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m e  prodtuction of osmium-191 by thermal neutroln irradiation of enriched 
osmium-190 has furthes evaluated at neutron flux values from 4 x 1014 
to 2.5 x 1015 ~tmns/caZ=sec. ~n 0- to -in osmium-191 with a 
specific activity of 250 mZi per q of enrich& dum-190, Frradiation 

periods a t  neutron flux  value^ ICWW than 2.5 x 1015 neutrons/CmZ* sec have 

to be exterded up to 2-4 weeks. results in significantly increased 
levels of the undesirable iridium-192. ?he iridium-192 is produced by 
capture of a neutron by iridium-191, which is formed by decay of the short- 
lived 4.96 sec iridium-19lm daughter pnx3uxd & p -  decay of osmium-191. 
Elution of even small levels of iridium-192 frun the Os-191/Ir-l9lm 
generator results in a laxye proportion of the t~tal absorb& radiation 

dose frcan the generator eluate. !ha efficient methods for purification of 
Osmium-191 by conversion to d m  tetroxide and isolation by both 

distillation and solvent extraction mthods have been dweloped for 

of iridium-192. 
Cxrring this period, iodination of model nucleuside substrates has also 

been pursued. The reaction of iodine momchloride w i t h  the imidazole 

nucleoside, 5-amim-1- (2,3,5-tri-~-aetyl-/3-pribof1xancq1) imidaZOle-4- 
a&oxamide, pnnrided the mexpckd 2-chl0ro~daz0lermcleoside in good 

yield. ' Ihis cauld be a useful n~~thcd for preparation of other chlorinated 

imidazoles. 

.. 

. .  
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oIY= of the goals of the present stucty w a s  to ccprqpare the eqerimental 

pmduction values for aS-191 and Ir-192 (Fig. 1) in three reactors w i t h  

different neutmn fluxes (Table 1) w i t h  the thenretical values calculated 

using cmss section values available in the literature and calculated fram 

production sbdies in the HFTR. miS wrk has been prsued i n  conjunrrtion 

w i t h  Cla& mihaye, RLD., and Marcel  Guillaume, Fh.D. through 

191mOg 

Fig. 1. Pm3uction ard decay mDdes for rxidionuclides produced during 
neutron irradiation of enriched osmium-190. 

collaboration w i t h  the university of Liege, Belgium. Dr. mihaye worked a t  

ORNL for six-mnth p e r i d s  during 1983 am3 1987, and a close collab0r;ation 

has Oontinwii. In this ~kady, the literature values8 of the cross sections 
for the &-190(n,?p)Os-191m and (>s-190(n,p)0s-191 reactions have been 

adopted ard are 9.1 and 3.9 barns, respectively. Ihe m i n i m l  specific 

activity -t for the activated carbon gemrator is about 

250 m C i / q .  ' Ihis value is requrred * t o  prepare generators w i t h  enoqh 191, 

activity (1-2 C i )  t o  provide sufficient levels of iridim-19hn in small 

bolus volumes (<3 ml) * 
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Table 1. of m e  Flux V d u s  of l&?a&E 
U proauction 

Data f m  earlier HFlR studies clearly c 3 - e -  that prcdwtion of 
W-191 froan enriched OS-190 is linearly proportional with the for 6 

days and then deviates for longer irradiation period+;.3r4 Be@ause the 
Os-191 prsdud: has a long physical half-life of 15.4 days, the dec in 

prcdu&ion yields with increasing tire periods apparently n?.sults E m  a 
burn-up reaction of the OSmiLrm-191 product: by further neutron capture. 
Using the Os-191 production experimentdl data from the €€FIRI a cross 

Section value (Table 2) of 740 barns was calculated for the Os-l91(n, 
Os-192 reaction u s b g  the Batxm3.n ions am3 a SIMpLFx pmgram ( C k x r t s y  

of C. m i ~ ~ ~ y e ,  ~yclotr~n centerI university of ~;iqe, Belgium) .9 ~irec=t. 

e x p e r b f x l  verification of this value was m t  possible since Os-192 is a 
stable is0 and is present in only 1.86% a33undance in the emi&& 

0s-190 used for these studies. The accuracy of the OS-191 p&&ion 
isan of the exper 1 sdlm was evaluaw, I by a 

proctuction values of OS-191 at na t ron  fluxes in the of 2.2 x 10 , 
8.5 x 1014 anii 2.5 x 1015 for various irra&iation time pri& with me 

yields calculated on the base of the production . F  2 

illustrates that the experinental values fall on the calculated p-dion 

cxwe using the cdlclilated kmrn-up cxoss section and dmmtra- that: the 

prduction of 0s-191 at various wtxmn flux values can be acxxdxly 
estimated using this apprcach. 
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0 

DAYS IRRADIATION 

Fig. 2. Osmium-191 proltuction yield frcnzl e n r i M  metallic dum-190 as a 
function of irradiation tim a t  d i f f m t  t h d  neutron fluxes. 
T% cxuves represent calculated pm3ueti.m yields and the stars 

data. 

Table 2. Neutron Cross-section Values Used for Radionuclide 
prochbdion calculations 

05-191 Os-192 
os-190 os-19lm 
03-190 os-191 

Ir-191 Ir-192 
Ir-191 Ir-192m 

Ir-192 Ir-193 

740 
9.1 (ref. 8) 
3.9 (ref. 8) 

924 

2273 

A similar approad.1 was used to approximate the production of Ir-192 at 
various neutron flux values. Earlier studies in the HFIR had demnstrated 

that Ir-192 prcduction yields inrreased exponentially w i t h  time as would be 

expxted because of the rapid formation of Ir-191 fm decay of the ultra- 

short-lived Ir-19l.m (4.96 sec) grcxJing in f m  decay of Os-191 (Fig. 1) and 

the high neulxm cmss section for the Ir-191(n,$-)Ir-192 ~ ' - e a & i o n . ~ r ~  A 
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eposs section value of 924 barns was calculated for the di rec t  

Ir-191 (n, r) Ir-192 =&ion apd the decay of mtastable Ir-192n 

iscaner, and a value oE 2273 was  found for the Ir-192(nJ)Ir-193 reaction. 

The values for Ir-192 prmdu&ion calculated fKHn the cross section values 

aata. 

0 3 8 9 12 16 18 21 24 
DAYS I R RAD I AT1 0 N 

Fig. 3 Iridium-192 prodtudion yield fram enrich& rrcetallic Crsmium-190 as a 
Eurnction of irradiation the. The curves are the d c u l a t e d  
prduction yields and the stars represent experimental data 
dstainsd a t  2.5 x n - d / s e c  and the cuwes represent 
experimen~ data obtained a t  2,2 x 1014 n-a$/sec. 

The purification of osmium-191 involves either disti l lat ion or solvent 

extraction of oSO4 formed via acidification of potassium pemsmat@ (Fig. 

4 ) .  procedure in  analytical chemistry Distillation of Os04 is a w e l l -  

for the separation of trace levels of fm other E t a l S .  An 

altemntive method is Imsd on the extraction of um tetroxide frcan 

aqueous solution by carbon te t raaoride or moroform.7 

extrackion and seprat ion af the two 
w i t h  a sulfuric acid solution of thiourea to form the red Qs(M2 

canplex whose color intensity is measur& p t m t m e t r i ~ l y . 2  B D ~  ~E~~KXI,S 

( F i g .  4 )  for the separation of d u m - 1 9 1  as the tetroxide f m  iridium-192 

have been evaluated. The sepration is based on the reactivity of cxo4 
w i t h  p t a s s i u m  hydroxide in aqueous solution €om K2OsO4(oH)2. In this 

nntmer, c)so4 is h a c k = - e x t r a ~  fram the organic phase in to  a 

, the orqanic solvent i s  
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QsQ, 
in CCY, (Ir-192 in 

Acidic 
Solution , 

w h e r e  os-191 is the.n reccxrered in the s a m  chemical form as the startirq 
material. 

Solution) Extraction 

Argon KOH 

m (Os-191 + Ir-192) 

Back 
Extraction 

OsO, in KOH 
in KOH 99.9% os-191 

100% os-191 Separation 
Basic 

Solution 
4 

Fig. 4. Schematic of purification of osmium-191 by distillation or 
&?xtraction of d u m  tetJxxide. 

For the distillation method a special glass system design& for hat cell 

use has been developed (Fig. 5) . 'Ihe patassium peroSmate solution i s  

acidified with nitric acid or sulfuric acid ~ c h  ccpllverts the potassium 

penclsmate to the volatile osmium tetmxide. 'Ihe osmium-191 is then 
distilled at a temperature between 50 and 60°C with an argan gas sweep 

'into a xio~ solution  here the osmium-191 is as potassium percmnae. 
The discharye of the apparatus is passed through a K13H scmbker and then a 
charcoal trap to prevent the release of radioactive material.. 2he dark 

b m  colored osmiUm-191 potassium peromate solution is added in the 

aerator vessel by way of the addition funnel and the solution gradually 

tums clear after acidification. The Osmium t&mxi.de solution is heat& 

with a heat lamp to 55°C and the distillation requireS 4 h. The c a l m  

trap~ing solution will turn yellow as the d u m 1 9 1 .  is trapped. After 

ccmpletim of distillation, the cWnium-l91 is discharged into the 

collection resewoir with air pressure. ~s is the preferred method for 
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Fig. 5. Apparatus for purification of &m-191 by distillation of 
-4 



Table 3.  Results of 0srn.ium-191 Distillation S t u d i s  

os-191 os-191 Ir-192 % os-191 Elapse 
w?.# sauroe Init ial  product Initial proctuct Reoovered T b  

1 ~9los-OIwL 2985.7 mCi 2635.4 Ci 169.4 Ci 1 88.3% 3.0 h 
} 

2 1 9 b - O m  2650.0 Ci 1834.4 Ci 2.1 Ci ) 
1 

3 ~9los-Om 3497.3 mCi 3456.3 mCi 6.86 mCi} 

69.2% 2.5 h* 

98.82% 3.5 h 

4 19b-m #2 4940.2 mCi 4770.0 mCi 17.12 mCi) None Detected 96.5% 3.75 h 

5 1919s-E!& #3 5877.5 mCi 5830.5 mCi 19.8 mCi } 99.2% 4.0 h 
1 

1 
6 1g10s-3NL #6 7227.5 mci 6841.3 mci 205.3 a i  } 94.7% 4.0 h 
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the phases, the organic phase is collect& in the 
described above, ard the aqueous solution of 

me organic phase is aspirated back into the 

extracrtion thanker. 
solution follcrwing the same pmcedux?. 

Back extractions are performed t w i c e  more w i t h  0.75 N KCXI 

Table 4. Y i e l d s  (%) of back extraction of Os04 in El4 w i t h  KCBl 
solutions of different conamtmtion. 

Yield (%) 

0.1 
0.25 
0.50 
1.0 

40.0 
70.5 
81.1 
90.7 

Both methods for the remxml of Ir-192 are based on the her tnes  of 
Ir-192 during the facile corrversion of potassium percanate to &um tetroxide 

w i t h  acid. % distillation nethod has a separation efficiency between 0s-191 

and Ir-192 of 100% when conducted in the apparatus Shawn in Fig. 5. The total 
recovery yield of Os-191 is 95% and the tutal time repired for cmpletion of 
this procechrre is abcut 4 h. The extraction method is easier ta perform and 
the separation efficiency be- Os-191 and Ir-192 is 99.9%. The final 

reccwery yield of Os-191 is be- 92 and 95%. ?his prooelture, includ- the 

extmction and the back extraCrtian is aaxmplishd hi about 1 h. 
mese studies have demonstrated that the pmduction of OS-191 and the 

undesirable Ir-192 by-prcduct can be accurately predicted at thermdl neutron 

flux values fm 2.2 x 1014 to 2.5 x 1015 neutrors/cm2-sec. The published 

cross Section value for the Os-191(n,F)Os-192 reaction is 383 barns .lo The 
experimental data for Os-191 production a t  a flux of 2.5 x lOI5 n/cm2-- do 

not agree w i t h  the calculated values us- this literature value of 383 b. 

The total cross section Wue (924 b) for the Ir-l9l(n,K)Ir-l92 reaction 

calculated in the present work agrees very well w i t h  the published value of 
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954 be8 For thje Ir-192(n,n^)Ir-193 ion, the 2273 b value is 

difffzrent frcan the pub1 value of 1420 h8 In the present mrk, the 

presem of ather r€?actisnss such as Ir-193(n,a")Ir-194 w e r e  not ints 
account.. 

Purification of Os-191 by distillation of presents the advantage 

tion between Ir-192 is caplete. Ihe 

is 99.9%. For a generator 1 
6s-191 producled by irradiation of Cs-190 at a flux of 8. 
p i a 3  of  24 d, abmt 250 Xnci of Ir-192 is present. on the 

about 0.02% of the Ir-192 activity is eluted in a 2-5 !l..lcllus, Ir-192 

activity of 0.01 Hlci is e l u W  with the Ir-lglrn, 

mll m t  ta the tatal radiation 

AS an illustration of the importance of Jr-192 f m  

P in 1 m a  flux dose values to the 

liver for a bolus fm a gemxatar froan Os-191 pmduced at either 

2.5x1015 or 5x1014 ~ u ~ ~ \ ~ = s s c  in Table 5. For these 

calculations, the analysis of sequential camera fz-alnes tcl w a l m ~  the 

vascular passage of a bslus in a typical patient TEmS . values are 

calculated for the 100 of rrr@i inj 
psrcent ~ r - 1 9 2  elution f m  g m b m  used over the 1st two years in 
clinical studies in Belgium. 

Table 5. Iri~lism-192 significantly i n a r m  the total dcse. 

4.1 niR 
(5 S i )  

5.3 m 
(0.7 mCi) 

53 
(7.0 S i )  
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i l lustrated for the liver, is unaa=eptable and demnstmtes the necessity of 
Ir-192 remwal. Tkae ahimbed dcse values for a bolus elutim of Ir-19- f m  
a generatar prepamd fxum a processsd solution frun whid.1 the Ir-192 had been 
mmved are suunnarized in  Table 7.  he us~al 2 x 10% b- of 

0s-191 mtributes t o  the principal portion of the target o m  absorbed dose 

values. These values are greatly nsdurrd frrom the absorbed values for a 

typical 20 xi first-pass study w i t h  -9% human s e n n n  dLfxrmin. 

Table 7. ccn?parisan of expectsd absorfigd dose values far first- studies. 

49.0 (+0.7) 
1.2 (4-4.1) 
3.1 (4-7.5) 
0.7 (+1.5) 

200 
52 0 
700 
2 00 

I- mwchloride (IQ) is an iodiMting agent12 cxmmnly errrpl~yed for 
effecting the el- * ic iodination of arrrmatic moieties of amino acids 
such as tyrosine  am^ histidine resiltues of pmteinsl3-16 and of ather 

biological 5 m h ~ t r a t e s . l ~  Hcwever, the possibility of Csmrrurerrt CThlorination 

when enployhq this agent has not been investigatd. III this study we 
pmduct frasm a m e 1  1~118 reaction of 

5-amino-1- (2,3,5-tri-~-a~tyl-p-pri3mfixmmsyl) i m i d a z 0 1 ~ 4 ~ x a m i d e ~ ~  (1) 

in anhydruus tetrahydrofuran a t  -5°C. 'zhe reactim predormna ' tely (60%) 

provides the chlorinated product, 5 - ~ 2 - C N o r o - l -  (2,3,5-tri-~-acetyl-p-Q- 

derivative. The product. 5 w a s  isolated by silica g e l  column ChsTHMtOgraphy, 

anii the structure determined by 1~ NMR specrtroscopy. TIE! original signal for 

the proton a t  the 2-position of 1 is absent indicating that position-2 is the 

site of halogenation. spectnsn of 5 exhibits molecular ion peaks 

the formation of an 

ribofuranosyl)imidazde-4-fXCbo~de (51, rather than the expeckd 2-iodo 

The mass 
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the site of halogenation. me mass spectrm of 5 exhibits mlecular ion peaks 

a t  m/z  = 418 ( 3 5 ~ 1 )  and m/z = 420 ( 3 7 ~ 1 )  for the chlorinatd cxmpumi. 
Further proof for structure of 5 w a s  evident frcan its np: 188-189°C (lit.20 

mop: 189-190°C) and its Tu3 rn0bilit.y wfii& w a s  identical tr=, that of the 

authentic sarrqple prepared by a p 

A possible IIEX~XU 'a for the fomt ion  of the observed chlorination 

prodtud is outlined i n  Scheme I k a s d  on a polarized iodine-chlorine bond w i t h  

a partial positive dmqe on the iodine in IC1.  9he hydrogen bonded structure 

of nuclS0c;ide 1 m l d  be a favorable substsate for IC1 addition on the $,N3- 

double bond result- in inteme2iat.e fomt ion  of the i d o n i m  ion 2. 

Subsequent attack of chloride (C1-) on 2 would pravide in- 'ate 3 which 

could undergo arosmatization via elimination of KI: to yield the 2-chporo 

the formation of 5 by I C 1  trezitmnt of 1 is rather unusual, it 

indimtes that care should be exercised to  ascount for a simPlar potential 

side reaction while p@x-forming I C 1  iodinations for biological evaluations. 

Potential use3 of I C ~  as chlorinating agent for other imidazole c o n t a h k j  

m o l d s  such as purine nucleosides arid histidine merits investigation. 

described in the 

H, ,H 
N 

t -  
I CI ?2N) ~ .......... - 

N 
I 

A 
'N 

H R  
( 1) 

1 N 

H, /H 
N 

I 
H R  

(5.) 

- 

1.i , , t3 
N 

I 
t-' R 

(3) - 

H =  

AcO OAc 
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One shipmcmt of 1-131 was supplied to the TJniversity of Bonn (Dr. Icropp) 
and a prototype W-188/Re-188 generator system was supplied to NczoRx, Seattle, 

PIA (Dr. Fitzberg).  

F o l l c r w ~  the ampletion of toxicity testiny, Nihon lplbedi-physics, Inc. 

has they w i l l  establish multicenter clinical trials in J a m  for 

testing af the ~odine-123-labeled methyl-branched fatty acid (EMIPP) developed 

by the Muclear Medicine m;-ogram a t  . 'RE W P P  agent contains methyl- 

bmnchirq which interferes with c a m l i s m  resulting in significantly 

prolorqed retention by the h& rrolsGle which. is optimal for the incr 
imging periods required by SE". 

Meetirws and LelAum% 

K. R. Ambrase w a s  

H e a l t h  Safety Research Division Informtion Meet i rq  held a t  OIu\hL on 

Qcp--ober 27-28, 1987. P. C. Srhastava presented a talk entitled Wew 

App for Pr0teh-1  radiolabel^ for Diagncstic and Therapeutic 

Applications in Nuclear Meaicine." This presentation described the new 

deimide appn>ach which is an i m p m e d  methd for radioiodination of 
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antibodies and e proteins. 'fhie -1-t of the IXZW t ~ ~ ~ ~ b 1 - 1 8 8 / -  

rhenium-188 generator was also described. 

F. F. KMpp, Jr., visited NeaEbr corporation in Seattle, FJashington on 

Oztokxx 20, and preserrted a seminar on the develcq.anerrt of thempeutic age.nts 

a t  O m .  is involved i n  the amrcializatim of radiolabeled and 
theraputic a ~ l i c a t i o n s  in the use of rhenium-188 frcan the Tungsten- 

188/Rhenhxn-188 Generator System reoently develaped in the Nuclear Medicine 

P r q r a m  a t  ORNL. MrcSear -cine 

Program to the U.S. & p a r h a &  of Ebxgy Nuclear Mediche miew CCDnmittee on 

FQdiophantElcolqy a t  Bethesda, Marylaml on Nuv- 3 ,  and on Nwen&er 4 
presented an invited seminar describing the devel-t of radioiodinated 
fa t ty  acids a t  the Weal Department of Brookhaven N a t i o n a l  Laboratory. He 
visited the Institute for C l i n i c a l  and Experimental Nuclear Micine a t  the 

University of Bonn, W e s t  Gemany, and the Cyclcrtron Researdn center a t  the 

U n i v e r s i t y  of Liege, Belgium, to coordinate collaborative resardi projects on 
Ncrvember 23-24. He w a s  an invited speakes a t  the Fourth International 

Symposium on the Developrent of Radioidhated Fatty A c i d s  in Amsterdam, the 

N e t h e r l a n d s  on N w e m b e r  25-26. 

He also presented an averview of the 

P. C. SriMstava &=prted for a 2-mnth guest assignment a t  the central 
Drug ReseanA Institute, Lucknclw, India. He w a s  awarded a TYXZTEN 

D i s t i n g u i s h e d  Scientist Award through the United Nations. 

Ei2E%?s 
Members of the Nuclear Medicine Program also co-authored an abstract a t  

the recent meeting of the Irrternational Society of H e a r t  %search i n  Budapest, 

Hungary, an septezdber 13-16, 1987. This work described the kinetic and 

metabolic properties of the dimthyl-branchd E P P  fat ty  acid developed a t  

ORNL in caparison with other fa t ty  acids used for heart ;research and 

clinical applications. These collaborative studies were initiated i n  

Amsterdam while F. F. KMpp, Jr. w a s  on guest assigrmmt in W e s t  C;ernany in 
1986 an3 are continuing. 

lgcampariSan of kinetics between I-l23-heptadecanoic acid (n-Iw), P- 

1 2 5 - p h e n y l p e n t a d e c a n o i c  a c i d  ( I P P A )  and I - 1 3 1 -  

dimthylphmylpentadeamoic acid (IMLETA) in the normal dog heart." 
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F. C. V i s e - ,  C. M. B. Ihwe1, M. J. I”;enige.\ran, M. M. Goodmn, F. F. 
K n a p p , J r . , S . N . R e s b . , J . P .  

K. R. Anbrose, D. E. Rice, M. M. Goochnan, and F. F. KMpp, Jr. @%ffect 

of 3+%?thyl.-- ’ on the Metabolism in Rat Hearts of Radiaiodinatsd 
Idminyl L a g  Chain Fatty Ew. J. N t x .  W., 13(7), 374-379 

(1987) . 
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