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ABSTRACT 

A synthetic method has been developed for the introduc- 

tlcn of telluriun into the steroid sidechain. A modific2tion 
of the HGnsdiecker 'degradation was used for the conversion 
of 3a-aceto:iy-55-cholanic acid and 3~-acetoxy-Sa-cholanic acid 

to the corresponding 24-aorbromides . The 24-norbrocides were 

then coupled with sodiun alkyl cellurols to forn the 24-nor- 
23-(alkyI telluro) steroids. In this manner 3a-nydroxy-24- 

nor-Z3-(isopropyl telluro)-jB-cholane, 3a-hydroxy-24-nor-23- 

(lsopentyl telluro)-jS-cholane, 3B-hydroxy-2&-~,or-23-(isoprcpyl 

telluro) -5a-cholane and 33-;iydroxy-24 -no r-23- (isopent yl 
telluro) -53-cholane have been prepared. The physical prop- 
erties of these interesting conpounds have been studied in 

detail. 

INTRODUCTION 

Adrenal iraging using 1-131 labeled 36-hydroxy-19-iodo-cholest-5- 

ene [1,2] has proven to be an important noninvasive procedure for the 

diagnosis of adrenal disorders. 

in the diagnosis of Cushing's syndrome [3,4], adrenal adenoma [5,6], 

This agenr has been used successfully 

and aldosteroa 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 

carcinoaa [12] and the gall bladder [13] have also been visualized with 

this agent. The uniqueness of this noniavasive method fcr the diagnosis 

of adrenal discase and related disorders 53s resulted in the preparation 
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of other steroids :;beled L-i:h a variecy of gama-czitting nurlidez. 

High adrenal/tissue ratios have been dmonstrsted in laboratory anlzals 

after the adcinistration of 1-13l-labeled 3j-;lydro?tv-r9-nor-6~-(io~~ 

metYtyl)-cholest-S(lO)-ene (SP-59) [14,15,16] and Se-75-labeled 35- 

hydroxy-lO-(nethyl se1eno)-cholest-5-€ne (171. The success of these 

studies has suggested that the preparation of potent is1 adrenal iragbg 

agents labeled vith gaw-emitting nuclides with properties more attrac- 

tive than those exhibited by 1-131 and Se-75 should be furrrher eqlored. 

The Te-123m nuclide decays (120 day half-life) via an isomeric 

transition with emission of a single garma photon with an energy of 

159 keV. We have initiated a broad program directed tovards the prepa- 

ration of a variety of Te-123m-labeled substances which ray 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 preparing and handling many of these substances [19]. In 

addition, selenium is an important trace element and in conparison 

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 conpounds that may be of biological interest. 

We have recently reported the preparation of Te-i23n-labeled 175- 

hydro~~-2,3-bisnor-X-tellura-5c-androstane 1201 and the efficacy of this 

su3stance as a prcstatic irnagino, 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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36-;1ydroxy steroid in Liiic'n t:ie total trirs geuzetry of the sreroid 

nucleus vas caintaineed. These requirexents suggested that introduction 

of the heteroatom ',-.to the steroid nuclecls vould be difficult. Further- 

I) 

more, the degrees of freedo= of the sidechain suggested that the tellu- 

rim heteroatom could be accomodated in this zegion of the molecale. 

The latter approach was also attraccive because of the ready availebil- 

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 sjdechain is 

discussed and the synthesis and physical properties' of several 24-nor- 

23-(al'xyl telluro) steroids are described in detail. 

EXP E R IIILUTXL 

General 

-The 3a-nydroxy-5E-cholanic acid (lithocholic acid) , 39-hydroxy-50- 

cholanic acid (allolithocholic acid) and 35-hydroxy-22,23-tisnor-5a- 

cholanic acid were purchased from Steraloids, 1r.c. (Wilton, hH). Iso- 
propyl iodide and isopentyl iodide vere obtained fron Eastman Organic 

Chemicals (Rochester, XY) and were used without further ptxification. 
Tellurium metal was purchased fron Alpha Inorganics (Danvers, MA) and 

was ground to a fine 45-cicron powder prior to use. Aialjtical thin- 
layer chroratographic analyses (t.1.c.) were performed using precoated 

250-micron thick silica gel GF plarcs purchased from >.naltcch, Inc. 

(Sevark, DE). For preparative t.1.c. analyses glass plates vere coated 

with 1-mn thick layers of silica gel PF-254 (?!erck, Damstadt). The 

following solvent system were used: S-1, cnlcroforn; 5-2, etner-hexane, 
5:95; S-3, ethyl acetate-chloroform, 30:70. Analytical plaLes were 
sprayed with an amoniun colybdate-sulfuric acid rea353t and then hezied 
at 80-100'C to visualize the spot colors [21]. The telluro steroids 
were also detected as Lark areas on both analytical and preparative 

plates by viering the plate; under a 254-32 ultraviolet light source. 

In this nanner, bands xere detected and scraped from the preparative 
plates. The caterial reas then eluted fron the silica gel with chloro- 
forn. Gas liquid chror3:ograpnic analyses (g.1.c.) wzre perforzed 

using a Varian node1 1400 gas chro-atograph equipped with a flane ioni- 
zation detector. A 4% Dexil colurn (l/k in. x 10 ft) was programed 
fron 28 to 310' at b'/r.in using heliu as a c2rri2r gzs at a flowrate 

of 20 cm3/nin. 

described in the text (vfc'e ir.,=rt=). P!elting points are ancorrected and 
vere detemined in capillary tubes asing a 3iichi S\F-Zc) aFparatus. The 

Colucz~ chroratographic analyses were perfomed as 



. 
ultraviolet spectra (U.V.) were deter-ined in ethanol so?u:ron using a 

Bec'mn Db dou5le bean rpettrsphotozeter. Infra-red spectra (i,r.) were 

deteclr.ed ushg Y5r pelleEs xi:;? a Sec'kan Yodei 1EA s?ec:ro?hotcr,eter. 

Low rssolutior: rdss speccral analyses (n.s.1 werz perfomed usir.2 the 

Oak Ridp !;atior.al Laborstor). lou resolurion instruzenr: (221 under the 

foilc-.-i?g cozait ior,s : ior.izing energy, ;@ eV; probe terperature, 206- 
220°C; sourze tezperature, 120°C; trap current, 100 PA. Naturally 

occurbg Eelluriu contains the following stable isotopes: Te-130, 3L;;; 
Te-128, 32::; Te-i26, 192; Te-125, 72; Te-124, 5%: Te-123, 1Z; Te-122, 

32 (231. Because of the cozplex clusters of peaks that are detected 

for ions that contain telluria, 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 n/t 200 have been tabulated. 
resolution UPSS specrral measurements were determined with an k!! 50 mass 

spectrcreter equipped wi:h a DS 50 data system. 

under the following conditions : ionizing energy, 70 eV; source tenpera- 
ture, 150°C; probe tenperature, G!OO"C; trap current, 500 gA; resolution, 

lo4; scan rate, 10 sec/decade; ccceleratins potential, 8000 volts. The 

nuclear magnetic resonance spr:tra (n.m.r.1 were determined using a 
Varian XL-100 spectrometer. Smples were dissolved in CDC13 solution 

and resonances are reported downfield (5) from the internal tetranethyl- 

silane standard. 

High 

Spectrr were recorded 

Pr epa r a t ion o f D ia 1 ky 1 !I i t e 1 1 u r id e s 

The dialkyl ditellurides were prepared by the reaction of alkyl 
iodides with sodium ditelluride in liquid araonia [24]. In a typical 

preparation tel1uri;rm potider (127 mg, 1 mole) was added to 25 d of 
-1iqbid ammonia that had been distilled Into the reaction vessel under 

an argon atzosphere. Freshly cut sodium, setal (25 mg, 1.1 mole) was 
-added and the solution wss stirred :so hours. The alkyl iodide (1 mole) 

was added to the deep red sodium ditelluride solution and the mixture 

was stirred tvo hours. The amonia was eva?oraced under an argos strea- 
and benzene was added to the residue. Exzraction of the residue with 

ether or eethanol resclred in enulsification of the amorphous tellurius 

residue which necessitated a filtration s:ep. This problem was not 

encoa2tcred durir.g benten2 extraction. ;l?e oranze-colored ben2er.e ex- 
tract vas decanted fron the residue chic5 corsisted of a=.lorFhocs tellu- 
riua and other insoluble products. Lpon evaporation of the solvect 
In v~ctc3 an orange pun was obtained. PGe s-all scale of this reaction 
=de even rr.icroscale distillation of tho oxygen- and light-sensitive 

ditellurides icpractical. Typical yields averaged fro9 50-70%. The 
dialkyl ditelluride yields Kere der27 ;?.e2 in ir,dependent ex?erhents 

by using the isozopic tracer 1251. T?.z i:c?ll-rides consisted of pun- 
gent smelling red oils and were used c::ec:ly for subsequent reactions 

without further purification. 

The nodified Hunsdiecker degraca:;:?, [26] of 36-acetoxy-22,23-bis- 

n~r-5~-cholane (I) gave 3S-acstcsp-2C :-: rsrc-5,-pregnane (IX) in 202 

yield. The praduct crystallized fro- rer-.3-?l----ater as microcrystals, 

m.p. 106-109'C; i.r., v 1735 cn': <;:e:a:e carbonyl); rn.s., 426 (M, 
max 
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Attempted Preparation of 36-Hydroxy-20E- 
(isopentyl telluro) -5s-preenane ( IV) 

he 3B-acetoxy-20E-brono-5a-pregame (IT, 43 mg, 100 pmcles) was 

added ta a salution of sodium isopentyl tellurol (200 umoles) in liquid 

ammonia prepared from diisopentyl ditelluride in the usual manner (241. 
Upon evaporation of the solvent only unreacted (11) was recovered. The 

coup1 hg of 38 -acet oxy-20 i-bromo-5a-p re gnane with sodium isopentyl 
tellurol was also attemptcd in refluxing methanol. Diisopentyl ditellu- 
ride (81 mg, 200 umoles) was dissoived in methanol under an argon atmos- 

phere. Sodium borohydride vas added in szall portions until the orange 

color discharged and the solutior. becaze colorless. 

droxide solution (0.5 ad, 500 moles) was added and then 3B-acetoxy-20i- 
brono-Sa-pregnane (43 mg, 100 umoles). The mixture was refluxed one 

hour, pcsred into water and extracted Kith ether. Following dryiag over 

anhydrous sodium sulfate, the solvent was removed in vccw to yield an 

oranze gum. Analysis or' zn aliquot by t.1.c. (S-1) on PF-254 plates 

-indicared only one U.V. absorbing component chrocatographing wits the 
expected mobility of diisopentyi ditelluride (Rf 0.94) . Upon being 

-sprayed with sulfuric acid-zmonim molybdate spray, a secocd spot 

appeared (Rf 0.29). 
-be 36-hydroxy-2O~-broa-h-pregnane (111) 33 mg, m.p., 125-129'C (so:':- 

A 1 N sodium hy- 

This material was purified by t.1.c. and proved te 

ening at 122OC) ; i. r., v KBr 3340 cm'l (-OH); m.s., 366 and 364 (M-B20, 
max 

3% and 34) , 351 and 349 (M-H20-CH?, 2:! and 2%). 312 and 310 (7% and 8::~ . 
302 (29:!), 300 (9%), 267 (58%) , 285 (48x1, 284 (?I-HST-CH~, 53:!), 273 
(24%), 269 (E-CH3-HBr-H2OB loo%>, 255 (CS::), 245 (18%), 243 (8x1, 230 
(32%) , 227 (202), 215 (32x1, 214 (17%), 213 (12x1 , 203 (19%) 202 (22:.. , 

and 201 (23%). 

3a-Aceto~-24-nor-23-bromo-53-cholane (VII) 

The preparation of 3s-ace:oxy-2L-nor-23-broco-58-cholane by modi- 

fied Hunsdiecker degradation of 3~-acetoxy-5E-choianic acid has been 
described earlier [28 1. 

3s-Hvdroxv-2L-nor-23-(isoDe~t~l telluro) -5S-c5olane (13 

The 3o-acetoxy-2~-nor-Z3-br~~o-5:-cnolane (91 mg, 200 umoles) was 

added to a nethanolic solution of sodim isopentyl tellurol (LOO t.c~olec 

after vhich tiEe t.1.c. analysis of an aliquot indicated the reaction 

to be cozplete. The solution vas poured into water and extracted ~ith 

, prepared as described earlier. The solution was refl.uxed one hour, 

I 



X 234 flog E: 4.1) and 221 M (log E 3.4); i.r., w Wr 
max max 

3330 cn'l 

3a-Hvd ro xy- 2 L -?lor-2 3 - ( is o;, r3 py1 t el 1 cro ) -5 S - ch o 1 ane (XI) 

A solution of sodium isopropyl tellurol was prepared by reduction 

of diisopropyl ditelluride (135 mg, 400 uroles) with sodium borohydride 

in basic methanol in the usual manner. The 3a-acetoxy-24-nor-23-brono- 

56-cholane (90 ng, 200 unoles) was added, and the mixture was refluxed 

two hours and the product obtained as described earlier. Purification 

by t.1.c. (solvent, chloroforn; Rf 0.19) gave 3a-hydroxy-24-nor-23- 
(IscproFyl telluro)-56-cholane, 31.6 mg, as a thick gum. Even tritura- 

tion with ether gave only a gumy semi-solid that could not be adequately 
crystallized despite nurieraus attenpts fron a variety of 'solvents; 

235 (log E: 4.1) and 222 nm (log E 3.4) ; 3360 (-OH); U.V. Xmax 
-- -KBr 

i.r., v 
maX 

,m.s. a 504 (M, 8%) , 486 (M-HzO, 12%), 461 (PI-isopropyl, 2%) 1 443 (X-HZO- 

isopropyl, 8%) , 349 (lX), 332 (3%) , 330 (4%), 313 (16%), 299 (gn), 297 
(14%) , 285 (8%) , 283 (6%), 278. (8x1, 273 (23x1, 271 (87!), 266, (9%), 257 
(43%), 255 (553, 243 (7%), 241 (8x1, 233 (6%) , 231 (10%) , 230 (15x1, 
229 (13;;), 219 (5%), 217 (lZ%), 215 (58%), 211 (6%), 203 (22:!), and 
201 (28:;) ; high resolution m.s., 50L.2564 (calculated for Cz6H~60Te: 

504.2584); n.n.r., 3.63 (5, 3H, C-lS-CFl3), 0.92 (S, 3H, C-lg-CHj), 
0.93 (d, J = 6H2, 31i, C-21-CH3), 1.60 (d, J = 6H2, 6E1 C-261 and 

c-27-cH3's), 2.64 (m, 2H, C-23-H1s), 3.38 (m, lH, C-X-H), and 3.57 

(m, lH, C-30-HI. 

3 9 - Ac et oxy - 2 Lc -n or - 2 3 -b r 0r.o - 5 3 - ch c 1 a n e ( ['I I I ) 

The 30-acetoxy-2L-nor-23-brono-5a-ch~l~ne xas prepared by the 
modified Hiinsdiecker degradation of 3f-acetoxy-ja-cholanic acid (XI) 
and was purified as described earlier 1281. 
lized fron etSanol-*dater to give fine needles (178 mg, 20%), m.2. 198°C. 
me product vas horozeneous as de:erz:ir.ed by t.1.c. analysis (S-1, 

Rf 0.84; S-2, Rf 0.23); i.rea v 1730 cc. (Fcetate erhonyl); m.s., 
ma.< 

454 and 452 (M, 4'1, 4%) , 439 and 437 (?!-CH;, 37i1 3%) , 394 and 392 
(If-CHjCOOH, 1€2, 1721, 379 ana 377 (>!-CU;-CH~COOH, 15%, l5%), 340 and 

338 (8:, 97i), 325 and 323 (2Z1 22) , 315 (?:I, 312 (6%), 290 (82), 286 
and 284 (6%, 7X), 276 (15%). 275 (22:) , 257 (?l-sideck.ain-CH3COOH, 28:;) , 

The product vas crystal- 

- 
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Sodium isopertyl telluroi (290 anoles) and 32-acetoxy-2L-nor-23- 
bromo-So-cnolane (VIII, 45.4 rag, 100 Lmoles) were coupled in refluxing 
uethanol as described earlier. The reaction mixture was poured into 
water and the crude product extracted with chloroiorn. Purification by 

t.1.c. (S-1) gave a thick gua! (7 mg, 14%). The product w6.a honogenzous 
by t.1.c. analysis (S-1, Rf 0.14) and trituration with a small vo1urr.e of 

ether gave a hire solid, m.p. 78-80'; U.V. A,, 234 (log E 4.1) and 

221 nm (log t 3.4); i.r., v KBr 3300 cm'l (-OH) ; m.s., 532 01, 482j, 514 

(M-HzO, 57%), 461 (?I-C5fI11, lox), 443 (M-H~O-CSH~~, 17%), 415 (221, 349 
(2%), 331 (3x1, 313 (212), 303 (2%), 299 (3%), 297 (7Xj, 285 (122), 273 
(15%), 257 (M-sidechain, 3021, 255 (19X), 243 (83, 22s (3951, 215 (28%), 
and 201 (20'1) ; high resolutio3 P.s., 532.2843 (calculated for C2eHsoOTe: 

532.2883); n.m.r., see Fig. 3. 

UX 

3~-Hvdroxy-24-nor-23-(isopropyl tel1uro)-So-cholane (XII) 

Sodium isopropyl tellurol (400 umoles) and 3S-acetoxy-24-nor-23- 
bromo-5a-cholane (VIII, 45 mg, 100 moles) were coupled in refluxicg 

'methanol and the product obtained and purified in the usual manner ta 
give a thick gum (15.6 mg, 31%). Trituration with ether gave a white 

solid ktrich was homgeneous by t.1.c. analysis (S-1, Rf 0.14), E.?. 118- - 
KBr 
max 119'C; u.v., Lx 235 (log t 4.1) and 222 nm (lcg E 3.4); i.r., v 

3310 cm-l (-OH); m.s,, see Fig. 2 for complete spectrum; high resolution 

m.s.;504.2610 (calculated for C26H460Te: 504.2629); n.m.r., see Fig. 4. 

RESULTS AYD DISCUSSIO:4 

Gent ral 

The gcal of the present study -+?as to develop a method for the intro- 

' duction of tellurium into the steroid sidechain. There are a variety 

of xethods known for the incorporation of telluriun into orgsnic mole- 

cules [19]. In the present study a synthetic method chat used elemental 

. telluriun was atzractive since the eventual preparation of Te-123~~- 

labeled 24-cor-23-(3Lkyl telluro) steroids from the elenental form of 

the nuclide uas anticipated. The reaction scheme thar was envisioned 

resenblcd the coupling of a3 alkyl halide (R'X) with a svdiun alkyl 
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pre?ared by this general nezhDd [19;. The sodium alkyl tellurzls can 

be generated from symetrical dialkj-l ditellurides (F,;TeZ) an2 a cor,- 

venient syscen for the preparation of the latter intemediates fzvolves 

the alkylation of sodiun ditelluride (KazTeZ) with an alkyl halide. 

The sodium ditelluride is unstable but may be fomed Cr. situ by the 

reaction of elemental telluri*lm wit:? a stoichiometric amocnt of sodium 

metal in liquid amzlonia [24:. The dialkyl ditellcride rhus fomed m;?y 

be cleaved with sodium in liquid Eonia [24] or by sodium borchydride 

reduction in a basic medium [19]. 

can then be reacted with the appropriate alkyl halide to form the de- 

The resulting sodiu al'kyl tdlurols 

sired unsywetrical dialkyl telluride. These trans forations are sum- 

marized below. 

NH3 Rx r 

Te + Na -> Na2Te2 -> 

reduc t icn > XaTeR -> R'X 
R-Te-R' R2Te2 

Preparation of 2G-Sor-23-(Xlkvl Telluro) Steroids 

In the present study bi2e acids were readily converted to th: cor- 
...* 

responding nor5romides via a codification of the Hiinsdircker reaction 

126,281. Fabrication of the alkyl-telluro sidechain vas then acccs- 

*. 

. plished by reaction of the norbromide with the appropriate sodiun alkyl 

tellurol. The sodium alkyl tellurols were prepared by sodiun boro- 

hydride reduction of the precursor dialkyl ditellurides in basic- 

methanol solution. By choice of the a?pro?riate dialkyl ditelluride a 

_. variety of alkyl-telluro steroids can be pre?ared by this nethod. The 

.. 

present study was limited to the attempted synthesis of ZOE-(alkyl 

' telluro) and 23-(~l;Cy1 tellGx) szercids. Tne geceral scheDe that vas 

IO-l1193 



developed is ou:li?ed belov. 

tiv3-Br- , 
3-Acitoxy s tero id-R-CCOY 

3-Aceto;cy steroid-R-Sr > 
Sa-fc - R ' 

3-Bydrcxy steroid-2-Te-R' 

In an initial experiment 33-acetox:-?2,23-bisnor-5a-cholaniz acid 

(I) was converted to 3S-acetoxy-2O~-t?rcco-5a-pregnane (XI) . A1 though 

apparently honogeneous upon t.1.c. analysis, this produc: was fourid by 

n.m.r, studies to be a mixture of t-do species, presumably the (20R)- 

and (23S)-bro=ddes. An analogous mixture of C-20 isomers was also ob- 

l 

tained upon phosphorus prctabrbmide trea trent of the sodium borohydride 

reduction product of 3B-acetoxy-preg-5-en-2O-one [29]. The bromide mix- 

ture (11) did not react with sodium isopentyl tellurol in either liquid 

ammonia or refluxing methanol. In the latter system 3B-hydroxy-20[- 

- bromo-5a-pregnane (111) was isolated as :he hydrolysis product. ne 

--failure to forin 3B-hyd~oxy-20~-(isopentyl telluro) -Sa-pregnane (IV) was 

-attributed to steric hindrance in the vicinity of the secondary c-20 

-bromide. In an atteapt to deternine the reaccivity of j steroid con- 

taining a primary halide fn the sidechain, 3a-aceto.uy-2L-nor-23-bromo- 

56-chclzne (VII) was prepared as a model sc5scra:e via Hunsdiecker 

degradation of the readily a-Jailable lickccholic acid acetate (V), 

Reaction of (1'11) with sodiun isopentyl cellurol in refluxing methanol 

gave 3~-hydroxy-24-aor-23-(isopentyl te::Lrc) -55-cholane (XX) in nod- 

erate yield (32;:). The isomeric 3~-~.v~r=~-:~-nor-23-(iso?entyl tellur:' - 

Sa-cholane (X) was prepared in an anz.l:;zt-s zar.r'.er fro3 33-acetoxy-2L- 

nor-23-bro~o-5~-~!1olace (VIII) . The ' --- i-:zrzediate was preparcd 

by Iiihsdiecker degradation of alloli:hoz?.c: ic acid acetate (VI) . These 

studies indicated that 24-nsr-23-(alky: :e:lurc,) steroids could be 

IO11 194 



53 

R2 
I 

Compound - RI R2 R3 

-I P-OAC a-H - CH(CH3)COOH 

(20R)- 3- (20s)- 
- CH(CH3) 8r 3 

1'1 P-OAC a-H 

111 P-OAC Q-H 

IV p-OH Q-H 

- CH(CH3)CH2CH2 C OOH 

- CH(CH2) CH 2CH2 Br 

- CH (C H 3) (CH2)2 Te (CH 2) C H (C H 3; 

-CH(CH3)(CH2)2TeCH(CH3)2 

3 
3 
3 

V Q-OAc P-H 
VI P-OAC a-H 

VI1 a-OAc P-H 
Vlll P-OAC -E 

IX a-OH P-H 
X p-OH a-H 

XI Q-OH P-H 

XI 1 Q-CZ e B-H 

Fig. 1. Steroid Structures. 
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readily pre?ared by this Izet5odology. 

ne 3-hgdrox).-Z~-nor-:j-(~l~yl telluro) steroids are relatively 

insoluble ia ether. The telluro steroids could not be efficiently 

extracted from reaction -3:ures with ether but vsre readily extracted 

with chlorofom or ethyl acetate. Following thin layer chroma tographic 

purification and extraction of the telluro steroids from the absorbanc 

with chloroform-methanol, evaporation cf the solvent gave gummy solids. 

Trituration of the 35~hydroxy-24-nor-23-(alkyl telluro) steroids with 

ethyl ether gave white solids. 

prepared in this manner since the small amounts of rektiveiy unstable 

Melting points were obtained on samples 
..* 

products could not be adequately crystallized. Similar trituration of 

the 3a-hydroxy-24-nor-23- (alkyl telluro) steroids gave only chick 

glasses which did not ex.?.?i5it well-defined melting points. The telluro 

steroids are nore stable upon exposure to light and oxygen than a nunter 

of sinple dialkyl tellurides that have been prepared in this laboratory 

(29). The 3a-hydroxy-2t-nor-23-(alkyl telluro) steroids appear less 

stable than the isomeric 33-hydroxy-24-n0~-23-(alkyl te!.luro) analogs 

1, 

and the former compounds slowly decoaposed when store2 in :he dark under 

argon at 4OC. The 36-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 belo;., an analysis of the physical properties of these 

unusual 24-nor-23-(alkyl telluro) steroids demonstrated that the struc- 

tures assigned to the syntSetlc products are consistent with the pro- 

posed structures. The cl:raviolet spectral properties of the iso- 

meric 24-nor-23-(fsopentyl telluro) steroids (IS) and (X) are very 

similar. The isoneric 24-nor-23- (Iso2ropyl telluro) steroids (XI) and 

io17 I9b 



(XiI) also ex!!iblc sinilar speztral properties. Tellurides absorb 

str~~gly in the ulrravloiet region as a result of an n + C* trar.sition 

[l?]. The 24-nor-23-(dkyl telluro) steroids prepared in the present 

study all exkibit essentklly Idertiral ultraviolet spectra. The ultra- 

violet spec tru of 33-hydroxy-2L-nor-23- (isopropyl telluro) -59-cholane 

(XII), for exanple, contains t naxizal absorption at 231 nm and the high 

extinction coefficient (log E 4.1) can be used to detemirie. accura:ely 

the coacontration of so1u:ions of the telluro steroids. Suck measure- 

ments sSould facilitate the determination of the specific activity of 

Te-123111-labeled 24-nor-23-(dkj-l telluro) steroids. 

Although the mass spectra of these 24-nor-23-(alkyl telluro) 

steroids have not been studied in detail, several general coments can 

be made concerning the origir. of a nunber of Ions found In the spectra 
' 

- of these compounds. The mass spectra of the four telluro steroids (XX), 

. (X), (XI), and (XII) are qualitatively very similar and the mass spec- 

trum of 3B-hydroxy-24-cor-23-(isopropyl telluro) -5a-cholane (XII) will 

serve as an illustration to discuss the general characteristics of the 

electron-hpact-induced frapentation of such compounds. The high mass 

regioc gf the mass spectrum of 32-hydroxy-24-nor-23-(isoprcpyl telluro) - 
Sa-cholane (XII) is Illustrated in Fig. 2. Ions containing the tellu- 

rium heteroatom are generally easily recognized by the presexce of a 

cluster of peaks representing the various tellurium isoto?es (vi22 mte), 

Ions containing the Te-130 isotope are found at m/z SO4 (?I), 486 (:.:-H23), 

461 (M-C3H7), 443 (:.I-HLO-C3H7) and 257 (Pi-sidechain) . The moderately 

abundant m/z 461 ion is fom-ed by loss of the isopropyl group lndica- 

ting preferential cleavage of the smaller alkyl group. One unique 

feature of the mass spectra of (XII) and other 24-nor-23-(alkyl telluro) 

1011191 
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steraids a;;ears to be tk.2 aksence of i9r.s carrespor.diag to aeth;~! loss. 

The nuclear nagnetic resonance spectra of 24-noi-23-(alk:;l telLuro) 

steroids caritain resor.ances that are easily assizr.ed, and the spectr-s of 

3s-h~bro.~-2;-nor-~3-( iso;encyl telluro) -5z-cholane (X) is 1llLstra:ed 

in Fig. 3. The m3thyl group resonances are easily assigned (Table I) 

and the four proton multiplet centered at 2.65 ppm undoubtedly repre- 

sents the protons of the two deshielded methylene groups that flank 

the tel1uri.m heteroatom. These protons are further ccupled to the 

adjacent methylene protons, and we have not yet attempted to further 

delineate this complex coupling pattern. The nuclear magnetic reso- 

nance spectrum of 3B-hydroxy-24-nor-23-(lsopropyl tel1uro)-Sa-cholane 

is very instructive (Fig. t). The methyl resor,ances are clearly recog- 

nized (Table I) and the coupling patterns of the methylene and methine . 

protons flanking the tellurium can be easily extracted. The two-proton 

multiplet centered at 2.66 ppm re2resencs the C-23 methylene protons 

and appears to be a ABA'B' four-spir. system as might be expected if the 

system is subjected to restrained rotation. T5e septet centered at 

3.41 ppm represents the methine proton of the terminal isopropyl group 

and is partially obscured by the one-proton cultiplet at 3.58 ppm. 

latter resonance represents the axial C-3a proton. These nuclear mag- 

netic resonance data arc sumnarized in Table I and are compred to data 

for the isomeric 56-steroids. 

* 

The 

The methodology that Sas been dev.rlc;red in the present study shoul? 

be applicable for the preparation of a &:le variety of 24-nor-23-(alkyL 

telluro) steroids. The preparation oi suchL csr.;ounds could be of con- 

sicerabie 3ractical kporcance since Le k.ave recently demonstrated the 

* concent ration in rat adrenals of Te-1: !--labeled 39-hydroxy-24-nor-23- 
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(isoprooyl tellcro)-5o-ck4clane [ 33,31;. These stud~es have sho’m that 

of pote,itial alre-al iLagir.g a5-. ^O?tS. 

The author would like to thank B. ?f. Benjamin aad L. L. BroGm for per- 
fodng the nuclear zagnetic resonance ar.alyres and D. C. Canada, 

C. A. Pritchard, and W. 1. Rainey, Jr., for helpful discussions and 

detednatioc of t!!e pass spectral measureaents. 
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':A CASE NCI. : s- ,ob% 
WESTOR : Furn F. Knapp, Jr. 

.' 6 J ECT : IflPROVED TISSUE-SPECIFIC SCISTICR4PHIC IXAG'TKC ACEXTS 

CYID NO. 3549 

; STRACT : The present development is a new con?osition of matter cocprising 

steroids, amino acids, and the like labeled with the radioactive 

nuclide tellurium-123rn. These 123?e-labeled compounds are useful as 

tissue-specific, scintigraphic imaging agents in diagnostic nuclear 

medicine procedures. This particular nuclide has multiple ad-,*antages ,. 

as a radioactive label over some prior art nuclides. 

:SCRIPTION : Backsround 

Adrenal disease is a comonly observed clinical disorder and the 

excessive or subnormal production of adrenal steroids (corticosteroids) 

results in severe physiological consequences. The hypercorticoid condi- 

tion (Cushing's Disease) results from the overproduction of corti- 

cos:eroids and can have a variety of primary causes. Large amounts of 

corticosteroids are produced by carcinomas and adernas of the adrenal 

glands. The involvement of corticosteroid-producing tumors is often 

unilateral, involving only one adrenal gland. Since there are two 

adrenal glands it is essential for the physician to locate the s?scific 

gland which is involved in the over?roduc:ion of corticosteroids. 

-, 

Zlinical procedures which are presently used to assess adrenal function 

include the determination of steroid levels by adrenal venography and 

--. . 



the ase of cor,:rsst vcniJSr23h:: :I? .:;;::3117:~‘ the: airena:l glsr.2 5:; 

norr_3? x-rsy transsission an:.l::sis. It is Se:,eral.1:: rsco;.,?.izel! that 

adrenal vein catheterization is a difficclt and danzerous procedure 

which few physicians are adeciuataly traized to periors. The use of 

an agent labeled with a gama-enit:ing radionuclide which would con- 

centrate in the adrenal glands would greatly aid the physician 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 

procedure is also required. 

the surgeon to the specific adrenal gland that must be removed, or 

from which a tumor nust be excised. 

Such a noninvasive procedure would guide 

Presently both 13’1- and ”Se-labeled steroids are being eval- 

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, 1311-19-iodocholest- 

5-en-33-01, has undergone extensive hman tests and has been used to 

successfully diagnose a nunber of adrenal disorders. The radioiodinated 

steroids are very unstable in vivo. As a result of this in vivo 

instability, 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 labeled 

agents also results in a high patient beta-adsorbed dose due to the 

high beta yield from this nuclide (major 6- at 610 keV). 

the short physical half-life of the I3’I nuclide results in a short 

In addition, 

-2- 

-- .- 

e- 



cates that ?atient coscs Gill be relarlvely high. 

The ''Se-?aSel22 steroid 3ver:c:es problems. associated uith the 

short shelf life, high beta doss anc in vivo instability encountered 

with :he 1311-labeled agents. The "Se nuclide, however, dccays with 

the emission of several high energy photons which results in inefficient 

collimatioz and poor quality inages. 

The early diagnosis of pancreatitis and pancreatic carcinoma is a 

common clinical problem. The use of 75Se-labeled selenomethionine 

(Fig. 1, V.S.) was originally develosed because of the biological 

importance of the amino acid, methionine, and the availability of the. 

gamma-emitcinq "Se nuclide. Furthernore, "Se was readily incorporated 

into selenonethionine 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 

multiple high-energy gamma emissions of 75Se, however, result in poor 

inages with an unnecessary radiation dose to the patient. 

Summry of the Invention 

In structurally-related organic conpounds which are tissue- 

specific to absorption in special oraans, said organic com?ounds being 

derivatized vith a radionuclide for the purpose of scintigraphic 
b 

exacinacion of said special organs iz vivo, the prcsen: invention is 

an im?roverent conprising organic coz;pounds derivatized with the 

radionuclide 
12 3nTe 

- 3- 
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De ;;? 1 Led Dss i r ip t ion 

steroids, as pointcd out in the Sackgrsunl Section, extensive appli- 

cario:: of the invention is enbodied in thsse compounds. The genera: 

schexe for the synthesis of steroids labsled in a sidechain wi:h 123~~ 

is by coupling steroidal halides or other functionalized forms of a 

steroid substrate with 123?e-hbeled reagents. This general scheme 

is illustrated below. 

Steroid-X + R-(123?e)-Y 

e) -R 
1’ 123~ 

Steroid- ( 

The steroid substrate contains a gr3’i; (XI that can be a halide, 

p-toluene sulfonyl, methyl sulfonyl, cr sinilar functionality. The 

123?s-labeled reagent contains the gro-7 (Y) which would generally be 

an alkali metal. The general strategy is tha: the driving force for 

the coupling of substrate and reagent is the fornation of the (X-Y) 

species. The (R) group can re?resent a variety of organic moieties. 

A more specific route involves the ccc?ling of steroidal sidechair: 

halides with alkali metal sal:s of alkyl :ellurols. The steroidal 

sidechain halides can be prepared fro= bi:? acids or related steroidal 

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

such as acyl halides or phoqhorus ha:::rs or. s:eroidzl sidechain 

alcohols. An alternate route invol*:es : r.2 reaction of the steroidal 

sidechain alcohols with th2 I: P spe:;es fcrzel by reaction of tri- 

phenyl phosphine and a carbon tetrab,a:--e. f!ie reaction of steroid21 

32 

sidechain halides with alkali metal salts cf alkyl telfurols is an 

attrac:ive-route and has been studied i- .ic:ail. Since these unusual 

-4- 
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tnk ?r~?aration and ph).Sic.,~l 

2G-nsr-23-(alkyl telluro) steroid is ?resected (E:can?le I). A mono- 

hvdrosv bile acid such as lithocholic acid or aliolithocholic acid 

can be convenientiy converted to the corresponding 24-norbromide via 

a modification of tne Hunsdiecker degradation as illustrated in Fig. 

11. This rezction proceeds in reasonable yield and the s)-;lthesis and 

chezic31 prc??rcies of a representat; .= 

purification of the norbromides can be completed in a single day. 

The steroidal norbromides can be coupled with sodium alkyl tellurzis 

(!JaTeR) which are formed by reduction of dialkyl ditellurides (Te R ) 

in basic solution. The ditellurides are formed by alkylation of sodi;LS 

22 

ditelluride (Sa2Te2). 

sodium ditelluride that can be conveniently adapted to the microscale 

One convenient method for the generation of the 

consists of reacting the metallic tellurium with a stoichiometric amoL-* 

of metallic sodium in liquid amonia. The sodim 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 producrs 

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 alkyi 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 reac:ic- 

is the 2L-nor-23-(alkyl telluro) steroid and it can be easily puriiie: 

eithcr by thin-layer chromatography or by absorption colum c1irorz:c;~ 

-5- 



Usins tllis ~.e:ndi es;cr.:iall:. any ?L-n?r-22- (al;,yl telluro) stcrold 

can be prepared. 

described earlier, Ae-l&beled telluronethioninc (V.2.) has been 

previously suegssted as a su?erior alternative for pancreatic imaging. 

Attempts to ?repare l2 3zTe- labeled te 1 lurone chion ine by miL robi o 1 ogical 

techniques have besn unsuccessful. Our first attempts to prepare 

telluro amino acids by cethods involving the introduction of the benz::l 

telluro moiety failed primarily because of the extreme instability of 

dibenzyl ditelluride. In addition, the benzyl methylene carbon- 

tellurium bond is unstable even in simple benzyl alkyl tellurides. 

These properties preclLde the preparation of the requisite benzyl 

To alle1,rate disadva:i:ages of the use of 75Se as 

12 3,- 

telluro intermediates. Our early studies of factors affecting the 

formation and stability of ditellurides and tellurides proved that 

phenyl alkyl tellurides are nuch more stable than slnple dialkyl tel- 

lurides because of the stabilizing effect of the aromatic ring. Thus 

a scheme was devised for the preparation of a representative a-amino 

acid containing the phenyl telluro moiety (Fig. I). The nethod developed 

shotild be of general a??licability for the. synthesis of a variety of 

telluro amino acids. Its success results from strictly avoiding any 

attempts to isolate the tellurol intermediates. Such internediates (I) 

are quite useful synthe:ically \;hen Seneratcc! in situ, however, and 

ere formed by reduction of the precursor ditellurides under an inert 

atmosphere. The zethod is illustratzd in E:tan?les 111 arid I!'. 

Enbodimznzs of thc lr.:..?-,tior. - 

Compounds that have Seen prepared in this laboratory using the 

- 6- 



neil.,-l described above include: 

2 4-nor- 23- (isopropy 1 te lluro -5 --cholan-3:,-0 1 

24-(isopropyl telluro)-chol-5-en-3~-ol 

24-(isopropyl telluro)-chol-5-en-33-O?le 

17 -(isopropyl telluro methyl)-andros:-5-en-3&01 

Example I 

The synthesis of 24-nor-23-(iso?ropyl telluro)-5a-cholan-33-01 

is described. Diisopropyl ditelluride (70 rg, 2aO pmoles) was 

dissolved in 10 ml of methanol in an argon atmosphere with gentle 

1;arming. Sodium borohydride was added in snall portions to the 

orange solution until a clear, colorless solution 1;as obtained. 

Following the addition of 1 N sodium hydroxide solution (1 ml, 

1 mnole) the 24-nor-23-bromo-5,-cholan-3&yl acetate (45 mg, 100 

:moles, prepared by Hunsdiecker degradation of allolithocholic 

acid) was added. The solution was refluxed one hour after which 

tine thin layer chroFato;rapl-.ic analysis indicated the reaction 

to be complete. The solution [:as poured Into water and extracted 

thoroughly with chloroform. Chloroforn or ethyl acetate (but 

n5t ether) efficisntly extract the product from the crude mix- 

ture. The combined chlorofom extracts were washed thoroughly 

vi rn 

10112 I2 

water, dried over anhydrous sodium sulfate, and the solvent 

- 7- 
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purified b:~ preparative t!)in-layey cb.r:?.ztogra~hy (so?-;;=.:l: 

systeri, chloroforn, F., 0.14). The purified product con- 

sisted of 15.6 mg of a thick gun which solidified to a white 

solid upon trituration with ether, m.7. 113-119°C. The 

ultraviolet spectrum (EtOH) coiitained maxima at 225, 237, 

and 268 nm. The infrared spectrum (Kzr) con:ained a maxinum 

absorbenfe at 3420 cm (-OH). High resolution nass spectral 

measurements indicated a molecular formula of CZ6Hb60Te 

(found: 502.2509; calculated for C261?460Te:502.2589). 

I 

-1 

- .. . 
The tissue distribution, metabolic fate, and excre- 

tion of radioactivity following intravenous administration 

of l2 '?e- labe led 2 4-no r- 2 3- ( i sop r op y 1 t e 1 lur 0) -Sa-c holan- 33-0 1 

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. 111 through V. Male rats were injected 

via the tail vein with the lZ3?e-labeled steroid (6-lS.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, weig!led and counted, and in 

this manner the distribution or' ra2ioa:tivitp was detenined 

(X dose/g). Tlicse data are shown in Figs. I11 and IV. The 

urine and feces of these anirr.als were also noniiored for radio- 

activity and these res:ilts (Fig. V) inilcated that approxi- 

mately 50:; of the administered radioactivity was excreted in 

-5- 
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iu five d31.5. Ir. ?:(!ition, sc.i.eral anizals were injected 

vi:h a lar;t! 2ose 0: the ;e-lsbeLc+ steroid (190 pCi) 

and asasincc *.;i:k 3 rectilinsar scsnner at various tine 

periods fro: on2 ksur to three veeks after injection. The 

adrenal glands of these animals were clearly visible even 

one day after injtction, and very clear images vere obtained 

13 372- 

one week later. ReTresentative scintigraphi: inages obtained 

with both a rectilinear scanner equi?ped vith a 60-hole gold 

collinator and an RC type proporrional counter with a xenon 

gas detector are illustrated in FiZs. VI and VII. Some 

animals were sacrfficed after such studies and the adrenals, 

liver and lungs recoved, homogenized in Folch medium, and 

the resulting organic soluble raterial chromstographcd on 

silicic acid colans. The resulting chromatographic profiles 

indicated that the administered .e-labeled steroid was 

converted to a nunber of metabolites in these rat ti..;sues. 

Since the tissues were treated in tne sane manner, the dif- 

ferences observed upon chroaatog:s??-.ic analysis of the 

extracted lipid soluble material r;s: indicate that the 

detected radioactivity did not repr2sent arzifacts that 

accumulated during the tissue zan::-:ation. TAese comSi9ed 

results have demonstrated that rac-:acc:.*=icy fron 

labeled steroid accumulates in rat adrenal glands, thas 

the steroid is evidently metabo;r:ec by rat tissues, and that 

escellent imges of rat adrenal ~L-25 can 5s obtained. 

I; 3iL 

e- 
123~ 

- 9- 
. .,e- 
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PregarJtion of . e- 125 e 1 e cl 2 L - -,c r- 2 2- ( i 52; r \- ?> 1 

tellur0)-5a-snolan-3~-~1 

1237 
The ?e nuclide can be preiarzd via nelltron irradia- 

122- 
tion of isotopically enriched le. The nicroscale syn- 

thesis of the 123aTe-labeled steroid was accoa?lished by 

the general method described earlier fos :he synthesis of 

24-nor-Z3-(isopropyl tellura)-52-cholan-3~-01 (Exanple I). 

The system was easily adaptable to the 20C-500 mole scale. 

In a typical preparation reactor-prDduced 123?e (22 mg, 

25.78 mCi) was combined with carrier tellurium (45 micron 

powder) to yield a final specific activity of 25.78 nCi/mmole. 

Under an argon atmosphere approximately 25 ml of liqiid 

.- 

ansmonia vas distilled into the reaction vessel which con- 

tained the tellurium powder. The vessel was cooled to 

-60 to -7OOC in an acetone-C0 bath. Freshly cut metallic 

sodium (25 rng, 1 mole) was added to the rapidly stirred 

2 

slurry. The solution was stirred two hours and progressed 

through the typical color change: yellos. green blue red. 

Isopropyl iodide (17G ng, 1 mole) vas added by means of a 

Hamilton syringe inserted through a rubber septum. The initial 

deep red color of the solution slovly turned to a yellow-am5er 

hue concomitant with the appearance of colloidal tellurium. 

Af:er being stirred for one hour tSz amor.ia !;as alloved to 

evaporate under a stream of argon yielding a residue consisting 

of an orange gum containing metallic tellurium. The residue 

was extracted witn several small portj.ons of benzene (15 ml 

IO112 15 
-10- 



total volux) and the orance-cnlare? cc-Sined e:.:crac; 

r;ashe,j s&ll qAiik UJLST. The benzene saiucion vas diic;ted 

with methanol to 25 ml in a volmetric flask and aliquots 

taken for counting. The benzexe-extracted material con- 

sisted of 10.75 mCi of activity idicating a L?S yield of 

l2 3mTe-labeled diisopropyl di tel luride. The dit elluride 

solution was combined with an additional 25 ml of ne:hanol 

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 reduc:ion to 

123%?-labeled isopropyl tellurol. 

ditelluride solution was generally required €or the vigorous 

reductive process to be initiated. Approximately 80 mg (2 

mole) 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 has re-formed as a result of oxygen being introduced. 

Sodiun borohydride can therefore be added in small aliquots 

until an zmber solution is obtained. The 24-nor-23-brono-L- 

cholan-39-01 acetate (Fig. 11) (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, :hin Layer chromat- 

ozraphic analysis of an aliquot indica:ed the reac:ton to be 

complete. The solution uas poured into water and the organic 

layer washed several times with water. The yellow-colored 

Genzle warning of the 

-11- 



taken for counting. 

The 123~e-1a~ele be 

prepared by this proce 

24-nor-23-(isopro?yl telluro)-53-cholan-3a-ol 

24-nor-23-(octyl tellur0)-5~-cholan-33-01 

2 4- ( isop r OD]: 1 t e 1 lur o ) -c ho 1-5-en- 3 S-o 1 

2L-(isopr2pyl telluro)-chol-5-en-3S-OMe 

17Q-(isopropyl telluro nethyl)-androst-5-en-38-01 

Example I11 

For the preparation of a model telluro amino acid, diphenyl 

ditell.uri.de was reduced with sodiur;, borohydride in methanol under 

an argon atmosphere. The resu1:ing phenyl rellurol was then 

coupled with S-(bromoethyl) hydrantoin, Fig. I (III), which 

was conveniently pre?ared by kno:m nethods from DL-hoinoserine, 

Fig. I (11). The reaction resulted in a high yield of 5- 

(phenyl telluro ethyl)-hydrantoin (1V.a.). This unusually 

substituted hydrantoin is stable when stored in the dark as a 

solid at 4°C. It vas fullv 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 hydrolysis to DL-c(-anino-y-(phenyl telluro) 

-12- 
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and vas fully characterized b:: the u~ilal ze:hods. Tne 

'3 ye-labeled amino acid (V.e.) wzs prepared from reaccor- 

produced 123?e. 

dicelluride was accon?lished by reaccion or' the 

The r..icroscale synthesis of diphenyl 

123nTe 

e-labeled diphenyl 
123ry 

phenyl mag3esicn chloride. The 

ditelluride was then reduced, cou?led with the hydantoin, 

and the labeled butyric acid (V.e.) then obtained by the 

xethods described above. The physical pro?erties of the 

labeled anino acid were identical to those deterxinsd for 

the unlabeled product, and radiochemical homogeneity was 

established chronatogra?hically. 

Exar;l.ple IV 

Using this sane method we have synthesized telluro- 

methionine (V.C.). Special precautions must be taken in 

this case because of the high volatility of dinerhyl ditel- 

luride and methyl tellurol (1.b.). In addition, the 5- 

methyl telluro ethyl) hydantoin (1V.b.) must be isolaced by 

a different method from that used to isolate 5-(phenyl telluro 

ethyl) hydantoin (II'.a.). Dinethyl ditelluride has been pre- 

pared by reaction of nethyl iodide with sodius ditelluride. 

Reduc:ion of the ditelluride to meth::l tellurol with subse- 

quent coupling with 5-(broco ethyl) kydaztcin (111) then 

gave (1V.b.). The 5-(nethyl t.elluro ethyl) hydantoin has 

been purified and characterized. 

-13- -. 
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12 37- 
introduction of the ie nuclide into :he C-24 posi:ion of the 

steroid sidechair! this nethod can b? al?a?r_ecl for the introductio? 

of this nuclide into any other desired posi:ion of the steroid side- 

chain. Examples uould include the fo1io:;ing fajrications: C-17- 

(alkyl te1luro)-, 23-nor-Z2-(alkyl tel1uro)-, C-20-(a:kyl tel1uro)-, 

C-25-(alkyl tel1uro)-, etc. The limiticg faccor for such syntheses 

would be the availability of tbe approprizce steroid starting materials. 

In addition, essentially any desired alkyl group could be introduced 

into the steroid sidechain using this nethod. These could include 

functionalized alkyl groups or groups thzt would be anenable to 

functionalization after their incorgoration Into the sidechain. In 

the latter case the introduction of such su'2s:ituents would be a func- 

tion of (a) the..conpatibility of the prcsence of the alkyl substi- 

tuents to the coupling procedures and/or (b) the availability of the 

desired alkyl group. With regard to scin:igrs?hic analyses using 

these agents, ocher tissues besides che zirenal glazes could con- 

ceivably be imaged with this agent. 

The general method was developed also for the przparation of 

telluro amino acids. The first such CC-;-";-~ '-. DL--.-a~ino-y-!?hen~? u 

telluro ethyl) butyric acid and teil,rc:e:?.:onlne have been prepared. 

The synthesis is easily adapted to :':,e -1crcscale and, providing the 

requisite halo-alkyl hydantoin intert:: L 1 e5 are avai;able, the 

preparation of a variety of telluro A:--: acids is possible. 



Section of Chis disclostire. 

123% 
The use of a ie-l~'i??ed agent ciould overcone a numjer of 

nuclide decaqs uirh the e-ission of a 
12 3mTe 

disadvantages. The 

single ganra photon in 84:; abundance with an energy of 159 keP which 

is ideally suited for the scintigraphic instrunents used clinically 

in nuclear medicine. 

- 

Secondly, the 123?'e-labeled steroid can be 

prepared in a simple three-step sequence from readilyavailable starting 

materials. The long physical half-life and the attractive radionu- 

clidic properties would suggest a relatively low patient cost. Furthe-r- 

mors, the reasonably short biological half-life of this agent in rats 

would suggest that the long ph::sical half-life of 123mTe (e.g., 119 

days) would not be as severe a problem as night be anticipated. 

Finally the per cent adrenal dose is much higher for the 123?e 

steroid than that reported for the I3'I- and "Se-labeled steroids. 

This would indicate that a lower overall dose would be required for 

adequate adrenal imaging. 

It is anticipated that 123?e-labeled steroids vi11 be useful 

.. adrenal imaging agents for tSe clinical diagnosis of adrenal dis- 

orders and that the likewise-labeled amino acids will be useful in 

the iaaging of the pancreas. The greatest interest and subsequent 

utilization of such 123?ie-la3eled agents will probably be generzted 

in the general medical comuaity. Favorable respozse would indicate 

that the preparation and distribution of A e- lab e led t is sue ica3 1 F.; 
12 33, 

agents would be developed also in the private industrial sector. 

-15- 
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Cste of origin of Idea: 

Date of first sketch or d:awing: 

Date of first written description : 

Date of first model or test unit: 

Date of first test of invention : 

------‘ 

- 
Date of First Disclosure to Othersf- 

.j 

Date of First \Vrittan or Ord Discfosuurrd Public 
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S-N ,068 

Itmnv Eo TI SSUE- SPEC IFIC sc I NTIGRAPHIC IMAGING AGENTS" 

Background of the Invention 

This invention was made in the course of, or Under. a contract 

with the United States Department of Energy. 

paration of 123?e-labeled organic compounds useful as tracers for 

the study of metabolic pathways and physiological research. 

Additionally, compounds of this invention have ' utility as 

radioactive imaging agents for the detection of systemic or organa1 

di sorders. 

It relates to the pre- 

The use of radioactively labeled organic compounds in 

the study of biochemical reactions is well known. Tritium, 14C and 

32P have been used extensively since their corresponding stable 

isotopes are present in Dractically all important cellular components. 
0:a r. I. / - / a. . 

Biochemical agents labeled with "?:and 75Selhave also found 

application as scintigraphic imaging agents for the detection of LIWS 

*.-. d' 

Steroids labeled with 1311 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. 

75Se,l a beled 3 Beta- hydroxy-10- (methyl seleno) -chol es t- 5-ene is 

described in S. 0. Sarkar et al. in Journal of Nuclear Medicine, Vol. 16, 

The use of 

p.1038 (1975). 

One dtsadvantage 13' I labeled adrenal agents is that the 
i 

radioiodinated steroids were -very unstable in vivo resulting in a Pigh 



a limitea snelf life and results in a hish Beta absomed dose. The 

75Se nuclide decays with the emission Of bo 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 

123mTe-labe3ed agents as suggested in Radioactive Pharmaceuticals, 

Andrews et al. CONG-651111, Springfield, Virginia, National Bureau of 

Standards 1966 p.118. German Patent 2,553,408 also suggests the use of 

123nTe-labeled compounds and describes the synthesis of a steroid 

having nonradioactive tellurium present at position 19. 

r- r %*l # 

Another useful class of tracer compounds are radioactively labeled 
, 

amino acids. Labeled amino acids have been used in the study of protein 

metabolism and synthesisJ ,For example, that taking place in the 

pancreas. Labeled amino acids are also useful in the study of the 

effects of various pharmaceuticals on protein metabolism. 

vide some references which describe the use of radioactively-labeled 

[Can we pro- 

b- * _, - amino acids in the study of metabolism etc.?] /> '. 

,', 7 -c , . - - -1 C' 
2 - ^. -. , . C' , .. . .. 

,d' : 

1.23mTe-labeled amino acids are likely to be isoteric with the 

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

quality scintigraphfc images produced by the 123mTe nuclide is a 

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 

It is an object of this invention to provide 123mTe-labeled 

biochemical s. 

It is a further object to provide a method of synthesis for 

123mTe-1abeled biochemicals. 

These and other objects are achieved in a method for the preparation 

Of 123mTe-labeled organic compounds comprising the steps of (a) 

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



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

a symnetric diorgano-ditelluride 123mTe2, (b) reacting said diorgano- 

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

of the formula R-123mTe-M, (cl 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'-123mTe-R. 

Detailed Descriotion 

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 

4th an alkyl group from the No. 17 carbon atom as shown in drawing. 

Without departing from the spirit of this invention, tfie steroid nucleus can 

be substituted with in positions. 

__ __-- I - 
__ 

- -? - 

I 

. The side chain attached to the number 17 carbon . .- 
atoms can be any alkyl group ofAW ,f*. carbon atoms and can aTso 

-. 
I_ 

contain groups. [Are there any steric limitations on what 

can be substituted on the carbon atom adjacent to the Te? Please explain.] 
.- .... , .. 

.t 

According to the methods described herein the introduction of the telluri,T 

into the slde chain rather than the steroid nucleus preserves the trans 

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

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

sent synthesis method mi n7mi:es the need for isolating intermediates. 
2 

r.. . 
- -'</ 
./ 

- -. 
- f. 

- 



The reaction sequence leaaing to a steroid having a tellurium labeled ~lce 

chain involves the reaction of a steroid-nor-halide with an alkali met31 

alkyl tellurol to provide a steroidal alkyl tellurol. 

A. General Procedures for Preparation of -2 12 3171, 

123mTe is conveniently prepared from isotopically-enriched 

12*Te, obtainable from the isotope Sales office of the Oak Ridge 

National Laboratory, Oak Ridge. Tennessee, 37830. The radiation of tn: 5 

isotope in a neutron flux provides a 123mTe isotope. 

irradiation will result in melting Of target metal resulting in a hard 

mass upon cooling. 

Generally, 

The target is taken into solution in an acid so1ut)oq 

such as aqua regiaL 

to dryness to provide a tellurium salt. The salt can be redissolved '1 rc 

such as 

evaporated to dryness. The resulting solid is dissolved in water. P SI(* 

S+K+IB WABR is added (Why??- . .. . , , .. 

, etc. which is evacz*d:e 

--.- ..- - 
to assure complete dissolution of retallic Te anc a9r.- -- -__..___ ___.. - 

- - ..., 
., .' ;,, 0.' - :- ' , ,. . . *e. , .. 

.. I , ~ .- , ."'* , 
,. QaB r: 

l.2- . .. 
I. 'L ,. .. .I ll',r .: ,',I #* , ,,-,, i .' I ,., A**.-. .: ... . 

and the solution is boiled for one-half hour (Why? . . - - A . . 
. .. - $\ I '.I .. .- ' - I. . 

T' . . . - '- 5, c-'.' - . i ', 

,- .. .. . 
- 1. 

and cooled. 2 is bubbled through the solution to cause the precip::r 

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

[Is this a known method of -tellurium precipitation?]. 
- .. 

'.": -R - - 
. , . . r;. 1'. 4 0 L' 1'" : -. - .. .. 

. ?e, . a. .-. -. * 

j-.:. t...:r. :.\: \-,, -4. f. )I,.~,I. ;. .t,.,-... ; :,- :. , .... .._)__._I - 

lZ3?e can be combined with carrier (non-radioactive) Te in th? ini:.r 

Te dissolution steps to reduce the specific activity to the desired 'e-* 

while providingdsotopic homogeniety. The remainder of the synthes.15 - 
be described with reference to Te, with the understanding that some w 4 

of the Te is in the 12%e fonn. 

B. Preparation of An Alkali Metal Alkyl Tellurol 

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

veniently achieved by reaction in liquid ammonia to form M2Tez, M 

being any alkali metal. [Would any other non-aqueous solvent be SU"~ 0 

1- us- \:tlJ-,A -t-#*,I'? '1 := ." v ,T.,- :.Is.*. - . 



M2Te2 is :hen csnverted to the desired dl-dlky~-d~-tel~urlde. 

I1 le 

the appropriate alkyl halide to form a dialkyl-ditelluride 

(1s it essential that the R-X be added only after the NaZTeZ is 

Since 

is unstable, it is reacted i_" sftu by the direct addition of 
22 

.I 

.. 

P P -\ 

-. I- formed? Please explain) I.. 'I 1. 

.- 
I* /" ' " ., .. i 1: I.'#( ,, , \ ., 

it. r. *.I . :.;*, ' ,< I 0- 

/. .I I ' 
It 

I' . ; .. . ;. I 

. .c 1. I- c tdEl.Tr ,-.a I , .. . .?.,, ,, L.-; 
,. .\ i , .T.: >*,. - ~ ;: . . , .-, 

. . , , c,, I.% ...,. t. 3 , . , ,' I 
.. 

I< ,-+< I\-. ' ; c *.-.,* . 
The reaction product is extracted with a 'suitabie organic solvent such as . 

, , 

7.. I. . ..- benzene, C: -, 1, ,. -. - 3. ., . , ..I . . ._ ,. - . 

.-. r. . . 
.... 

1; .. , - 

"J.c'.c.~~ .,' 
.. 

1. 
' t,' 4 -.- \ 

telluride is reduced to form an alkali metal alkyl telluride by the addition 

of a reducing agent such as alkali metal borohydrfde. 

. -,I, -. . . ! *- : I. , ,I ., :.. I- , ,. - ' 4 ,r . .. 
1. :,e-- ,.; '-i /.-.,:.; 

1.. 
- : '1 . -_ 

,. 

., ' _. . .. , I , .. *. 
. .l. _. 

I .. ". - . ... , 
. .. . 

... 
I. 

.. \ 

;' '.* .# 
.. 

i'- ' 
I *. 

[Does the reducing agent have to be'an'alkali metal compound?] 

I .' ,- * -41.- ' -.I . . , 

11': .-.z '. 

;-.--, . . . .. ,i,.;,..-,- -. '. . . /.' . : .. , . . .;; .. .. 

NaOH is added to the mixture and refluxed [Why?] - 7 ,.. . ,. ,- .. - ... . .- i 1- .- : 2 

*. . _. '! .- * -* . . , ., . . ., , . * ... . :J.:... - 
- y - 'If -. I\ I, '. f , , ...., -. 1.. !r../,'4 ce:.a z,,. _L , .-' -.,.; . 

', 

The reduced product is an alkali metal alkyl tellurol. According to the 

method of this invention, the alkali metal alkyl tellurol KTe-R is reacted 

with any halogenated organic compound R'-X to form R-Te-R'. [Are there any . 
,. - , .'"I . a: .I 'c- :- - - 

limitations on the composition of R'? Please explain.] :.- N-:.., .-,,, I ,..,.,- 

t. Preparation of Steroidal nor-Hal ides U 

f. ' ];*.: - - , i,:.- .\ _. 1. .' 
*,-..- ,,I /,.--.-. ,a P s 

AL A &&?-flA A.y '. .'r 
.. '*. ;,. ...','.., . ..,., '..;,,:.. 

3 k.3 4 

-erred preparation procedure is a modified Hunsdiecker degrada- 

r\ 

This degrcdation comprises reaction of an appropriate steroid with mercu-: L 



oxide bmmidc. hg20-8r2 in refluxing carbon tetrachloride, and is 

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

herein incorporated by referencer The result of the modified HunsdJcker 

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

- 
uD.dc,.cr,) 

.. 
I. .. 

preparing steroidal nor-halides? What does -nor- Signify?] L'I. 

' ,i !)- d 

, 1. 
,. . . 1.. 

.. .. I, 8. 

~.., 
.1 , . .. ,-, '.'\ ., , 

e,- +. ,. ,I .-*, , ., f,!', , * 

. ,- .I I" .. .. ., ,..; ... ). - 

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

The steroidal-nor-halide is reacted directly with the alkyli metal 

tellurol product of step 6. This can be performed by direct addition of the 

nor-halide as a slurry in a suitable organfc solvent, for example benzene. 

The resulting telluro steroid can be recovered by 
-'~V.'y& ,-. r I ,. 

xclsange [Any othe;' - 
, - I--. . . .. . 1 

recovery methods?] 'I .. 
.. .. ., I . - ,. 

. ... /. e:. I. 

.. -- . r. . . 

-' ! 

E. Preparation of 123?e-labeled Amino Acids 

The preparation of telluro amino acids involves the reaction of a halo- 

genated organic compound with an alkali metal telluride. 

compounds used in the prior art,,,alkyl telluro compoounds are too unstable 

for use even at the site of formation. 

benzyl tellurides into amino acids have been unsuccessful. 

unsuccessful? Did no product appear, or was it very low yields, etc? Were 

other alkyl tellurides attempted?] . ) ' 

i. 

Unlike the seleno 
. .. . ,. 

. 

Attempts to introduce tellurium from 

[How were they 

\- I., : ' .'I 

.. . *. l-.. ',_. . .- 7 .--... 

7 

I 
/I 

.- .. 
S.'. , 

.. .. I- . , , , '7" , 9 ' ' 

-I -3 

,_ 
; -is- 

--- .. . 
!'_ . . 

1."- ~ . . . .. . 
4 - i, :" ' 

,- .- 7 
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[Why can alkyl tellurides be used in steroid labeling and not amino acid 

labeling?] i.. , . .. , . -.. I- 

i ,-. :, , .'. __. , ,.. -. - 

:.{r8t-ih.:~? .:: -:.,:,. 3 .s ,,. . 
* .. . '. J:-Z :.. ;_. ,.,. .+..,.,.'y'. 

yk ,: -: .2 . 

It has been found that the instability of alkyl tellurides can be over- 

come by the use of phenyl tellurides. 

procedure for labeling amino acids with lZ3ie. 

Following is described the general 
-1 



12h 
A. Preparation of --Labeled Diphenyl Di tellurides 

Phenyl magnesium chloride is reacted with 123mTe to form a 

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

.- j .. 8. .._. - 
-- I' 



E. Preiaration of Phenyl 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?] ; - 4 1 . - .- 
; '-1 , , a- I I 

C. Preparation of Tellurc, Amino Acid 

This is readily accomplished by reaction with a haltogenated CL, com- 

pound-l!lyzabk to form an amino acid, for exampleAhydantoin. This 

method is slmilar to prior art methods of preparing seleno amino acids. See 

Klostenaan, H. J. et al., J. h. Chem. SOC. 69 2009 (1947). 

.. ,,". :.. *,::,+!;'- , r_ , t', : .\ :, +>.Ic,:,F'r; CA 

/. 

(Please - 
descrfbe this step in detail. Also please list other materials than hyddq- 

tofns. which can be used.) 

Y ' .-: .- . 



The following examples illustrate the preparation of several tepre- 

sentative 123%?-l abeled compounds. 

EXAMPLE I 

Preparation of 123mTe 

Isotopically enriched lZ2Te (94.71%). obtained from the isotope 

sales office of the Oak Ridge National Laboratory, was irradiated for '0 

days in the Oak Ridge High Flux Isotope Reactor at 2 x lo1' 

neutrons/cm 'set. The reactor irradiation of the metallic tellurium 

resulted in the formation of a molten target MSS which had solidified 

during cooling. 

is taken to insipient dryness. 

centrated hydrochloric acid and taken to dryness again. 

was repeated again and the resulting solid was dissolved in 200 ml of 

2 

The target was dissolved in an aqua regia and the so'.: - 

The solid residue was dissolved in cor- 

The acid trearr. 

(About how much solid was there?) p '-4 *I r.. ;, , ' * -! 
I 

After the addition of NaBr (5 grams) the solution was boiled for one-hd 

hour, cooled, and SO2 was passed through the solution at the rate of DO 

bubbles per second for two hours. The tellurium metal precipitated as rt'. 

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 I1 

Preparation of di-sodium di-tell uri de. 
.. - __ 

22 milligrams, 25.8 mCi was combined with carrier tellurium, (45 
* __. -. 

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

Approximately, 25 ml liquid ammonia was condensed into the 



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

tained in the liquid state by inserting the flask in d bath of 

- 
I 

The reaction vessel had been previously flushed rith argon connected to a 

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 slurryr The Solution was stirred 2 hours and progressed 

through the color changes yellow, green, blue, red. The red color indi- 

cated the completion of NaZTe2 formation. 

EXAMPLE 111 

Preparation of di a1 kyl di -tell uri de. 

Isopropyl iodide (174 mg, 1 mole) was added to the reaction vessel 

of Example I1 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 , 

yielding a residue consisting of an orange gum containing metallic 

tellurium. The residue was extracted with several small portions of benzene 

(15 ml.) 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-i sopropyl di-tell r;ri de. 

EXAMPLE IV 

Preparation of sodium alkyl telluride. 

123mTe di-isopropyl di-telluride solution from Example The 
P. ; ,:., p\. ,>&, ,.L.,A*. >,'. '-' -. 

111 was combined with 25 ml. of methanol (why?) v .-A I,-:: I :-< .'ui.:; 1 .-- 

...!!J7 *;.a- . ~ ;:- .: ",'. '/ - V5' I'? ;.,. ,. -... I;.'. .-, .- 

;r .\ \.e, 1,:: ..-. .- . i e., -i ,I ,', ;,..*+ t a f 

I. 

-' ! . 8 [.. . ,-,< , . , . , . , . ! -1.t e and the mixture stirred vigorously 

under an argon atmosphere. 

added until a colorless solution was obtained which indicated complete 

reduction of the di-telluride to the sodium isopropyl tellurol. 

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

Small portions of sodium borohydride were then 

In some 

reduc t f on; 
._ 



ExA:4PLE v 

Preparation of steroidal -nor-bromi des. 

[Please describe the Hundiecker synthesis of 3 beta-acetoxy-24-nor-brom0-5- 

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

EXAElPLE VI 

Preparation of 3-beta-hydroxy-24-nor-23(isobutyl tellurol-5-beta-cholane. 

To the solution of Example IV was added about 80 mg. (2 mole) of 

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

._. ,I. I.. .. . .. I. 

... i. , ,. . , A! ; .. I*. . i ' _. .. , .: of this step?) . .I' 
1: . 

4- 1 ;c r. .-e 

, 
.;. . . . 

.. .. 
--, . A. q q' *-, ),.,;. . . -. .! . - 

-! -. I : L7 ,.-: i. 

11 2 mi 11 igrams of 3 Beta-24-nor-23-bromo4 a1 pha-chol ane 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. 

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?) 

After this time period the 



25 ml fractions were collected by diluticn with increasing concentra- 

tions of ethyl ether in benzene. Aliquots (100 microliters) of each frac- 

tion were taken for counting. 

labeled steroid product was 26 mci/mnole, indicating more than -% yield. 

[Why did the acetoxy group convert to hydroxy? 

The specific activity of the 123mTe- 

Is this necessary or 

I desirable?] -_ 

,- 

EXAMPLE VI1 

Preparation of 3-a1 pha-hydroxy-24-nor-23- ( i sopentyl tell uro)-S- 

I 
beta-$01 ane. 

3 -a 1 p ha-ace toxy- 24- nor- 23- bromo- 5- a4-ph-c hol an, prepared by a 
b::r E 

. 
I. , .- .* .- modified Hunsdiecker synthesis from 1.- ! . . 

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

1'1 3 

to a methanolic solution of sodium isopentyl tellurol prepared as in Example 

IV from df-fsopentyl di-tellurides prepared as in Example - . The solu- 

tfon was refluxed for one hour after which time thin layer chromotography 

indicated the reqtion to be complete. The solution was poured into water 

and extracted with chloroform. 

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

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

c 

The yield was 34 milligram (32%). The 

8 ... . . . ; . . . . I... .. .- 
;* .: .. , I. \.. 

.. 

EXAMPLE VI11 

Prepqration Of3-alpha-hydroxy-24-nor-23-( isopropyl tel luro1-5-beta- 

chol ane. 

- /j: - 

. 1 1011258 



A solution of sodium isopropyl tellurol was prepared by reauction of 

diisopropyl di-telluride (135 mg, 400 micro moles) with sodium borohydride 

in basic methanol in the manner of Exanples 1-12. 

3-alpha-acetoxy-Z4not-23-bromo-5-beta-chola~~90 mg, 200 micro males) was 

added and the mixture was refluxed two hours. 

thin layer chromatography using chlwoform solvent.) (This material and the 

material of Example VI could not be crystalllzed, how would you propose 

purifying the product?) 

Purification was performed by 

.-, 

EXAMPLE IX 

Preparation of 3-Beta-hydroxy-24-nor-23-( isopentyl tell uro)-5- 

a1 pha-chol ane. 

3-beta-acetoxy-24-nor-23-bromo-5-al pha-chol ant was prepared by the 

modified Hunsdiecker degradation of 3-beta-acetoxy-5-a1 pha-chol anic 

acid and purified, (How?) 
- -- I ,! % : . . - 

The product was crystallized from methanol and water-to give fine needles. 

To this material'was added 200 ru moles of sodium isopentyl tellurol. 

refluxing methanol ze reaction mixture was poured into water and the crJce 

product extracted with chloroform. 

tography gave a thick gum the product was homogeneous by thin layer chromo- 

tography analysis and trituration with a small volume of ether gave a 

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

- 
:n 

.- - 

Purification by thin layer chromo- 

- - 
puri fled?) 1;' ; -_ 

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

. L*#4 - . 
- r. 



wrth chloroform or ethyl dcetate. 

dlpha and betd hydroxy steroids? Which would be preferred for imaging'] 

[;ihdt IS the expected difference between 

EXAMPLES x 

(Please describe the successful synthesis of several lZ3Te-amino 

acids in detail. Where is it most desirable to :abel the amino acids?) 



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 

the experiment. Benzene solution of the 123mTe-labeled steroid of 

Example IX was taken to dryness under argon and the solid dissolved in etha- 

nol. 

sterile vial containing a physiological saline solution containing 101 Poly- 

sorbate 80. (What was the Polysorbate for?) . ; 

The solution was filtered through a millipore filter directly into a 

.. 
I- , : .: ',; , * 

-- 
1 

I. *. .. 
' 1. 

.,.. ... 

J-. .._ I. ., . ;,(L ;:. ' ;I- ..,*; .,., ,- , . ;. .; , 1; 

The final ethanol concentration of this solution was 102. 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 betng anesthesized with ether. Blood was drained from the 

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

tion. (Is this to prohibit clotting?) ''/A" - 

_- 

=T ._ . 
,( -:- 

-F -- e??; 
-12. 

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



blotted dry prior to weigning. The tissue distribution data were ana- 

lyzed through a multifactorial andlysis of variance computer prograr. 

Male and female rats were injected with the 123mTe-labeled 

steroid of Example IY (100-300 microcuries) as described above. After 

three days the animals were sacrificed and the adrenals. livers, lungs 

and ovaries were removed. 

chloroform methanol mixture (2-1, Folch medium) at 5000 rpm for 30 

seconds using a Sorvall Omni-Mix device. The homogenates were filtered 

through cheese cloth and after addition of an equal amount of water the 

Tissues were homogenized in 45 ml of a 

phases were allowed to separate. Aliquots of the lower organic phase 

and upper aqueous phase were counted. 

1 ittle radioactivity. 

to dryness in vacuo and the resulting residues dissolved in a small volume 

of chloroform and applied to silicic acid columns (600-200 mesh, 2 x 30 cm). 
* ?r 

Fractlons 25 ml in volume were collected by elution with increasing volumes 

of ether in benzene. 

The aqueous phase contained very 

The organic layers were separated and evaporated 

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 obtained 

using a rectilinear scanner equiped with a 63 hole gold collimator at a 

focal distance of 3 cm. The animals were scanned at 25 fnches per minute. 

The camera Images were obtained with an RC-type proportional counter camera 

utilizing a xenon gas field detector [Do you have further description of 

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

The distribution of radioactivity 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 123mTe-labeled 

steroid. The major organs were removed, weighed and counted directly 

in a multichannel analyzer. The {irst group distribution of radioac- 

tlvity was detennined at 1,6 in 18 hours after administration. +he- 

-- -- 
\ 

-wsmt-l&X. At the early time intervals the 
e 

liver, spleen, adrjnals and lungs all contained significant levels of 



.- . . --- 

.- . . .. 



adrenals, however. while the lows of radioactivi ty dtcrL,,~;d~i Or relnJincd 
.* I 

constant, in the other orgdns described dhow.(' In the \CLC~II#~ I~,,III~ of ani- 

mals the distribution of radioactivity was 6etrrinlned dt OW, three and 

seven days after injection of the ldbeled steroid. %e resuTts arg pm- 

.t . 
n-pred .44F+nd+ to decrcsw sftcr one day: 

These results are further suOStantiated by Sllnilar ddta uhtdincd troll1 ani- 

mals in the third group ad were sdcrified at seven, fourteen and twenty-one 

-3 ' 
b,L..L 

days after injection with the labeled steroid. *e.m4* of tbe.Qird 

data-* fabtc3-i-4l.I 

,~,.~.,,,s..? the radioactive contents of the blood, liver and lunys are very high at 

early time intervals decreasing rapidly with a COnCOmitdnt increase in the 

radioactive contents of the adrenal glands. The adrenal glands reached d 

masirnun concentration at one to two days after injection. Fandle rdts 

showed generally parallel Concentrations except that the concentrat ion of 

radioactivity in the ovaries ras also high. 

, 



I 

Blood 

Liver 

Spleen 

Pancress 

'Stomach 

Small Intestine 

ZPrgc Intestine 

Mrenals 

Kidneys 

Prostate 

-Testes 

Heart 

Lungs 

Thyroid 

Brain 

.. 

1.48 f 0.35 

2.71 f 0.30 

2.98 f 0.15 

0.16 f 0.02 

0.11 f 0.04 

0.71 f 0.19 

0.06 2 0.03 

4.51 1.16 

0.63 f 0.04 

0.07 f 0.01 

0.04 f 0.003 

0.40 f 0.09 

2.01 f 0.09 

0.42 f 0.05 

0.04. 2 0.01 

0.95 .c- 0.04 

-2.03 f 0.07 

2.75 f 0.27 

0.24 f 0.06 

0.07 f 0.02 ' 

0.71 2 0.09 

0.72 f 0.23 

16.51 f 1.31 . 
0.76 f 0.05 

0.09 f 0.0: 

0.00 * 0.01 

0.53 f 0.09 

1.99 f 0.08 

2.07 f 0.78 

0.05 2 0.001 

0.L9 : 2 :: 

().a& : 9 18 

1.29 : 9 

0.19 : 1 ' 

0.0s ! . 

0.39 : - 
0.86 t 

22.1; 

0.?1 : ' 
0.C9 . 
0.09 

0.C) ' 

1.5: * 

0.53 * 

0.2- ' 

.. 

-. 

.. . . "_. 
.. - .I 

- . ...... 
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T-Lt 2. WEMST--~T DISTRICCTION OF IUDIOACTIVITY IN FLUE RAT 

3~-)1YDBOXS-24-:iOR-93- (ISOPSOPYL TELLCRO)-5a-CHOL4LVE 
TISSUES 1, 3 AXD 7 DAYS ~TR ISTLIVEXOUS IXJECTIOS OF *z’”?e- 

r* 

Ifcan Percent Dosefgram, f s.d. 

Tissue 1 day after dose 3 days after dose 7 days after dose 

~ 

Blood 

Liver 

Spleen 

Pancreas . . 
Storcach 

Snull Intestine 

hrgc Intestine 

Adrenalo 

Kidneys 

Prostate 

Testes 

Heart 

Lungs 

Thyroid 

Brain 

0.61 f 0.04 

1.01 f 0.23 

1.59 f: 0.28 

0.33 f 0.07 

0.25 f 0.02 

0.77 f 0.24 

1.82 f 0.93 

26.39 f 1.13 

1.08 f: 0.14 

0.18 2 0.06 

0.14 f 0.02 

0.59 f 0.09 

2.12 f 0.35 

1.23 f 0.09 

0.07 f 0.01 

0.37 f 0.03 

0.53 f 0.04 

0.58 f 0.07 

0.30 f 0.03 

0.32 f 0.13 

0.49 f: 0.20 

1.89 f 1.99 

19.27 f 2.40 

0.94 f 0.06 

0.17 f 0.02 

0.12 f 0.01 

0.26 f 0.04 

0.85 f 0.14 

0.73 f 0.07 

0.07 f 0.01 

0.20 f 0.04 

0.23 f 0.02 

0.29 f 0.05 

0.21 f 0.008 

0.14 f 0.01 

0.23 f 0‘.02 

0.53 f 0.14 

14.48 f: 1.76 

0.75 f: 0.07 

0.09 2 0.04 

0.09 f 0.01 

. 0.12 f 0.02 

0.40 2 0.06 

0.74 f 0.27 

0.08 i 0.001 



Pkaa Percent Dose/pram, 2 s.d. 

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

Blood 

Liver 

Splccn 

Pancreas 

Stomach 

Small Intestine 

Large Intestine 

Mrcnds 

Kidneys 

Pros tatc 

Tester 

Heart 

Lungs 

Thyroid 

Brain 

0.19 f 0.05 

0.14 f 0.03 

0.32 f 0.12 

0.12 f 0.01 

0.05 f 0.02 ' 

0.38 0.49 

0.09 f 0.01 

5.56 f 1.38 

0.49 f 0.12 

0.06 f 0.01 

-. .-0.07 f 0.01 

0.09 t C.03 

0.22 f 0.04 

0.13 f 0.07 

O.O$ f 0.01 

0.16 f 0.04 

0.06 2 0.01 . 

0.20 f 0.03 

0.07 f 0.01 

0.01 f 0.01 

0.03 f 0.003 

0.03 f 0.01 . 

4.59 ?: 0.45 

0.29 f 0.'05 

0.04 * 0.01 
0.05 f 0.01 

0.03 f 0.02 

0.11 f 0.01 

0.15 0.08 

0.06 f 0.03 

0.09 f 0.02 

0.03 f 0.01 

0.11 f 0.03 

0.04 f 0.01 

0.01 f 0.01 

0.02 f 0.01 

0.02 * 0.01 
1.81 2 0.57 

0.16 f 0.01 

0.02 f 0.004 

-0.03 f 0.034 

0.02 -c 0.001 

0.05 f 0.004 

0.12 f 0.06 

0.03 2 0.02 

. 

.. 

.. 
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Experiments were also conducted to determine if the labeled steroid Mas 

Three days following ,aetabolized by the adrenals and other tiSSueS of rats. 

intravenous administration Of the labeled steroid male and female rats were 

sacrificed and selected tissues removed, weighed, counted and homogenized in 

Folch medium. 

tographed on silicic acid columns by ellution with solvents of increasing 

poiarity. The columns ?re initially eliu'ded 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 

The organic phases from the Folch extracts were chroma- 

radioactlve component and also significant radioactivity in a region 

resembling the original steroid which appears to indicate b significant por- 

tion of the agent was not metabolized. The presence of non-polar radioac- 

tive components would indicate at least partial metabolism. hong the 

tissues which were examined the components that were observed upon chroma- 

tographic analysis of extracted lipids were conslstently different and would 

indicate that the radioactive components represent true mtaboli tes. 

The metabolism of such adrinal imaging agents ,is important because 
'.I.'' ._- ...... " .' 

-- 
:d. :*- 3: r. *: * 

... .. ...... . -. .. 

....... . 
-. 

. 1. .- . 
t' 

t!. .*; , .- ,. 
e,;* *, 1 * ,., . .-. .c ;-.-,*.. ,, '.' 
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.. ... -, - , c i i-,... ,: ,: ;. 7{,,, /.:\:c -, v7 ',a.l.. .i ,- .. .I 

1': ... .; .. ; .... -: .. 
.I . 

.. -f)!:.:.a: -, .i . ' . .*._I , i.'. -" i', ... n.., .......... '\I.-. I.-.. ... .. 
The adrenal glands of the male'rats were'clearly imaged'one day ' - ' 

after administration of the 123mTe-labeled steroid. Both the adrig- 

nals and ovaries of female rats were also imaged following the injec- 

tion of the agent bath a rectalinear scanner and an RC-type propor- 

tional counter camera. 

Tests with other steroids indicate a complex relationship between 

steroid Structure. relative rates of entry and exit from the various 

body canponcnts. Two steroids prepared according to the above- 

described procedure, 3-beta hydroxy-24-nor-23-octyl-tell uro-chol-5-ene 

and 3-beta methoxy-24-isopropyl-tel1uro-5-ene accumulate slowly in the 



adrinals. 

.ahowed a slightly greater adrinal uptake than the steroid in the above 

test. Two other steroids (3-alpha hydroxy-24-nor-23-( isopropyl 

telluro)-5-beta-cholan and 3-beta hydroxy-[( isopropyl tel luro) 

methyl]-androsed-5-ene did not concentrate in the adrinal s. 

The steroid 3-beta-hydroxy-24-i sopropyl tell uro-chol-Sene 

.C 

It is seen that the general synthesis method of this invention can 

be adapted to the preparation of any alkyl 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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