin layer chromotography
{ndicated the re;;ion to be cempleta. The solution was poured into water
and extracted with chloroform. The yield was 34 milligram {32%). The
material was purified by a thin layer chromotography. [ls there anything

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

—

EXAMPLE ¥III
Preparation of3-alpha-hydroxy-24-nor-23-(isopropyl tellurg)-5-beta-

cholane,

1011238



A solution of sodium isopropy! tellurol was preparcd by reduction of
diisopropyl di-telturide (135 mg, 400 micro moles) with sedium boronyaride
in basic methanol in the manner of Examples 1-12.
3-alpha-acetoxy-24ngr-23-bromo-5-beta-cholane {90 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 V1 could not be crystalllized, how would you propose

purifying the product?)

EXAMPLE IX
Prep;r;tion of 3-Beta-hydroxy-24-nor-23-{{sopenty} telluro}-5-
alpha-cholane,
3-beta-acetoxy-24-nor-23-bromo-5-alpha-cholane was prepared by the
modified Hunsdiecker degradation of J-beta-acetoxy-5-alpha-cholanic

acid and purified, {How?}

The product was crystallized from methanol and water_to give fine needles.
To this materia]\was added 200 nu moles of sodium isopentyl te]Iural. ‘I;
_réf'l_t.ll-x'l_n.g_n;'_hm.l The reaction mixture was poured in?,‘o water and the cruze
product extracted with chlaroform. Purification by thin layer chromo-
tography gave a thick gum the product was homogeneous by thin layer chroms.
tography analysis and trituration with a small wvolume of ether gave a

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

purified?) - —

The 3-hydrexy-24-nor-23-(alkyl telluro} steroids are relatively

- insoluble in ether but are readily extracted from reacticn mixtures

+ A s -
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with chloroform or ethyl acetate. [What is the expected difference belween
alpha and beta hydroxy steroids? Which would be preferred for imaging”]

EXAMPLES X

{Please describe the successful synthesis of severa) 123Te-amino

acids in detait. Where is it most desirable to label the amino acids?!

-
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Adrenal Imaging
Fisher strain white 3lbino rats were used for the following
investigation. The animals were six to ten weeks old, male rats
weighed 225300 grams and the female rats weigned 160-180 grams. Food and
water were allowed ad libitum pricr to injection throughout the duration of

the experiment. Benzens solution of the 123m

Te-labeled steroid of
Exampie IX was taken to dryness under argon and the solid dissolved in etha-
nol. The scluticn was filtered through a millipore filter directly into a

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

F R

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

I~ o o, .. oL o -
B A - - - L . L r- ottt IO DT I e - u

The final ethangl concentration of this solution was 10Z, The stercid
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, 8lcod was drained from the

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

tion. (Is this to prohibit clatting?) Y=~ —

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

1071126




blotted dry prigr to weighing, The tissue distridution data were ana-
tyzed through a multifactorial analysis of variance computer program.

Male and female rats were injected with the 123m

Te-labeled
sterpid of Example 1Y {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
chloroform methanol mixture (2-1, Folch medium} at 5000 rpm for 30
seconds using a Sorva!i 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
1ittle radicactivity. The organi¢ layers were separated and evaporated
to dryness in vacuoc and the resulting residues dissolved in a small volume
of chloroform and applied to silicic acid cojgmns (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 intraperitosial injection of -
a sodium pentabarbito) solution (20-50 mg/kg) and scans were obtained
using & rectilinear scanner equiped with a 63 hole gold coliimator at a
focal distance of 3 cm. The animals were scanned at .25 inches per minute._
The camerz images were obtained with an R{-type proporticnal counter camera
utilizing a xenon gas field detector {Do you have further description of

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

Tha distribution of radicactivity in tissues of male rats was
determined at a variety of time intervals of 1 hour to 21 days
following the {ntervenous administration of the 123mTe~1abe1ed
steroid. The major organs were removed, weighed and counted directly
in a multic!anne1 analyzer. The fjf;t;gEé!p'distribution of radicac-

tivity!

was determined at 1,6 in 1B hours after administration., <Fhe—
~—resulls—arepresented—in-Table—d. At the early time intervals the
2

liver, spleen, adrjna1s and iungs all contained significant levels of

ﬂ——-—l-ﬁ-ﬁ -«\=_ kS

'||1

b
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radicactivity. The congentration gt radig GCU‘le.y Tacreaserd agpidly 1n the
adrenals, howover, while the lows of radigactivity deercesen or rengined
constant, in the other orguns described ahuve.i‘: I’n the sevund eaup of ani -
mals the distribution of radicactivity was determined qt one, three and
seven days after injection of the labeled steroid. ™neSE results aré pre-
sented—in—Fatte—TT. " The-vesulti. iadicate that tha percent of i admi-
nistersed radicactivity in_the Jdrendl begen to decrease ofter one day.

K ?’zese results are further substantiated by similar data wbtirned Fruom ani-
mals in the third group Lm':ere sacrified at seven, fourteen and twenty-one
days after injection with the labeled steroid. ¥The rewules of the third

LWWM'M data ot favtes—i-iid

Aosomman the radicactive contents of the dlood, Tiver and lungs are wery high at
early time intervals decreasing rapidly with a concomitant increase in the
radioactive conte.nts of the agrenal glands. The adrenal glands reached 2
maximum concentration at one to two days after injection, Female rats

showed generally parallel concentrations extept that the concentration of

radioactivity in the ovaries was also high.
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TABLE 1. EXPEREMENT-1l. DISTRIBUTION OF RADIOACTIVITY IN MALE RAT
TISSUES 1, 6 ASD 18 1iOURS AFTER INTRAVENOUS INJECTION OF 23TTe-
38-HYDROXY~24-NOR-23- (1SOPROPYL TZLLURO)=-Sa-CLOLANE

Mean Percent Dose/graz, * s.d.

Tissue ) 1 hour afrer dose b hours after doze 18 hours al:-e: 2 s«

EBlaod 1.48 £ 0.35 0.95 2 0.04 0.49 * 3 II
Liver 2.71 £ 0.30 2.03 % 0,07 0.8 ¢ & %
Spleen 2.98 2 Q.15 2.7% * 0.27 1.29 + - ¢
Pancreas 0.16 £ 0.02 0.24 = 0,06 D.19 * ¢
Stomach 0.11 * 0.04 0.07 &£ 0.02 0.05
Small Intestine 0.71 £ 0.19 ©.71 £ 0.09 0.39 - .
Large Intestine 0.06 * 0.03 0.72 £ 0.23 Q.86

7 Mdrenals 4.51 % 1,15 16.51 £ 1,31 22.1; -
Kidneys 0.63 = 0.04 G.76 £ 0,05 0.7 ’
Prostate 0.07 : 0.01 0.09 = 0.01 0.co
Testes 0.04 £ 0.003 0.08 £ 0.01 0.09
Heart T 0.48 = 0.09 0.53 = 0.09 0.¢3
Lungs h 2.01 * 0.09 1.99 ¢ 0.08 1.52
Thyroid Q.42 2 0.05 2.07 t 0.78 0.53
Brain 0.04 £ 0.01 0.05 £ 0,001 0.C»




TABLL 2.

EXPERE

Ch T2

DISTRICUTION OF RADIOACTIVITY IN MALE RAT

TISSUCS 1, 3 AXD 7 DAYS AFTCR INTRAVENOUS. INJECTION OF '2Mre-
3B-HYDROXY-24~NOR-23- (ISOPROPYL TELLLRD)=-5a-CHOLANE

Mean Percent Dose/gram, # s.d.

Tissue 1 day after dose 3 days afcer dose 7 days after dose
Blocd 0.61 = 0.04 0.37 2 0.03 0.28 £ 0.04
Livey 1.01 ¢ 0.23 0.53 £ 0.04 0,23 = 0.02
Spleen 1.59 2 0.28 0.58 * 0.07 0.29 = 0.05
Pancreas 0.33 £ 0.07 0.36 + 0.03 0.21 *+ 0.008
Stomach 0.25 £ 0.02 0.32 % 0.13 0.14 ¢ 0.02
Swmall Intestine 0.77 + 0.24 0.49 £ 0.20 " 0.23 ¢ 0.02
large Intestine 1.82 £ 0.93 1.89 = 1.9% 0.59 = D.14
Adrenals 26.39 * 1,13 19.27 + 2,40 14,48 2 1.76
Kidneys 1.08 * §.14 0.94 2 D.06 0.75 * 0.07
Prostate 0.18 1 0.06 0.17 £ 0.02 0.69 + 0.04
Testes 0.14 * 0.02 ¢.12 ¢ 0.01 0.09 £ 0.01
Heart 0.59 2 0,09 0.26 = 0.04 0.12 £ 0.03
Lungs 2.12 £ 0,35 0.85 % Q.14 0.40 * 0.06
Thyroid 1.23 £ 0.09 0.73 ¢ 0.07 0.74 * 0.27
- Brainm 0.07 £ 0.0} 0.07 * 0.01 0.0 + 0.001




TAGLT 3. EXPERIMENT-3. DISTRIBUTION OF RADIOACTIVITY IN MALE RAT
TISSULS 7, 14 AND 21 DAYS AFTER INTRAVENOUS INJECTION OF 1% 7e-
3AB-UYDROYY~24=30R-23-{ I30PROPYL TELLURD)~5a-CHOLANE

Mean 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
Spleen 0.32 £ 0.12 0.20 £ 0.03 0.11 % 0.63
Pancreas 0,12 2 0.00 0.07 £ 0.0l 0.04 * 0.01
Stomach 0.05 % 0.02 * 0,01 £ 0.01 0.01 * 0.01
Small Intestine 0.38 & D.49 0.03 £ 0.003 0.02 £ 0.01
Large Intestine 0.09 £ 0.01 ¢.03 = 0.01 0.02 £+ 0.01
Adrenals 5.56 £ 1.38 4.59 * 0.45 1.81 £ 0.57
Ridneys 0.49 % .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 .05 = 0.01 -0.03 £ 0.004
Heart 0.09 £ 0.03 0.03 % 0.62 : 0.02 = 0.001
lungs : 0.22 * 0,04 0.11 * 0.01 0.05 * 0.004
Thyroid 0.13 * 0.07 0.15 z 0.08 0.12 * 0.06
Brain 0.04 ¢ 0.01 0.06 * 0.03 0.03 * 0.02




Experiments were also conducted to determine if the labeled sterpid was
Jpetabolized by the adrenals and other tissues of rats. Three days following
intravenous administration of the labeled sterotd male and female rats were
sacrificed and selected tissues removed, weighed, counted Bnd homegenized in
Folch medium. The organi¢ phases from the Folch extracts were chroma-
tographed on silicic acid columns by e!1q}1on with solvents of increasing
pofarity. The columns were inftially e1f:;ed with benzene followed by
solvent mixtures containing increasing propeortions of ether and benzene and
were finally washed with methanol. The proffles from male rats suggested
that the labeled steroid was metabolized to several products Dy the male
adrenals. The adrenal exract from a female rat contained a nonpolar
radioactfve component and alse significant radioactivity in a region
resembling the original steroid which appears to indicate a significant por-
tion of the agent was not metabolized. The presence of non-polar radjoacs
tive components would indicate at jeast partfal metabolism. Among the
tissues which werse examined.tne components that were observed upon chroma-
tographic analysis of extracted lipids were consistently different and would

indicate that the radicactive compoments represent true metadolites.

The metabolism of such adrine) imaging agents is important because T ?*'93
+__|_. - featy Lo .- Lo SN e e
Crietm, o oot - va ER ] PRI S . . - ) ' -I
T L T T T A A | R e RN .
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e Tﬁe-édrea;;léi;nislﬁf tﬁe-ﬁéTé:kafs.were.cleﬁr1y imaéed.oﬁe déy Co-
after administration of the 123mTe-1abe1ed steroid. Both the adfﬁ-
rals and ovaries of female rats were alsc 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 betwe?n
sterofd structure, relative rates of entry and exit from the various
body components. Two stercids prepared according to the adove
described procedure, 3-beta hydroxy-24-nor.23-octyl-telluro-chol-5-ene

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




adrinals. The stetpid J-beta-hydroxy-24-isopropy! telluro-chol-5-ene
Snowed ¢ slightly greater adrinal uptake than the stereid in the abave
test. Two other stercids (2-alpha hydroxy-24-nor-23-{iscpropy!
te11uro}:;:beta-cho1an .and 3-bets hydroxy-[lisopropy} telluro}
methyll-androsed-S-ane did not concentrate in the adrinals.

It is seen that the general synthesis method of this Favention can
be adapted to the preparation of any-atkyl telluro steroid merely by

providing a suitable allogenated reaction site and such steroids are

contemplated at equivalents of the specific steroids described herein.
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