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‘ ABSTRACT ' _
The pynmrdme nucle051de analogsS 1odo 3- errno 5 chloro and 5 ﬂuoro
-1- (2 ﬂuoro 22" deoxy B D nbofuranosyl)uracrl andl (3 1odo 3 deoxy B D arabmo r
furanosyl)uracrl were evaluated as non- mvasrve turnor magrng agents Radrolabelled analogs of

these compounds were synthesxsed for in Yivo studles in ammal models {“11] 5 Todo- and

[”Br] 5 brorno 1 (2 ﬂuoro -2! deoxy B D nbofuranosyl)uracrl T thesxsed by reactmg |

1. (2 fluoro 2 deoxy B D nbofuranosyl)uracrl wrth [”‘I] -1 ; an - » B":l respectively )
[2 “C] 5 Chloro and (2- “C] i-fluoro -1~ (2 ﬂuoro 2 deoxy B- D nbofuranosyl)uractl were '
synthesrsed by reactrng [2 “C] 1 (2 fluoro 22 deoxy B -D- nbofuranosyl)uracﬂ wrth Cl, and A

' F2 in acetrc acrd respecuvely {‘”I] l (3‘ Icl)do -3 deoxy B D arabmofuranosyl)uracrl was '’

| synthesrsed by reacungl (2 3 epoxy B -D- lyxofuranosyl)uracrl wrth aqueous [“’I] A -
» B 4 The m vivo trssue drstnbutmn excrenon and metabolrsrn of these compounds were |
evaluated in tumor beanng rodents The 5- halo -1- (2‘ fluord 2 deoxy B D nbofuranosyl)

| uracrls were evaluated in BDF mrce beanng a Lewrs lung tumor 1 (3 Iodo -3" deoxy B D | ™

- , -arabmof uranosyl)uracrl was evaluated in Wtstar fats bean? a Walker 256 tumor 5- Chlorc{ o

and 55 fluoro l (2 fluoro 2’ deoxy B D nbofuranosyl)uracrl demonsmawd potennal as \\ o ,

A
- non mvastve 1magrng radropharmaceutlcals by virtue of hrgh tumor to blood ratros (4 2 and \\_4 A

10 3 at 4 hours respectrvely) and selectr‘é uptake in tumor trssug All of the compounds -\

.'/j

7

examm;d demonstrated resxstance to in vivo degradauon T e

The nuclear reactron ‘Lt(n a)’l—l “O( H n)“F was used to produce ”F wrth the ‘

SLOWPOKE N_uclear Reactor Fac‘hty ”F was 3150 Pr6duced wrth a Van de Graaf f accelerator

usmg the nuclear reactron ’°Ne(d a)uF Targeyeand recovery systems were f abncated f or use ~ ) ._~

‘- wrth the accelerator whxch allowed recovery of the 53 actmty as both [nF] HF an d [“F] F \\\
The "F was used to synthesrse [2 "F] -1- (2 fluoro 2 deoxy B D nbofuranosyl)uracrl and R

[5 lF] 5 ﬂuoro 1 (2‘ fluoro 2' deoxy B D nbofuranosyl)uracrl mlow yxeld o L
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L INTRODUCTION

'l‘he development of radtopharmaceutrcals f or use m clmrcal nuclear medtcme studtes

- has been made possrble by the ¢o- operatrVe eff orts of researchers m a vanety of drscrphnes

Biochermcal research involving both endogenous btomolecules and xenobtoncs has identif 1ed

‘cornpounds which show specifi 1c1ty

dtseased 1nJured or metabohcally dysfuncuonmg trssues Developments in radtonuchde

for- the\altered physrcal or btochemrcal sxtuatton present m

productron and radiochemistry- ‘have permrtted the preparatron of- radrolabelled analogs of a. :

4

-

compound

3

The development of a new

’ number of 1mportant bromolecules whrle the techmques of in vivo: and in vitro screentng in test

v

- N »

radropharmaceuttcal must be based on cntena dtctated 'by a

h of these dtsc1plmes The compounds f or mvesttgatton should have a recogmzed or a

predtcted btologlcal f unctron related to the dtagnosrs o1 treatment of a partlcular brologlcal

disorder. Synthesrs of radrolabelled analogs of these compounds'muSt be possrble and must B

utthze:'zmonuchdes surtable for the partrcular countmg or unagm echmque to be used ln "

ddttron a suttable in vivo or in vitro test system rnust be avatlable for prehmmary screenrng of

‘the test compounds }f e

An addttlonal cntenon must be whether a demonstrated need exrsts f or a partrcular

dragnostrc oncology Berry and Ell

"o A . “ . y
. ’ 4’ : ) ~
1 . N i

| class of radropharmaceuttcals Such a need doesappear to exist in the area. of non mvaswe

’

have dtscussed the value of 1mag1ng agents m the '

pre treatment assessmEnt of caneerL These agents are requtred f or a number of reasons R

I3 45-

mcludmg the sereenmg of populatrons f or the early dEtectron of cancer assessmg the extent of

\

4.

and early deteetton of the recunence of a treated cancer

R

)

growth of a neoplasm observrng the response of agcancer a partrcular treatment modahty

-~

- 1magmg techmques (for exarnple pnmary hepatomas by 9’Tc"‘ -sulf ur collord or mahgnant

bone tumors such as osteogemc sarcomas by 9’Tc’“ -methylene dtphosphonate) other tumors

systems have allowed raprd pre- chmcal evaluatron of the therapeuttc potentral of a partlcular o

v

L

f /4.

Lo ’oe
-s
. .

Although many types of cancers are readtly detected by exxstrng radtopharmaceutrcal _‘ - ..-l



T

»

:

¢ '

are not easrly or accurately detected ThlS is the case Wlth many sof t tissue cancers. Chmcal

tumor 1magmg has been

perf ormed with a vanety of agents mclucﬁng “Ga- c1trate

“’Yb c1trate ”Co bleomycm Min- bleomycm and recently “‘In labelled autologous white -

‘

blood cells’*’ and radlotodmated monoclonal anubodles‘ s 67Ga crtrate 1s the most satrsf actory

s .

of these agents and is the radlophannaceutmal of Q‘hmce for tumor and abscess scannmg6 'I’lus

')

\agent has. however demons\trated a vanety of problems mcludmg poor uptake in turnors ansmg

s

from the ahmentary and gemto urmary tract concentratlon in normal ussues such as the llver

bowel bone rnarrow and breast as well as accumulatlon in pyrogemc lesrons Addmonal wmor -

6

locahzatmn agents spec1f ic for neoplasuc tissue and wrthout the comphcauons encountered with

| ”Ga c1trate would be of gredt value in chmcal.puclear med1c1ne L . S

RN “
t

. ’

From a clxmcal v1ewpomt an agent sultable for non 1nvas1ve locahzatlon of turnors
/

wou.ld have the,f ollowmg charaotenstlcs : L e . ' : : o

- .1, The compound would be taken up in tumor ussue

’ )

N

2 The compound would demonstrate selectivity of uptake S0 that the levels of radloactlvrty in.

body tlssues and f}urds would not mte)rf ere wrth the observatlon of the. radxoactlvny in the _'

v

tumor

[N

40 P .
. i . o, o \ .

/_ / .
A ,.4 .

L 3. For non mvaswe studles the compound/<v0u1d be labelled thh a y ray or B partrcle

emlmng radlonuchde The radronuchde would be readtly avatlable and would have a

‘ half:hf e sultable f or the s‘tudles to be perf ormed | o .". :

4. %e compound sl’tould be non -tox1c' This is'a relauve con51dérauon smce the blologloal

L

meéhamsm of mmor locahzatlon o£ten has toxrc eonsequences On the other hand the

. amounts of radrolabelled compounds used in an tmagmg study are usually many orders of .

‘ f_magmtude below the {OXi¢ thIeshold R '. L o

5 t‘I'he radtotoxxcrty of

N [y
» r

labelled compounds must be consrdered Radronuchdes w1th aor .

B partmle emlss1ons or those thh long half hves should nOt be used in human studres AlI

®

radlonuchdes mcludmg those generaﬂy regarded as safe f or human studles oause some

ussue damage and mcrease the nsk of subsequent development of neoplasmsl ThESe g T

4 . RN . P

~



dangefs must be weighed agalnst the possible benefits derived from the nuclear rnedicine

° LN

procedure T e S

‘,

6. The Iadlopharmaceutrcals would be easrly prepared f rom readrly avarlable compounds and

~

' : radronuchdes The r‘estncnon of ready avallabrlrty at one time permrttecl rnedrcal
v

. ’rnvestrgauons to be carried out only with longer lived ladronuclrdes (*“In, *'Ga, ”ll» ' “51,

- ele)-or, wrth generator produced radronuchdes ("Ga, ”Ic mIn"" etc). More recently

however, the develmeent of in- house cyclotrons and reactors has permrlted bromedrcal a

'mvestrgatrons of cornpounds labelled wrth short-lived radronuchdes (“F ”C 10, 1’N

"CtC) "‘ . . ) i ST o : a B

Pymmd.me nucle051des satrsf ¥, many of the charactenstrcs requrred of a good‘ ’

. /r. t

. non- mvasrve tumor dragnosuc agent 'Zhe naturally occunng pynrmdrne tmcleosrdes are uuhzed

) as; burldrng blocks f or the synthesrs of DNA and RNA wrthrn the cells Many analogs of the

- ‘natural pyrrmrdme nucleosrdes rmrmc this behavrour In raprdly growmg normal trssue and
o v
' twmor tissue the concemrauon of these analogs wrll mcrease relanve to that in body flurds and

- LY
slower growrng trssues Thrs behavronr has been observed for many pynmrdme nucleosrde

'fanalogs For example 5- fluorouracrl and 5 ﬂuoro 2’ deox ndrne are taken up selectrvely by e

amrnal' 10 and human“ a2 tumor cells The deoxythymrdine analog 5- 1odo 2 deoxytmdme is "

&

L R
* " has been shown to aecumulate ina vanety of aﬁrmal tumors" 1, The halogenated pmmrdme ‘

vl.

‘_{nucleos;des are an rmportant class of nucleosrde analogs whrch are readrly synthgsﬁbd and of ten

&

exhrbrt brolbgrcal actrvrty In addmon a varrety of surtable halogen radrorsotopes are aVarlable

“_'for tracer and unagrng studres a SR 9 . ‘

. "0";

A senes of pyrrmrdrne nucleosrde analogsS halo 1 (2' fluoro 2 deoxy B -D- nbo- :

_ f uranosyl)uracrl whrch have the structure l'were exammed in tlns studyT Compounds ﬁ and

‘4 alb were ongmally prepared and tes’ted as antrherpes vrrus agents by Fox and co- workers“ ¥

TSt’ructural formulae are numbered sequentrally in the text In addrtron the more |

important structurés are reproduwd in Appendrx 2 whrch may be folded out for Lo

quick. reference S R

A

-

LY

R mcorporated extenswely mto DNA m place of deoxythymrdrne” and the mdrolabelled analog B
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. These compounds were f ound to have both antrhcrpettc actxvxty agamst herpes szmplex virus

type 1 (HSV 1) and herpes szmplex virus type 2 (HSV -2) mf ected cells and cytotoxrcrty

towards normal human lymphocytrc cells in culture. The other two compounds in the senes lc -

and 1d, have not been- descnbed prevrously Thrs senes of compounds was chosen for testmg as

vpoten‘tial agents ‘suitable for non-invasive dragn_ostxc oncology.

a)X=1

b) X =Br. ﬁ

, o)X= Cl S
L | adxX=F. -
~ ‘: ‘} : X b‘ y
) B Uy . , ;

) 'hi vrston of Cancer T reatment of The Nauonal Cancer lnstrtute has defmed a R o !_‘

- p .

number of criteria: f ot the selecuon of drugs for antrcancer testmg“ Srncc antrcancer acuvrty

£

1mp11es some. selectrve uptake in-or mteractton wrth neoplastrc trssue these cntena also apply to

) compounds surtable as tumor dragrtostrc agents

Suxtable compounds are those whrch are analogs of naturally occurrmg compounds

those Whrch are prepared accordmg to a ratlonal structure actmty relatronshtp. compounds -
3 :

| _ wnrch are analogs of known anticancer agents ang those whrch have demonstrated btologlcal e C o

! = Cthlty in other test systems The compOl.mdS‘W“lh structure g :ausfy all °f th“e cntena They

. are analogs of naturally occurnng pynmldme nucleosxdes such as deoxythymrdrne undme and

'2 deoxyundme Compounds wrth the structure 1 rnay. due to therr structural srmrlanty to

niltural nucleosrdes cause pertrfrbaUOns m the normal oellular btochemlstry as is °b5°r"°d W’th " ,

e

S _»'_,_anumetabohtes such as arabmosyl cytosme (ara C) or 5 fluorouracrl and tts nucleostdef

":‘Compound 1di is an analog of 5- fluorouracrl a potent antmtmor agent 'l'he pre ‘ testmg R e

of compounds la and 1b as amrvrral agents" revealed therr toxrcrty toward aormal lyanhocyttc‘- S
Acells Although tlus observed cytotoxrcrty made these compound’s unsuttable as antmral\agents

: -'f

T B o T . " ' VRN . ‘o P .



aceumcals avarlable for pauent studm Such has been the case for eXample wrth

. '["F] 2~deoxy -2- fluoro D- glucose whrch has been used for brarrlu tumor” and heart“

B : 2. L days at 5 days after 1mplant creasmg 0 16 1 ys at 30 days af ter unplant.“ The tumor e

: A

P ' it drd suggest that they had some mvolvement wrth the cellular broché'mrstry,

The presence of fluonne ifr compounds la-d also presented the potennal f or labelhng

'~them with the short lrved posttron emrttmg radronuchde “F Compounds thus labelled would e | .
be ldeal 'for xmagrng studres usmg posrtrort emrssron iomography (PET) a. techmque capable o£

o 'gwmg accurate three drmenttonal whole body rmagm . “F 1s not sed routrnely in clrmca.l

° nuclear medrcme due to 1ts short half - hfe (T) .= 109 rmnutesT)" and drff 1cult chermstry
'ThlS srtuatron may change howeyer smce tn house cyclotron productton facrhttes and

unproved chemrcal syntlresxs wrth fluonne have made a number of “F Jlabelled tadropharm

‘

(N

1magmg Part of the present study was dtrected toward the productron of "F an/ rnvesttgauon ‘

"t of the syntheS1s of "F labelled compounds 1.

The in vivo test system employed mthls study was the Lewrs lung cmou{a- 'f'his LA e

.c,. [ T

N\

\ carcmoma occurred spontanebusly m 19;1 m a C57BL/6 mouse"‘ Several actors have - f .

| well‘charactenzed and can be f 1tted to a Gomperfz equauon”"“ ow 10‘ cells the'growm :

E .‘ex"""“e"“a’ C““"‘“ Th° ‘“m°f d°“b1m8 time has been repo ed as 1 oz days after -

) f‘ '1000 of me maxrmum tumor volzne” Subcutaneous ; plants gave tumop doublmg txmes of - ‘ '.-I._.

X :has been used extensrvely as an mdlcator of the therapeutm POtentlal Of expenmental an“‘%mw | ".' =

S ’__::_ ’»agents It was adopted as. a test system for screemng antrcanoer drugs by the Dmston ot‘ Cancer

o ;.fl:Treatment of The Natronal Cancer Instrtutetn 1971" » f-‘ ) o '-"‘". - : ’,.; )

' »;;{‘ - TThe half hfe values and other physrcal characterrsttes of the radtonuclrdes quoted 1n
* . this < work. unless- otherwise specified -are- taken ‘from "The "Table" of 'the  Isotopes’s
‘- 7th edition, C. M. Lederer and V.=S.- Shirley editors, . Wiley* -Interscience, New York .2 :

N
SN

A ?

e —— . — - ot

s ;(1973) Reference 0. e also Appendtx ﬂt for data on selected radtonuchdes

_.jf, R
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y . \The wrdespread use of Lewis lung carcmoma as a test system f or: therapeutrc anttcancer s T
agents has been cnucrzed by Hewrtt’7 He presented evrdence suggestmg that over 1ts‘long LIRS o
. . ’. . . N
hrstory of transplantanon the tumor ‘and host tlssues may have developed htstologteab mcom- e
: RN e '
panbrhnes Consequently, in therapeuttc studles  the host s nnmunologrcal response 1s fn part
. - o :" .
responsrble for the better than, expected 1hcrdexice of c.ures dunng antrcancet drug treatment ATy =
(ref erence 27 and ref erences quoted thel:em) ln addmon thﬁ tumors tend w0 ggow laﬁond the v T
ability. «of the vasculanzatron to supply them w1th.nutnents and older tumors develop necrottc -
B B " r = l’ e s - ~ > h . . R
centers . R N S o ST e ) . T
. In the present study we aie concerned W1th dtagnol;ttc rather than thera'peutrc potenttal R
) s 1 A?\ ) B LU s..; l -
) of our test agents and so the reservatxons noted in referenc\e 27 are not as tmportant In R P o
g . ¢ \ i . Do o N o R -
o addrnon the drstnbunon studxes were gamed out on young (10 to 20 day)-tumors and L N
extenswe necrosrs was, not a problem The tw? was transplanted 1nto BDFl rmce (C57BL/6 s
. « S, . . ‘ o> L'
f emale cross wnhDBA/Z male) the stratn most often employed f Or chemotherapeuuc Studtes e
Y A\" Witﬁ LCWXS lung t“umors, ’_. . . , \‘ ..'- . o . SN - :‘ T .‘i-,,’ Mo .‘ 4»'-1‘ . N » v-‘j';p: ‘f ‘. ;:A.‘,.
. B . . t o, RO . . A .‘ - : . ’\ L o ) | :.‘- L &1:’ . A *,’ 3 ;
. .‘ '\‘ . ;‘ ‘:1\‘ ; . . . K S —:
C o . . » B . v Ed i
. Lo . N . . ;\- L _'::‘ . L 2
-‘,' . - ’ ";, '. Y . . -ﬁ* . u »
L ‘ - :' - e Y "N.;;?. "
L ‘n “ ‘fxt e "(,'...l_ s r"yi'y.

Arl addmonal study was camed out on the compound 1 (3 -1odob3 deoxy ﬁ»D

arabmoftxranosyl)uracrl (2) Thrs compound ls an analog df uncnne or 2'-déoxyundme whrch

e [l ‘7,

9 L
L may have potenttal«as a non»rnvasrve dragnostlc agent f or tumor Iocahz.atxon It 1s postulated

b

H
. ’



‘» // trappmg of the cornpound Synthenc studres were carned out’ wrth“’l DR e

- 3

&

The in vivo test systern employed for prehrnmary screemng of this compo/pnd was the N
# 9
Walker 256 carcmosarcoma in male Wrstar rats Thrs tumor arose Spontaneously in Tats of

unspecrfred geneuc constuuuon in 1928 and is generally used as an allotransplant (tumor tissue

and host msue not hlStOlOglcally 1denuz31) m Wlstar razs27 Kmenc stuches show the turnor to
f\; A =
4 . obeya Gomperz equauon with a doublmg time durmg the exponentwl growth phase as short as’

0 5 days?s?* Frorn 5to0 10 days after an mtramuscular mJeCUOD ef Wa]ker 256 earcmosarcoma :
the doublmg ume was shown to be 1. 7 days a rate of growth excwdlng all normal rat ussues
ex;cept that of t.he eprthelium of the small 1ntesnne" Th;s Ieachly transplantable raprdly

o growmg soh}i tumor has of ten been used for therapeutrc antrcancef St“dles and was adeted as. .

R an a.nucancer screemng“test by the Europeaﬂ Orgamzauon for Research on Treatment of

Canccr (EORTC)“ e T

Cwe ) ) v‘ Co : :

S «;\ . The prl,maty aln'.l Qf thls study was tO examme the potentlal t.hls senes Of tcst ; - K
| compbunds had a3 agents for non- mvasrve deDOSUC Oncology Thxs study ) wru have a*’ﬁ, SR

secondary value by mcn:asmg, the hformauon avqlable concermng the, structure actwrty

S '
L oy LI

B re]huonsmps of modrfred pynmdme nucleosrdes il e SR ,-.' R
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I1. LITERATURE REVIEW
\ ot - -

" A. The Production of "'F

o ‘lntroduction». e )
. The radionuclide “F‘was artificially ,produced*over 45 years ago. Within thﬁe space of
several months thts new 1sotope of fluoririe was reported a pro‘duct of deuteron irradiation of
. L
neon gas’’, the proton bombardment of oxygen” the htgh en gy neutron»bombardment of
* fluorine** and the deuteron bombardment of oxygen" The first tracer studres with '*F,
showing the drstrrbutron of the amon in the bones and teeth of expenmental animals, were -
3 e . <
carried out several years later’5 36 Desptte ;ts&lon‘g hrstory this radtonucltde- has until the last
decade had a rather modest role in nuclear medtcme Reactor and cyclotron sources could

produce I'E only in tts amOnrc form whrch locahzes btologrcally in bones and teeth where it
substltutes for hydroxyl and btcarbopate at the surf ace of 'the apaute crystals” a1
c™ -labelled 'phosphonates have proved supenor.to ME- as bone scanmng agents®’ although

. the recent developments in positron emission tomography (PET) have once agam made *F an

attractive choice*®. An addtuonal obstacle to-the use of 'F was the.absence of synthettc
methods for mcorpOratmg thrs radtonuclrde into orgamc moleﬁb‘g |

_ A number of factors have contnbutecl to mcreased application of YE in addition 10 its
lfrmted role as a bone scanning agent. The development of posrtron emrsston tomography has
enhanced the value of short hved posrtron emttttng radtonuchdes In thrs class which. mcludes
uF 1C,N gnd 15O fluorine has the most desuable decay characteristics. Its half - hfe is 109.7
mmutes“’ whxch is long enough to allow the syntheses of a number of orgamc radropharm
aceuucals In addmon the relatwely long half - hfe permits the. observanon of slower rnetabohc
proces;ses m tracer studres ‘UF has a lower B energy than 1C, ”N ;and 0 and this gives the

' -posmon a shorter tissue penetration and correspondtngly increased resolutton in PET studies

ar ramnonnds containing this radionuclide. In contrast to the other short- hved posrtron
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emitters mentioned above fluorine is not a normal constitutent of biological molecules. Fluorine j

contalning molecules can only be analogs of naturally occunng ammal or human bromolecules

Fluorme is strongly bonded 10 carbon and resembles in some Iespects both hydrogen

(Van der Waals radu H=12AF=1354) and hydroxyl (electronegatrvxty, OH =35 F~
C

‘= 4.0). Substrtutron of hydrogen or hydroxyl by fluonne can give compounds that have slmrlar

[y

--or signif’ 1cantly altered pharmacologrcal behavrour when compared to molecules for r which they
-are analogs. For example 2- deoxy -2-fludro-D- glucose (2- FDG) rmmrcs deoxyglucose in ifs

metabolism in tissue” 42 while 5- fluorouracrl (5- FUra) in contrast to uracrl exhtbrts a profound

1]

toxicity to prohf eratrng tissue*.

’

The dual 1ncent1ves provided by developments in PET and the recogmtron of
blologrcally mgmf icant fluorine contarmng compounds haye helped to remove the remarning

obstacles to the productron of M'F- labelled pharmaceutrcals A vanety of new synthetrc methods

\ ¢ . -
have been developed whrch provrde rapid, selectrve “high -yield syntheses of a vanety of usef ul

‘F labelled radropharmaceutrca.ls These new Synthetlc methods will be drscussed later. In

,

dditio\to 1mproved synthetlc methods there have been 1mprovements in the productron

methods f or “F Large quantities of thrs radtonuchde are routtnely produced by M

-

cyclotron methods A complete -Survey of productron methods for *Fis beyond the s;:ope of
_ this review. A number of revxews of’ "F productron haye been pubhshed“ 43 Vanous
producnon ntethods will be discussed wrth emphasrs on those methods which have yrelded

°synthetrcally useful radr_onuchde.

Reactor productlon of uF, . _' ‘ ,'

There are several possrbtlrtres utrhzrng neutrons for the productron of “F 'I'he nuclear -
reactron “_F(n 2n)“F has been employed with fast cyclotron produced neutrons in recorl -
labelhng“ and for dtrect activation of fluorme eontammg orgamc compounds” Dlrect
actjyation led fo extensive degradatron such that greater than 80% of the radronuchde produced

was no lon'ge_r‘ associated with the starting molecules”. This nuclear_ reaction is, however,

-
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" unsuitabl‘e for reactor production of *F due to the low energy of the reactor neutron
: , : o _

k populauon ' - , ' SO | T

A readtor pro‘ducuon rnethod for "F grvmg hrgher yields and more versatility is the

N

bombardment of 14Q, the naturally occurmg 1sotope with energetic *H. The *H with energy

0

maximum of- 2 73 MeV is produced by the reactron between reactor produced neutrons and °Li.

. The overall reaction is 6Lr(p a)’H, ”O(’H n)"F Compounds contarmng both hthlum and
‘#

oxygen are the logical choice for targets Although other hthrum Largets have been used**™*®

Li,€0;-and LiOH - H,0 gave the best combmauon of relatrve yield and ease of punfrcauon“ .7 /

The problems assocrated wuh reaétor produced WE have been overcome 10 a great extent by
proved methods of sample preparatron and sample processmg after 1rrad1a\10n The yrelds of
“F have been 1mprOVed through the use of enrlched ¢Li-targetsY >90% ‘Li as compared to -
7 42% ‘Lr in natural abundance lithium compounds)“ 33736 In ‘theory 9. 25 gsgabequerels (GBq)
of *F per hour pef gram of madrated ‘Lr as L10H caf be produced at a neutron flux of 3 x
10”~n cm? sec 2. Im pracnce this value is greatly reduced“ 56 One reason for. the reduced

activity is local flux depression in the reéctor due to the very high capture.cross -section of °Li
. \ . ~

for thermal neutrois®. =~ v

N
v The hlgh capture cross secuon has required careful attention to the geometry of

1rrad1ated samples in order to obtam maximum yields. A 1 mm thrck layer of LiOH - H O or
Lr,CO3 has been shown 1o effectively capture the majority of incident neutrons" A7, |
Consequently optimum’ yrelds resulted only when a thin layer of hthrum salt was exposed evenly

A to Lhe neutron flux. 'I’hrn alummum pouches or plastrc cyhnders have been used’7 as well as,

]

Quanz ampoules wrth spacers 10 reduce the sarnple Lhrckness” -5, The salt has also been melted
and applied as a thin film to the walls.of the 1rrad1atron contamer" The hrghest yields of *

reactor produced "'F reported in Lhe lrterature (2 8 GBq) were produced usmg an alummum '
can wrth a graphite coating and a graphite spacer" '

. \ LN

. A variety of , rnethods have been used to recover“»'F in a useable form from the reactor <

»produced product. The !'F has been washed from }he insoluble sdlf (eg Li,CO,) with vvater and

. -
Y
’
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thén taken up on ion exchange resin****¢°. In other recoverv methods the “F has been

precrprtated as fluorlde salt” &1 or isolated as an approprrate synthetrc precursor such as tetra- -
\
allrylammomum fluorides3s2#3 Altemately the lrthrum salt may be drssolved n concentrated

sulf uric or perchlorrc acids-and the “F removed by drstrllatron under a flow of steam or mert '
1 .

gas*’” 51m5462 A novel system was used for in | transit recovery of BF from 1rrad1ated target .

’ s

' material in which the “F was transf ormed 1o volanle trrlnethylsrlyl f‘luonde and trapped m -

alkaline ‘solution®*.

" In addition to the- separauon problems matena} destmed f or ammal orlhuman t-racer'_'
studres must be made f ree of lithium and trmum resrdues Trrtmm acuvrtres have been shown

to be approxrmately one- half the actrvrty of the UF produced” Thrs level of *H- contarmnatron -

requrres caref ul purrf ication of synthesrsed compounds and care'to avord contammatron o_f

- - -~

working areas The numerous problems assoc1ated with reactor productron of “F inaf orrn

. <

surtable for radrochemrcalfsynthesrs make this the»method of chorce only when no accelerator or-

I3

cyclotron producnon f acrhty is avarlable Even S0 reactor produced ”F has been used 10

produce a number pf compounds su1table for tracer studres These mclude fluoroalkanes” 43,

\

, . -

fatty acids®, 5 -fluoro-DOPA** and 3-fluorodeoxyglucose®?. ‘

Accelerator methods for the productron of F. o o '

The maJonty of "F labelled radlopharrnaceutrcals are synthesrsed usmg accelerator

-

v

produced radronuclrde W1thm the last f ew years rmprovements in’ targetry and a better

\A.

understandmg of f‘luorme chemrstry have allowed the Toutine producuon and chnrcal utrlrz.anon
of a wide variety of fluormated brologrcally actrve molecules The accelerator productron

methods may be drvrded mto those usmg water or sohd target matenals and those using gaseous

~ ‘

target matenals.,vThe gaseous target rnatcnals may be ‘further sub—drvrded mto those producmg

[¥*F]-anion and thpsefproducing' [“If]-rnolecular-:fluonne._ . L T

-
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(a) water and solid targets

\

Early aécelerator production of “F in quantities suitable for labelling involved almost.

exclusrvely the 1rrad1atron of watér targets by either *He-'or a:particl'es. The nuclear/r‘_eactions _
employed are “O(’He p)”F and “‘O(a pn)**F. The former reactlon has 3 much hrgher
actrvauon cross section at a lower energy (374 mrlhbarns maxrmum at' 8 MeV Tor *He and 140

rmlhbarns maxrmum at 36 MeV f or a- partrcles)"6 -67 For particle beams of sxrmlar energies .
/ . .

(about 25 MeV) the yield of MF is five times greater for ST A ' ]

). y

The major producuon ptoblems for water targets mclude the burld up of heat and the

development of pressure in enclosed systems. This latter effect is due to the radrolytlc ,

decomposmon of target water Early trtamum target holders used- catalytlc recombrnatron of
evolved H, and 0, gas“"" or a pressure resrstant assembly“ and coolmg by an external water

flow Another solutron td the heat and pressure burld up in the targets was te allow the target

»

water to crrculate thrOugh an extemal crrcurt whrch contarned a heat exchanger and a vent for -

the release of excess pressure“”” o _' t B

-

Productron methods of thrs type yrelded a water solutron of [“F] amorl of an

unrdentrf 1ed chemrcal composttton" However addmon of carner ﬂuorrde or exchange wrth .

ﬂuonde f ofms ‘of ion exchange resins-or fluormated compounds yrelded precursor compounds

' surtable for the synthems of blomolecules For example f‘luoroborates" 73 fluortde salts76 '

fluorrde .'resms72 " and tetra lkylammomum fluorrdes”’ have all been produoed f rom water ,

Some exploratrons of solid oxygen contarnmg target matenals such as Sios were 4

e

undertaken" Numerous problems such as the co -productron of P &f 10m the nuclear reactrons

\

”Sr(a p)"P and ""Sr(a pn)“P) contamrnanon of the soluuons of UF wrth soluble srhcon

o~ t

compounds and the necessrty for camer fluorme in solutrons -used to extract ”F t‘rom target

- -

matenal outwexghed any advantages that mrght have. resulted from the use of a solrd target ' .',

partrcularly effi rcrent wrth a hrgh cross sectron rnaxrmum at a low proton\ energy (575 rmIlrbams

.

T
4 ’

- o . - "

“ materral Ennched targets of [“O]~water have also been used”'" The B(p, n)"F reactron is o

i
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| ) (z) [1 YF ]-anion producuon .

4

-

at 5 3 MeV)‘7 f: Unf ortunately the, htgh cost of l'O enrrched water isa srgmfrcant deterrent 10
‘ tl

dts wrdespread use, although small volume [**0)- H o) ennched targets Wthh recover apd recycle

A

' the "0 have proven usef ul in the preparatlon of “R ﬂuonde”
(b) gas targets . S

/‘ . . 'y}
«

At present most of the “F used for chemtcal synthesis makes use ‘of gas {argets v

‘ composed of either 1*0, for the “O(p n)“F nuclear reactlon or z°Ne for the 2°Ne(d oa)V'F .

. reacuon Although the latter reacuon (225 rmlllbarns at 6. 3MeV)“ 1 is far less efficient than

the f ormer it has garned wide acceptance, It has the advantage of using, natural abundance ' -

neon, a cheap, easrly purified and chemtcally inert target matenal Maxnnum recovery of "FA in
the expected chemlcal form has requtred very caref ul attenuon to the destgn and operation of”’
targets and recovery systems and to the purity of the ga?mrxtures used as the target- matenals

Gas targets can be lelded mto those producmg [*F]- amon and those producing ["F] F2

\

"

The standard [“'F]- anton ‘tadionuclide producnon system allows an energe’tic particle. '
beam to pass through a thin foil and bombard the appropnate gas held under pressure ina
) target holder The 1‘F is prod ced as energettc atomrc fluonne In this state 1t 1s tremendously

. reactrve and w1ll f orm compounds 1mmedtately with constttutcnts of -the target gas, m'lpuntres -

in the system or the target holder 1tself
‘ The htgh chemtcal reacnvrty of fluortne also requtres specnal recovery ”pr’oc‘ed'ures @A .

number of crrt:ulaung gas targets have been used‘° Al 'l‘hese allowed “F to be flushed from

the target dunng the 1rrad1at10n and recovered at a sxte external to the target holder In

~

def erence 10 the known reacttvrty of fluonne and many of 1ts compounds the target holders ,' '
have been constructed of mckel whrch is lmoWn to resrst chemtcal attack by fluorme” Brass o
target holders w1th thetr surf aces passxvated by prevrous reacttonwvtth molecular fluonne have o

S

also been used‘° and recently c0pper target holders have been successfully employed" o e

= LY X . .’



| _added H, and with a rapid 8as ﬂow-ﬂ!‘ve allowed trapp@f [“F] HF m sahne‘° or on CsOH -

~ coated srlver wool" It has been estrmated that wrth 15% H2 in the neon target gas the flow

14

The nuclear reaetron 19Ne(*He, an)“Ne -+ U'F has been utrlrzed ina raptd gas flow ‘

syStem" The rapid crrculatron of gas removed the mrtral product (“Ne) from the target

AN

holder The '*Ne then decomposed (Tl = 1.67 seconds)’* to “F which reacted wrth H, in the

4 target gas to produce [“F] HF which yvas then trapped from the crrculaung gas ina: cooled _

section of teflon tubing.

Other flow systems have rehed on the external trappmg of [“F] -HF forme’d from “F

. \ ¥
- produced by the 2“Ne(d a)“F nuclear reactron Target gas contarmng the desrred percentage of ;-. |

first of two sﬂver wool plugs" " The ["F] CsF f ormed in thrs reactron has been sudcessf ully

» provrdrng the potentral for hrgh specrf 'c acuvrty syntheSIS m srtuatlons where anhydrous

reagents a‘r;,e requrred

utrlrzed asa precursor m the synthesrs of 2 numbcr of 1nve\s‘trgauonal radropharmaceut- S

\

: rcals“ 47,88 The [“F] CsF has the dual advantages of bemg carner free and anhydrous thereby

\ v

I

. "Surf ace oxrdrzed" Srlver wool prepared elec _,tr&hemrcally ‘has been shown to

quantrtanvely trap crrcula )g {”F] HF" Thrs prpcedure has been used successfully to obtarn

' vtrapped on th'e surface of the 1nsert<:during bombardment was subsequently removed by rmsrng

A7SD MBq quantttres of ["F] HF for the. synthesrs of alkyl fluondes : '-_,‘ . J :

Glass target mserts have been used as an alternauve to ﬂow systems“ "’” 'l‘he‘ f.

L] .

. ‘_"wrth water“ 9 or salt solutrons“ . ” and utrlrzed m radrochemrcal reactrons or nuclear rriedrcrne

-l

T

| procedures reqlurmg "F amon, A 1'01311118 Quartz lrner was uSed vhth "’Ne as the target ’

-

' rnatenal m the rouune roductron of I-' Stenle solutrons of J‘F amon were reoovered from
. P ‘

t

' 'thrs target by flushmg the msert wrr_h water or salt solutron“ A staxnless steel target hol&er -

'}

:,’.usmg a mobrum entrance forl and a sﬂver surfaced' pyrex lmer has been used wrth “O, as target

matenal to obtam up to 5 5 GBq of "F per uA of beam,turrent” Most pf the actrvrty was

~

mpped on the pyrex lmer whrch was removed and used asa reactron vessel f o‘r sUbsequem g i

S . IR
(3 AL

N
system removed 60%_of the “F actrvrty from the target holder of whrch 90% was trapped on the _'i 1

i
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syntheses requrrrng “F amon Alternately the ”F has been removed from the lmer by borlmg 1[

-in water" The- very expensrve “O, target materral was cryogenrcally %overed after each

} trradratron wrthout contamrnatron by ”F

.

A prototype copper target .holder has been developed Wthh allows .static i'rradiation of a

", neon target and subsequent recovery of up to 85% of the ”F actrvrty as camer free

£

[“F] -HF"* 0 The recovery procedure requzred heatrng of the target body to 300 C under a’flow -

l

of 10% H2 rn He. Thrs copper target system was regarded as supenor to the fluorine passrvated

target holders whlch may contrrbute non- radtoacttve ﬂuorrne 10 recovered matenals and -

‘s o

> thereby cemprormse the carrrer f ree state of the ME " Copper was selected f oI the target .

system af ter, trral expenments wrth a number of meta;ls Absorbed “F was more readrly released

P ,

i rom copper upon heatmg than f Tom any of the other metals tested Copper has the added -

N a N I

Lo advantages of bemg easy to machrne mexpensrve a,nd readrly avarlable asa hrgh purtty metal

l

Ie . .
. A,

Another statlc target system has-been. descrrbed for appllcatrons where a

no carner added product is not requrred” The addmon of 4 4% HF to the target neon gas has o

allowed fo,r 100% recovery of the actrvrty as [“F] ‘HF af ter bombardment Altematlvely the

' problems assoctated with han,dlmg HF have been overcome by.in srtu radrolytrc productron of

’ .HF from CF.,and H2 mrxed wrth the target gas Although not carner f ree the product [“F] HF

- was obtarned in htgh yreld and at high specrfrc actxvrty” Recently a target system was descrrbed

for. the in sttu productron of [“F] -HF by the deuteron 1rrad1atron of a neon / hydrogen gas ‘l :

. mlxuue“’ v. . . : . | B ‘- _' . ) s . ‘. . ‘ R

'.)

(u) ["F] molectdar ﬂuarme producuon R - ' T ‘V :

Accelerator producnon can also yre‘ld “F ds molecular ﬂuonne In.thrs chemrcal f orm it

may act asan electrophrle and thereby permrt the added synthetrc potentral f or: eleCrrophrlrc

IS addrttons aud substttutrons in surtable compounds The frrst synthesm elnploytng ["F] F, was .

‘

' '_ reported in 1973" when Wolf and co workers prepared “F labelled 5 fluorouracrl from the

reaeuon of [“F] F, wrth uracﬂ‘ The maJorrty of, work performed smoe thrs mrual report wrth

(4 ’ AN
. S

o . . N . ) . P . s . 15
' . . . . .
. < -y oL . . .

L



b remams some uncertarnty about thrs clatrn" A i E

16

[nF] F,is based on targetry developed and refined by Wolf and ’co-workers al the Broolthave_rl_§ |

Nattonal Laboratory Therr passrvated mckel target_ holder has been descmbed in detarl”, They

- s

have also reported ref 1nernents in the gas handhng systems" purtty requtfements for the target
gases" and the development of a shrelded and remotely operated synthesrs system’°° The: reader
- is ref erred to these papers f or more detarls Thrs systg{n has relrably produced [“F} -F, whiich

has been used by Wolf and co- workers f or the synthesis of a vartety of precursors and
\
btologrcally unportant leecules’°°"°6 Other workers have successf ully used the Brookhaven

' ')

targetry desrgn f or the producuon of [“F] F2 for.a vartety of synthetrc pro_tects107 M2

Thrs target holder was constructed of hrgh purrty mckel pohshed inside to a mirror

‘

frmsh and 1solated f rom the cyclotron or accelerator beam lrne by an ajuminum backed mcltel

~

f orl" Gas delrvery and recovery lrnes were constructed of monel rnetal as were all-valves and

:

other surfaces in contact wrth F, The system was passrvated by heatmg at 300 C i or 48 hours

M (+) f urther attack and was reported not 1o exchange wrth F2 in the gas phase’”’ although there

l
f

a

¢

‘.

D . ’ffhe target gas was typrcally a mrxture of ultra pure neon and O 1% to 1.0% F,as - :

= eamef Impurrtres in the target gas must be rtgorously excluded since the hrghly Teagtive | "F has

beén shown o0 react wrth traces of N, and CO, as well as hydrocarbon 1mpur1t1es to fi orm )
- non reactrve Spec,tes Wthh af fect the yleld in subsequent syntheses requtnng [*F} F ” Carrrer

free [“F] -F, has not been recovered to date Recovery of activity from the targe‘t holder is .,

typrcally 50 to 60% of the total actrvrty producedl»oo and expenence with the synthe515 of o

["F] fluorosugars has shown that specrf ic acttvrtres of 0.7 GBq per rnrlhgram of product can

Q y/

N Lo

lx obtalnedlﬂ 105

A srmrlar mckel target system has been used wr‘th a Van &Graaf f Acceler/flr to

v b produce 0 9 GBq of ["F] F,“‘ The unpohshed but pass-tvated target holder used 1% or 2% Fz

in a neon target ‘gas Thts system suff ered f rom the same loss of reacttve [**F]- F2 ,due to thé

*

reactron between ";F and rmpurrtres m the target gas and the target holder surfaces as descrrbed |

\

_ under a preSsure of 1 atmosphere of F; ‘The NlF, coatmg formed by this procedure was inert.

I3
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previously -
, The high yreld nuclear reaction 'O(p, n)”F has also been used to prodtice [*'F]-F» ina
' mckel target systemm The procedure rnvolved the proton rrradlatron of an “O enriched
,7 _oxygen atmosphere. The ”F produced adhered 10 the walls of the target chamber and allowed
- the 110, to be cryogemcally recovered A second short 1rrad1atron of an rnert gas / F, mixture
f allowed [*F]-F, to,be produced via exchange with the 1E absorbed on the target walls and
subsequently recovered f rom the target holder The recovery was vanable and low but the
system seerns to Have potentral for producrng substantial quanutres of [“F] F, : .
‘ A recent rnovatron in '*F -production was the development of multi- -purpose target
units which have perrmtted s1multaneous or sequential produ'ctron of ”F in conJunctron with
other short lrved radronuclrdes" 15116 These systems have allowed semi- automated productron ‘
of radionuclides wrthout the necessrty ‘of manual swrtchrng of target umts’ These systems -
provrde the advantages of raptd swrtchmg between the vanous 1sotope productions, economy in
: f_‘ftarget constructron . effi 1crency in the use of irradiation schedules and reductron in personnel
.radratlon exposure | ' S " -; B
Although [*F)- F has proved to be a valuable precursor for the preparauon of .
[1F]- labelled radropharmaceuueals there remam a number of problems whrch lumt its.use ’I'he
' 7,produt:tlon method requrres a cyclotron capable of acceleratmg deuterons since the
“ 2"Ne(d a)"F nuclear is the only practrca,l method of producmg ["F] F, m quantrtres surtable :
for Qynthesrs The strmgent requrreménts On gas purrty target f abncatton and recovery L
met‘hodology requrre dedrcated resources and manpower in- order to achenve routme
'.producuon of this Specres At present no- carrrer added L”F] F1 1s not avarlable Syntheses
employmg [“F] Fz do pot yreld products wrth a suff 1c1ently hrgh specrflc actwrty to be used in
ome krnds of studres For example the 1ow uptake of WE-4- fluoroestradrol mto the prostate of
v rats was attrrbuted to the 10w'spec1frc acttvrty of the ﬂuonnated compound”’ A fmal problem , |
: "‘ls the loss of at least 50% of thq-“F produced dunng synthesrs due to the formatro::l of. -

non reactrve specres or unwanted by- products While ["'F]- amon rs somewhat more accessable

L
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.
A

can be'vproduced at 'nof.carrier-added levels and’'can glve theoretical yields of 100%, its use has

>

~ been restricted somewhat by the absence of suitable synthetic procedures for its incorporation

@

B. Radiochemical Synthesis with '*F

into organic molécules. A number of recent advances-in radiofluorination methodology Using

£y

[1*F]-anion have helped to.improve the syntheti‘cvpotential of this species.
. (W) .

D
b
2

Introduction!
The physrcal and chemlcal propertres of* fluorme make it a very drf ficult species with

1

whtch 0 perf orm chemical synthesrs Fluorine 1s the most electronegatrve and reacttve element

producing fluormated products on reactlon ‘with every 9ther element except neon.and hehum
{
Reacuons which proceed smoothly with other halogens often do not.take place with fluorme or

may lead to unexpectecé products The fluorme amon ‘has a high charge densrty and tends to be
hrghly solvated in solutron thereby greatly reducmg 1ts reacuvxty in nucleophthc substrtutlon .

reactrons “The chermcal problems are compounded by the nature of the fluonne specres that are

4

avarlable via the usual radronuchde pr ductlon methods Reactor produced YF requrres solv;]

extracuon or dlsullatlon of very minufe amounts of fluortne (1 GBq of ME s 15 8x 10 -

mmol) Fluonne is usually obtamed f rom cyclotron targets a§ either [“F] HF or "F] -F,. The

- f ormer specres reacts with glasswaregmd the latter product requrres drlutxon with substanual

R .
v

quanutres of carrler F2 bef ore it can be removed from the target holder The radrochemlst also

- faces addrudnal problems presented by the relatrVely short half- life of “F (109 7 mmutes)"

' and the necessrty for shteldmg from the Y- radra,uon produced by amhrlauon of the B partacle

~

produced upoh radroacnve decay _ o : o

\ - -
i

h is remarkable that deSplte the nurnerous problems mherent in synthesrs thh “F a

‘ v - .
great tlanety of orgamc radropharmaceuucals have been prepared Compounds sttch as o

t
i

[“F] 2 deoxy 2 fluoro D glucos,e have«reached the status of routme productron””“’ and a

wrde range of other blologtcal tracers labelled ‘with “F havc been studred The mam syntbftrc k

-

LY
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'strategres for orgamc synthesrs with “F mvolve either the Enhancement of the amomc Gharacter

’

of "F thereby makmg ita better nucleophrle or preparatron of a Specres in whrch “F is honded

to an element of similar electronegatrvrty such as ”F F or V'F- O In these compounds the .

bond to fluonne is cousrderably weaker than for mstance the C- F bond and the fluorme acts as ,

\

an electrophrle for electr‘ophrhc addmon or. substxtuuon reactrons o K o

The f ollowmg section deals bnefly wrth the vanous UF precursor molecules that have" A

1

been prepared and the types of compounds that can be synthesmed employrng these specres B

*

S . N ‘ 4. . . ¥ T ’,
S N N . . . . . . ’ . N
- : ) , AT : AR S

', ' PP

Nucleophrlrc substltutron reacnons wrth uF.apion. . .

-

-

- . Despite’ the ease of synthesrs usmg electrophrhc “F specxes the fluonne amon remalus :

a very attracuve precursor for’the preparauon of “F 1abelled compounds It is readtly . '. S )

LY kS

T aceessable f rom reactor and \yclotron sources rt can be recovered m hrgh yreld f rom most

‘ N R .
14

' A _' target systems and can in theory produce hrgh yrelds 6f no- carner -added prOducts Large

pv \ P -
. e

A'»rom acung as an eff ecttve nuc‘leophﬂe The salts tend to be poofly solvated in’

-‘ & 5 N ‘t.?a .
‘ solvents and often long reacuon times and vrgorous reacuon c0ndmons are requrredj/

,ve accept,a’ole yrelds Water tends to be a better nucleophrle m reactrons w1th the\

e drymg of

ten? ,-' ’

v

enhance the nucleophrhc character of the fluonde amon {“FI AgF was obtaxned by washmg L

: “F producuon targets w1th camer AgF in° acetomtnle” ‘” Nucleophrhc subsututions wrth tlns

ey - A

salt gave ["F] fluorocholesterol f Tom rodocholesterol in, 20 mmutes at room temperaturem




.
. . .
A . e

: Reacuon of ["F] AgF with tetra O alkyl a-D-glucosyl bromrde gave th correspondlng .

! [“F] labelled sugar tn82% yleld"l | ;o \ "; . - o -
L ol R . sy,

- [MFT- CsF has been pIoduced by. trapprng crrculatrng [“F] -HF from a gas target on

:sﬁver wool 1mpregnated wrth CsOH” 4 and- by the reaction” between “F and Cs;CO,M0, Thls

‘ : reagent has becn used for a number of carner added\" A1 and no- carner added . Ce
' sYntheses"”“""“ - - b« " N N : o '
L . A typlcal procedure f or Synthesrs w1th thrs reagent mvolves transfer of.- the ‘silver wool /-

["F] CsF to a reactron v1al contarnrng‘the approprrate substra‘te’l’n hexamethylphosphonc

T .« -

o ' ‘-~ amrde and heatmg for an hour or more. at 150 C A carner -added synthesrs of

-

C,
.~ b e A

. [YF) 2 deoxy 2 f‘luoro D glucose was camed out usmg [“F] CsHF2 in hexamethylphosphonc '

\

ST trlarnrde at 130 C for 25 rmnutes" The cesrurn salt Was prepared by trapprng {“F] H;F on CsF
Lo coated srlver wool ["F] Fluoroethanol proposed asa mrcrdsphere analog for measurmg blood =+~

- flow was prepared usrng camert f Tee [MF] CsF to drSplace a tosylate or open a sulflte rrng s

o

' [“F] 7 Fluoropalmrtrc acrd has also been synthesrsed f rom ["F] CsF vra nucleophrhc -

drsplacpment of sulfomoesters in drrnethylsulfoxrde“’rRecently a senes of no- carrter added '.“

»

“F labelled aryl fluondes has been prepared m yrelds up to 90% by the reattron between - 'v .

o . :[“F] Cs‘F and aryl compounds contarmng a tnmethylammomum perchlorate leavrng group

120

-

R N The combmanon of the tetraethylammomum eanon with the fluorrne amon

) R - g . .

~

S (tetraethylammomnm fluonde) appeared to have a number of advantages bver metal fluondes

< 1The soluuons of tetraethylammomum salts gave enhanced nucleoplnlrmty and amomc character
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[“F] 2 deoxy -2- fluoro D glucose by the opemng of cycch 2. 3- sulfates" In both cases. the

[“F] tetraethylammoruum fluonde was prepared by- addmg tetraethy?lammomum hydroxrde to

- v
0

aqueous solutrons of no- camer added UE- and evaporaung the solutrons 10 dryness

Gatley and co, workers have prepared a number of "‘“F 1abelled compounds usmg
[“F] tetraethylammomum fluonde Reactor u'radratron of htlnum salts was used to provrde the
necessary ME-, They prepared fluoroalkanes by reatnon of [“F] tetraethylammomum fluonde

w1th the correspondrng 1odoa1kanes“" and [“F] 3 deoxy 3. fluoro -D- glucose by nucleophrhc

dtsplacement of the tnflate ~group’m The [“F] tetraethylammonurm fluonde Was dned byan N

5

- tmrtral rotary eva‘poratron to remove the bulk of the water f pllowed by azeotr0prc drstrllatron L ,' .

wrth acetomtnle to remove the f mal traces of water” N Des‘pxte these attempts to obtam
‘ anhydrous product lt appears that truly anhydrous tetraethylammbmum ﬂuonde can not be
prepared“‘ 25 and the fluonde remams StIOneg bonded to reSIdual water” 138, In the F f or I

exchange reacuons (he use of srlver (1) oxrde as a catalyst gave a greatly rmproved yreld of

o

“F labelled product” -3

¥

o The neuroleptrc drugs [“F] sptropendol“‘ and ["F] halopendol“’ have recently been

: 1 prepared usmg no- carner -added syntheses f or use as markers for dopammergrc receptor sttes~ :

e The reactrons employed nucleophrhc aromauc subsntutron of 1‘F for NO, or Cl usmg

.~
..

Cle

"thrsprocedure S S --f "'

M
¥

no camer added [“F] tetraethylammonrum t'luorrde mdrmethylsulforude The

[“F]-sprroperrdol was produced m <2% yreld“‘ and'the [“F] halopendol in 10% yreldm by B "

:'}" e ’The nucleophrhctty and ba31c1ty of fluorrde amon is gIeatly enhanced in polar and

been termed "naked t’luondem and thrs specres exhlbrts atyptcal behavrour and reactrvrty 'I'he 'v :

'_ crown ether 18 crown 6 has a strong affmrty for potassrum and com.plexes KF formmg

o soluuons tnsuch solvents as’ drmethylformarmde acetomtnle benzene and chlorof orm These

A

soluuons‘have naked fluonde avarlable for reactton Solutlons of [“F] KF dlssolved 1n

. ': :
|

solvents contammg 18 crown 6 were prepared from cyclotron produced"'F a,nd used m the

[

g non polar aprotrc sobLents in the presence of crown ethers The solubrﬁzed ﬂuonde anion has e



~distillation procedure’.

| Halogen-halogen exchange reactions. ‘ ) o

r . . . A . 5 ) o . ‘ . . 22
syn[hes1s of ['*F]-6- ﬂuoro -9-8-D- nbofuranosyl punne hy dlsplacemeqt of a tnmethyl amino
|
group'o The product was obtamed in a 35% radlochemxcal yneld in 30 mmutes m a
_no- carner added synthes1s and in 63 5% rad10chem1cal yield when carrier was added The same

reage,n; was: used 1o produce [“F] -21- fluoroprogesterone from its mesyl precursor in a

camer added synthe51s“’ 1%°, No- camer added [**F]- KF has been produced by ‘evaporating 10

Lhe deactlvanon of F by impurityfcatio m the reaction solutions'*!. The [*F]-KF / ~

ared f ronrreactor produced ''F by an ion'"exchange and |

18-crown -6 complex has also been

-~

Heterogenous nucleophlhc exchangé reacuons have beén used to synthemSe “F Iabelled
materials from their correspondmg bromo or chloro compounds using both. reactcr and
¢yclotron produced 'F. Anion exchange resms labelled with 'F have shown some pot‘enual m
fluonne f or halogen exchange reactions and compounds such as {1'F}-2- f;uorée?hanol‘”

["F] -acid fluondes“’ [**F]-benzy! fluoride** and a vanety of [*F]- -fluoro { atty acid esters®®

have Been synthesised. Reactor produced UE was 1solated in two foni exchange steps“' involving

mmal teactlon of Li,CO, with cationic r&sm followed by absorption of the **F- on anionic

Y

- resin. This f orm of resin once dried served as the 'F- source for exchange reactions in aceto:

«

‘A labelled resin has also been used in a heterogenous excharige reactmn with a- brorno
f atty acxd esters, the exchange taking place i in a section of a gas chromatographlc co}urnn‘0

This method had the advantage of providing a rapxd work up from reactor’roduct to

‘ ﬂuonnaung species. The resih rbound fluoride exhibited not only enhanced nucleophlhcny but

57»
-

*also strong basic properues as ewdenced by the formation of some elimination products”‘

o
A 0
>

5
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| ‘us,e of protecung groups which must be removed af ter the formatron of the "F 1abelled

3.

- r
\

A gas chromatographic column was also used to carry ,out the symhesis and the

‘ separann of no-carrier -added ['F]- alkyl fluondes by means of a heterogenous nucleOphrhc

T

subsutuuon reactron in the gas phase" Ylelds as hrgh as 60% of no- carrier- added products

were obtained by passmg alkyl iodides and brormdes through a plug: of "durf age oxrdrzed silver
- wool wrth [*F]-HF absorbed on its surface. The [”F] -alkyl fluondes were then Separated from

| the unreacted starting matenals by passage "through the gas chromatography ¢olumn*®

Nucleophilic *'F for Br exchange wrth the methyl esters of. 16- bromohexadecanmc acrd

and 17 bromoheptadecanmc acrd has been ef’ f.ected using’ [“F] KF in an acetamrde melt76

. These compounds have potenual f‘or the measurement of myocard1a1 extracuon ‘angd ¢ ehmmauon

Tates. The initial studies showed the reactron yreld to have a strong dependance on the -

. concentrauon of carrier KF w1th radlochemlcal yrelds approachmg €10 as NO-CaJTier- added

concen&/ tions Were approached" Recently no- carner added radlochemrcal yxelds of 70% have

' been obramed f or the synthesrs of [”F] 17- fluoroheptadecanmc acrd by adding K, CO, t;) the

melt and carrymg out the reaction in "glassy” carbon reactlon vessels”’
Homdgeneous exchange reactxons have been carried out on fluonnated atromatlc

compounds usmg [**F]- RbF solﬁuons in dimethyl sulf omde“" Exchange yields as high as 90%

and specific acuvmes of products at greater than 100 GBq /'mmol were obtamed This

: technique appears to haye promise f or reacuons w1th smtably actwated aromatic systerns 3 :

-,

Balz-Schiemann reactnon for the synthesrs of ["F]—aryl fluondes ) '

Dxaz.omum tetrafluoroborate salts (3) undergo fluonde f or "F exchange in soiuuon to.

grve the labelled salts(4). Decomposmon of these WF- labelled salts.by refluxmg in high borhng '

solvents afforded [“F] aryl fluorides(5)** (SchemeII 1). o o : "

+

The Balz -Schiemann reactron suf fered from a vanety of problems “The exchange of

 ME wrth the fluorme in the fluoroborate salt and the thermal decomp()smon reacnon to form’

:the [“F] -aryl fluonde tended to. be slow reactrons, In addmon .sensm“ve molecules requued the

*
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L

+

compounds These procedures can extemd 10 several half -lives of “F. The maximum \

! )

'

: attached to the aromauc rmg In practlce radiochemical yields wefe consrderably lower than

A}

this?*”: The spectf ic actrvrtres of Bhe compounds produced were also very low

L= @ @

BF;) ("F)BF’
3 4 2

—_ T |

\

- Scheme II';l Balz-Schiemann reaction for the syr_nﬁesis of 1F-labelled ary!

- -

fluorides. -+ ) o,

' ‘ Com . . ‘“’*-s‘g_,

Some of the compounds produced by this methiod included

["F]-p-ﬂuorophenylalanine“’ 140 and [“F] tryptophan” which were prepared as potenual
pancreas scanmng agents, [''F]-5- fluoro -DOPA** as a bram scanmng agent and

) [“F] halopendol"’ as a neuroleptrc agent The amino acrds showed no advantage over,

= ‘

7’Se L selenomethronme in ammal studles and the low specrf ic acnvrty of haloperxdol and

\

5- ﬂuoro DOPA prevented their use m tracer studres This method of producrng BE- 1abelled

'aryl fluoridesph‘as limited utrhty. L

. . . -
N - . . D e

Decomposmon of aryl triazmes

v T It 1s lrkely that decomposrtron of aryl tnazmes (6) (Scheme 11 2) glves rise to a

N

transrem and non- selectrve electron defucrent aryl catron (7) which can react wrth a fluonde

4

anion or other nucleophlle or extract a hydrrde ron from ‘solutron“’ The synthesrs of ~ .
N halopendol“l and sprroperrdol"2 in, thrs way usmg ["F] CsF as'the fluonde source resulted m’ a

low produot yield. Thrs reactlon does show some potentral to produce carrier-free products

. »
1

= ]

. radrochemxcal yreld is 25% since only one of the four fluorines of the fluoroborate salt becomgs ¢ -

'



wheTe receptor site specific radicactive tracers are required, provided the yields can-be

ok

improved, S | ,

¢

Scherne i1.2. Dec‘ohrp‘osition of aryl triazines. '

- Diethylaminosulfur trifluoride (DAST)
The reagent drethylammosulfur tnfluonde (Et;NSF;, DAST) has shown some-

| applicauorr as a fluorinating reagent in F for Cl subsutut‘bns in acid halides**’ and F for OH

subsftitutions in a variety of alcohols'* mcludmg the sugar 1,2,3,4-tetra- -O-acetyl- B D gluco—

pyranose**$ and a series of gluco- and talopyranoses“‘ This reagent has been used to prepare

sorme simple_[”F]-alkanes ahcl [**F]-2-fluoroethanol®’. .

Electrgphlhc fluorinating reagents.
Since the. deveIOpment of the Brookhaven targetry for the producUon of [“F] F;”,"

thxs reagent has been used-to provrde good ylelds (though not camer -free) of a vanety of

useful molecules Much attention has been given to the "F labelled deoxy sugars T

["F] -2- deoxy -2- fluoro D- glucose‘°°"°“°““°“‘ and [**F]-2-deoxy: :2- ﬂuoro -D- mannose”“”:

These compounds have beeh used as probes in imaging studies of heart, brain and

) tumors21 12102109 where they provide both structural and functronal information. Elemental



N

" - fluorine i‘vhen'passed through a solution of ‘3,4,6-ui-0-acetyl-D-élucal inf reon-ll (C"FCI,) ‘ .A
f ollowed by acrd hydrolysrs gave rise to the glucose'and mannose sugars label_led at the .

2 posmon with ﬂuorme the ratio of gluco 10 manno conf 1gurat10n being 4 to 1. The )
w1despread use of ’these compounds has sumulated efforts.to prepare the labelled product ina .-
. routine, rehable and where possible, automated system‘°°‘°‘ ' ‘

uE has been mcorporated into 5-fluorouracil'®™ an 5 ﬂuorour:rdrne“2 147348 and

5.-f1uoro-2'—-deoxyuridrne“2 141149 ysing the reaction developed by Cech and ca-workers f or '
prepartng ﬂuormated pyrtmldmes and their nucleosrdes‘”. The reactron proceduremvolves
purgmg the target assembly containing [“F] through a solutron of the pyrrmrdrne base or

nucleosrdean acetxc acrd. [V'F)-5- fluor.ouracrl was- obtamed in28% radrochemrcal yteld by this

~

-

| procedure‘07 [“F] -4- Fluoroanupyrrne a potenUal cerebral blood flow tracer has been

- ‘prepared by the reaction of anupyrrne wtth ["F] -F, usmg acetic acrd as the solvent103 The
reagent [“F] XeF has been used 0 prepare [V'F]-6-fluoto- DOPA i 1ow yteld151 Recently an
) 1mproved synthesrs of ["F]~2 deoxy 2- fluoro’D -glucose has been reported whrch utrhzes -
acetyl hypoﬂuorxte (["F] CH,COOF) asa fluormatmg reagent’“ Thrs reagent seems to be

\ -rmlder and more selectwe than [“F] -F,%% 153 and has afft)rded higher ylelds of the BE- 1abelled

: fluoro sugar than prevrously reported
' Electrophrhc aromatrc substrtutron reactrons have been perf ormed wrth [“F] +CH, COOF
to yreld the correspondmg [“F] aryl fluorrdes The reactlon of arylmercury compounds Wlth .

l[“F] CH,COOF in CH,COOH at Toom temperature gave ‘a 45 65% yreld of the correspondmg -
[*‘F] arylfluonde products“‘ “F Labelled aryl fluondes have also been prepared usmg the

‘. -electrophrlrc aromauc substltutron reactron between exther [“F] F, or [“F] CH COOF and

- aryltnmethylsrlanes or arylpentaﬂuorosrlrcates‘“‘ and aryltnbutylun compounds”s
' [“F] Perchlorylflu%nde ([“F] FClO,) has been synt,hesrsed recently I Tom [“F] Fz and KClO,
~.and has been shown 10 react readrly wrth f uncttonahzed aryl'hthtum compounds to give the .v ‘*

, correspondmg [“F] aryl f‘luorxdes in good radrochermcal yreldm -

. N v - .
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C. Synthesis of S-Ra'diohalogena_ted_ Pyrimidine Bases and Nuclebsides _

L \ .
\ . 1

v

Introductlon

- . . . N

The synthettc methods for preparmg [**F]- -5+ fluoropyrlrmdme bases and nucleosrdes

were discussed in the prevrous section. The following-section deals with the methods WhJCh have

<

‘been employed f or the mcorporatlon of radtorsotopes of” iodjne, bromlne and chlorine’ mto the

C- 5 posmon The 5 halopynmldmcs have received much attemtion since members of this class'
have exhrbrted antiviral and antnumor activity Whllc compounds such as 5 1odo 2' dec)xy

uridine and 5- bromo -2 deoxyundme are extensrvely mcorporated mto rephcatmg DNA The _

apphcauons of radrolabelled compounds in_this family 1nclude tracer studies, measurement of

N

- tumor. response 10 therapy, metabohsm studies and radlatxon mduced destrut;:tron of tumor

S

. , , ,
cells. .. L SN S T . .

-

These compounds. are relanvely easy to synthesrse The uracxl moiety is susceptrble to

+

attack by electrophxhc specles at the C-S posmon presurnably due to the mcreased ir- electron

e densrty at this posmon“" The. reacuons tend to proceed in moderate to high yield witha

',\'_ minimum of srde products f ormed A vanety of synthetxc methods have been devised for

4 7/

| ) radlochermcal synthesrs T“nese methods have béen mvestrga}ed to 1mprove some aspect of the -

exxstmg syntheses by, S : SN N

A\l -
S

-~ ¢ 3 .

1. Improvmg overall radlochemrcal yleld\ - o o J

S Synthesxsmg compounds at hrgher specific acuvxty or at no carner -,added eoncentratlons

x

| " < .‘
> - e ' - -

3. Utrlrz.mg readtly avallable f orms of the isotopes

N

Sxmphfymg the producuon techmques - . G

5. Developmg mrld selectlve radlohalogenatton methods for sensitive molecules

S-Radwlodlne labellmg of pynmtdmes - B |

4

Iodopynmrdmes were fxrst synthesrsed in 1905 The 1od1natron reagent molecular ,

‘: 1odme was generated in situ by oxtdatxon of KI usmg H,S0, and KIO,‘” Thxs technique was

\ " e e



‘used for the-f irst preparation of radiolabelled [*”I] 5- 10douracrl by. Prusoff etal in. 1953“‘ .

\‘ ‘ synthesns of, [”’I] and[ ”I] labelled 5 1odo 2" dCOquI'ldlIle s5; 1odoundtne and 5 rodouracrl

¢

radrolabelled 5- 1odopyr1m1d1nes

N

' a S

,
t ,
& K

p Prusof f also deVeloped a reactton method usmg HNO, as the Ox1d17_1ng specrés along thh todide

or molecular lOdlnC and various*mixtures of organxc solvents and. water Thts mEthOd was used.-
f or the first preparatron of 5- iodo-2' deoryundrnem and for the syntheSts of

[“‘I] 5 todourtdme‘” The HNO, method was used for the srnall scale hight. specrf ic acttvrty

[o—

f ot in vivo mvesttgatron of bratn tumors in, rats“"’ A srmplrf 1ed reactton utilizifig HNO, Was
developed and use%) for the productron of no- camer -added [*#1]- and [‘3‘1] labelled 5- 1odo

-2 deoxyurtdlne in ytelds up to 48%m and no- carrrer added [“’I] -labelled 5- 1odo 2" deoxy- .
undtne tnylelds of 75 0%, Co - o . - '
An tsotoptc exchange reactxon between - 1odocytosme or 5 1odouracrl and mI ln ‘ .?_(’

soluuon at pH 7 was eff’ ected by heatmg the solutton at 100 ‘C for 30 mxnutes The yrelds in

these reactrons were low and the products contamed carrier 1od1ne“’ These redetion condmons

as well as those requtred f or the HNO3 reactton method are relatrvely harsh A number of

' mrlder radtotodmauon methods have been developed and used f or the preparatton of > E

r ’ 4'/
Iodtne monochlonde (ICl) has been exclrange labelled wrth carrier- free [ (Zhﬁd

e

used for the syrtthesrs of [‘”I] 5 lOdO 2 deoxyundrne‘“ Although this’ p‘amcular ction

- gave only rnoderate ytelds of radtolabelled product it appears that vu'tually quantltattve ylelds
-. could be obtamed by reactxng p -toluyl ester protected nucleosrdes thh ICl in orgamc '
" solvents'®’, ICl has also been obtamed carner free by reactmg 123] with Cl2 or. NOCl166 167,
| No-carner added [“’I] -5- 1odo 2 deoxy-undme was obtamed m 80. - 90% yteld aftera 3 hour
reactron in ethanol at 90 'C ustng thts reagent‘” Chloramme T (8, N chloro <p- toluenesulfon -
amrde,sodlum salt) has had wrdespread use m the todmatron of protems and has gtven excellent’
yrelds 1n thesynthesrs of no- carner added 137 . labelled 5- 1odouracxl (95% radrbchemical |
j . yteld)m 5 1odour1d1ne (75% radtochemtcal yteld)“‘ d 1. labelled N 1 substltuted

o pyrrmtdrnes“’ Chlorarmne T acts as a rmld omdmng agent and slowly hberates hypochlorons '

8. : 14
: l' ' o . -

«
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acrd (HOCI) in aqueous ‘'solution which subsequently oxidizes radioiodide (1-) to radiciodonium
, ~ion (I )”° Thrs species - then adds to the pynmrdtne base at the electron rich 5-position to grve p
the requlred radrolabelled products Iodogen (9) has also been used as a mrld oxidapt for the

preparatxon of-a vanety of N- lsubstltuted 5- [”‘I] 1odopyr1m1dmes“‘9 .

s c _ c
o " ‘ 1.0 |/
’ \" . Na* .
S -
8 9 7

_ iy :
The enzyme lactoperoxrdase has been used 1o catalyse the S- radior"odinati’on" of
| _pynmrdmes in the presence of H 0,“‘ Although thrs isa very mrld 1odrnatlon method,
partrcularly when 1mmobtlxzed polymer bead supported enzyme is used, it suffers f rom a :
number of drsadvantages The radrochemrcal yrelds tended to be lower than other iodination
l o methods171 and the yrelds fell to zero as 2.nQ~ carrier- added iodide concentratron was
i approached“" N | |
The nuclear .reactron mI(n y)“'l usrng ’reactor generated thermal neutrons was
- employed f or. the preparatron of [“'I] -5- 1odouracrl and [“'I] 5-1odo 2" deoxyundme in 29%
and 23% respectrvely usrng the Szrlard Chalmers reacttonm The reactant molecules
5- rodouracll and 5 1odo 2 deoxyundme were 1i‘rad1ated as drlute soluuons frozen 1n an 1ce
I lattrce The "caging” of the 1odopynm1dmes in 1c;e resulted in almost complete absence of the’
derodmatron o1 decomposrtron of. molecules that was noted when hqurd solutrons were srmrlarly
u'radrated”2 Although the: spectf ic actrvrty of the products was relatrvlﬂy low Q. 3 GBq mmol -
| - for 5- 1odouracrl) and the 1] rsotope does, not have: suttable decay charactenstrcs for brologrcal
B work, this method may. allow f or raprd productron of radrolabelled compounds not readtly

accesSable by other methodsn .

.}

s
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-The synthesrs of C 5 mercurated pmmrdme nucleosides has been described’ " and IhlS\

species has’ been shown t0 undergo mercury -halogen. conversron at essentially quantltatrve levels

". .. at both the mononucleoude‘and polvnucleotrde levels”‘ The mononucleottde undrne

g ,tnphosphate has also been 1odmated thh N jodosuccinimidé in drrnethyl sulfoxide m the

presence of N -butyl disulfide which appears 1o catalyze the reactron175 It was suggested that
this method may be better than conventronal methods for radroxodmatron of sensitive

molecules. *. o

5-Radiobromine labelling of pyrimidines. . S : -
p ,

5 Radiobrominated pynmldmes are readrly formed by a vartety of reactions. Bromine is

[

somewhat more reacttve than 1odme and the bond strength of the C-Br bond is about 15 Kcal

mol™ stronger than the C I bond maktng it less succeptrble 10 in vivo dehalogenauons Stmple

treatment of uriding and 2' deoxyundme with solutions of Br; in water were used for the first
syntheses of cold 5- bromoundlne”‘ and 5-bromo-2’ deoxyundme“7
Molecular radrobromrne appears to be the reactive specres 1n the excitation labelling

expenments carried out with cyclotron produced. "*Kr and ”Kr”' These ra‘dronuchdes were

~allowed to decay to 76Br and.""Br’ respecttvely in the presence of KBrO; crystals When the "*Br

$

-/ I(BrO3 reagent was reacted with uractl in HCI solution 5- bromouracﬂ was obtamed in 76%

radlochermcal yreld’ It was suggested that BrO;- acted as an oxrdmng agent at low pH '

L.

promoting the’ oxrdauon of Brto Br, whrch was the active radrobromtnatrng species'™. KBrOy '

crystals have been exposed to reaCtor produced CF ,'°Br"‘ and this matenal was used- srmrlarly

‘_ to give high- y181d mcorporatron of radiobromine in Br for I exchange in btomolecules”9 :

~ “"The reagent BrCt appears tobea parncularly good raduobromrnaUng rntermedrate

. 'I'hrs was probably the reactrve specres formed when reactor 1rrad1ated CF,Br was treated with

Cl,. gas"° The labelhn’g yields 1mproved from <1% (CF Br alone) to 27% (CF,Br / Cly) in the

,synthesrs of 5- bromo 2’ deoxyuridine. [”Br] -5- bromo -2'-fluoro-2'- deoxyundme has been

synthesrsed in 75% radrochemrcal yreld b& z'n sztu generatron of ["Br] BrCl using reactor .

o



}
produced VBr- and N:chlorosu’ccinirnide‘'1 . No-oarrier-added [”Br]-I}rCl was prepared'by .

reacung carrier-free ""Br- with Clz in ethanol*®’, This reagent gave X(L\% yields of

E

[77Br]-5-bromo-2"’ deoqundme af ter a 3 hour room ternperature reacuon A rapid
radiobromination method which apparenﬂy 1nvolves the generauon of gaseous BrCl, has

_recently been described!*? and used for the synthesrs of a nurnber of model compounds’” In

-

this radiobromination method an aqueous solutmn of radrobromrde was treated wn.h KMnO.

and HCl and the volaule radiobromine species was transf erred ina stream of inert gas mto a

!

reaction vessel containing the compound to be brormnated in soluuon in phosphate buf fer

No- -carrier-added [”Br]-5-bromourac:il‘,_"2 and [""Br]-5-bromo-2’ deoxyundme“’ were >

7
AN

symhesrsed in 92% and 65% respectwely using thjs. method

T

Chloramme -T has been mvesUgated as an oxrdrz_mg agem for radiobromination in .

reactions analogous to these used sutcessfully f or radrorodmauons“‘ Wlule the

‘

radlobrommauon of uracil was successf ul grvmg an. 83% radro;bemrcal yield of

| [j°Br ]-S-bromouracrl, the same reaction failed to yield anty product when undrne was the

\

7/

subsfrate. o P ‘ . \

A number of enzymatlc methods have been investigated for radxobrommanon

¢

Lactoperomdase the enzyme most commonly used to catalyze radlolodmauons -does not

’

" catalyze radlobrormnanon"’ Chlonoperoxrdase has been used successf ully for the preparanon

¢

of [:°Br'“] -5- bromouracﬂ“‘ and a new brormnanng enzyme, bromoperoxidase, Iecent.ly

1solated from red algae appears 1o have some potentml as.a radrobrommatmg reagent as

-
\

demonstrated by its succe‘ss_ in radwbromme labelling of human serum albumm and canine, .

.

. fibrinogen’**. | ~ S ‘ SR
In reactions analogous to those deScnbed prevxously f or rad101odma’uon

1

5- bromopyrumdmes have been prepared by reacuon of 5- mercurated nucleoudes and | -

‘N- bromosuccnumlde”‘ and by the Szilard- Chalmers reaction on non radloacnve

5-brom0pyrimidines held in an ice lattice!™, > . : N
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S-Radrochlorme labelling of pynrmdmes L

- 3

There has beerl little brologrcal work camed qQut with radrochlorme labelled compounds

'smce a smtable radrolsotope of this halogen is not avallablc The maJonty of 15010pes of - -

.
.

chlorme are elther short lived (*Cl, ”Cl #*Cl, “Cl'“) or hard B ray emrtters ("Cl »Cl,

1

‘°Cl)’° The 1sotope *Clisa rnoderate energy B~ emrtter bu

yws)lo

only usef ul 1sotope of chlonn; suitable for 1mag1ng sLudles appears 1o be “Cl"? whrch decays -

by: B emrSsron

of symhetxc and brologrcal studies_that- can be carrled out. with MCIT - labelled cornpounds

Although 5-chloropyrimidines are readrly prepared in'non- radroacuve Symheses165 ""‘"'n

1kely that 5: radrochlom;ated pynrmdrncs would prove sprrable f or brologrcal studres ‘

\
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t has a very long half hfe (3 1x10%°

can be obtamed only in low spe<;1f ic activity and is unsunable for unagmg studres The-

"Cl“‘ has a half life of 32 rmnutes wluch places some re:stnctrons on the Wpe&

6



.Q 1cauon of pynrmdme nucleos:des has pro\hded compounds which

of blologrcal aeuvrty Compounds in thrs class have been used in

;auon on vanous aspects of cellular brochemrsrry 1ncludmg pynmrdrne ' \

Fan sport enzyme substrate specificity and the mechamsm of action of ELIN

" trate 1nteractions A nurnber of drf ferent approaches have been used to synthesrse -

~ a

' thesé v' ? _ompounds ‘ . ‘
'ber of pynrmdrne nucleosrde analogs have been synthesrsed in mulnstep .- -

s, 1ld1ng the requrred skeleton from srnall carbon and mtrogen contarmng

. fragnren‘ts. T ‘ approach has alloWed for the mcorporauon of angular heteroatoms ‘at various

"posi'tions‘ it P eleton and for the msernon of *Ci in bothrnatural and analog pynmldme

metbod has the drsadvantage of requmng mult1ple synthenc steps and

' 4 P

consequenﬂy may lead to. overall low yxelds o

o

Many rnodrfled pynmrdme nucleosrdes have been prepared by the Hrlbenel ohnson ”

couphng reactlon of pynmrdlne bases a.nd surtably blocked sugar moxenes Thxs method has e ‘A o

N provrded raprd and hngh yreld synmesespf a vanety of structures not readrly avarlable by other - - §

—

synthenc approaches Couphng reactions gan lead to rmxtures of compounqs due to lack of -

\

1 _‘ regrochermcal (N -1 and N 3 couplmg) and anomenc (a and B confrgurauon) specrficrty \

These rmxtures may be drf f 1cult to separate An ad‘dmonal problem wrth couphng reacuons is

-

' that addmonal synthchc steps are reqmied to prepare the blocked stamng matenals and to

l"_-

E deprorectthecoupledproducts «r SR S v' : ‘ Gl ,
_‘ The thxrd approach used f or the synthesrs of modrf 1ed pynmrdme nucleosrdes is'via- .

e'xistin‘g 'naturally occunng nucleosrdes or commercrally av‘arlahle nucleosrde analogs Thrs




< me

' 'the sugar arrd the 5- posmon of the heterocycle. (See Frgnre II 1)

M i s S oL 3 [P E > iR
- . : o RN - -

' keepmg the pyrm'nqlme and sugar nngs mtatt whxle allowmg alteration 01‘ addmon of

x

' A subsmuents at vanpus posmons On thaother hand there are hmltauons to the types of

reacnons wh;ch can be apphed wn.hout compromlsmg Lhe mtegmy of T})e glycos1d1c lmkage In RN

nucleosndes modlf ied by haloge‘nanon w1Lh pamc.ular cmbhasxs 0_ »

PSRN

ki

| Flgure II ,l The su'ucture numbermg and conflguranonal nomencIature of L
the pymmdine nucleosxdgs und’ggne and cytldme ' 3_.’-"' | | el

Synthosis of 2 -halopynmldme nucleoSnde analogs




sugar and pynmtdme The 2, 2 -anhydro structure also appeared 10 act asan 1nterrnedxate in

0*& .

some reacttons in e. _For

‘which sunple nucleophlhc substttutton would be expected to take plac

sexample reacuon of the 2 -0- tosyl nbo gtucleosxde 12 with todtde amon gave the 2' mdo rxbo

4150 ", The rlbo conftgurauon of the product (14) suggested that the

o nucleosxde-l

al
_1até 13*was formed before nucleophthc attack by the 1od1de occured (Scheme

ch-loroundmes by the reactton of acetylsahcyloyl chlonde w1th 5 -O acylundmes“’ ‘- :

: enhydroty'tostnes gave rise to tpe potent anuleukemtgagent 1- ﬁ D arabmof uranosyl

sine gara (}) and 1ts analogs”’ ~A yanety or methbcls have been used to synthesxse the L ;"

' :‘2 2 ;; anhydro mtermmtes Aaevnew of early synthettc methods has been pubhshed‘”

v"__‘emanacetamldemelt :

L

methano 'water"‘ '[hese reacuons are of ten not 1deal smce a good leavmg group m the
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~ which gave low overall vields.-

-

A variety of othet reacnons which aff orded the.2.2’ anhvdro nucleosxdes proceeded via

2'.3"-cyclic intermediates 15.

o 8 —_ B X Y Ref .
HOCH, - . X .
. a) uracil ’ C s tT197
i p)uracl ~ C. ~ O - 198,199
‘0 o " ) uracil S 0. 200
\X/ d) cytosine '’ S 0] 200 -
M i C) uracil C NH ’ ‘ 201
v - : .
15 ‘

Th° 2 3 throcarbonare (lSa) was formed as a transient mtermedrare in the reaction of urldme /

. wrth throcarbOnyldnrmdazole in the svnthesrs of 2,2 -anhydroundrne197 Srmrlarly rhe

2‘ 3'.-cyclic carbonate (15b)’ was a postulared rntermedrate when the reaction of undme w‘irh |
drphenylcarbonate was used to prepare 2, 2 anhydrourrdrne”' 9% This postulate was supponed
by the 1solauon and characrerrzatron of- stable 2',3"-cyclic carbonates when this Teaction was .
czmed out usrng purlne nbonucleosrdes“' “The 2 3' O-sulfi inates I5¢ and 15d were readrly
formed by the reaction of uridine or cyndme wrth thionyl chlorrde200 Acrd hydrolysis of ‘these
“stable 1ntermed1ates subsequently afforded the 2 2 anhydrOnucleosrdes in 73% and 47% yield

respectrvely The reaction of uridine wrth dnmrnosuccrnomtrrle appeared to proceed through the |

1rmnocarbonate 153 wluch reacted further to yreld 2,2 *anhydrourrdrne and other products®®.

- Reactron of N 4- subsmuted cyudrnes in ethyl acetate with parnally hydrolyzed ,
phosphorus oxychlorrde gave 2,2'- anhydrocytrdmes in 32 to 40% yield?®?. Phosphorus

- N ¢

. 'oxychlonde and thionyl chlonde ré ted wrth drmethyl formamrde to form the reacnve species
)Ze in’ turn reacted readily Wxth cytidine o yield, af ter

" called Vrlsmeler Haack reagents T
~ / AYARE
work -up, 2 2 anhydrocyudme hydrochlonde (55% yield)*®. Reacnon of uridine with acetic

v anhydnde and BF Et,O in acetomtnle afforded3 5'-di-O- acetyl'2 2 anhydrourrdme in 65%

dil

S
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208 3 5 D1 O mesvl 2.2'-anhvdrouridine has been prepared in high yreld from the - ‘ A
ion .of tri- O mesvlundme \mth a small excess of 1,8- drazabrcvclo(540)undec 7- ene“”

2,2 AnhvdrOurrdme (16) nnderwent nucleophrhc attack at the C 2 carbon 10 give the .

2'-halo rrbonucleosrdes (17) The reaction appeared 10 proceed via mmar protonatxon of the

N-3 mtrogen whert halogen acids were used f ollowed by attack atC- 2 by the amon”‘

¢ /
' X Ref.
a)Cl 192,194,195,206
b)Br . 190, 194,195.207
SO F ¢ 194,195 ‘

dyl. . 190,208,209

e The chloro and bromo compouhds 17a and 17b were prepared in high yield from reaction of the

a

appropriate halogen acrd with 16 in droxane (for 17a) or trifluoroacetic acrd (for 17b).

Preparauon of the fluoro compound 17¢ 17c requued more vigorous conditions and gave lower

yrelds”‘ 195 Attempts to 1m‘prove the yields using HF as the solvent af f orded rearranged

*

products““ The iode compound,17d 17d*was obtained m low yteld together wrth other unidentified

1odo

nucleosrdes when the hydroiodic acid was used as the iodine source. Water was excluded

from these reacuons since the hydrolytic reaction whrch gave arabrnoundmes Was f avoured

S 1 Hy

even

in the presence of a halide nucleophrle”‘
Hahde salts have also_be¢n used for the synthesls of the 2 halourrdmes 17. The
§ -

reactron of sodium chlonde with 2,2 anhydroundme andgtnfluoroaceuc acrd in dimethyl

formamide at 130 'C gave 17a in 53% yield?®¢. The 2'-bromo compound was synthesrsed

employing an analagous reactron using vanous bromide salts?®’. The 2'- 1odo compound 17d was

' ‘prepared by heatrng sodlum lOdlde 2,2'- anhydroundme and trrfluoroaceUc acid in DMF under

feflux***. The 2'-bromo and 2' 1odo nucleosrdes (17b and LZ_) have also been prepared by

N

e



reaction of 2272’ anhydro mtermedxate f ormed by an mtramolecular reactlon (Scheme 11.3),

A

and salts of iodine and bromme in dlmethyl formamide at 100 C”°

The reaction 2,2’ -anhydro compounds wnth nucleophlles has been used to synthesise a

_ vanety of other nucle051de analdgs These included analogs of thymidine (18a - ¢), nuc1e051de

\

analogs of the potent armtumor agem 5- ﬂuorouracﬂ (18d) and a series of 5 subsmuted

nucleosides with potenual carcmostauc activity (lgg -g).

"
F\ . !
+ s . s
f .
M r .
<
.

R X - Y . Ref.

a) OH Cl - CH, 194

by . OH Br CH, . 194

. ¢) OH F CH, 194
d' OH F+ F 194 - |

e) F +Br ‘H 211

) F F H 211

_8) F F I 211

h) - Cl Cl F ‘ 214

i) B Cl Cl' Br . 214"

j) =~ .Br Br e F 214

s k) Br Br Br 214

’

!

_ Reactxon.of 2,2'- anhydro 5. methylundme with halogen acids in dloxane or tnfluoro-
acetic acid yielded the 2'-halothymidine analogs (18a c) in good yield***. 2' Bromo

25" -dideoxy-S -fluorouridine was pre_pared in 54% yxveld from its 2,2' -anhydro precursor
upon reaction with NaBr in dimethyl formamide and p-toluenesulf onic/ aci\q as catalyst®''. The
2' -ﬂuor;) compound 18f Qas obtainéq in 32% yield from the reaction of the 2,2'-anhydro |
precursor with 1% HF in dioxdne at 170°Cin tﬁe presence of AIF ,“" ‘A number of 2'-halo-
uridines have been prepared as intermediates in the §ynthesis of 2' -dec')xyur,idinesm-“"sipce\ the
2'-halo group 1s readily dxsplaced by hydride (tnbutyltm hydnde) A number of 2',5¢ dxhalo
- -5-substituted nucleosides (18h-k) were synthesised by the reaction of 5 subsmuted undmes
with the Vilsmeier reagent phosphorylhahde-dxmethyl f orr{narmde. It has been propnseq that . . ,
| thé reaction proceeds yia a 2,2'-anhydro jntermediate*™.” ' L ’

-
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Despite the ready avaxlablhty of 2 2’ anhydrocyu’dine1°°-“’2-m reactions agalogous to

those described for the preparation of 2' halourldmes have not generally been S ccessf ul for
" the preparauon of 2'-halocytidines. The 2,2’ -anhydro bond appeared Wnstable to basxc

reaction condmons and hydrolysis by traces of water in the reactants“"“‘. In addition

2,2 anhydrocytldme appeared to be stablc only in the salt form since attempts (0 isolate the .

neutral form by treatment of the salt with NaOH led to rapid conversion 10 arabmosyl

cytdsine“s 2’ ~Fluoro-2 -dedxycytldme was prepared by the reacuon of 2,2 inhydrocyndme
hydrochlonde with potassmm fluoride and crown ether in rigorously dned dimethyl |

f orrnarmde“6 The.2'-chloro- and 2’ fluorocyndmes have also. been prepared from the
correspondmg 2’ haloundmes by ammanon“’ using the standard techmque developed by Fox .
and co- workers“’ The one step s11ylanon ammatlon procedure developed by Vorbrugen
appeared 10 be a sngmf icant improvement which had the potenual for hlgh yield synthe51s of

2 halo cytndme denvatwes from the correspondmg undmes“'

l./

3 X Ref. . . R Ref.
a) -H  OH . a) H 222
by H ' F 920 - _ - b) F 21
¢) - H Cl 219 ' ¢) al 21
d) "F - F 2 - d) Br 21
e). C  F 21 ) e) I 221
f) =~ Br F 21 . R § CH, 22
gy 1 .F* ) B o SRR

- F 21 - \



The porem antiletikemic activity of 1-8-D- arabrnof uranosy! cytosine (ara C) (19a)

* suggested that the 2'-fluoro arabino subsutuem in these nucleosides may be a conmbuung
factor to their blOlOglcal activity. I'n fact both the 2’ arabmoﬂuoro 19p and the |

2'- arabinochloro 19¢ compounds show activity comparable to ara C against leukemias in

© vitrot'?, Compounds of structure 19 and 20 could not be synthesised from 'n‘ucleoside ‘
precursors Attempts t0 prepare the 2'-arabino compounds by nucleophilic drsplacemem ‘of-a
2'-ribo subsntuent f ailed presumably due to mrramolecular pamcrpanon of the 2-carbonyl ,
oxygen atom m the reacuon“” Compounds 19 and 20 and the xylonucleosrde 21%%° were

prepared by condensatlon of {he\appropnate halogenated bromo. sugars and bis-2, 4 trimethyl-

~

silyl substituted pyrimidine bases? T,

& | ' . VLo
A variety of halo sugars have recently been prepared by drsplacement of a trifla

substituent. The 2’ -halo sugars ¢ obcamed were subsequently used for the synthesis of 2'-hal

arabinonucleosides using a coupling reaction®?’.

Synthesis of 3" halopynmrdme nucleoside analogs.

~ The maj jority of 3' halopymmdme nucleosrde analogs have been prepared by reaction
of 2 § sanhydro compounds 22 or2',3"-epoxy compounds 24 with nucleophiles or by coupling
of halo sugars wrth suitably blocked pynrmdme bases. In addition to these methods there have

been a number of other syntheses of 3 halopynmrdme nucleosides reported

%

\5
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I ) H/E/R a) . H  OH uridines ' . .
/‘\N OJ\N s b} H H - deoxyuridines

-0 c - CH H deoxythymidine$
HOHL | o o . HOCHi g ) ) < Y : -
e . )
' X = halide -
R/ X R, S ‘
’ K » ' ) e ‘ \;
' ' , o ' ’ ’B K .. § -
_ - S ——
HOCH, ¢ ~ x- HOCH: , ) a) uracit ..
o —etp b).  cytidine -
RIPYE Y X=halide -

°

- .
~ - -

The 3' chloro compound 27 has been 1denuf 1¢d as a product obtamed f rom the‘reacuon ‘
,of §' O benzoylundme and acetylsahcyloyl chloride'’? and was presumed to arise f TOm chlonde
'amon attack on an mtermedlate acyloxomum ion (26) The ac}yloxomum jon has also been
postulated as an intermediate in the synthesis of the 3 chloro analog 28 Whlch was obtamed

from reaction of the N-2-amino nucleos1de and a- acetoxyxsobufyryl chlonde“‘

N -

The reacuon of thymldme and SOCl, in hexamethylphosphonc mamnde y1elded the

3.5 dxchlorothymxdme analog.havmg the threo pentofuranosyl structure (29). ThlS result

&

indicated a simple nucleophlhc suﬁsqtuuon reaction, with inversion of conf igurdtion at the .

. %

3 N . . ct .
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. a‘cetamide and carbon, tetrachloride gave the 3'-choro-threo-pentof uranosyl‘compo"und 30 26,

3 . . ‘ . . 42

- -3'-position®*’. The reaction of 5'-O-trityl-2'-deoxyuridine with triphenylphosphine, dimethyl-

-
s e

L]

In other studxes reactxon of bromlde or iodide amon w1th thymldme analogs 31 havmg a
good leavmg group at C-3' gave 3'-bromo- and 3'- 1odothyrn1dme nucleogides 32 with apparent

retentlon of t:onflguranon“"“9 Itis resonable to postulate that Lhese reactlons proceeded via a _

A

‘ 2 3! anhydro mtermedlate f ormed by initial attack by- the C 2 carbonyl oxygen atom at the

Kl

?

'3'-position of the sugar (compare with Scheme I 3y

. '
! ‘ -
v \ v
' ° RS ‘ .
N . N . 0 '
-
« 4 . .
v ' ,

The 2 3 anhydro compounds are readnly prepareq and a review of early work has been )

i

pubhshedm Compounds 33, 22a and 22c were readxly prepared by mtramolecular C 2 carbony!

_ attack on a sultably blocked 3 O\{nesyl ‘precursor??’- ase. 21,

4

, .
o Halogeaanon reacnons analogous to those employed to prepare 2'“halo compounds o

from 2,2'- anhydroundme have been used to synthesme 3" halo analogs of 22¢. Thus reactmn Qf .
22c thh HF and AlF, .m anhydrous dloxane gave the 3 fluorothymxdxne analog (_2_3_ X =

F)m 333, The 3' chlorothymldme analog (23c X Cl) was obtamed from reacnon of ‘22c w1th

L - - . f R ~ T [ .
N r o B} . R ,.' R i
~ . B - . - . N
-
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233 Treatment of 5-fluoro-5' -iodo- 2,3'-anhydrothymidine with

" HCl in anhydrous dioxane
dilute équéous HI gave the 3',5' —diiodcégmpo}md in high yield®**.
. : . - TR

o

‘.‘_ ‘0"'\ . ) \‘o .
) .
. : ; , ‘:CH:
) A
" N N/

T Tﬁe 2'3'- epoxy nucleosmes (24) were useful precursors for the synth651s of 3'-halo-

arabmo nucleosxdes The 2 3 epoxyundme 25a was obtamed from the reacnon of

2' 3 ,5'-tri- O mesylundme w1th three equxvalents of basem or under more cqntrolled xeacuon

condnwns by mtramolecular auack of the 2': arabmo hydroxy1 group at the 3 -carbon havmg

e,

135236 upon t:reatmem of the molecuIe with aqueous NaOH

A

* “an O-riesyl leaving group

—

Scheme II 4 PropoSed mechamsm for the synthesxs of 5 ﬂuoro -1-(2',3'-

' -ePoxy 5 deof?ﬂ 1-8- D lyxofiu'anosyl)cyudme

o

~ ~
N . \ ~

The alkaline reaction conditions seemned 1o facilitate this reaction rathef than a competitive
. - - . . ( . > : d

A iea_tctioﬁ which invplveci _gftack by-the C-2 carbonyl oxygen atom to give the2,3'-anhydro

. ) .

v - v
l/ . ) . .
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- products. 2.2'-Anhydrouridines were obtained when 2'.3",5"-tri-O-mesyluridines were refluxed-

in water?*!. Under alkaline reaction condi;t,‘%ons 34 was similarly converted to 36 presumably via
the 2' -hydroxyarabino cytidine intefmediate 3'5 (Scheme 11.4)%7.

} A series of 3’ halo nucleoside analogs 37a-¢ was synthesiséd by the reaction of the

approprtate 2'.3"-epoxide with ammomumyhahde salts in ethanol?** or with aqueous

aCld""z”'"_o. e _ "
8 B X Ref.
HOCH, ] :
' a) cytosine Br 238
b) cytosine I 238
x c) uracil Cl 208,239
o ad) uracil t Br . 238,239
.e). - i+ uracil I - 208,240

=1y undl CF 208241

;( \

The 3'-fluoro compound 37f was obtained in low y1e1d from reacuon of 2',3"-epoxy.
nucleoside wnh HF in dioxane at high temperature ungie; anhydrous reaction condmonsm 241
Attack by halide occurred regloselecttvely at the 3 -position of the 2°,3'- -epoxides. Th1§
| regloselecttvxty is presumably due 10 preferential attack by the mcommg nucleophlle at the less’

‘ )

hmdered '3 posmon No products resultmg f;om attack at the c-2 pos1t10n were 1solated

although they may have been produced as minor components in the reactions.

N

T/ < HOCH,

£
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A number of purine nucleosides 38b having a ribo 2',3’ -epoxide moiety have been
synthesised?*7?4¢, Reacnon of 38b with a vanety of reagents gave 3'-bromo, 3'-chloro,
3'-jodo’** and 3’ fluoro“’ lyxo nucleosxdes A 2',3"-1ibo epoxide has been postulated to be a
| transient -imermediate during some pynmldxne nucleoside syntheses. The 2',3"-ribo epoxide
{3

intermediate is consistant with formatiop af 1-8-D- xylofuranosyluracil obtained after

Y
-

treatment of 2,2"- anhydroundme with base‘. A stable ribo 2',3' -epoxy nucleoside has never
| .been 1solated in the,pyrumdme series. An attempted preparauon of uridine 2',3"-1ibo epomde
- (38a) yielded only 2,2’ -anhydround;ne (16) which presumably _anses from-the intramolecular
attack by the C-2 carbonyl oxygen atom on a transient neactive 2',3"-epoxide®*’.
‘However pyfimidinc nucleosides \hoving ’tne xyle conf iguration can be synthesi§ed using

couplmg rcacnons“" Mt Thus condensanon of silylated N-4-acetylcytosine or 5-fluoro cytosine

with a variety of 3- halogenofuranoses gave a series of xylo 3' halocyudmes 393,

' NH, R X Ref. ’
.
- @ a) H °F 220,248
' A b)  H  C 2:2
: : c) H Br . 2
HOCH, 4d. H 1 48 "
e) F ol 248 | .
) F Br 248 :
OH ° g) F I - 248

Synthesm of S-halopynmndme nucleosnde analogs

The 5 halopynrmdme nucleoside analogs, as described prevxously. are. readily
: synthesxsed via electropmlxc attack by various halogenation reagents at the electron rich C-5
posmon Within this seriesof compounds the 5- fluoronucleo51des were the most difficult to
Synthesise. fFluonde salts could not be eaqﬂy ondmad to ylcld electrophlhc fluorine as was the
«ase with the other halogens Mol‘ ular fluorine (F, ) tended to be very reactive and

non‘-seloctiv electrophlhc fluorination reactions. Molecular fluorine and many related
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electrophrhc ﬂuorrnauon reagems are 1oxic and hazardous substances Desprte these prohlerns a
varrety of rnethods have been developed to prepa‘re 5- ﬂuoropyrrmrdrne nueleosrdes

Nucleosrde analogs of S f‘luorouracrl and 5- fluorocytosrne have been prepared USrng

couphng reacuonsm 248249 and transnucleosrdauon“° Nucleosrdes have been reacted erh a -

v

variety of novel elecrrophrhc f'luonnaung reagents. The srrnplest electrophrhc fluonnaung
AY / .
) reagent a solution of F,in aCCUC acid, was used to prepare 5- fluorourrdrne/ in 92% y;‘éld frorn_ '

uridine*®. Thrs reaction has been shown to proceed through an unstable 5- fﬂuoro -6-0O-acetyl- o
~t

Rl - LS

<5,6- drhydrouracrl rnterrnedrate“2 251 Somewhat lower yrelds were obtarned wl}{Q water was
used as the solvem"o The lower yield is hkely due to sjde reactions of the nudedsrde and
reactive species such as H O; and O, which are produced when F; is drssolved in warerm The

-

reaction of trifluoromethyl hypoﬂuome (CF OF) with pyrirmdrne nucleosrdes f ormed a

l

6- alkoxy -5-fluoro-5,6- drhydropynmrdrne adduct whrchunderwenr base caealyzed elimjination
to give 5-fluoropyrimidine nucleosides m hrgh yield?$272** Several new ﬂuonnauon rlents, ‘
have shown promise for incorporation of fluorine at the C-5 posmon. A wide variety of \

- additions to double bonds have been effected using XeF,, mcludrng the synrhesrs of 5-fluoro-
“uracil from uracrl”" 291 The electrophilic fluorinating species acetyl hypoﬂuonte (CH,COOF) ’
was prepared by bubblmg nitrogen diluted-elemental fluorine through aeetrc acrd or acetic crd /
freon solutions contairing sodrum salts!**1#3. The volaule acetyl hypofluorite could be re‘éved |
- from the solvent by a stream of inert gas and trapped in a‘second sorvent. cooled to the B

A

appropriate temperature. S - - )

E. The Biochemistry of Pyrimidine Nucleosides - - - 8

Introductron R . _ : | ’ . A
The role ot‘ pyrrrmdme nucleo&rdes m cellulzu survival and reprod‘uctron has been
recognized f or a long urne Those mterested in the design of new therapeutrc and dragnosqc

o nucleosrdes have tended tof ocus therr attenrron toward the brochermcal role nucleosrdes Serve in

<



v > v '
)

brosynthesrs of DNA and RNAE It should however be recogmzed that nucleosides perform a

<_vanety of other f unctions in biological-systems. Nucleosrdes are brosynthetrc mterrnedrates f or.

«
4

the f ormatlon of glycoproterns phOSphoglycendes and glycogen as well as constrtuents of

v

) enzymes and metabohc regulators ‘ .

The cytotoxrc behavrour of pynmrdrne nucleosrde analogs has been related toa number

' of [ j ects mcludmg competmpn with natural pyrtmrdme nucleosrdes f or enzymes, f eedback
mhxbmon of nucleos1de synthesrs and mcorporauonof rnodrf ied nucleosrdes into DNA and
- RNA The mechamsm o£ action for a number of nucleosrde analogs that have shown>s1gmf>rcant

'antrtumor or antrvrral effects has been exammed in detarl ‘The cytotoxic eff ect of nucleosrde

i
4

analogs has tended to be rather non- -selective. Most chemotherapy using these compounds was
based on their mterf erence wrth constituents requtred for high metabolrc acuvrty in L

_ prolrf eraling neoplasms Consequently there isa concomrtant hazard to rapidly growing normal
_tissues such as bone marrow and intestinal mucosa. Slowly growing “tumors have tended to be

refractory to such therapy

-~

‘Prusoff and Frscher“' have defined a number of recogmzed or potentral criteria f or the _

selecnve antrtumor and annvrral activities of nucleosrde analogs. Recogmtron of altered

!

transport enzyme actrvrty or specifi 1c1ty and chemical envrronment in tumor cells or virus

_ inf ected cells may provide clues to the desrgn of an ef fective therapy rnvolvmg nucfeos@«
B analogs Another aspect mvolves an understandmg of the relatlonshrp between the structure of
the analog and its brochemrcal behavrour There has been a tendency to myestrgate in deta11 only
'thOse compounds wh1ch have demonstrated a substantral therapeutrc eff ect Consequently there
~ are many unanswered questrons pertamrng to in vivo metabohsm of nucleosrde analogs and httle
*-predrctrve capacity in brochermcal /udres with, or therapeutxc or dragnostrc apphcatron of G

novel nucleosrdes

N e revrew that follows exammes the known brochemrcal behavrour of halogenated

7srdes w1th parttcular ernphasrs on the 2'- and 3'- pos’mons of thesugar and

T
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Blochemlstry of naturally occunng pynmndme nucle051des

The bxocherms{ry of naturally occunng nucle051des and nucleoudes Ihelr intercon- - :

versxon and 1ncorporat1on 1nto nucleic acids have been studied extenswely and are well def rned

g -

- The reader is ref erred to revrews QY the sub]ecz f or more detarl’” 260 The main pamways are

3 : . ) et

| shown in Sc‘neme I1 5

'

Somefeatures of thxs scheme are: ‘.‘ B e L

1. . Other Lhan«salvage routes, all pynmldme nucle051des ansevde nove wnh uridi ;{e mgnophos- -

-

phate as the progemtor of Lhe other pynrmdme nucleosrdes.

-

s

2. 'Nucleoude tnphosphates are the dxrect p[eClll'SorS for DNA and RNA Kmase enzymes Lot

"‘control the level of phosphorylatxon o _o‘ . e

o Y s _“/’

3. ‘Cyndmes anse f rom undmes at the mphosphatc level with the reverse process occurrmg at’

t
”

/Lhe level of the nucleosrde or f Tee base or via nucleonde deoxycyndme monOphosphate

convers1on to deoxyundme monophosphate o B
4. The deoxynucleoudes are f ormed at the tnphOSphate 1eve1 m mammahan systems and axt . 5
the dlphésphate ievel in E. \colt L T N

A e . . i

5. _~Thyrmd1ne rather than deoxyundme IS mcorporated vza its tnphospha.te i‘nto DNA.. ‘ :

'lMethylauon of the deoxyuridine monophOSphate glves the reqmred thyrmdme e ’f‘ ‘\

6. Nucleosnde phosphorylase enzymes can cleave the nucleos1des to the con‘espondmg nbose
or deoxynbose sugar and pynmldme heteIOCycle E o LR A "

. : .;f : ‘ ) N < e EEAE
Blochemlstry of 5-ﬂuotouraclt and 1ts nucleosldes. S _
. _ - ',' D .- - .
, Heldelberger and co- wo}k@ﬁfrst repol’ted the anummor and anubactenal propemes .
of 5 fluorouracil (40) in 1957” Since thls mmal report a wrde vanety of analogs have been '

reported in the hterature A very hmrted number of these molecules possessed any advantage

relanve to 5- fluorouracxl The anabohc and catabohc pathways for 5- fluoromacrl m : _. .

Y

manimahan systems are shown in Scheme II 6 5 Fluorouraal mlmxcs t,he behav:our of uracﬂ

with respect to both transformanon to the acuve metabohte 5-fluoro- 2~ deoxyundme
N . v" . RSV e i E

Y . . . ) e
. . . 4
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~dUMP — dTMP
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ENZYMES

1. pyrimidine phosph syl transferase ’ 7. thymidine kinase

2. uridine phosphorylase 4 > 8. phosphatase ,

3. uridine kinase 9. thymidylate synthetase
.~ 4. uridylate kinase ' . : 10. uracil reductase " -
5. ribonucleotide reductase s 11. dihydropyrimidinase

6. thymidine phosphorylase . : 12. B-ureidopropionase -

'«

- -

<

-

Scheme I1.6 In vivo metaboﬁsm of 5-flu9rou_racil in mammalian systems
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monophoéphate (FAUMP ) and catabolism to a-fluoro- B-alanine."l"he metabolite FAdUMP: acts
as an analog of deoxyuridine monophosphate (dUMP) except th‘ht it binds to the enzyme
thymrdylate synthetase in a vrrtually rrreversable manner’“ Thus the free enzyme is rapidly
removed from tissues, thymidine pools are depleted by the- absence of enzyme which ef fects the
transf ormatron of dUMP to deoxythymidine monophosrfhate and cell death is the consequence.

There have been a number of studies which correlated the co‘entranon and clearance
of FAUMP with antitumor effect in various tumor models“"“‘. It has alsp been suggested that *
mcorporatron of 5-fluorouridine triphosphate into RNA may be the major cytotoxic effect in
many cell lines mcludmg human breast cancers“;2 265, _The inhibitory action of 5-fluorouracil
on rrbosomal rnaturatron has been well documented’“"" There may in- f act be a spectrum of
modes o_f action in various tumor lines between these_ two effects?®®. )

Cell lines which became resistant to 5-ﬂnorouracil (40), 5-fluorouridine (41) and
5~f1u0ro-2' -deoxyuridine (42) have been shown ‘to have reduced leyels of the enzymes .
pynmrdme phosphoribosyl transf erase, uridine kinase and thymrdrne kmase respectrvely"‘?. A

- number of other mecbamsms causing resistance have dlso been drscovered”"

—

-

. In some test systems the nucleosrdes s-florouridine (41) and. 5 fluoro 2'- deoxyundtne

= ’

42 have demonstrated enhanced or,altered activity relatwe to 5- fluorouracﬂ 40' 27 The
2'- deOXynucleosrde 42 has shown greater tumor uptake and better tumor to blood Tatios than
5-fluorouracil in some murine tumor test systems’ -10 Thts may mdlcate a greater cellular

t

uptake for the nucleoside than for the free base. The nucleosides have also been shown to exert
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markedly dlf ferent in vitro and in vivo activity against a murine lyrnphoma272

5- Fluoroura‘ml has the disadvantage of being cytotoxic toward normal cells as well as ’
tumor cells and has a relatively low therapeutic index. A number of nucleoside ana10gs of
5- ﬂuorouracxl have bee‘n prepared in an effort to enhance antitumor actmty to increase
selecuvny for tumor cells and to eliminate some of the potent cytotoxicity toward normal cells.
Ftorafur (43) was shown to act as a slow release form of 5- fluorouracil. It ﬁaei a median
‘half - hf e of 18.6 hours m man compared with 0.5 hours for 5-fluorouracil?’®?"*"*.“The gradual
formation of S-fluorouracﬂ f rom’f torafur (43) via acnvauon by liver microsomes was regarded

as'the equivalent of a slow infusion of 5-fluorouracil but -demonstrated no therapeutic

improvement over this method”™. o \

a
15

A recently synthesise&"andneoplastic agent, 5'-deoxy-5-fluorouridine (44), has shown

thcra’peuhc potentml""’” Its favourable therapeutic mdex and low host toxicity may represent
preferential bxoactxvﬁo in tumnor cells”s Although the presenée of novel metabolites could
- not be mMed that compound 44 exhibited cytotoxicity after cleavage by _

| pymmdme nucleos1de phosphorylase to 5-f1uorourac1l. The absence of an hydroxyl group at the

-

s posmon of the 5- fluoronucll':omde m prevented dl;ect phosphorylaﬂon This compound also
failed to cxhiblt in vitro cytotoxity, a result consistant with the proposed in vivo enzymatic

acuvanon”s The 5-fluoro-5'-deoxy a.nalog (44) has shown relauvely high rates of conversion

To racil in tumor tissue relative to normal tissue’”’ and was not effective against a cell

lin whxch lacked nucleosidé ?hosphorylasc”’ The prl)drug mechamsm was supported by the



A

due to the dlrect tnhlbltlon of the enzyme thymrdylate syn

absenco of -early inhibition of thymidylate synthetase when tissue concentrations of 44 were

, maxrrhal”‘

Analogs of 5' deoxynucleos@é having a modif ied 5' substituent retained in vivo

activity but were essentrally mactrve in vitro’™. 'Fhosc compounds also appeared to act via a

.8

o prodrug mechamsm There was 'some restnctlon regarding the nature.of the 5'-substituent if

A ”

the compound was to remain a substrate for the enzyme aucleoside phosphorylase. For example

‘ the 5 -iodo-5'deoxy and the 2,%- anhydro analogs of 44 showed no actrvrty toward Sarcoma

-

5180 in mice™™. ’ '

3

Addmonal modrf ications to the 2'- and 3'-positions of the 5'-deoxynucleosides yielded

E compounds that were inactive against Sarcoma S-180, a tumor known to be sensitive to

fluorinated pyrimidines. The compounds 43, 46“’ 47 and 48?* did not appear to be substrates

for nuclepside phosphory‘lase‘which converts them to 5-fluorouracil and its active metabolites.

. (o]
CHyo B CHol B CH, " .
Y e - L
o . . M . H
a5 46 - a7 48

Y

'1-8-D- Arabinof uranosyl -5- fluorouractl (ara FU) (49) was shown to have a good

‘chemotherapeutic mdex and a relatxvely high actlvrty comparable to 5-fluoro- -2 deoxyundme .

(42) against mouse leukemia S-82 ** . Although it was ongmally proposed that ara FU'(49)

had 4 mode of action sxmrlar 0 5- fluorouracrl”' 219 recent studies revealed direct inhibition of
the enzyme thymidylate synthetase vig the monophosphate of the arabinonucleoside 49 49 me v
2' 5-Dif1uoro-i-£rabinosyluracil 50 has shown moderate cytotoxicity toward tissue
culture cells®*, Recent experiments demonstrated that the otoxicity of this compound was
I? tase by the nucleoude

monophosphatte"l In addition thrs compOund was shown not to be a substrate for the
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¢

mammalian pyrimidine phosphorylases and hence might demonst‘ra"te a different spectrum of in

vivo activity than 5-fluorouracif or 5-fluorouridine?**

‘“ .o

. 0
H F N
o
NT

HOCH, , : HOCH,

5-Fluoro-2',3' -dideoxy-3'-fluorouridine 51 was designed as an analog of 5-fluoro-

-2'-ﬁeoxyuridine (42) and was expected to be more resistant to phosphorylitic cleavage by the
thymidine phosphorylase enzyme while maintaining the potenti'al", to interact with cellular

thymidylate synthetase?**. In vitro testing confirmed these expectations and 51 was shown to be

» oderately growth inhibitory to L 1210 mouse leukemia cells in culture?*?.

NH,
2 | F
NH,
LN ' OJ\N t
0)\ l HOCH, o
N
oM
52 53 54

A number of 5-fluorocytidine analogs exhibited biological effects aftér conversion to

the corresponding 5-f_‘luor0uridine a;ialogs by deaminases in vivo. The pyrimidine base 5-fluoro-

1+
hd . ,¥

_ cytosine was fot active in man due to the absence of cytosirle deaminase or cytosine phospho-
ribbsyl transferase enzyme activity?**, This compound has shown antifungal activity due to

selective activatibn by the deaminases present in :fungal'cells. 5-Fluorocytidine 33 and
- 4 o :



a 5 fluoro-2' deoxycyudme 54 are active against mouse leukemia. They are converted to the
correSpondmg 5-fluoro nucleotides by deoxycytidylate deaminase thus providing mhxbmon of

the enzyme thymidylate synthetase by the mechanism already discussed?** (Scheme 11 ,6).

A

» S

Biochemistry of I-B-D-arabinofuranosyl cytosine and its 'z’inalogs.'

N : N

: 1- B-D-Arabinofuranosyl cylosineA(ara C) (55)is the most important drug available .
for the treatment of acute myeloblastic leukemia. It is rapldly deactivated in mammalian

systems by deoxycytidine deammase in compeutlon with its actxvanon toara C tnpho,sphate by

deoxycytidine kinases. It acts by inhibition of DNA polymerase, although mcorporauon into

’ . ]

DNA may also play a role in its cytotoxicity""o (Scheme 11 .75' . ‘

N \
W

i

. DEOXYCYTIDINE DEAMI NASE -

—» ara UMP.

ara CMP ———— ara CDP —————»ara CTP / o

-

: i
Scheme 11.7 In. vivo biochemical activation and deactivation of 1-8-D-

-arabinofuraposyl cytosine .

)

2

A number of halogen-eontaining analogs of ara C (55) were 'prepar’ed‘with the hope of |
f inding a compound \y_hich maiutaiued tue acﬁvity of the parent but was less schedule
, dependam and more resistant to deamination. 1- B-D-ArabinofuranoSyl-S-ﬂuoroc'ytosine 56
" was acuve agajnst mouse leukerma and was more active than the parent compound ara C
against a 5- fluorouracxl resnstant hne of mouse leukemias*”*. The mode of ‘actxon of tkus

1

compdund appeaIed to be r.he same as ara o} except that deamlnauon produced
o &

_— -
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\

1; B-D-atabinofuranosyl- S -fluorouracil (49). compound whrch was also cylotoxxo”'

- ~

4

NH:HX

\\,t‘ S S | |

2 2 Anhydro 1-B- D arabmofuranosyl 5- ﬂuorocytosme 57 wes very active agamst

’ s

mouse leukemras"" and was less $chedule dependam than ara C This compound was considered .

.

,‘to be a double barreled masked precursor " which gave ise 10.twO active meta'bohtes Ara C

' (56) could result f rom cleavage of the anhydro lmkage and Lhe urrdme analog 49 by subsequem

-

) dearmnauon“9 The anhydro compound 57 was actrve agamst both ara C sensmve and ara C

st Y

resrstant cell 11nes“‘ The acuvrty in the latter case was reversed by the addiuon of thymrdme

but not by deoxycyudme Thrs mdrcated that mhrbruon of thymrdylate synthenase was

responsrble for cytotoxicity in this cell hne, ‘

¢ ' ) v .

A . . .
. . - ow " A .

Scheme IT. 8 Converslon of "double barreled masked precursors to the active

‘metabolxtesl B- D arabmofuranosyl -5- fluorocytosme(56) and 1-8-D-

.

Co -arabinofuranosyl;.‘g-f‘luorouracrl(gg). .

.



* A number of 5- ﬂuoro Xylocytidines were desxgned as double barreled maslied'
¢

precursors of anUcancer drugs"“..'lhe xylo compouncls 58 where X-was a good leavmg gr011p
| ould glve rise, vmmtramolecular converswn t0-1-B-D-arabinofuranosyl-5 fluorocytosme '
-(56) and by subsequent peammatlon ©l- B -D- arabmofuranosyl -3- ﬂuorouracﬂ (49) (Scheme
J11.8). In: ara C sensmve cell lines 31gmf1cant aouvxty was noted with X = Br, I, O-mesyl
,\'O tosyl and toa lesser extent with Cl. The low acnvxty when'X = Cl and the absence of

\

actm[y when X = F probably reflected the reduced ability of* these halogens to act as leavmg

_groups

ngmf icant cytotoxmty was also noted for the 5- ﬂuoro compounds 58 agamst cell lines
resxstant o ara C 'I’hls effect was reversed by ;hymldme but not by deoxycytxdme 1mp11catmg
"thymrdylate synthetase as the target enzyme’“
The nbo cyudme analogs having 2'-chloro, 2'-fluoro and 2’ chloro-S-Hlm:m -
. subsmuents were all acuve in cell culture"‘ A mechamsm of acuvauon was postulated in -

which active 'metabolites 35 or 56 were formed after initial f ormation of an anhydro

intermediate by imramolecular attack of the C-Z cal'bonyl oxygcn atohl at the 2' carbon with |

. . l
the halogen acting as a leavmg group“‘ . . '

1- (2 -Fluoro-2' deoxy B-D- arabmofuranosyl)cytosme 59, 1 (2 fluoro -2 deoky

-8-D- xylofuranosyl)cytosmc 60 and 1-(3'-fluoro-3'-deoxy- B-D- xylofuranosyl)cytosme 61

A ed

have been screened in L 1210 mouse suspension culture??®.

.H v" '
ﬁ m
07
HOCH: HOCHI O
- F OH -
~ ¢ F ‘
59 - 60 :

e

v I Coa .
The 2'-arabinofluoro compound 59 exhibited an activity comparable to ara C;(35) and the .

4

™ -
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5-fluoro analog 56 whereas the xvlo compounds were consulerably less acuve Pnehmmary

U studles using the 2 chloro analogef’ 59 59 showed it to be as ‘active as ara C or 59 agamst mouse

: leukemla cells in vlvom The lack of acnvxty exhxblted by 60 60 and 61 is probably due to a low

r

af fi mny of these compounds for the Cellular transport mecllamsms and kmases reQulred f or

conversxon into active nucleoudes.

Blochemlstry of thymldme analogs‘ — ’

Analogs of thymldme (62d) include compounds which retaln the 5- methyl pynmldme
’ i ’?

_stricture but have various modlf ications to the deoxynbose pomon of the molecule A second ’

group of analogs are compounds in Wthh the methyl group has been replaced by a subsntuem

\

: wnh an approxlmately equal stenc mﬂuence The latter group includes chmcally useful

<

compounds such as5- 1odo 2 deoxyundme (62a)” 5- bromo 2 deoxyumdme (62b)’” and
). ; (&)

S-trifluororn'ethyl-Z -_deox’yundme (62¢). R '. . o )
' E . X . 3 N
,“’a) - * I . " ? .:.
©b)  Br.. T
'C) CF] ’ !

) d) ’ CH;

L, ) . -, . E | . N P

The accepted mechamsm of acuon of compounds 62a -C mvolves {heu txanSport mto - .'

cells’ and phoSphorylatlon to the §' tnphosphate nucleoudes At th1s level they mlubxt v1ral

vy

mdueed DNA polymerase or become mcorporated mto v1ial DNA"’ 190 These analogs also

»

exhxbned competmve and feedback 1nh1bmon of thymxdme tnp,hosphate synthesw

The 5 1odo analog 62a has prowded good results in the treatment of herpes smtplex

C &

virus mf ectlon of Ihe comeal eplthehum in man mth poss1ble selectxve uptake of Lhe compound

mto vxral DNA bemg the cytotoxxc eff ectm 'A number of factms lum&ed the usef ulness of -



these compounds as antiviral agents. These factors included their susceptibility 10
\ N ’ s
phesphorolytic cleavage®”’ and theu relaLwely small therapeutic index (eg 8:1 therapeutxc 10

-

toxic ratio in a study of anuherpes virus activity with 6.,am

- Studies® usmg the cytidine analogs of 622 and 62b in cell culture mdlcated they were
1

equally ef f‘ ecuve in mhabmng replication of herpes s:mplex virus type 1 and type 2 but -

i
.

'.

: displayed a lower toxicity o uninf ected cells than their correSpondmg undme analegs’**?**.

: _ This selectxvuy was due to the fresence in infected cells of a virus “induced p){rimidine

("

nucleosxd_e ‘mase whxch enhanced the uptdke 6f the cytidines relative 10 their uptake into

normal cellsm p
Interestn_;g results were obtamed when vaftious modxf mauons to'the sugar portion of

5-nalo nucleo‘mdes were perf ormed Compounds 20 and 63 X =F, Cl, Br, I) were shown 10

0y

exhlbu antiviral actmty agamst herpes‘{tin/plex virus type 1. Compounds 20b d and ‘e and 63d

nnd e were the most potent?®. .~ - | ;
. ~.' ! X X
) - a) H
' 1. b) F -
i ) Cl -
J d)- Br )
) . e). I
) 4
- R , ] > ; . L - ) . ) 4
| |
‘The presence of a 2 fluoro subsntuent in 20 and 63 in place of a 2'-Hor 2 OI-I
" | enhanced their blologxcal actmty“‘ The 5-iodo-2'- arabinofltioro cyndme 63e was more actwe

against herpes szmplex virus ty@ and type 2 than elther ara C (85) or 5- fodo- 2 deoxyundme

(62a)"’ This c&mpound appeared to be preferennall)’ phosphorylated by the virus mduced

.~ enzyme thynudme kinase thereby exhxbxtmg a low toxxcxty__%ward uninf: octed <:ells’91 The
' meéhamsm oﬁielluiar tOXJClty was predommamly mlnbmon of the 'enzymes thyrmdme kmase

ﬁ . and 7 or thyrmdylate synthetase and the compound WaSeCIOS&IBSISt.ant thh ara C *" ThlS
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_ compound has recently undergoné clinical trials in immunosuppressed cancer patients with -

" herpes virus- mf ectxOns"" '

t

\

5-1odo- 2 arabmoﬂuoro undme 20¢e cxmbtted potent antmral and anuleukemlp

’

act1vxty’°° It was hlghly active agamst leukermc pnes whxch were remstant to ara C and it was ..

Iecomrnended f or chmcal tnals in patxents w1th teukexmas T

ef ractOry 1o ara C therapy

)00

Compound 20e mhxblted DNA polymerase and a&cted metabohcally like: thymldme and

deoxycyttdme”'

R
i

i

LY

60 °

The 5'-fluoro-5'-deoxy nucle051des 643 d demonstrated a signifi 1cant inhibitory effect

on the enzyme thym

1dylate kinase and hence may possess antttumor or antmral activity

X Y
a) BI‘ OH :
b) I OH
c) 1 F
d) I H

¥

211

3! -Deoxy- 3 ﬂuorothymxdme was shown to exhibit cytostatjc behaviour®*. Thxs

. compound was f ound to be phOSphorylated to the triphosphate level and its rnechamsm of

action appeared to be uptake into DNA where it acted as a chain term.tnator due to the absence

ofald’ hydroxyl substltuent in the molecule. Thls compound has also been shown to

| moderater mhlbtt the phOSphorylatlon of thymidine to thymidylat

bt

o't

eJO)..

N

t\‘- .



1. EXPERIMENTAL

A. Cold Syntheses |

Chemicals, solvents, gases ancLeqmpment - : /
Chemicals and sdlvents were reagent grade unless specified otherwise. Solvents were
rorninely dried and distilled prior to use and stored over 4 A molecular sieves. Where :
"srirper~dry"‘°z solvents were required thedrying techniques described by Bdrfield et al*** .
were employed Gases were purchased from Matheson Gas :f;roducts Canads and were -
generally of highest punty avarlable from stock. Ultra- hrgh purity neon and tesearch grade
neqn / fluorine mixtures requrred for the production of “F were specrally prepared by the same *
supplier. A specra.lrzed gas handling system for studres involving the toxic and reactive fluorine
gas was constructed of approved compo_nents purchased from Mathespn Gas Products (Figure

’

111.1)

6

N
4
z

o~ ™ to reaction

2 w . . 4 - vessel
P S
. ‘v ’ k ' . _‘ . ‘
Figure I11.1 Gas handling system f or synthesis with F,
b ;\\ . 3 . - P Jj +

* This gas handhng system consrswd of B15F- 679 regulators (1) 940 F valves (2) a

model 8250 Mass Flow Controller (3) a model 8117 Mass Flow Meter (t a modlel 7825 '
-

v . g
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Flowmeter (5) and a model 68-1008 hvdrogen fluoride trap (6)
Specrahzed glassware and teflon apparatus were { abncated by the Unrversrt\rof Alberta

Techmcal Services.
Instrumental analysis. - ' ! o g i,
Melting points (mp) were determrned wrth a BUChl capzlhary apparatus and are

uncorrected Nuclear magnettc Tgsonance (nmr) spectra were determtned on a Variah EM-360A *-
nmr spectrometer (60 MHz), a Bruker HFX 90’ (90 MHz) or a Bruker AM 300 nmr |
spectrometer (300 MH?z) using deuterated dtmethyl sulfoxide (DMSO -ds ) as the solvent an

. tetramethylsrlane (trns) as an mternal ref erence. Mass spectra (ms) were determrned ona’ -
Hewlett- Packard Model 5995 A gas chromatograph / mass spectrometer or by an AEI MS- 50
mass spectrometer. Exact mass measurements determrned on the latter 1nstrument were used in

% 1

~lieu of combustron analysis- for determrmng ‘the elemental composrtron

Iy
3 .

Compounds synthesrsed as ref erence samples f or radroactrve compounds were punf r%‘
by recrystalhzauon or chromatography on columns (srhca gel) thin layfer chromatography
plates (Whatman PLKSF or MK6F Mrcroslrdes) or by hrgh pressure hqurd chrornatography

(hplc) ona Waters system (Model 860 Automated Gradient Controller Models ’510 and M 45

Solvent Pumps Model U6K InJector and Model 480 LC ultravrolet (uv) detector) usmg 5o

-~

'Whatman Partrsrl M9 10/25 ODS reverse phase column Analyueal hplc was carned out usmg

. C-18 radtal compressron colurnns supplred by Waters Screrrhf ic. .

«
- e -~
ey e
¥ N r

-B. Radiochemical Syntheses - ‘ R o ‘,, <

PN

_ Radmnuelldes and Specrallzed gqmpment

y . The 1e requn’ed fof the synthesrs of [uC] nucleosrdes was purchased from Atorntc

‘ Energy of Canada errted as Ba“CO3 (1 9 GBq/rnmol) 'I'he m1 was purchased fromx

; i Merck Frosst Laboratoncs as a no- carner ad.ded SOlutIOIT m NaOH The mI was produced at ‘?_

g N “
L o ? . : L%
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the German Cancer Research Center Cyclotron Facrhty Herdelberg by the l“Te(p 2n)“’l
n\uclear reaction (90.8%4 \ennched in ”‘Te)”""” or at-the TRIUMZF Cyclotron Facility at the
University of British Columbia by the *"I(p, Sn)‘”’Xe - mI or the ”’Cs(p,2p9n)”’Xe - ”’I o
spallanon reactlons"" “The “Bn was obtamed by neutron rrradtatron of natural abundance or 7‘
97.8% ennched (Oak Ridge Natronal Laboratories) NH,Br by the ”Br(n y)“Br nuclear,

reaction tn the Umversrty, of f\lberta SLOWf’OKE reactor facility at 2 neutron flux of 1012

crn sec _‘. “The “'F was obtalned by neutron 1rrad1anon of ennched ¢Li,CO, (95% *Li (Oak

Rldge National Laboratones)) at 10** n cm™? sec™? m the Umversrty of Alberta SLOWPOKE -
Teactor f acrhty by ‘the ¢Li(n, a)’H 20 | ‘H n)"F nuclear reactron "F was also produced as

both amon and molecular fluorine at the UmVersrty of; @berta Nuclear Respateh Center usmg

Van de Graaff accelerated deuterons employing L the 1*Ne(d,a)*'F nuclear reacuon The uC.

standards b3 or cahbratton of the tissue oxrdrzer were obtamed from Amersham

Radtochemtcal reactrons were eherally carnéd out m small scale laboratory glassware‘

, Prerce Reacti- Vralse and Tuf- ’l‘amero teflon vials were used for most syntheses thh all-teflon

systems used in reactrons and mampulatrons of “F in gasand solutton Fluorine productton
targets were f abncated by the Umversrty of Alberta Techmcal Servrces Machrne Shop Hrgh

punty nickel for one target was obtatﬁd from Atlas A.lloys Target f orls were either § X 10" cm

&3

:. nickel or 7 6x10*cm molybdenum purchased frorn Hamrlton Premsron Metals, Lancaster

. USA Specraltty gases were from Matheson\,‘ as Products Electncally operat? teflon valves -

) were‘rchased from Brunswick Technettcs New Jersey, ﬁA and auteman monel valves and

. - ] CO‘..v * » o

B ¥

controllers from Hoke Inc New Jersey USA Ma;nually operated stamleSS steel and brass

valves were purchased f rom the thtcy Co. and rmruature teflon valves f rom Mandel Smentrfrc
L e \._."_‘t

Measurement and analysts o S . L
Radlochenucal mampulanons w1th y-ray emrttmg compounds were momtored by a

Vtctoreen' "Fnsker or "Thyac III GM Detector The: actxvrty of y ray enntnng compounds

L
C o,
W




‘was measured with a Picker Isotope Calibrator Model 632507-1 or by y-1ay scintillali.on ina

mdmtmg qoluuons of Lx,CO, in HNO, .

64

Beckman Garnma 8000. The activity of A -emitting samples was determined with a Beckman LS .
°OOO or a Searle Mark 111 liquid scintillation counter with samples disso}ved in Aquasol I1 |
(New England Nuclear) or a laboratory prepared toluene based fluor. ‘ =

Tissue samples containing **C+ labelled compounds were combusted in a H.J. Harvey
Instrument Corporation Biological Oxidizer, Model OX 300, trapped as [**C]-CO; in Harvey
Carbon 14 Cocktail and counted by liquid scintillation.

Radlochromatograrns developed on silifa gel plates were- analyzed on a Berthold LB
2832-Gas Flow Proportional Analyzer and a Canberra Series 40 Multmhannel Analyzer
Altemately the sﬂxca was d1v1ded into f racuons scraped from the plates and coynted by hquid
scmullatron (lsc) using a Beckman LS 9000 and a Digital Integranon Program. High pressure

lxqmd radlochromatography was perf: ormed usmg the same hplc system described previously

combined with a soRum iodide crystal detector and assocxated elegtronics to rnomtor the

effluent for y-radia{ion. B--Radiation was detected by taking sequential samples of the

" effluent and counting by liquid scintillation counting.

1

C. ''F Production and Precursor Formation

Reactor method for *F productwn, .
The ‘Lx(n a)’'H, “O(’H n)'*F nuclear reaction was employed for reactor production of
UE, The target material was Li,CO, obtamed as 95% ‘Ll ennched material from.Qak Ridge.

National Laboratones -The madx\auons were carried out in the University of Alberta

. SLOWPOKE Reactor ‘Facility. The SLOWPOKE is a low energy reactor capable of producmg a

neutron flux of 1x10" ncm? sec™ Acnvauon yields of 390 to 880 KBq per mllhgrarn of ‘Ll .

-u-radmed were obtamed as "'F after 2 hours of irradiation. Mammum YlCldS per milligram of

lxrradxated sample were obtaxned usmg smaller samples (laxger surface to volume rano) or by

|

fo .
N -~
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All irrad‘iations were cartied out in heat sealed polyethylene irradiation vials supplied by -
the SLOWPOKI;. Facility. The irradiated Li,CO, was then removed from the reactor and the
activity of '*F was measured in a dose calibrator. The sa.mples were then transf erred t0 a lead
lined fume cupboard for further processmg Three methods were emplok'ed to obtam "Fina
, form suitabl@r radiochemical syntheses.

‘ 1. Distillation method.

The Li,CO,gpowder was mixed with concentrated H,SO,-and this solution was heated at
or near its boiling point. A slow stream of inert gas (N,, He) or inert gas / hydrogen ﬁuoride )
mixtore was passed through the hot solutlon and the H!'F was trapped by bubblmg the gas
- through cool dry dioxane. The solution of H“F in dioxane thus obtained was employed for
radiochemical synthesis.

2. Ton exchange method.

:Ifhe irradiated Li;CO, was added to Dowex SOW X4 ion exchange resin in H;Oand the
mixture was stirred. The aqueous layer containing "F was passed through an anion exchange
resin to trap the 1"F-. The resin was then washed with water, methanol and dry ether. The
activity was eluted from the resin by a solution of carrier HF m dry dioxane and the radioactive
eluate used for radiochemical synthesis. _

1

3. Precipitation method.

" The I'F was separated from irradiated Li,CO, (presumably as Li*'F) by triturating the

-
solid with water Carrier NaF was added to the aqueous solutton and the fluoride was

prempxtated as CaF2 by the addition of Ca(NO;), solution. The precxpttate of [“F] -CaF, was

t

isolated by centnfugatxon and dried by washmg with acetone and dry ether and removing traces
of solvent with a flow of nitrogen. The isolated [**F]-CaF, when heated with HF in dioxane in
a stainless steel bomb underwent exchange of *'F- for F~. The soluble. "'F activity was then used

we ]
as a reagent fq radiochemical synthesis.



Accelerator method for "'F production;

The 7 MV Van de Graaff Accelerator at the University of Alberta was used for

production of 'F using the **Ne(d,a)''F nuclear reaction. The isotope production facility was

; ; _
developed in conjunction with an earlier study utilizing C and **F**’". The accelerator produced
deuteron bearns vrith an energy up to 7 MeV with a beam current up 10 22 4A.

The target (Figure I11.2) was a modification of a copper target used sucessfully to
produce carrier free Hl'F”j". The target body (E) was machined from pure copper with an
inside bore of 1.27 ¢m in diameter and 22.25 cm in length. The %r{side surf’ ace vvas polished to a
mirror f inlshz washed and dried. ThlS procedure was rcpeared each time rl/re target foils were
changed. '

The target body was attached to the deuteron beam line by a series of plates (Figure
111.2). Two stainless steel plates (B and D) allowed cold helium to be circulated over the beam
line exit foil (F) and the target body entrance foil (G):‘durj_ng the 1rrad1auons A cenrral plate : v’
of Macor (Dow. Cornmgo) ceramic material acted as both a thermal and electrical insulator
between the rarget and the beam 1rne A final stainless steel plate allowed the target assembly to
be attached to the beam line. i ’

The foils (F and G) were circles of 7.6 x 10-* cm thick molybdenum held in place by
‘ _rubber or viton O- nng seals. The entrance foil (G) was further secured by silver epoxy to the
c0pper target, ‘body . The edges of the bore in the stamless steel and copper components which
came into.contact wuh the foils were rounded shgbtly to avord sheanng forces whrch would
weaken the foils. Inlet and outlet ports in the c0pper body were macluned to accept 1/4 inch
prpe thread fi 1mngs E |

Frgure II. 3 shows the remaining components- of the target system. The gas lines were
_gopper and valves were: monel or starnless steel except for valves 9 and 10 which were rmmature
‘r:f-lzn valves: A KOI-I trap prevented release of [“F] -HF into the external (unslnelded) gas
~ " lines and a dryrng tube prevented morsture f Tom enterxng the recovery lines. An external control

pasiel allowed operation of hedters and automatic valves and monitoring of temperatures of the
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[ F - «—(A) Stainless Steel Plate
= - j/////// «——(B) Stainless Steel _Plate with Cooling Line
’ _«————(C) “MACOR" Ceramic Insulating Plate
/////////4—————(0) Stainless Steel Plate with Cooling Line

—,:::7—'—==‘g g -

a4 () Copper Body with Inlet and Outlet Tubes

, : (F) and (G) Upper and Lower Molybdenum

g 7 Foils : ,

oo

g ,

Figure I11.2 Copper target for the production of ['*F]-HF
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target and recovery lines. After Virradiation .the radiation levels near'the target were dangerouply
high. The system was therefore designed for remote or)eration' of the recovery procedure in
order to minimize personnel exposure to radiation. |

A typical prodnction run proceeded as follows;

The vacuum pump waswused 10 evacuate the entire svstem to 1 x 10-* torr. This also
served as a leak test since this vacuum was not maintained if any air was enterlng the system. If
the target or recovery lines had been exposed to atmosphere since the last Tun the system was
degassed by heating these components (target 300°C, recovery lines 175° C) The heating was -

accomplished with heating tapes and carefulfy monitored b’y thermocouples. The system was

allowed to cool and then f rlled with high purity neon gas at a pressure of 1 atrnosphere

The automatic valves (4and 5in Frgure 11 3) were closed to isolate Lhe target from
the rest of the system. All OLher valves were closed except 7, 8, 9 and 10. The cooling helium
(cooled by liquid N;) was allowed to flow over the foils and the neon gas in the target was
irradiated for 2 hours wrth a beam of deuterons. A cool down ume ‘of 20 minutes was allowed
after irradiation before the recovery‘ procedure was performed.

The target body was heated to 360'C and the recovery line was Heated to 175°C.
Meanvvhile the lead transponer.containing rhgeﬂc‘;n coil was cooled with liquid nitrogen. Once

the system had reached the required ternperature the valve 1 was opened and the pressure was

 released from the systemr slowly yhrough a needle va v\ve 12. When the target had depressunzed

- to atmospheric pressure valve 12 was closed and the target was evacuated wrth a roughmg pump -

£ T

through vatve 11.

&

The rarget was flushed using 10% H, m He. A second and third flush with He

. contaimng a trace of HF were usually employed to max1m1ze the yreld The. flushes were carried

out with the target mamtamed at 300‘C The [“F] HF was transferred by thrs procedure to the
cooled coil of teflon. The teflon coil was then rsolated f rom the svstem by closmg the miniature

teflon valves 9 and 10 Teflon luer lock fi mrngs allowed the coil aksembly along with valves 9

: ', - -and 10to be raprdly released from Cshe recovery hne and sealed mgihe lead lined transporter The
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)

coil was then taken to the radiochemistry laboratory for subsequent mampulatrons

" Several procedures were investigated 10 recover *F-HF from the teflon corl m a form
suitable for radiochemical synthesis. Water saline, acid and base solutions all rem()ved some or
all of the actrvrty The most suitable procedure for our purpose used the apparatus shown in
Figure I11.4. The solution of HF in.dioxane was slowly drawn through the valves artd teflon
coil by applying a vacuum o the teflon reaction vessel. Thé solutron passing through the system
carried the [**F]-HF into the feaction vial. The activity was transferred virtually quantitatr'vely
by this procedure.

A modified target and recovery system was constructed, f or the prt;duction and isolation
of "'F as molecular fluorine [“F] F (ﬁgure III 5). A target smttlar in desrgn to the one
described prevrously (Frgure III .2) was prepared from htgh punty mckel The starrtless steel
plates B and D and the ceramic msulator C as descnbed for'the ['F)- I-EF productron target
were replaced by a single teflon, plate whrch served as an insulator and was machmed to allow a ‘

lflow of cooling helmm to pass over the foils (5 x 10 cm mckel) The target gas for this system‘
was a mixture of research grade neon and 1% v/v of high-purity F, spectally prepared by
Matheson Gas Products for [“F] F, productron "The ﬁ;h"pyf or tlns target was erther the |
above mixture or ultra -high- purtty neon gas. Remote actuatequflon solengid valves weie used "
inside the enclosure except for 9 and IQ w\hrch were manual rmmature tef‘lon valves The gas -
‘delivery and recovery hnes’.:were 1/8 inch teflon tubtng The ["F] F, produced was trapped ina- :
solution of NH,OAc in glacial acetrc acid. ’ ' '
' A target passtvatron wrth F, has been recommended f or optimum rec0very of’ .

[“F] -HF”". Our target was pressunzed tol atm with 100% F, and heated at 180°C for 16 ll%s

The target was then flushed with N, and attached to the gas dehvery and rec i

'Ihe procedure for productron of [''F]- I-‘2 was srrmlar to that descn
: [“F] -HF. The system was presunzed wrth 1% F, Ne to 1 33 atmosphere af ter degassrng the
o target and Tecovery hnes under vacuum The target was. 1solated from the system by closrng

valves 4 and 6 and rrradxated wrth deuterons Af ter rrradratlon the [excess pressure in the target :

M . o
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was vented slowly through a needle valve 7 and the gas was allowai to bubble thIough the

trappmg solutton The target was flus‘hed by Te-pressurizing the system wlth the appropnate
-flush gas and bleeding off this pressure through the,trappmg solutton The trap was then .
1sotated by closmg the rmmature teflon valves and dlsconnectrng them f rom the Yecovery lrnes

The trap shielded in the lead hned transporter was then taken to the radxochemlstry laborat_ory‘ o

-

© 5Jode-l- (2'-fluoro-2'-depxy-ﬁ D-nbofuranosyl)uracll (la)

T - A solution of Nal (65 mg, 0 43 mmol).in .5 mL of water was added 10 a solutron ol:
1-(2'-fluoro-2' 'deoxy B-D- nbofuranosyl)uracr] ) (100 mg, 0.41 mmol) in 15 mL of 2 M b
HNO; in a 3 mL Reactt -Viale via the septum The sealed vial ‘was heated at 80 C ovemrght )

The jodine color whrch d'eloped on heatmg gradually drsappeared (] grve a c.lear colorless
oluuon The reaction rmxture was neutra.hzed WIth NH.OH and extracted with ethyl acetatc 3

e

x 2 mL). The residue obtarned af ter removal of solvent was chromatographed on four” * - .

preparatrve tlc\plates (Whatman PLKSF 20 cm LZO cmxl mm) The smgle maJor product

) vrsrble under ultravrolet (uv) light after development with 15% v/v MeOH/CH,Cl2 was

" extracted: from the silica: wrth 20%- v/v MeQH/CH,Cl, The white powder obtamed' after ;

removal of solvent (136 mg, 0 36 mmol 88.6%) was crystalhzed from hot water to grve the title

: compound (la) asamrcrocrysmllme solrcr mp 216 -218 c o ‘."W :

f

‘Hnmr (DMSO d;)a 11, 56 [,lH s, N(3) H] 856 [1H . C(6) -H}, 5.88 [IH d

T

g F)-165) C(1")-H}; 563[1H d(J(OH3)-64) cta) on] 542 [1H. ¢
_ J‘(J(OHS ) =43, J(OHS") = 43) C(S )- OH] SOSLIH dd (1(2 F) = 54, J(2 3 ) =
- 4; 1) C(2) H] 4 19 {IH complexd (J(3 JF) = 22 8). becomes ddd on DzOexchange (J(3 I)

»-228 1(3 4‘)-82 i@ 2)-41) G(3)H] 391[1H broadd(J(4'3)-82)

C(4 ) H] 3 83 and 3.67 [2H complex -d (J (gemmal) = 12.0) bcoomes dd on D,O exchange i:
(J(gem) = 129, J(s 4 )g 2 2) c(s )- H] Srgnaks at 11, 56 5 633nd§ 42 dxsappm after |

R o Sae . & . .,"

— .
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: -}Bromo-l (2 -ﬂuoro-2 —deoxy /3 D-nbof uranosyl)urac:l (lb)

'exchange thh D 0.

Exact mass calc. for C H,ON,O,FI’: 371.9617; measured (hrms),371.9619; intensity =

The brormnatron reagent was prepared by dlsSolutJon of Br, (0.56 'g,‘ 3.50 mmol) in .

-

26 28 g of glacral acetrc ac1d Tlits soluuon contained:0. 13 mmol Br, per -mL. A solution of

Ve

1 (2 .fluoro- -2 “deoxy- B-D- nbofuranosyl)uracrl 0% (206 mg, 0. 84 rnmol) in 15 mL of *

'glactal acetic acid was prepared ina 50 mL ﬂask Thrs solutton was heated at 50 C and the

' brormnatron solutron was added dropwrse during 30 mtnutes untll a drstmct brorrune color

. pérsisted in ‘the solutron (7.2 mL added, 0 94 mmol). The solutton was heated at 100 ‘C f or an’

addmonal 30 minutes. The solvept and unreacted, ‘Br, were removed at 50 'C ona rotary

evaporator and the resrdue was drssolved in ethanol and reevaporated to give a pale

'

’ yellow - brown f oam. 'I’hxs f oam was drssolved ina rmxture of S ml of methanol and 0 5 mL of

concentrated NH.OH and sttrred for 18 h. The crude product ¢ obtained af ter removal of solvent -

. with that expected fi or the product Attempts to crystalhze thrs product f rom water, MeOH

was punf ied by preparauve bplc &artml ODS magnum colurnn (Whatman) 90% H,O 10% :

MeOH 3 mL/rmn) 10 grve 116 mg of a colorless gum (0 36 mmoL 42%) This matenal was -

chromatographrcally pute.as shown by tlc and hplc and exhtblted a nmi Spectrum consrstant

L]

. EtOH and vanous rmxed solvents were unsuccessful

. " ‘Hnmr (DMSO d‘)a 118[1H s, N(s) H} 855[1H s, C(6) H], Ssv[nr dwrth B

.‘Afrne stmcture (J(l F) = 165 1(1 2 ) = small) C(l )«H] 563 [lH broad S, C(3 ) OH]

. .
P mahld .

__5 44[1H broads C(S ) GH] 505{1H dd (J(Z F) = .54, }(2‘ ) = 4 1) C(2 ) H] 4, 19
'[lH broadd (J(3 F) = 23 5, 1(3 4' 3 2' 3’ OH‘) = small) becomes ddd after D,O

‘"cxchange(]@ F) -235 J(3 4)—85 1(3 2)'-41)  Cl )H] 390[11-1 broadd

?'-1‘2";35_-.,_.tl,hres<)1ved,fiﬂe’ struc

, .‘(J(4'3 ) % 85 J(4 5’ 45") = small) C4 H] 386and360[2H broadd(J(gem)

e

’ . P . - : N . . - . .
. . . “ o
' . R -
! ’ . v RS * . - h S R 72
S f I o - . .
. - - AN - - -

1

eH?°°omes dd after D,Oexchange (J(gem) = 12 5 3(5 4’ ) -



" solvent removed aiong with traces of’ resrdual HOAc, This residue. was trea{ed wrth 0.5 mL of '

73

2. 1) C(5))- H] Signals“at 5.63, 5.44 and 11.80 ‘disappear on DO exchange.

* Exact mass calc. for C,H,,N,OsF*'Br: 325.9736; measured (hrms) 325.9733; mtensuy
= 0.55%. Exact mass calc forC H,N O,"Br (M- - HF)' 309.9674; rneasured (hrms).
; 309.9719; Exact mass cal¢. for C;H, N ,O,"Br (M- - HF): 303 9694 measured (hrms)

303.9739. ‘ T

5-Chloyo-1-(2-fluoro-2'-deoxy- B-D-nbofuranosyl)uracxl (lc)

A chlorination solution was prepared by bubbling Cl; gas into 30 mL of glacial acetic
acid at room temp;rature The molarity of Lhe soluuon was deterrmned by utraung thel, |
hberated after addition of excess KI wrth standard sodlum thiosulf ate solution. | ; ‘ :

The chlorrnauon solunon (1:5 mL, 0.85 M, 1 28 mmol) was added 1o 201 mg (0 82 |
: mmol) of 1 (2 fluoro-ik deoxy ﬂ -D- nbofuranosyl)uracrl 17) in 25 mL of glacral acenc

acid. reaction was stirred for 10 minutes at room temperature The solution was evaporared > ‘

L
10 dryness on a rotary evaporator at 40 C The residue was drssolved thce m EtOH and the

','.é,

: concentrated NH.OH in 20 ml of MeOH with snrnng for 18 ﬁours L L . N

The crude reacuon rmxulre showed a major spot on tlc at Rf 0 50 (15% MeOH 85%

"y ,w"“ K'Y

CH,Clh silica gel) in- addmon 0 several mmor Spots mcludmg polar rnatenal at the platc /

- ongm. ‘The chide matenal was. chromatographed on a column of ‘silica gel (15 g, 1. 6 cm- x, 16

. o S
.cm, gradient e'lntio._n fiom g‘ur v,H CI’,%;Q{{)% MeOH m CH,Cl ) Puire 5- chIoro -1- (2‘ fluoro

":. 4'

colorlgs gum whreh reersted‘ ystanuanon :
" ‘Hnmr (DMSO aoa 11490 [1H, s N(3) H] 3. 52 [lH s, C(6) -H], 5 92 [1H dfme .
stmcture(](l JF) = 165 J(l 2 ) = small) C(’,l.) H] 568[11-1 d(J(OH3 ) = 65) ' 'ijf' , ',"Dl
0(3 )- -OH], S48 1, t(J(OHS ) —45) C(syomsm[m dd (J(2 F) 54 J(l 2" )
- 4 1, fme stmgrure 1(2 1') = small) 2 ) H] 4 14 4 32 [1H complex becomes ddd on
D;O‘exehange](3 ,F) = 23 5 J(3 4 ) = 85 J(3 2) = 4 1) C(3 ) H], 3, 96[11-1 broad df'f | | .

. R

R



= 0. 42% Exact rnaés C.alc f or CoH,oN; O F*Cl: 280~ 0262; measured (hrms), 280.0256;

74

(J(4'3') = 8.5, J(4'5':4',5"") = small), C(4")-H], 3.89 and 3.67 [2H. ddd (J(gem) = 12.5,

35" OH) = 4.5, 3(54') = 2.1) becomes dd on D,Oexchange (J(gem) = 1255 1(5°.4") =

.2 1) C(5")-H]. Signals at 11 90, 5. 68 and 5.48 drsappear after D,0 exchange.

Exact mass calc. f or C HNN O,F”Cl 282. 0232 measured (hrms) 282.0230; intensity

-

intensity '=1.27%. Ex,act mass cale. for C.H, N,O,”Cl (M- - HF) L62 0170 measured (hrms)

' /
1262.0173; mtensny = 2.69%. Exact mass. calc for Cy H N O,”Cl (M HF) 260. 0200

- through 100 mlL of

measured (hrms¥, % 0197

¢

S-Fluoro-l (2 -fluor > 2'-deoxy B- D-nbofuranosyl)uracrl (1d)

| \ |
A fluormamon sol tron wds prepared by bubblmg» nrtrogen drluted F2 (2 5% F,)
"’l\
glagial acéiic acid (reagent grade) contained in a round bottom flask at .

room temperature i e fluorrne gas handlmg systeln descrxbed earlrer (Frgure IIl 1) was used -

for this procedure An aquuot of this. soluuon was treated w1th excess Kl and the lrberated I,

'x

was tttrated wrth standard throsulfate solutron o L

i 'I'he freshly prepared solutrorr of F,m HOAc (6?me 0. 0185 M 1. 11 mmol) was added
)

to 162 mg (0.66 mmol) of 1 (2' fluoro 2 deoxy ‘B-D- nbofuranosyl)uracrl(l'l) in'a 250 mL

round bottom flaslc The flask was stoppered and gently swuled at room temperature for 10

mmutes The glacral acetrc acrd was. then removed ona rotary evaporator at 50 C. The resrdue

‘was redlssolved twrce tn ethanol and the solvent removed along wrth resrdual HOAc 'l'he vellow '

| "foarn obtamed contamed 5. f‘luoro 1 (2 fluoro 2 deoxy ﬁ D nbofuranosyl)uracrl (ld) and

a second maJor component beheved to be 5 fluoro 6 O~acety1 5 6- dihydro l (2' flporo-

5-2 deoxy B D nbofuranosyl)uracrl (83) Treatment of thts mrXture wrth 1 mL of .

‘ C°ncemat°d NH@H m 25 mL of MeOH at roorn temperature f or 18 hours converted the | - o

| v 'drhydro adduct to 1d Punf 1catron by column chromatography (1. 5 cm x 15 cm srlrca gel 5%

I MeOH in CH,Cl,) gave a whrte foam (16'3 mg, 0 62 mmol 94%) whreh resrstbd all attempts at ' a2

| V"crystallrzatton lec analysts (C 18 reverse phase radtal compressron column 5% MeOH ln . .

-

L

e

/ .



H, O 1.5 rnL/rnm) showed this material to be >98% _pure.

1H nmr, (DMSO-d,) 8; 11.70 [nr*broads N(3)-H]. 8.38 [1H, q (J(6,F) = 8.4),

75

C(6)-H], 5.90 [1H, d with fine structure (J(l' Fy = 16.5,J(1:.2") = small). C1")-H. 5.68

[1H, d (J(OH, 3) = 5. 7 poorly resolved) C(3 }-OH]}, §. 45[1H, broad s coupled with C(S,‘)

. “but poorly resolved, C(5')-OH], 5.05 [1H, dad (J(2'.F) =53, J(2 3 ) = 4.0, fine structure

‘ J('2 1) = small) C(2 )- H] 4.2011H, corriplex d (J(3' F) =93.4) becomes ddd on D,O

4

R

) SOdrurn brcarbonate (0.10g,1.19 mmol) were, added t0 6 mL of hexamethylphoSphonc tnamrde |

’exchange (J(3'.F) =234, 1(3 4') = 8.5, J(3' 2 =4.0),C(3")- H], 3.92 {1H, broadd

(J(4 .= 8.5,1(4'5") = -small}, C(4')-H], 3.82 and 3.65 [2H, complex d (J(gem) =12.6. "

. J(5',0H; 5 4 = unresolved) becomes dd after D,0 exchange (J(gem) =126,J(54)y=

2. 0) C(5 ): OH] Srgnals at 11 70. 5.68 and 5. 45 disappear after D, Oexchange

Exact mass calc. for C,,H“,N,O,F2 264.0557, measured (hrms), 264. 0555 mtensrty =

9.2%. Exact rrra§§ calc.'for C,H,N,OF (M* - }HF): 244.0493; measured (hrms), 244.0494; ‘

14

irrfensity = 3.3%.

;
) - ) - -
. - - . .
) ) o -

.2 2'-Anhydro-l (8- D-arabmofuranosyl)uracrl (16). ‘ B

Urrdme (10) (2.50 g, 10.25 rnmol) drphenyl carbonate (2.85 g 13. 32 mmol) and S

in 2 100 mL flask ‘The reaction rmxture was hcated 10 130 °C at whrch point there wasa

vrgorous evolutron of gas The temperature was gradually rarsed to 150 'C durmg '] hour. The -

hot solutrbn was poured mto 500 mL of 1ce water extracted three times with IOGmL portrons

of CHCI, and the aqueous phase evaporated to glve 213¢g of a whrte powder Recrystalhzatron

- from 95% EtOH gave the trrle compound (1 89 g. 8 36 mmol 82%) in two. crops, ‘mp 238 -

- 5.9), C(l)H] 592[1H d(J(OH3)-40) C(3)H] 587[1H d(J(56)—75)

..“

" »:_2395c hterature“'238 24°C. SR S E ?

‘HumI (DMSO—d\) 3 7 89 [1H d(J(6 5) = 75) C(6) H] 634 [1H d (J(l 2! ) =

'

4, 41 [IH broad d (J (3 OH) = 4. 0, 1(3' 4’ ) = srnall) becomes broad s after D,O ‘exchange

. (:‘

[

C(5)Hl. 5.24 [1H d(1(2' )— 5.9), C(2) H] 501 [H, t(J(OHS ) = 54) C(S) OH]"”‘“' “



%6

C(3' ) Hj, 4. 09[1H broad t (J(4'.5") = 54 J(a'3) = Small') C(4' ) H] 3.31 and3 21[2H
ddd (J(gem) =12, 1(5'4") =54, J(5 ,OH) = 5.4) becomes ddafterD Oexchange (JL(gem)
= 12 J(5'.4") = 5.0), C(S )-H]. Srgnals at 5.92 and 5.01 drsappear after' D,(") exchange. '

Exact mass calc for C,H”N“O, "226.0589; measured (hrrns) 226 0595 mtensny =

Y

4%,

-2 -Fluoro-Z -deoxy-p- D-rlbofuranosyl)uracll (17) ;' S <
T Ltqurd HF (6 5mL) was ad’déd to 750 mg of 2,2 anhydro 1-(B-D- arabrno- '
furanosyl)uractl (16, 3.32 mmol, dried at 100°C over P,O, in Wed in 80 mL of dry‘

L

droxane ina starnless steel reaction bomb. ‘l'he stamless steel reaction bomb was sealed and . "‘:G

heated at 125 *C (oil bath temperature) for 18 hours The reactro,p bomb was cooled in ice, s
Opened and the contents poured into a Polyethylene beaker contatmng 20 mL of water. Thls f.?.'l‘:‘“;"
4 Y

rmxture was stirred dunng the addltron of suffi 1c1ent solid sodxum carbonate to neutralize the

. excess HF. The suspended solid was removed by filtration and the hqurd evaporated to dryness

N

This crude matenal was punf 1ed by column chromatography’ (1.5cmx 35 cm srhca gel : N

& .

gradxent tlution from 2% to 10% MeOH in CH,Cl,). ’l'he tttle compound was, 1solated as fluf fy . .

white crystals (337 mgLI 37 mmol 41%) by evaporatxon of the appropnate fracuons, mp 149

" 150°C; literature!® 150 - 15l c. LT ,’.fk S
) l‘b .
*H nmr, (DMSO d‘)a 1144[11-1 s, N(3) H] 795 [lH d(J(6 5) =, 84) C(6) H] '
592 [1H, dd (1(1 F) = 176 J(ﬁ') =1, 9) c(1")- H] 565[1H d(J(S 6) = 84) 2 e

C(5)-H], 5.63 [1H, d(J(OH3)—‘65) VEDE on] 523L1H t(J(OHS)-—48)

C(S) OH], 5.06 [1H, ddd (J(2—~F) =54, 1(2 3)— 23, 3(2 1) - 1.9), C(2)H] 418

[, complex ‘becomes ddd after D,Oexchange (1(3 F) = 208 J(3 4 =80, J(3 2 Y = / ‘
43),C()-H], 3-90[1H broadd(l(4 3 =80, 1(4" )--small) C(4')tn] 379 and o
3 61 [2H complex d(J(gem) = 12. 5 becomes dd aftet D?Oexchange J(gem) = 125 J(i' 4 )

,\

=15,1(5" 4) = 3.0), C(5 )-HI Slgnals at 1144, 553 and523 dtsappear after D,o ‘

ac
.j'.

exchange i i -




L33 (J(s",s »= 12, J(S"

\ %

Exact mass calc for C,H,,N,O:F: 246.0652; measured (hrms) 246 0649 mtensuy =

2.7%. Exact. mass calc. for C,H,»QN,O, (M HF) 226 0589 measured (hrms) 226. 0588
. intensity =16.7%. ) e

Q:

| 1- (B D-Arabmofuranosyl)uracll ( _g)a .
- To 130 mg (O 575 mmol) of 2, 2 anhydro 1 (B D arabmofurmnoswuracrl (16) was
‘ added SOmL of 0.1:M NaOH. and the solutron was warmed 1040 °C. After 10 mmutes a tlc
chromatogram showed complete conversron toa smgle product The solutton was neutrahzed
W1th 0 10M HCL evaporated to dryness and the solid resrdue trl'turated mth MeOH The whrte ' :
‘ powder obtamed after remova\\of solvent (138 mg, 0. 532 mmol 93%) was recrystallrzed from |
- 95% E1OH; p 217 - 29 c. PRI TE A e
| " ’Hnmr (DMSO d‘)d 11 30 [lH s N(3) I-l] 764[1H d(J(6 5)- 80) O(,ﬁ) H] e
| 5.99. [lH i eres 2 ) = 4. 5), C(l )- H] 5, 62 [m unresolved d due to ove*lap wrth C(5) H,
'..C(Z or¥')- OH} 559[1H d(J(S 6) = 80) C(5) H] 548[1H broadd(J(OH3 or2) —-1»'\‘: |
| 39).00° or2) oH] 15,05 [1H, broad s, &sny-om. 401 s, complex becoﬁie?dd afer,
‘ D,Oexchange (1(2 T ) = 4 5 1(2 3 ) = E 3), C(2' 013 )- H] 391 [lH complex ob<c\ed

by, HOD after D,0 exchange C(3 or 2 ) I-h 3.74 [1H complex becomes ddd after DQO

'*F.;j{exchange (1(4 5)_ 45 J(4“’ ") = 55 1(4' 3 = 45) C(4) H] 360[2H complex

| Al"'becomes two 6verlaPng dd after DzOexchange at 3.66° a 5] 5") = T2 J (54" ) 4 5) and'j &

"‘)u._rs,s) C(S) H] Slgnalsft 1. 30 ssa 548and505

v_ ERRE

. _drsappear after D,O exchange L 1
| 244 0690 mtenSxty —? g



: '-_ .' 1-(3" Iodo-3'-deoxy &D-rlbduranosyl)umcrl Q).
A 1 54M aqueous solutton of HI was prepared by bubblmg HI gas through cool
distilled water. To 200 ul (0 308 mmol) of this solution in a 1 mL Reacti- V1a1® was added 63
© mg (0278 mmol) of 1- -(2'.3" epoxy ﬁ -D- lyxofuranosyl)uracxl (24a). The vial was sealed
‘ Vheated for 1 hour at 97 C cooled and ftltered through a short column of cellulose 1mpregnated
’ j .w1th AgCl. The solvent was removed zn va(:uo and the resrdue was’ recrystalhzed from EtOH to
give the t1tle compound as a whrte rmcroc:{stalhne solid (58 mg..O 164 mmol 59%): mp 204 -
205 °C; llterature"‘ 204 - 205 °C. - o
' 'H nmr, (DMSO-d;) 35 11 23 [lH S, N(3) Hl 7. 75 (1H.d (J(6 5) = 8), C(6) H]
6. 14[1H d(J(OH2 ) = 6) C(2 )- OH] 606[11-1 d (J(l 2) = 7) C(l - H] 5. 55[1H dd
(J(S 6) = 8, J(5 NH) = 2.5), becomesd after\DqOexchange (J(5 6) = 8) C(5) HJ, 522 |
"‘[lH t(J(OHS) = 5), C(3' ) OH] 458[1H ddd\(’l\(z l)- 7, J(2 3)_6 J(2 OH) =

6) becomes dd afterD,Oexchange (J(2 1 ) = ‘7 J(2 3) =. 6) C(2) H] 3.9 - 42[

' ‘corrlplex multtplet C(3 )-H a.nd C(4' )- H] 358 -3.78 .[2H broad unreSOIVed C(S )- H]

.
\

) Slgnals at 11.23, 6 14 and 5. 2 drsappear after D O exchange
" Exactmass calc for C, H N,O,I (M CHIOH) 322.9528; measured (hrmsk 322 9532

o

intensity = 1.8%. “ . , . o : .' |
[”‘I]-Iodo-l (2'-ﬂuoro-2'-deoxy*ﬁ D-nbofuranosyl)uracll (ﬂ) C o .
D S W

a Carner added synthests T [ R -T‘-:\ ; -

A mixture of of Nal (0 7mg, 4. 67 umol) and I- (2 fluoro 20 deoxy B -D- nbofurano-
syl)uracrl (17) (2.1 mg, 8. 44 umol) ina 1 mL Reacu Vlalo were treated with 0. 289 GBq of
| lcamer free [‘“I] NaI as a solution in 75 uL of EtOH The solvent was blown off wn:h a stream |
of dry N2 at room temperature and the reSIdue was dtssolved in 50 uL of’ 0 02 M NaOH 'I'he
vtal was sealed wrth a septum cap and 50 uL of 2 oM HNO, was addecfr through the septum
The reaction mixture was‘heated at 115 ‘C for 90 mtnutes ina heatmg block at whrch ttme an /

N\

mmally formed brown, coloratron (I, had dtsappeared Tlc mdrcated a srngle product (lmea

t . - PR * . _ * K . AT



79

‘ analyzer) contarmng greater than 90% of the actmty in the solutton (tlc - Isc combmed

countmg) The chemical and radlochemlcal yteld galculated for Nal -as the hmttrng reactant was

: greater than 90% f 0r the crude product The reacuwmtxture was treated with 80 L of

‘ *concentrated NH OH and the solvent removed under a stream of nxtrogen The resrdue was

oy

' redlssolved in EtOH and the solvent evaporated in vacuo at 40 C The sample was

'chromatographed on a 20 cm{x 20 cm £ 1 mm smca gel plate (Whatman PLKSF, 15% MeOH in

CH Cl,) The eluted product was chromatographtcally 1dent1cal (te, hplc) with a sample of the

% -

| Iauthenuc cold tttle compound (la) The radtochenucal punty (hnear analyzer) was 99.3% and

N e

‘_ the chermcal and radrochemrcal ytelds were 67% The specrf ic acth1ty at end of synthesrs was

i

45.9 GBq/mrnol. x
b No camer -added synthesrs

;o

An aqueous solutron of nos camer added [l”I] Nal (1 uk; 2. 41 MBq) was added to

M NaOH ina 100 uL Reacu»Vtalo The vral was swid and 10 nL ol;' 20M HN;) was’ added
'through the septum The solutron was heated at 112 ‘C f or 90 minutes in a heatmg block,
jtooled and neutrahzed with several uL of concentrated NH,OH. 'l'he solvent was removed m

, . N

vacuo the re51due was drssolved m 20 uL of EtOH. and the solvent evaporated A tlc plate was

' _ spotted w1th authent1c cold la ‘then spotted w1th the crude reaction product and developed with

T 15% MeOH in CH,CI2 This’ plate was- analyzed by combmed tle - hplc whrch showed that 57% “

of the total actwrty corresponded to the expeCted product 67. The product was punf 1ed ona 20

.. cmX 5 crn X 25 mm analytrcal tlc plate (Whatman K6F) after addrtton of 10 ug of camer

e - . v . i
T .
. . .

:.. \:

. 'radrochémlcal yxeld) of txtle cornpound in greater than 95% radiochemical punty

ey "compound la Remova‘l and elutton of the product peak gave 1.0 MBq (41 4%’ chemical and

¢

Y

5-["Br}-Bromo-1 (2" fluoro-Z'-deoxy B-D-nbofuranodyl)uractl (72)

ol‘ [”Br] NH.Br (13 2 MBq 51.0 wmal) in 2 mL of glacial acetic actd was added to

I3

- '1 (2 -fluoro-2' deoxy B-D- nbofuranosyl)dracrl (17) (0.82 mg, 3.25 umol) in 10 nLofO 02 .

[”Br] NH.Br was produced by neutron activation as descnbed prevrously A suspension

»



80
1- (2 -fluoro- 2 deoxy B -D- n‘bofuranqsyl)uracrl (17) (14 mg, ‘56.9 ymol) contained in a 3 mL
teflon reacuon v1al The vial was sealed with.a teflon backed septum and 0.9 mL (9. 0 mg, 67. 4 -

umol) of a 10 mg per mL solu;ron of N chlorosuccrmrmde in acetic acrd was added through the

- septum The initial brown coloration [”Br] -BrCl raprdly dtsappeared at room temperature The

- vral was heated at 45 °C for 1 hour. The cooled reaction rnrxture was transferred wnh several

washes of EtOH toa 50 mL flask and evaporated to dryness in vacuo. at 40 °C. The resrdue was
reevaporated from 5 ml of EtOH and then treated with 10 drops of concentrated NH.OH in 5
mL of Et@H at 50 C for 10 rrunutes\k Tlc. (Whatman MK6F mrcroshdes 20% MeOH in CH,Cl,)
showed a smgle c mpound at Rf 0.68. ’l‘hrs matenal accounted_ f or 84% of the total activity
detected on the p7ate A further 12% of the actrvrty (possxbly[”Br] Br-) occured as a broad
. atea on the plate centered at Rf 0.58. The crude 7a.mple was purified by preparattve tlc to grve
72 (7 56 MBq 57% chermcal "and radroéhermcal yield). This matenal had a radtochemrcal punty
of 97% as deterrmned by c0mb1ned tlc-1sc and 99% as determinéd by hplc analysrs The end of

synthesrs specrf ic acttvrty was 0,167 GBq/mrnol : . E o L | -

° o o . - . e :
> - . : - .
/ . s P . . .
; [ 3

E“C]—Cyanamlde (74)
R

o | [“C] Banum carbonate (Atomrc Energy of Canada ermted 1 95 rnmol 192 ' /
{
GBq/mmol)Aheld ina section of quartz tubing (1.2 cm od X3 cm long) was placed into a . / :

/

{

quartz reaction tube (1 35 cm.id x 40 cm lon@ A flow of anhydrous NH; was estabhshed

Co- through the tube (100 mL/rmnute) and this flow was mamtamed whtle the tube was heated at

J N
: 850 “C for 2 hours in‘a Ftsqher Micro Cornbustton Electnc Tube Fumace The reaction product ~

[“C] banum cyanarmde) was allowed to cool and then transf erred toa centnf uge tube

Ry

~

¥ 4
contammgS rnL of ice water. The solutron was strrred at 0."C for two hours and then treated !
wrth 1. 95 mmol (191 mg) of concentrated H,SO. added dropwrse wrth stirting. The resultrng

suspensron was sttrred for 2 hours at 0 °C. The sohd was compacted by’ centnfugatron and the - !

g ?

_ clear aqueous layer along wrth two 5 mL washes wrth water were transferred toa 100 mL round

bottom flask The pH was adJusted to 5 5 wrth 0.1 M NaOH and the aqueous solutton w;s

- o S . . . o

Fey



r\ : .:81‘,-'.

i
!
j s

e'itracted thh of drethyl ether (7Tx3 mL) Evaporauon of me ether gave 49.mg:(].11 mrnol
57%) of the title cornpound T4 as a fine crystalhne coatmg of the flask mp 38 40 C

literature>*" 4 C . " . o . .\-A‘
[2- “C]-2-ammo-ﬂ D-arabrnofmano-[l 2‘ 4 5}-2—o’xazolme (76)« ' ‘- - ‘}' o
R | [“C] Cyanarmde (74) (49 mg, 1.11 mmol) and D arabmos’e (193 mg, l 2{8 mmol) were 4
dlssolved in 4 ml of 1 M NH‘OH soluuon (1 1 water MeOH v/v) and heated at 60 "C for 1'30 |
- mimites. Evaporanon of the solven{ gave the mle oxazolme (76) asa pale yellow orl which was l '
~ used drrectly for the synthesrs ot1 2:“C -2,2'- anhydro (1 ﬂ D nbofuranosy’l)uracrl (77) .r -

’ -[2 “C]-2 2' Anhydro—(l B-Dreruruosyl)uracrl (77) ' ‘_ Co
A soluuon Qmethyl proplolate (107 mg 1 28 rnmol) in l mL of tetrahydrofuran was -
. added to the oxazolme 76 from the prevrous synthesrs ina 30 mL teflon reactxon vral EtOH :

(3 5-mL) and H 0 (2"5 mL) anda magnetlc stn'nng bar were added and the sealed vral was _— o

¥ \

, -

heated at 90 C for 5 hours Evaporatmn of the solvent at 50 C in vacuo and reevaporatlon of .
two subsequent soluuons in EtOH gave a yellow orl SIOW evaporatxon tSf“a MeOH solutron of o
thrs oil yrelded 55 36 mg Qf the trtle compound (77) as wlnte cryStals (0 24 mmol 12 3% from
"[“C] “BaCO,); fup 246 5 248 °C; ltérature (cold, compound)”* 246 248‘ c. L
_This matenal was 1denucal (tlc, hplc) wrth authenUC cbld compound (16)- 'Hre mother‘ f

quuor contarned a f urther 54 6 mg of 77 as determmed by combmed tlc hplc countmg Thrs ..

“product coul be read;ly separated from the radroactrve and non- radloactlve 1mpurmes by hplc

3 i K

" '\(5 8 n:un et ntmn 2 5% MeOH in Water Whatman C 18 Pamsrl column 3. mL/mmute);

- ; overall chem«n:al and radrochemrcaj yreld stamng from banum carbonate was 24 6% ’l'he

o "";jproduct had,a measuredspecrfrcacuvxty of186 GBq/mmol o = .

~
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[2 “C]-l (2 ﬂuoro-z -lleoxy B D-nbofuranosyl)uractl (78)

; VO sample of'[”?C 22 anhydro 1([3 -D- nbofuranosyl)uracxl (_]_) (12 81 mg.. 51. 7 _L: g .
r. \ b 3

umol 96 2 MBq) m a 3 mL teflon reactxon vral‘was dned for 18 hours in vacuo over P,O,

L contammg 3 mL Of carefully ‘dried and freshly distrlled dioxane and f itted thh a teflon backed AT

. ,' septur& The resultmg solunon contamed 250 mg/mL of HF Hydrogeh fluonde solutron (1 ‘ o
o N ( B l.‘ .
mL 250 rrrg HF 12 5 mmol) was tnjected mp\)the teﬂOn vral contamxng 71 thrOugh a teflon Lol 8
B - )‘

backed septum Thé sealed vxal was heated at 115 "C (bath temperature) fa or 18 hours aThe BT

SN cooled solutlon and a 5 mL wash wrth water were transferred toa 30 mL teflon V1a1 "l'hrs ' \ L
¢ v ¥ RTINS

solutmn was tfeated wuh solld CaCO, untrl nof urther evolutton of’ gas was noted 'l"f‘le aqueous

a

oF - layer was 1solated from ,the*sohd by’ ceutrrfugatton evaporated~to dryness in vacuo at 45 C S

‘7 wk

) :' v dtssolved ‘ln EtOH ax7d reevaporated Analysrs of thrs crude product by hplc showed the

-

expected product 78 as the maJor ,component at a retentron time of 13 77 mmutes wrth startmg ’ M

- ¢ -

" materxal 77 at 3 88 mmutes uracﬂ at 4.15 mmutesas wel*l as s several mmor cornponents (Waters

A C 18 Radral Compressmn column 2% MeOH in H 0, 1 mL/m?nute) The 1dent1t1es of the hplc " |

,

peaks were conf 1rmed using authentw dold cornpounds as hplc standards The crude mateqal
was punﬁted hy preparatlve hplc (3 mL/rnmute of 2% MeOH in H,O Whatrnan Fartxsrl ODS

- ’ reyerse plnase preparatwe column) 'l'he prqduct af ter chromatography had a radrochenucal and

AL chem,tcal punty of 98% The total acttvrty of the 1solated prodnct was 26 6 MBq (25 4%) The , h»::-‘ -

- ® . . \ PO

N specrf ic actwrty of of the’ product was l 86 GBq/mel

N .‘, o W, Lol T B TR
o 5 - . . ! R - ' ;
- - AL P .

o . [ . ~$»

Ve

.-'

- [2 “C]-S-Chloro-l (2' ﬂuoro—Z‘-deoxyBl)-nbofu,anosyl)uracu ( _2) g .;\

A solutxon of Cl;m HOAc was prepared by hubblmg Cl, gas through reagent grade |
HOAc unttl the solutlon retatned a pale green color Excess KI was added to an ahquot of thrs
solutton and the ltberated I; was tttrated w1th 0 1 M sodrum throsulf ate The solutron Was i,-\v | : i
calculated t0'be 0. 34 M m Cl, The freshly prepared solutton of Cl, in HOAc (40 uL 13 6 o

umol 2 4equ1va1ent§) was added to [2 "C] 1- (2 ﬂuoro -2'- deoxy B Drnbofuranosyt)uracu



L o . : .

A

: ,(78) (1 39 mg 5 60 umol 10 42 MBq) dlssolved m 400 nL of HOAc ina lmL Reactr Vrale ‘

rd

Aft ter 20 rmnutes at room terhperature the solvent was blown of f wrth dry N2 and the resrdue ,? ‘

", 1

i treated Wlth two dr0ps of NH.OH in 0 5 mL of EtOH at 50 'C for 10 mrnutes The solvent was '

agam blown of f and the resrdue exammed ‘by tlc Thesonly product detected by u‘v‘and a

- combmed tlc lsc stan of the pIate was 19 whreh mdrcated that greater than 0% of . the acuvrty ,

2 ;corresponded 10 the product posruon 'I'he crude product was pur?l; xed by hplc (3 mL/rnmute of o

. 2% MeOH in H O Wbatrnan C 18 reverse pl\aﬁ Partrsrl column)

./ Lo
_'pure and was 1dentwal ftlc hplc) wrth t#e authenttc eold compou. d 1c The product had an’

S ag:uvrty of, 8.03 MBq §77% yreld) wrth 2 SpeCIflC acuvrty of 1. 86 GBq/mmol s ’ B

/

o 2 "C}S-Fluoro-l (2 fluoro-Z'-deoxy ﬂ D-nbofuranosyl)uracrl (1_32) "f o L ) : RS

Yoo

A soluuon of F2 in HOAc was prepared by bubbung 2 5% F, m N2 through reagent 7_

grade HOAc at 100 mL/rmnute for. 30 rmnutes The soluuon was deterrmned to be§ 4 u,m l/mL'f . '

& 8

m F; by utrauon of tbe 1, lrberated upon addttron of KI to an’ abquot of the soluUOn wr .z

_:standard tbtdsulfate soluuon The seluuon of fluorme in acebc acrd (1 mL 9 4 nmdl F ) was PplE

N addecf tQ, 2: “C] 1 (2 fluoro 2 deoxy ? D nbofuranosyl)uracll (78) (l 48 mg, 5 97 nmol

) ;x. ﬁi‘_,ll 1 MBq) m a 25 mL flask After 20 mrnutes at room temperature the solvent was removed at

40 'C in. vacuo 'I'he resrdue was dtssolved in EtOH and agam evhporated to dryness ’I’he pale s i

2 _-»;_yellow gum was treated wrth 1()0 uL of NH.OH in 1 HIL of Me(DH for 10 mrnutes at 40 C and

g 7aga1n reduced to dryness m vacuo A tlc chromatogram shoWed eomplete conversron to product

._"» ‘_ ) v
S r., «..‘

b o '_.f(87) and combmed tlc - lSC mdmted 91 7% chermcal and radrochemreal yield of crude product
sl An aquuot of tlus product (7 10 MBq) was pu.nfred by bplc to grve 6. 44 MBQ Of 37 Wlth 3

. "f-"_fradtochemrcal punty of >99% (3 mL of 5% MeOH 1n HIO Whatman reverse phase Partrsrl

‘ .‘f_T.V_A_"-j;'.column) Thrs matenal was 1denucal (tlc hplc) wrth an authentrc cold sample of (ld) _ S

oo



[”’I]—l (3 -Todo-3' -deoxy -B- D—nb&furanosyl)uracrl (92) . - o " - .
“1 (23" Epoxv B-D- lyxofuranosyl)uracrl (24) 1 me, 442 mol) was added 10 an. '
queous solutton of no-carrier- -added mI]‘I (0 5ml, 0. 70 GBq) 'l‘he solvent was ren’foved
' at 50 C wrth a Stream of hehum -without logs of volaule rodrne The resrdue was transferred

- wrth two 20 uL water washes to a’ 100 uls Reactr anlo and treated with 4uL of freshly prepared
.‘ -
HI solntron LO 898 M 3.6 umol) %e sealed vial was heated at 93 *C for 2 5-hours, .cooled and

r
the contents passed through a short column of DEAE cellulose powder uﬁpregnated wrth AgCl>

‘ 14
'I'he column eluate contarned the title compound (92) . 64 GBq 91%) and a tréce of excess
epoxrde (24a) The radrochemrcal purrty as deterrmned by tlc was >99% and thrs matenal was

chromatographrcally 1dent1cal wrth authenuc cold compound 2 The synthe315 requrred 4 hours

. 4

and gave an  end of synthesrs specif i actrvrty of 128 GBq/mmol Theeunreacted epoxrde (24a)' s
present in thrs synthesrs was ehmm ted in subsequent reactrons by usmg a shght molar excess of

V- e . : , T oy

[nF}J (Z-fluoro-l'-deoxy3D-nbofuranosyl)urac1] (2_) ‘ ’ f ‘ , N '

v Solunons of {"F] HF rn anhydrous droxane were prepared f rom reat:tor or accelerator '

A

produced “F These solutrons were re;acted w1th 2,2 anhydro 1 (B -D- rrbofuronosyl)uracrl
4 o V3 / -4 ~

(16) r;ib starnless steel teflon coated starnless steel and teflon !eactron bombs at a vanety!bf

-

temperatures and reactron trmes After reaction excess acrd was neutralrzed wrth sohd CaCO3 ,

R and the ftltered quuld w‘as chromafographed by tlc The title compound (93) was 1denttf 1ed by
Vo
comparrson of retentron ttrnes wrth that of an authenuc cold ref erence compound Yrelds were

A

3- ' i MR TN ". a . O 'v" P ' . * L
vanableand very low(<1%) L ’ S S -

i
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E. Animal Studies L o
‘ ' | | A
‘Preparanon of animal model o o o _ A -~ o

. Lewis lung tUmors wera transplanted by trocar injection into young female BDF, mjce i

: werghrng 18 to 20 grams qung the following procedure A dono T¢E F{rnouse with a mature (2 '

‘ \
S’ ‘cm drameter) subcutaneous Lewrs lung tumor was sacrificed by cervrcal dislocatjon. The tumor ~

y -
s

- was removed and viable sectrons were separated being caref ul to avord soft or necrotic portlons .
* of the tumor mass The pomons of tumor were placed in stertle salrne and slrced wrth a blade

mto srnall ( 8 mm’) sections. Each sectron of tumor was drawn into a trocar (14 gauge, Custom

+

Spmal Popper and Sons Inc. ) and mjected subcutaneously into the host mouse The rmce were

o

placed under lrght ether anesthesia and the tum0r was m]ected into the left fl\n.k 'I'he s,krn over _' |

\

the trocar ’Was squeezed between the thumb and f oref rnfer whrle the trocar was, rotated and

‘removed wtth the other hand. Thrs insured that the tumor sectlon was not removed W1th the

. 'needle ’l'he tumors were generally palpable wrthrn 4 or 5 days and werghed lOO to 300 mg at 10

1o 14 days after 1mplant The varra‘brllty m tumor. sne reflected the drf ferences in size and

_f

: vrabrlrty of the ongmal transplant N . j .. B ;‘ ,‘ g

. . R L S

* The Walker 256 carcmoma “was anedted as a cell suspensron in salme subc'utaneously

. into the nght flank of male Wrstar rats (210 to 230 g) The eell suspensxon was prepared by : A
t" -~

| rmncmg a portron of tumor taken f rom the host rat and passrng thrs. materral in salrne through
g , progressrvely smaller bore needlest After a f mal passage through a 26 gauge needle the cells '

. ‘ X ) . "\, - : ’ N i
- were. dlluted wrth saline and 0 25 mL ﬂj&h{s suspensron was mJected subcutaneously vra a 23 ‘

) gauge ngle The turnpr was palpable af ter 2 days and ~2 cm in dxameter af ter 6 days _‘ 2 '

All ammals were marntamed ad lxb wrth f ood gellets and tap water in stan(lard plastrc

“ o N

_'cages(6mrcepercageor4ratspercage) - v gL L
. /%‘ ; o . 5 P 4 . . v .

|

. Lo
P

L =
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' }Admtmstratton of the radropharmaceuttcals a / '

The radrolabelled compou\nds used in this study were all- water soluble compounds The ‘
cornpounds were admmtstered mtravenously via the taﬂ vern as solutrons in normal saline. Thef
‘punf ied radloactrve compounds were dlssolved in ethanol and transf erred to multrdose vrals

The solvem was then removed in vacuo and the compounds stored as a dry stenle residue at

freezer temperature. The samples were reconstrtuted jUSI pﬁor to use wrth sterrle—salme The

.

appropnate dllu[l()ns to give the requxred actrvrty to volume were determrned usmg an 1sotope

dose calibrator in the case of the 7 emlmng nuclrdes For “C labell’éd\sompounds a pamal

‘

| dtlutron in salme Was made an aquuot was counted by Isc and f urtherr dtlutron was made to
' ’gtve the requlred concentratron of radloacnvrty The agtmty was adJusted 50 that O OS 0 0. 25
| ml.‘df solution was m]eCICd per animal. o S o -

‘g,

The i‘adropharmaceumals were general&g admrmstered to the LeW1s lung beanng mrce at )

approxrmately 14 days after tumor transplant The Wrstar rats cOntatmng the Walker 256 tumor ol

B o - o ) L o ‘ ’ ‘G i
. were injected at 6days after transplar,_lt. A '

o

- Colleenon of meQgrcal samples '_ ,‘ - t _':

/.

' e
The mrce were sacnf 1ced by asphyxtatroh wrth carbon droxrde Thrs was carned out ina
/' . , .
300 mL. beaker contarmng dry fce over which a/ mesh covered watch glass was placed The watch

: / ~

& glass all owed collectron of excreted urine. Once bréathrng had ceased the rnrce were remf)ved
N ’from the beaker the chest cavaty was opened and the rna)umal quantrty of blood was removed
from the heart by cal'dlaC puncture thteen trssues were also exammed m addrtton to the blood

: and unne These mcluded spleen stomach gastrorntestmal tract (grt), kxdney hver muscle

B ’bone skm tarl lungs heart thyrord sahvary glands bram and tumo:r

These ttssnes were handled diff erently dependmg on: the adronuchde m use When

”Br and "‘I COntalmng compounds were used the enure organs were placed m plastxc -

' e

g counttng vrals (zmsser Polyvralso) A skm sample ('250 mg) contammg fur was ta!en from )

- zthe upper back The muscle was taken from !he upper nght hmd leg and the f e;nur of tlns leg

’ J

BN



¢ . ¢ A . L N
" was used as the bone sample Stomach and intestine were emptred of contents bef ore werghmg

- X

b After removal of tissues the carcass was drvrded {nto two sections and placed in vials. fot

' countmg Az%l trssues were werghed wet usrng a tanng balance (Mettler AC 88) Samples nov
- counted rmmedrately fere stored Aty 5C G e ' R SR

BV ] '
‘When [“C] contarmng cornpo‘ﬁnds wey used analysrs of the actrvrty requrred

P

§ combustron of the samples and quurd scrntrllatron countrng of- the 1C-CO, thus produced Thrs

= '

N necessrty for sample combustron placed an upper werght lurut of approxrrnately 200 mg on each
.trssrp.l sarnple and theref ore t15sue“allquots were used in some cases rather than the enure organ

o or trssue Tlus was the case for blood mtestrne lndney, Irver rnuscle bone skrn and tumor..' @

. /
¢A_ll'tiss,ues Were werghed wet rnto paper combusuon cups (Packard lnstrument Co Inc ) andh

l Lo Q e

' " 'dned under A eat larnp pnor to combustron The carcass was not counted in the rnlce m;ected

wrththe Clabelledcompounds TR ‘ e, el o o

’,l o

Theerstar rats were placed under ether anesthesra and sacnf rced by exsangumatron via
cardrac puncture The f ollowrng trSSues were. collected and placed m 0 9 cm.x 7 cm plastrc

: countmg tubes blood (1 mL) heare one lung slrces from edge and center of liver spleen one, :
F .

£

: .ne;rotre trssue large rnuscle in bmd leg contralateral to tumor upper. sectron of thrgh bone.- ,
_ %
s thyrord and surroundrng trssues and contentsof the bladder The wet werghts of the trssue

o ‘krdney stomach portron of mtesune lOcm long one testrcle allquot of turnor free from

aquuots as well as the whole organs wire recorded The trssues were stored at 5 C untrl

‘ requrred for countmg B B é( AT
. I : \ ) SR S g ~ Lo ; RN ‘ / .
Lot Ll 1 B i L ' : : . R - D .

l

"'_Sample countlng o 5_:” ', " :

The trssue samples contarnmg "Br and mI were ceunted usrng a Beckman Garnma 8000

4

o gamma scrntrllatron counter ’I’he samples Were generally counted for 1 nunute wlth a wmdow
-»settrng of 20 to 2000 KeV .v'}‘hrs wrde wrndow maxumzed the counts An ahquot of d11uted . r L

' d ',rnJectron solunen was also counted as an actmty standard The count,,rate f or thrs known

7 actrvrty allowed calculatron oﬁ countmg ef f 1c1ency The trrne at whrch the samples were counted

S



[elod

was tecorded and decay corTections were made. The calcujations for activity disttibution -w&c

madeusmgacomputerprogramT ’_ AT T . B S
_ ‘ 'l'he ussue samples contamrng s wcre combusted at 900 °C in an oxygen atmosphere in
’ ~.’:-‘-._l -an H. [ Har\\ey InSLrument Corporauorf Btologrcal Cbudrzer 'l'he [“C] CQ, produced by M

o OmbuSuon was tIapped in Harvey Carbon -14 Cocktarl The samples in standard hqurd - B
scmtrllanon vrals\‘Were counted usmg a Beugman LS 9000 or Searle Mark III frquld Sclntlllauon '. Ly
- o '. ter. Ihqdetectldn efftcxency (product of trappmg effrctency for “C CO2 and Isc countmg" o

ef ﬁcnency) was determmed by combustmg and countmg “C standards of known acuvny Lsc e

/

counung ef f 1cxency alone was determmed by addmg known volumes of standard [“C] n- hexa— ‘

“decane 19 the counted samplcsand recountrngthem ' R 51 ,ﬂ

/:
Tassues from Wistar rats contalmng mI labelled compound were counted usmg a ,'

a ' o Ge(Lx) de‘tecror and 4 Canberra Senes 80 Muluchannel Analyzer equrpped wrth an automauc j.'

' / - .
. Ve L . L . . Pl o . ,. . : . . X . AT“\-\
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R -_,."_‘TA set of computer software has been prepared by R Flanagan Faculty of
‘_fPharmacy and Pharmaceumal Sctences at- the’ Unlversrty of Al_berta for calculauons
of txssue dxsmbunon data and for qompanson and graplncal‘ analysts of the results
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 Shodot(2 Fluorez Deoky-p e Ny 1)
' A, 5-lodo-1-(2"-Fluoro-2'-Deoxy-g:D-Ri" "Wrand “‘\-I:Jr? L R B
L S | - A"h o . N } ‘ c- "; -
.f "; ‘ . . » - »,v\- I L ,‘ ‘ ‘.Av’/_ ;\ ) .’ . Y \\‘ : ’ ..'
_Synthws and punflcatlon e \'"‘Z,A ST T, o . :
o There *has been consxderable 1;1‘ %st iB 5~10d,nated pynnndlne bases and nucleosxdes n
. rne dtcal and blOChlecal mvestlganorlf’ QI ?xammeg 10(10 2 deOqundme (62a) ftISt | B

synthemscd in 1959”’ was shown to nﬂ Q anu‘“r&l effeCts agamst polyoma v1rus’u and herpes ' “
szmplex vmxs312 d was used chmmnf 4 thc Lfeat_mérl[ Ot‘ ,acute herpettc keratms’” Another ’

. Srlodopynrmdme nucleosxde 2! fluofo xodoarabmocytldme (§3_) lS a potent antmtal agcnt*

‘ showmg actmty agamst herpes sxmpzlf lms tYDe 1 aﬂd lype’ 2 as Well asa vanety of other S

s DNA vuuses’“ Thls compound has fﬂhuy undergorle Phase 1 Cllmcal Tnals and haS ,‘ |
promoted healmg of v1ra1 mf eCthns 11’ %uﬂosuppressed cancer paue‘nts"" This’ nucleomde R )

: and its undme analog (206) also shov/ %umofy emcts agamst mouse and hun@l leukemta
A :

- and IYmphoma h,n\es”"{-.r S T R R ‘-’; .' »»: : -.‘-
W .
U
f/‘.{
/ &

| Interest tn these Compounds }nq a vaﬂ&;y of ather 5 xodopynmtdmes has resulted m

% the development of a nuniber of pr/(1 lll‘es for the Symh"s‘s °f bOth non radtolabelled and

; radtoxodmhted compounds These mﬁ “ﬂs have beeg dlSCussed in. the lxterature survey It was L
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. 5- 1odo 1 Q" fluoro 2 deoxy B D rrbofuranosyl)uracrl (1a) |
. The antrvrral and cytotoxic effects of 5-iodo- and the 5- bromo-l-v(Z' -l"luoro?2'-de0xy- |
B D rrbofuranosyl)uracrl (1a and lb)’ were exammed by Watanabe et al“ These two =
compounds were apparently synthesrsed by a method analogous to that used to prepare "t/he
closely related arabino conf 1gurat10n nucleosrdes The methotL jnployedm am mcluded

condensanon of bis- 2 4 tnmethylsrlyl 5 halopynmrdme w1th the- appropnate blocked sugar or

n

. drrect 1odmatron of 3' O-acetyl -5' O bcnzoyl nudeosrdes Wrth molecular 1od1ne in fumrng

| nrtnc acrd Both of these methods requrrediurther reactron steps af ter mcorporatron of the

’. l,‘rodme and ate therefore not as suxtable for radrorodmatrons as reactrons in whrch 1od1natron is-

‘the ultrmate step

“ The 5 1odo and 5 bromo 1 (2' fluoro 2 deoxy B Dlnbofuranosyl)uraclls used in-

o _"our study were synthesrsed from the precursor 1-(2' -fluoro 2 Adeoxy B D rrbofuranosyl) |
” :uracrl (17) as outhned in Scheme Iv.1. The 2,2' anhydronucleosrde (16) was obtarned in, Sﬂ 3
' yreld (‘rom the reactron of undme (10) and drphenyl carbonate in hexamethylphosphonc A
o tnarmde at 150 C"' 199 Compound 17 the requrred precursor for the synthems of the 5 halo- ..

- '_:,nucle0f1des was prepared by reacung 16 wrth H.F m&roxane at 115 120 C ina starnless steel I

‘reactron bomb for 18 hours“’s Thrs procedure was subJect to a number of comphcattng srde

'jreactlong as outhned in Scheme IV 2 At temperatures above4120 C the mam product rsolated

A

- after work up ‘was nractl (66) accompamed by a black tar due to: degraded and polymenzed

K - the solvents and reagents lead to 1solanon of 1 B D arabrnofuranosyluracrl (65) Smce tlus

¢ yreld usrng an adaptatton of the 1odmatron method reported by Robms and Tayl Or‘ i for the

| __"last step In thrs reactron I,. produwd zn sztu by oxrdatxon of NaI by HNO,, undergoes an ”

: j‘ fi[latter reactron appeared to proceed more readtly than the requrred 2 fluonnauon reactron
water must be rtgorously excluded f rom the reactron We were able to syntheslse S.-rodo-- R |

hf:~1 (2 fluoro 2' deoxy B D nbofuranosyl)uracrl (la) as outhned m Scherne lV lm 89%

-

sugar At temperatures below 115 C the<reactron proceeded very slowly and even after 24 hours

S startrng matenal comprrsed the bulk of the materral in the reactxon mrxture Tracea o' water o
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n the pi'e.paration‘t)f 1-(2-'-ﬂuoro-2'-‘deo,xy'-B"-D-fibbfqraribsyl)-.ﬁ' - L R

Scheme IV .2'S_ide Teactions i

- - - . e o " /

- " .

wracil (17) e




.~

electrophilic reaction with the electron- rrch 5- posmon of Lhe starting 2‘ ifluoro eorrtpound
(17). The progress of the reactron was momtored hy the. drsappearance of the f ree 1odme color
The reactron was complete after 16 hours at’ 80 C At hrgher reacuon temperatures (115 C) the
reaction time could be reduced 10 90 minutes wrthout reductron in vreld
Thls reactron was also used f or the radrochermcal synthesrs of [”‘I] S-i.o.t’io~
-1-(2'- fluoro 2 -deoxy- B -D- rrbofuranosyl)uracrl (67) Sehenfe IV 3) |

/

/

T furanosyl)hruﬂ_(ﬂ)_ o

% - T , T

f

The reactlon was raprd gave hrgh vields and, W1th NaI as the lrmmng reactant resuhed in all.v
avarlable 1odme being added; at the 5- posmon of the nucleosrde Chermcal and radrochemrcal
yrelds of greater ‘than 60% after chromatographro(tlc) -purifi 1catron were obtamed in the -,
e radloactrve syntheses The Specrf ic actrvrty of the product (67) depe.nded on the amount of
;.'carrrer Nal added to the synthesrs End of synthesrs specrf rc actrvrtres of 40 to 50 GBq rnmol ‘

| were obtamed routmely when [“’I] -5- rodo 1 (2 fluoro -2'- deoxy B D nbofuranosyl)uracd

(67) was prepared for ammal studres In a no camer’ addcd synthesrs a 41 5% yreld of 67 was

v

4

obtamed after punf rcauon of the product by tlc: Although carrier 5 rodo 1 (Z «flu,o‘r,o-, ‘

-2 deoxy B-D- nbof uranosyl)uracrl (la) was added t asert in the chromarographrc
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1

punf 1catnon of thrs product n seems lrkely that punf 1catron by hplc ‘would grve a cl"ean*plodug

!

. \

at ho- carnen added levels. | ‘ . | K *3

' Purrf ication by thrn layer chromatography gave matenal of htgh radlochemrcalfpurrty .
.

(>99%’) wrth no evrdence ot’ non-radioactive 1mpur1tres The punty was determined erther by

) v" scannmg developed tlc plates with a lrnear analyzer or by scraprng the srlrca from the tlc plates

*in thrn stnps and countmg by liquid scmtrllatron usmg a Digital Integratron program '

(Beckman) The chermcal and radrochemrcal purrty was. conf trmed by subsequent hplc analysrs |

| using ultravrolet and radroactrvrty detectlon Only traces of radroactxve and non r;droactrve
1mpurmes were noted in the analysrs (<1%) |
h _, / Solutrdns of 61ig saline showed some degradanon af tex 18whours at room temperature
Af ter S days at room temperature hplc analysrs showed the presence of 1od1de (14%) |
5 1odourac1l (10%) and other umdenttfred degradatxon products (3%) as well as
[‘“I] 5 1od0 1- (2’ f’luoro YA déoxy-ﬂ D-Irbofuranosyl)uracrl (67) (73%) Compound 67 used

for anrmal studres was stored as- a dry thm f tlm in multrdose vials' at -5. C Samples were

~

- a .
. drssolved in salme Just pr‘ror to use and unused portlons were f rozen if requrred for subsequent

r

‘ expenrnents Reconstltuted samples were drscarded after 24 hours D -

N, N Lt L, . ,
P .
A C ‘ - . [ . N , L,
szsue dtstrtbutron S C R CL

- ' 'I'he f emale BDI-‘1 mrce beanng a Lewrs lung carcmoma used in this expenment were”

’

mJected W1th doses of [”‘I] -5-jodo- 1 (2 afluoro 2' deoxy B- D rrbofuranosyl)uracil (67)

\rangrng from 0 5 ug (13 pmol) to 1. 8 ug (4 8 pmol) thh mJectron actrvrﬂes from 55 kBq4( 15

s

- mrnute tlssue drstnbtmq\) to 110 kBq (24 hour tissue. drstnbutron) The data is shown in Table

N

IV las percent dose per gram of ttssue and as organ to tumor rauos and in Figure. IV '1 and’

Flgure IV2as organ [o bloodrauos : ' . Co . .

s .

[”‘I] Svlodo 1 (2 fiuoro 2' eoxy B -D- nbofuranosyl)uracrl (67) demonstrated

/.'

lrttle uptake m trssues except f or tﬁose whrch -were related to the route of excretxon (krdney) or

’
R

thosc wmeh had a hrgh blood content (lung) At Mggr time penods (8 and 24 hours) the

4 - r
. .- ST N : S : . /
P . . CI . R Lo ' L. T : PRI

. . ' Ve
> . , , . ) 4 1 ¢
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$PLEEN © © 32(02)  29(02)  25(01). 18(03). ° 18(0]) 10(01) 0502
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05, 08 0.6 05 - 06 07 “10 . .
i } . : NI
KIDNEY 211 (2.7) Cas@n ROAY. C8sAn 730 7y ¢ 41(8.6) 7 :14(.06)
: 43 5.1 Sy 22 23, 22 18
" BRAIN 04(06)  04(03) 03002 - 02(003) 0:2(02) . 0.1(0D) |, 01(0.0)
» R o 0.08 0 07 06 0.14
. DTN g 010 5 007 of 014
SKIN. - 52008 b 38c4)  50(15), 32(05)° 35 (066) 21(0.4) _ 8.1 (.05)
A - . 12 08 - S L
MUSCLE. - 250027 20(01)  23(04) 1 13(02) 1300 0701, (o)
s 0. 06 . - 03 04’ 04. 04
. BONE 24(0.3) °  1.8(03) 1.5(0.5)  12(0.2) 13(02) - 0.7(0.1) ?, 07(.09)
S0 0.5 . 04 0.3 o4 oo 04 08
LUNG © 18K, 15(08) 1807 51 09) - 4505 26035 01(.09
16 2] 17 g B Y L L

HEART- 7.0 (11"
h - 1.4

6.4 (0.3)
1.8

58(02) -57(06) ¢ 3.5(01) 1601 01(01)
S VR W

1L 09, 13

'LIVER  ~  53(0.7)- .4.6(06) 3.6(0.1) - 2.8(0.3) 26(03), 14(02) ' 0.1.04)
: . Tl 18 09 - ‘

107 .. os 08 - V13 .
— i — — * e
TTUMOR . - 49.(0. 4) 37009 41 \(0.\5)_ 38003, 33 5. 19104) .oﬂos),
' ey, 702, 04 0.4 Ces o 0s
T peicent'of mJected doseper gram'of “tissfie { & smnda;d devxanon) (n=6. ammals) » ;/ A
3 Orgah 1o tuImor Tatio, o ) //.
’ Tumor to blood rauo - , e
A - ‘ ) ’—J ‘ o . &

Table vl Tlssue dxstnbutmn in female BDFI mlce beanng a LeW1s lung tumor af ter

" (n = 6 animals)

v

mtravenous mJecuon of [¥91]-5- 1odo 1 (2'- -fluoro- 2’ deoxy B- D nbofuranosyi)uracil (67)

T -

~

t.

i . P

&2 -
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' ,Flgure IV 1 Organ to blood rauos for tumox’ stomach mtesnne and muscle after mtravenous

.

mJectxon of [”‘I] -5-todo- 1 (2 fluoro 2" deoxy ﬂ -D- nbofuranosyl)uracﬂ (67) into female

. - [N
. 'BDF, : mice bearing a Lewis lung tumor R an
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. Flgure IV 2 Organ to blood rauos for tumor spleen llver and kldney af ter mtravenous ‘
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concentration ‘of. acttvlty in the stomach exceeded that of the blood and the actrvrty in the -

K3
‘

%

thyrord (data not shown in Table IV. 1) mcreased srgnrf icantly after 2 hours. At 4, 8 and 24 ¢

hours the percent of the m;ected dose in the thyrord was 1.5, 2.6 and 5.9 respecnvely This
drst.nbutwn of, acnvny at the longer time periods is charactensuc of the metabohsm of 1od1de
'anron Thrs Suggests in vivo losstof radtOtodme from [”‘I] -5-iodo-1- -(2'- fluoro 2 -deoxy- B-

: '_ -D- nbofuranosyl)uracrl,(67) Thts susptcron was supported by the detectron of radtotodtde m
V . ; )

‘the urine as descnbed later o

#

The tumor to blood ranos were plotted along wrth vanous other organ to blood ranos
in Figure IV 1 and Flgure IV. 2 The tumor to blood ratros were always less than 0 S and no-

"tissues other than, stomach and thyrord demonstrated accumulatron of activity.

1

~ Three male BDF1 mice each wetghmg approxunately 22 grams were each mJected vza

~

P

the tail vein w1th about 7. 40 ‘

7 syl)urac11 (67) (52 2 GBq mmol 0 14 umol 52. 8 ug) as a solutton m 0. l‘mL of normal

i

| of [1*13-5- lOdO 1- (2 fluoro 2! deoxy B D nbofurano- ,

K Whole body elrmtnatton and metabohsm | . R 'V | N ' N .‘-".‘c‘; :

I

.

sahne The whole body actr\vrty of 'e mrce was measured at various times after mJectron usrng

[
g

.4 PleCI’ Isotope Dose’ Cahbrator Dunng the measurements the rmce were restramed in a

- def med geometry by the use of a plastrc msert Between measurements the ammals Were

: . e

.

- marntamed ad llb wrth food and water and they were transf erred to f resh cages at mtervals to 3

U

umze the contamrnatron of fu-f from beddmg materral Urme was also collected at mtervals . Lo

by placmg the mrce m small» metabohsm cages Addrtronal unne was obtarned at the ttme of

dose was ehmmated wrthm 30 mumtes and 75% of the dose by 2 hours Af ter 2 hours the

'7'94

excretlon was slower Thrs data can be mterpreted as a"two component system (bl exponentral

R .

Frgure lV 3, The eompound was charactenzed by rapld 1mttal excretron Half o the m_]ected ";', 4

*
P

-

i f sacnftce (24 hours) The d'ata collected mtlus expenment are shown m Table IV 2 and m A ‘

curve) wrth a longer hved compoﬂent havmg a half lrfe of 6 79 hours and a shorter hved 1‘*? : e

component havmgahalf ltfe ofO 70 hours \
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9%

B}

i . - -' . —~ 5 - ) | ) . - _
T . 9% DOSE IN'WHOLE BODY ,
g (HOURS) “ .2 0y e (£sd)
S0 "0 . 100 - 100 T
5 -.'56.8 - 46.0 49.6 - .50.8° (5.5 -
| co482 0 302 . 374 38.6 (9.1)
' 2 ' 258 249,“_.:. - 2 S 255 . (5.2)
3 co203 0 2075 0 200 207 ©(0.4)
4 . 180 142 165 T2 a9
£ P 141 0 c124 S138 - . L 1340 - (09 ‘
-+ 6 B3 ds | 120 T3 (09) .
N . . s m3 . w8/ we . oy o (0D
Kl .8 ., 104 .96 /- S -94 798 . (05),f
e 12 63 6.1 67 64 (03)_ o« .
" 24 ]'1.6. 21 0 LS. L 1.9, R 02y -
v . F{ able IV 2 Percent of dose rn whole body Vs ume afrer rntravenous adrmms- -
' ‘ tratron of apprmumately 7 40 MBq. of [”‘I] -5- rodo 1 (2 -flioro- 2" deoxy
‘ | ,3 -DE nb(ﬁguranosyl)uracrl (67) into male BDF;: mrce
| -\. N - " v N .
‘ The chemlcal nature of the excreted activity in the urme was ¢ mined'by hplc 'analysis
5 . vt N . ;
of -urine f ractrons collected dunng the rntervals 0-30 rmnutes 2 3 hours and 6 -8 Jhours. and o
_ at the nme of sacnfrce (24 hour') The analysrs was camed out usrng a Waters C 18 reverse -
phase radial cornpresslon column wrth 15% methanol in’ walter as the mobrle phase The column S
effluent was analyzed frrst by a uv deteetor and t'hen by a sodrum 1od1de crystal 1 detector . Ix "
: - The marh mI y ray photopeak at 364 KeV (82%) was detected usrng an energy wmdow from e

Each of the stored frozen unne samples was thawed mrxed wrth a pomon of the N ‘,

phase and ahquots of 5 to 20 uL were mJected drrecrly onto th% column The 1cfentrt1es o

of the radroacuve components rn the unne were: 'deterrnmed by companson of therr retentron :" S

]

trmes wrth authentrc cold compounds The senes of eold compounds ursed as ref erence materra:ls

and therr retennon trmes were 5 rodouracrl (5 67 mrnutes) 5 1odoundrne (6 78 mrnutes)

~N N

5 rodo 2 deoxyundrne (62a) (8 75 rmnutes) and 5~rodo 2 fluoro 2 deoxyundme (la)

. R O L /

..J_ ‘; B
\ o St e s

Yo
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NS | |
(12.12 minutes)., These compounds were readily separated as shownin Figure IV 4.
L RN ¢

The compounds are; 1. 5- 1odourac1l 2
5-iodouridine, 3. 5-iodo- 2'-deoxy-

S8 ‘ 3 . . uridine (62a). 4. 5-iodo-2"-fluoro-
CZ) 1 l ' Y o -2'-deoxyuridine {1a). o
< ~ H | ’F\l;)e hplc-conditions are; flow: 1 mL /
Q- ‘ -4 min, solvent:- 15% methanol / 85%
SN -4 - * watef, column: C-18 reverse plase '
- " radial compression (5 u). detectiori: uy - '
_ EL-') . dt.256 om.
CE :
-8 \ =
.‘. - " - ¥ - ,”‘|: . ,
[ ) 4 6 8 10 12 14" 16 18 20 -
' TIME(mm) RN o

F1gure v, & Retennon nmes bf Suodonucleosldes and bases used as mtemal
'ref erenoe compoupds for analys1s of the u;ma;y metabohtes of
[”‘I] -5-jodo-1: (2 fluoro 2'- deox}y B -D- nbofuranosyl)uracﬂ (67)

. Lt . . : - .

P |

"VINTERVAL .. - RADIOACTIVE CONSTITUENTS OF URINE (% of to1a)

" {hours) . viodide ., S-I-2“FUR  SIU | pther
T 0-5 i 41 7 -8 18 26
o2 I RS SRR % B ¢ Co3s
6% 38 - 602 - N T
g Looels L 374 0 S0

Table IV 3 Radloacuve consntuents present in unne aL vanous tithe- 1ntervals

. after mtravenous m]ecuon of [“ll] -3- 1odo 1 (2' fluoro 2 deoxy B S
~ D- nbofuranosyl)urac1L (67) mto ma.lc BDF, rmce e . ' ﬁ’ '
v N ' PR - [\
Y R L , -
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bef ore mJectron Supenmposmon of the uy and the radmacuve traces allowed 1dennf ication of
the radloactlve peaks Frgufe Iv. 5 shows the 2103 hour urine analyzed By this method and

. Table V.3 1llustrates the results f or all the urine analyses The column in Table Tv.3 labelled
: 1od1de ref ers to the activity deted’ted at or near the solvent f ront usmg the reverse phase

o _system ’l'hrs very polar [11]]- actrvxty is probably RN although this was not proven in this

: eptpenment...

¢ .

Al

“ Blologlcal fate of m]ected [“‘I]-S-rodo-l-(z -fluoro-Z'-deoxy B- D-nbofuranosyl)uracrl (67 )

After its mtravenous m;eetton rnto female BDF1 ‘rmce [‘“I] -5+iodo- 1- (2 ﬂuoro- .

. 2 deoxy B D nbofuranosyl)uracﬂ (67) was rapidly excreted in the unne The level of tissue

. ’ ,
uptake was low wrth httle evxdence of actrve uptake or accumulatlon in any ussue except the

~

| :kldney dunng the early stages of the expenment (0 4 hours) The actrvrty level in the tissues

_appeared to parallel the l;lood content of these’ trssues wrth organs such as the lung and heart -
)

, bemg more: acuve than less vascular nssues such as muscle an&gastromtestmal tracr ’l‘he

y drstnbutron of act1v1ty at later time penods (4 24 hours) appeared to be due to a combmatron

&*

of the unchanged 67 and 1od1de amon EVldence for the presence of rodrde was provrded by the

‘ "detectlon of a very polar 1odme specres in the hplc analysrs (Table IV 3) and from the hrgh

: S
L levels of actrvrty measured m the thyroxd and stomach at £ and 24 hourssaﬁ.ter admmrstratlon of

.tne radrolabelled compound (67) The thyro:d and stomach are/ known td‘extract and) o
::."concentrate crrculatmg 1od1de amon’“ RIS Py | :

5 Iodo 1- (2 fluoro z' deoxy B -D- nbofuranosyl)uracrl (la) can be conndered to be =

N -‘ “_,

- a struct ral analog of thyrmdme and is also related structurally to severakc/pounds such as

v

‘5 xodo 2' 'deoxyundule (62a) and 5 1odo 1 (2' fluoro 2 deoxy B- D arabmofuranosy.l)uracrl ,' o

| _"_(20e) wluch have pronounced brologrcal actrvrty The brochemrcal fate of S 1odo 1- (2 fluoro-.

L 2 deoxy ﬁ-D nbofuranosyl)uracrl (la) however appeared fo dxffer from these related”

| compounds The farlure of [”‘I] 5 1odo 1 (2' fluoro 2 deoxy B :D- nbofuranosyl)uracrl (la); N

4
[ ER B
ot

. s
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' DETECTOR RESPONSE (uv) -

101

. DETECTOR RESPONSE (radioactivity) .~ :

¢

L el \ : .
+ - ol

’

T he compounds are; 1 5- 1odou;ac11 2 5 1odonnd1ne
5:jodo-2'-fluoro-2' -deoxyuridiné. (1a)
" The hplc, conditions are; flow ‘l.mL 7 min, solvent 1

. TEverse phase radxal compression (5 u) detectlon uv

- radlauon between 300 and 400 KeV

-

N AR} R
O *&' S S

3 5 1odo 2 deoxyundme (62a) 4

5% methanol / 85% water column C 18
at 256 nm and radloacnvny as

- Fxgure IV by {—lplc analyms by uv and radloacnvxty detectxon for the 2 to 3 hour mmample

collected from male BDFl mtce after mtravenous mJectxon of [”‘I] 5 1odo 1- (2' fluoro- S

2 deoxy B D nbofuranosyl)uracxl (67)

«: e

A~ o R .4'; oy



to accumulate in rapidly growing tissues such as intestine and tumor indicated that it» was 'a R
. POOT substrate f or the transport mecha;usms requlred for cellular: uptake and / or me km;rs‘e S

' enzymes requu'ed to convert it to the tnphosphate pnor to mcorporatton mto DNA

‘ Unhke 5 lOdO -2 deoxyundme (62a) 5 1odo 1 (2 fluoro 2' deoxy B D nbofurano
x ; syl)uracxl (1a) exh1btted a remarkable in vzvo stabxhty :5- Iodo 2 rdeoxyundtne (62a) has been -
- shown to be raprdly cataboltzed via phosphorolyuc cleavage to 1odourac1l and deoxynbose L
B \-‘ catalyzed by the ubtqultous enzyme pynmtdme phosphorylase“’ Iodme is raprdly lost f rom B :
| . blodouracll after its enzymatlc conversron to 5- 1odo 5 6- drhydfoundme”‘ In addatron :
.thymtdylate synthetase has been shown tp catalyze the f acxle detodmauon of 5 1odo 2 ' deoxy-
- ,undylate’” 'I'hese processes compete with uptake of 5- 1odo 2 deoxyundme (62a) mto DNA
In animal studtes the half-life f oruptake of 5 1odo 2 deoxyundme ‘has been estnnated at 5
g mmutes wmle the half“ hfe of degradanon has been measured at 3 mmutes” In the unne ot‘ .
rats m]ected 'wrth [”’I] 5 1odo 2 deoxyundme 99 9% of the radroachvntyan the Blood at 60

~

nunutes was due to [”‘I] I 14 In contraSt we observed thatS 1odo—1 (2 -Fluofd- 2 deoxy B

D rtbof uranosyl)uIaCIl ( __) was very resrstant to phosphorolyuc cIeavage and detodmatron

Even after 24 hours unchanged (la) compnsed up to. 37% of the actmty present in the _unne R

N v 'The persrstance of unchanged compound in the unne desprte the mmal clearance half llf e of

T .0 70 hours was an 1ndlcatlon that thlS matenal mlght have undergone reverSrble tran5port
- -\

. actoss the cellular membrane f ollowed by a slow ef flux £ rom the eells baek mto the cuculatxon

4 ¥

" fThe related compOund 5 todod (2' fluoro 2"deoxy B D: afabmc’f“mnosyl)umm
: r'_‘fﬁ'(20e) ‘has been shown to be a constnuint of DNA and}i major unnary metabohte m rats and o
s rmce_ dosed w1th 5 lodo -1 (2l fluoro-

L ,The uptake in DNA mdacated that tlus compound must be a substrate f¢ or the ldnases and

R polymerases present in. cells The observauons of antmral actrvrty and cytotoxrct‘ty toward

i | - metabohsm although thls supposrtron'could not be cdnf umed m the prcsent study

H . ..V'."f{normal human lymphocytlc cells m m wtro studles w1th 5 stodo ‘1 (2' fluoro 2'—deoxy B

dery B D arabmofuranosyl)cytosme (63e)mm | § i

'D ribofuranosyl)uracrl (13)" SUSZested that thls compound must become mvolv‘ed m cellular A .} f’i;"_;

N

.\ P

e o LR . w0 : ,"_,o,t'.f."
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‘B. 5-Bromo-1-(2'-Flu.oro-'?._'-Deorty-B-D-Ribofuranosyl)Uracil‘(ll_;) , v

Synthesrs'and punftcatron ,
A variety. of methods have been reported f or the svnthesrs of 5 bromonucleosrdes as

dlSCUSSCd prev:ously 'l'he classncal reacuon bet’Ween electrophrhc molecular bromme (Br;) and

L

an approprrate pyrm:udme nucleosrde was used for the fi irst synthesrs of 5 bromound &e”" and |

S- bromo -2' deoxyundme (62b)177 We employed thrs srmple procedure for the svnthesrs of

75 bromo I- (2 flUOro 2 deoxy B -D- nbofuranosvl)uracrL(lb) as shown in Scheme“TV 4

'3':..2-",'::matenal and formatton of Y comp}ex reacuon rmxture Fontammg a number of less polar

A olutron of molecular bromme m glacral aceuc acrd reacted raprdly wrth o

(2 fluqro 2 deoxy ﬂ D rtbofuranosyl)uracrl (17) at 80 When the proﬁuct was 1solated

/

t‘ L (15 % M eOH in CH;Clz. MKGF m,croshdes) mdlcated complete consumpuon of startmg

\‘.r
\‘ - o

~ matenals in addmon to the expected product (Rf 51) 'I'he ma;or product was not vrslble when

‘ | ] 'f + | ' - N . : (‘
SchemelV 4 Synthesm of 5 bromo i (2 fluoro 2 deoxy ﬁ D nbofurano- . _' "‘; ‘
- syl)hracrl (lb) vza the stable mtermedrate 6 O-acetyl 5rbromo 5 6- dlhydro- : '
1 (2 fluoro 2 deoxy B D nbofuranosyl)uracxl (:__) e ‘ | ’} .
v . . :t_ . (, . - ‘,A O . ’”\ IR i , . ‘~; \ - ‘L“ . ! :

i ’-at t}us pomt by evamtron of the glactal acetrc acxd and excess brommetm vaeuo tlc analysxs ' o

A T



_ ﬁh,e plates’ were viewed under auv lamp but d1d become vrsrble when the plates were sprayed
R - with sulf uric acrd and heated It was also nored that heatmg the developed plates at 100 'C for
10 inutes caused the materral at Rf . 56 () become v1srble by the uv detectron If (he heatrng
was carrred out after spotting the crude reactron rmxture on the plate but prior to plate B o .
development the product spot was much larger after development whrle the component at Rf : |
56ahad dtsappeared Treatment of the reaction rmxture w1th NH.OH also resulted in conversmn '
of the mrxture toa smgle major component at Rf 51 This observatlon suggested that the i
g required_bromonucleosrde lb arose via the stable mterrnedtate 68 whtch upon heatmg or

treatment W1th NH.OH was converted 10 the requrred product as shown in Scheme IV 4 Stable .

S lptetmedrates (70) have been 1solated when uracrl (69 R H) and N 1 substrtuted uracrls

"'

(69 R CH ) were reacted wrth aqueous solutrons of Br2 as shown\m Scheme IV 5“" I

'y B —

"cl




O

- The crude reaction mixture was purif ied by pr’eparative hplc .but did not yield a

crystalline product desptte numerous erystalltzatxon attempts wrth diff erent solvent systems - -

@he clear gum or white foam obtatned after evaporatlon of solvent was chromatographtcally

pure (tlc, hplc) and showed no extra srgnals in the nmr spectrum

t,«ra _ Radtobromme (*"*Br, Tl =353 hours) requtred for the synthesrs of ["Br] -5- bromo-

PR

-1-(2' fluoro 2'-deoxy-B8-D- nbofuranosvl)uracxl (72) was produced via the ”Br(n y)”Br

1]-NH.Br at a neutr0n flux of

1x 10 ncm™ sec™! for 4'hours The calculated activity of lz.'Br af end of bombaidment of -S mg

of [*'Br]-NH.Br was 13.2 MBq. The measured acuvmes were very close to thts calculated value. '

. The irradiated samples were allowed to stand for 18 hours‘to penmt decay of the co- produced
and shorter lived bromtne isotopes ('°Br Tl = 17 6 mmutes '°Br’“ T} =4.38 hours ”Br'“
Tl =6.05 rrunutes)20 The bromine anion present in ["Br] Nl—LBr was converted to "
electmphrltc brormne by treatrnent with N- chlorosuccmlmtde Thls procedure was adapted from
a recent?report on high-yield electrophthc radlobrommatlon of aromat1c rmgs using o

: radrdbromme anion with N- chlorosuccrmrrude as an oxidizing agent for i situ generatron of -
electrophrhc bromme’“ The reactrve specres formed was probably [”Br] BrClm 333, The

reacttons were carried out in Reactt Vialse using a. molar excess of- N CthIOSUCClmmlde added
through a teflon backed septum to a solution of 1-(2' ﬂuoro 2 M B-D- nbofuranosyl)
uracil (17) and [**Br]- NH4BI in acetic acid. This procedure gave mfstzu format1on of Lhe -
reactive [”Br]-BrCl species and provided high yields of the product (72) (Scheme IV-.6:) .
- ' The reaction proceeded readily at 'roor'rt temperature' a's lndicated by the dlsappearance -
of the initial red brown coloration ([**Br]-BrCl) within a few rmnutes Solutlons were warrned
at40°C for 1 hour to insure complete reaction. The crude reaction product contamed >80% of
the required' product (72) (cOmbmed tic- lsc) The recovered yrelds of 72 after ptlc were® closer r_ 1
to 60% possrbly mdlcatmg some sensmvrty of-the compound to the chromatographtc system
The specrfrc activity of the produet Was 167 MBq mmol-! at'the end of the synthesrs

_The relatively short half -1ifé of the **Br required that thrs rnatenal be used wrthm 20 030

4
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hours after the end of synthesis. .~ E

(28;)-NH,Br, Ncs__ HOTH2 0 (
] - .
1 HO = F ,
17 -
Scheme IY.G‘Synthe_sis of ["Br]-s-bromo-l-,(2:-ﬂuoro-Z‘-deoxy-B-D'-rIibof '
N . ) . . - i ! . . - . . L i -, l
L furanosyl)uracil (72) . ; o - \ '
. . . : ~ i ’ R ’ - N ; ’ - / . (
Tlssue dlstnbunon I e e . . .

’ ~ 7

Wlthm 30 hours after the complenon of the synthe51s of ["Br] -5- bromo 1-(2 -fluoro- .

Y

2' -deoxy-B- D nbofuranosyl)uracxl (72) it was 1n3ected mtravenously into female BEFl mxée

~ bearing a Lewis lung tumor. The drstnbun0n of acnvuy was determmed at selected time peIlOdS -

by sacrifi 1cmg the ammals and measurmg the, concentrauon of 11Br- acnvrty in the tissues? The

: 1nJected doses ranged from 47 ug (O 14 umol) to 130 18 (0 40 urnol) Wlth actlvmes of 20 kBq

{

(15 rnmute tjssue drsmbuuon) to 60 kBq (24 hour tlssue d1stnbunon) The'data are presehted

"in Table IV.4 as percent dose per gram of nssue and organ t0 tumor ratlos and in Flgure IV.e -~

. [N
1 . . “y .

and IV.7 as org.an to blood’ ratros

% N - . + e )
.

[“Br] 5 Bromo -1- (2 fluoro -2 deoxy -B-D- nbof uranosyl)uracﬂ (72) showed no . .‘
s1gn1f icant, uptake in any tissues. The cornpound was rapldly removed f rom the blood Wthh ’
contamed only 3. 7% of the mJected dose at 15 mmutes and 1.0% at 1 hour Th1s compound was
rfapxdly and eff 1c1ently excreted via the urine. The kldneys dld not‘accumulate mgmfxcant levels

pf radxoacuvxty Other than the kidneys no ussues reached acuvuy levels as’ hlgh as that of the

! ' .
: [ . ) ’ . . ) ! b

-



Table V.4 Tissue dxstnbmon in'f emale BDFI mice beanng a LeW1s lung tumor,af ter

1
-

¢

107

-.‘ ' ‘ .
1 e -
i/- Ve . . i ’ ~
P ' TIME(HOURS) | . .
ORGAN ~ -~ 025, o050, . .17, 9 - 4. s 2
BLOCD 268(035)  136(22) . 0.78(06)  0.79(.04)  0.60(07)  0.72(07) . 0.1 (.06
’ _ 1L T 150, 12 ¢ 146 L1720 T 159 L6y -
* SPLEEN 106 (17)  0.59(:13) . 03B(03) - 0.35(.02)  028(03) 0.34(.06) | 0.24(.03)
S .- ol 065 . - 08 0.65 , 0.9 - 0.7 075 -
STOMACH ~ _129(29) -09(14) 050(.03) 0.52(3) - 040(.02) 0U33(08)  03a(03)
L 093 . o 086 0.7 - 084. , LI L7 1.09
- GIT . . 119(29) 0T (1Y) 042(02) 041(0§) - 0.28(.03)- 033(05) . 022402
S <086 . 0.0 064 836 - 039 . 073 0.69 -
KIDNEY. 759 (18) - 2.68 (42) " 112(22) 0.7 (:02) 2048 (.07) * 033( 0.36-(.02)
o © 553" 295 - 178 . 132 138 - ‘1 Tl
COSKIN- T 13920 0.2 (16)  04S (A1) . 0:39..07)  G31(05) . 03401 0.22.(04) -
_- 1ot 0.80 0.71 C 04 - 0.8+ 077 0.69
. MUSCLE ' . 0.89(.22) " .40 (.03) _ear(on’ .0.154.04)' 0.12(.01) ~ 0.8 ¢01)  0.097.0))
X 7Y 0.44 032 - 034 0.34- 0.31 ,0.28
“BONE . -0:52 (L10) 030(06)- 0.26 (07) 026 (.05). . 0.17 (.04)-. 0.23(.02) ~ Gil4 (.03)
~ 03 .. 032, 039 ° - 046 0.47 051 -~ 047 -
LUNG 170 (17) 091‘ (21)- 052(08) 0.54(03) 0.38¢03) . 046(06) 03504
1.2 1.00 081+ 100 108 102 T 10
HEART S L6L(20) ° 069 (12) . 029(02). 027(.05) 017401 020(:02) 0.5 (.01
. L6 0.7 044 048 0 04 0.48
| LIVER 145(22) 065014 034(02) 032004 ' 023(01) 028(02) 0.8 (.0}
L 1.04 072" - 053 "'_ 0.8 T0.64 . T 061 L0357 -
TUMER 139 (17)  095(19)  067(1) . 0.57(.161 0.37(07) 0.46(.06) 0.32(05) ..
' ,.53* . 07, 08 . (OB 08 0.65 0.63 ©
"1 Percent of; m'Jected dose per gram of Lxssue (% sundard dcmuon) (n —’6ammals) - ;
? Organ to tumor ratjo . . } .
_* Tumor to blood ratios _ e - -
. i . = R - R
v \ ‘
~ - ~ 0 ) ‘/ !

1ntravenous m}ectron of. [”Br] -3- bromo 1 (2 ﬂuoro 2 deoxy~ﬁ -D- nbofuranosyl)uracxl (72)

~

“

- (n= 6 amm;ls)

.
1

~
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BDF; mice bearing a Lewis lung tumqr - 2

N

: injec;tioh -of ’["zBr]~5-br§rho-_1 : (2' -fluoro-
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oxy-B-D- ribo'f‘ura‘npsyl)uraCﬂ (12) into female

2'gdeoxy- B;D-_ribgfu:aiioéyl)ﬁracil (72) into female



) . i . - \ . P
K ’ . . - ~ '.‘ \ . '.' . . e . . 109
’ . ! - . . \ v . .
/ R . - . . M . 3

* blood. The organ to blood rauos (Frgure IV.6 and Frgure Iv. 7) showed the htghest

concentratrons of actrvrty in the lungs stomach and tumOr The lung acuvrty was in part due to A

»

s the hrgh blood content of thls tissue. The hlgh concentratron of acnvtty in the stomach lungs

e biood and krdney at later ume perrods suggested that the radroactmty dtStrrbutron was due to

L uBr Thrs agrees wrth prevrous studies whrch descnbe the drstrrbutron of bromide anron inv .

S ‘mice whtch reponed stomach contents blood lung& krdney and skrn ag the organs wrth the

\ - [

. htghest levels of radroactrvrty“‘ 323 The radroactrvrty level in tumer suggested some selectrve S

uptake of radtoactrvrty in thrs tissue. It is unhkely that thrs radtoacttvuy was due o brOmrde ;o

14

since, except f or the trssues noted above bromrde was restrrcted to extracellular drstnbutron“‘ e

T

The vascular nature of the tumor trssue and. hence 1ts blood content may account f or some of

a

)
"the noted radroactrvrty Thrs should not however be srgmftcant partrcularly smce the animals ~
. - M 2 - ’ . L. -

were exsangurnated at the trmé of sacnf ice. Tbe tumor appeared to dernonstrate a small

selectrVe uptake of adttvuy as [“Br] 5 bromo 1 (2 fluoro=2 deoxy ﬁ D rrbofuranosyl)

’ -

urac11 (72) or one of 1ts metabohtes IR -

- | » , , B L

Whole body ehmmatlonand metabohsm -_ oo P ol

After' rernoval of the requrred trssues fo: or Y- ray countrng the remammg carcass was

K .
-8 ’ T -

‘drvrded between two ceupung vrals and also counted By summrng the total actrvrty m all the .

m Table IV\ 5 along wrth b100d I rance data exptessed as percent of dose m total blood Thrs -

) . latter value was determmed by measunng the actrvrty ina blOOd ahquot collected at the time of
sacnfrce and extrapolatmg th1s value to the total volume assurmng bloc:d to compnse 6 g% of
the total body werght Frgure IV 8 shows the whole body actrvrty plotted agamst the trme after

mJectron 'I‘he data conforms to a two component system (bl exponenttal) wrth the half hfe of
o the short,hved cornponent equal to 0 26 hours and the half hfe of the long lrved component _’

v equal to 33 5 hours Thrs data mdrcated a very raprd excretron of in]ected compound Wrthtn 15

~ . “%
’

D7 mmutes 96 3% of the actrvrty was cleared from the blood whtle the whole body actrvrty reached

-
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R 1
25% of in Jected dose af ter 30 mrnutes The 1n1t1al raprd excretion was probably due to effi 1c1ent
‘v Tremoval of unchanged bromonucleosrde f rom the blood via the krdneys and bladder Unchanged
. compound was the only sp,ecles detected m the urine as descrlbed later Af ter this raptd )
| .‘excrenon the radroacnvrty levels remarmng ‘in the mice dropped very slowly This long biological .l r'
' half life for the radtoacnvny wasaf urther mdrcatron that the actrvrty remarmng in the blood |
fand trssues at longer trme perrods was ["Br] Br |

-~ - . . . s .
. . . A\,

Ny L B N

TIME . %OFDOSE: . . -%OF DOSE
(hours) " REMAINING IN BLOOD
. o0 T 100 _ 100
. 25 463 L 3.7
R 5 w4 18
o -1 39 - o Lot
2 112 100
N4 66 . - . 08
, S L8 . <58 ° .09 . S
' 24 4 0.7
’ "

g T“able IV 5 Percent of dose ln whole body and m blood after mtrayenous
! ' adrritmstranon of ["Br] -5- bromo -1- (2 -fluoro- 2 deoxy 8-D: rrbofurano

Lo , syl)urac11 (72) to fernale BDFl mrce contarmnga Lewrs lung turnor N I R

R * . . . . . - -
o .
1 LT

e - Sy C : ! ¢ ' ool
Samples of urme frorn the amm% used for the ttssue drstnbutton Study thh AR .

["Br] 5 bromo -1- (2 fluoro 2' deoxy ﬁ D nbofuranosyl)uracrl (72) were collected at the

trrne of sacnfrce and stored at 5 C untrl analySts The urrne samples were allowed fo warm to__ L

Ty

room temperature These samples were the‘mnted wrth porttons of hplc solvent were sprked o

g wrth non- radroacnve referenceS bromo 1 (2 fluoro 2 deoxy B D rrbofuranosyl)uracrl

a

(lb) and were analyzed drrectly usmg the Waters hplc systern and the sodmm 1odxde detector

descnbed prevrously 'I'he moblle phase was 96% water an‘d 4% MeOH An energy wmdow of !

.....

A
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B

out on 2 hour urine. The only radioactive matenal detected was unchanged [*?Br]-5-bromo-

C o2 fluoro 2 deoxy B-D- nbofuranosyl)uracrl (72) The retentronﬁunes of the cold ‘

' reference rnatenal and the urine actrvrty corresponded exactly once a small correctron was made

1o compensate for the delay between the flow of column effluent through the uv and
radroacnvrty detectors. Analysrs of urine samples collected from 15 minutes to 4 hours af ter

1nJectron of the radtobromtnated nucleosrde (72) showed only unchanged startmg compound

N

' Urine collected f rom amma.ls sacnf iced at 8 and 24 hours after m]ecuon of the radropharm-
‘ ” 3 e *

aceutrcal contarned levels of radroactrvrty below the lumt of detectron The urine samples were
-expected to contatn ["Br] “Br- since this appeared to be the specxes present rn mice at the longer o
trme perrods However the low overall concentratton of thrs specres in the mlce and 1ts known.

Lﬂlong biological half hfe"‘ c0mbmed 1o glve concentrauons in the urine below our lumt of , .

1

d_etecuon. - * o , o

) Brologlcal fate of m]ected ["Br]-5~bromo-1 (2 -ﬂuoro-2'-deoxy g D-nbofuranosyl)uracll (72)
lntravenous mjectron of ["Br] -5- bromo 1 (2 fluoro 2 deoxy -B- D nbofuranosyl)

, uracil (72) mto fémale BDF, mrce beanng a Lewrs lung tumor was f ollowed by ve,ry raprd Lo

¢

-

: excretron of unchanged compound mto the urine. Unmetabolrzed ["Br] ME bromo 1 (2.' fluoro
' -2 -deoxy B-D- nbofuranosyl)uracrl (72) was detected at. trmes up to 4 hours in the urine. It
- should be noted that the. unnary bladder apts as a storage depot f or unne radroacuvrty excreted -

by the krdneys and that: radroactxvrty rneasured in unne collected at 4 hours may have been due

LN

T .‘to compound cxcreted much earher 'lhe acnvrty remaxmng in rmce after 4 hours appeared 0 be _

N

almost exclusrvely "Br bromrde The hrghest levels of actrvrty were noted in the krdney,;blood

L 1 stomach and lungs m agreement wrth the known drstnhutron of bromrde amon in mtce’" vThe

' radeacnvrty remammg at 4 hours was also excreted very slowly If one assumes the long hved
' component measured in the whole body excreuon was due to Br then the l’.neasured half hfe , e -
a for thts component of 33 5 hours was 1n good agreement wrth prevrous studtes whrch showed

half hves of 36 hours’“ahd 30 hoursst " AN " "
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“ The reference compound (1) is; 5 bromo 1 (2 ﬂuoro -2 deoxy B-D- nbofuranosyl')uracﬂ_

(1)
The' hplc condmons ate; flow: 1 mL / min, solvent 4% methanol / 96% water, column C- 18

- reverse phase radial compression (5 u), detectxon uv at ”56 nm and radloacuvxty as

yvradxauon between 170 and 1000 Kev ‘ R 3
Figure V9 H‘plc analysxs by uv and radloactmty detection for the 2 hour unne sample

P

collected from female BDF, mxce after mtravenous 1nJect10n of ["Br] -5- bromo 1 (2' fluoro- »

2t deoxy ﬂ D nbof'uranosyl)uraml (72)

- .vl Y
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The related.5- bromopynrnrdme nucleosrdes 5- bromourrdrne (73) and
- 5 bromo- 2 deoxyurtdrne (62b) have been shown to be cytotox1c to, bacterral and mammahan
-cells and exhr'brt in vivo antrvrral acuvrty“ The accepted mode of cytotoxrctty of these
compounds is yia rncorporatron mto the DNA of rephcaung cells in'a manner analogous to the
5- 1odonucleos1des drscussed prevrously 5- Bromo 2' deoxytmdme (62b) is 1ncorporated very .
. ef frctently into the DNA of human and animal cells showmg a level of replacement for
,thymrdrne of up to 43%327 In contrast compound (lb) prepared in thrs study showed no

'evide'nce of tissue uptake to the degree noted for §- bromo -2 deoxyurrdrne Compound 1b

demonstrated consrderable in vivo stability since no radroactrve species other than starting

LS )
R . {

'compound and a small level of bromrde anion were detected

‘ a' Al - . . ~
. 'An m vztro study wrth the 5: bromonucleosrde (1b) showed it to exhrbrt antr -viral

actrvrty and growth mhrbmon toward normal human lymphocytrc cells“ Thrs mdrcated

8

transp@t of the compound across the cell membrane and some rnvolvement in the normal

»

S cellular brochemrstry Thrs pro<:ess was expected to be actrve m our in vivo system and thrs e
' mrght account f or the shghtly elevated levels of actrvrty noted in the turnor tisSues. The in vitro

T studres mvolved long term exposure of cells to a constant concentrauon of substrate (0 1uM

Y

f of cytotoxrcrty toward Herpes szmplex type 1 mf ected Vero cell monolayers and 0.9 uM for

~

growth mhrbrtron of human lymphocyttc cells)" In ourin vivo expenments mJections of up to
0 40 umol of compound were used but the raprd excretron and m vzvo debrommatron probably
. competed very eff ectrvely wrth any transport or btochemrcal rnvolvement that mrght occur

L oen .
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C 5-Chlero-1-( 2'-Fluor‘o-l'-Deoxy-B-D-Ribolfuranosyl)Uracil (Ic)

' Synthesxs and punflcanon

The non-radioactive reference compound 5- chloro 1 (2 -fluoro-2' deoxy B-D- rlbo
(W2

-furanosyl)uracxl (1c) was synthesxsed by the reacuon of 1- (2 -fluoro-2' deoxy B- D nbo- .

‘ furanosyl)uracxl (17) with a solutlon of Ch, m acetic acid as shown in Scheme Iv.7. The o
requxred 5- chloronucleosxde (1c) was obtamed in 52% yield after punf ication by column chro
matography The colorless gum obtamed after evaporation of the solvent resisted all attempts

Cat crystalllzanon but was shown to be a smgle compound (hplc, te, nmr and hrms)

L@

c . . )

o R o ‘ 0

o1cl A '
1 Ch HOAC _ yoch, o
2. NHOH | ;

syl-)ﬁ;r‘acil (lc)

S . e S : B ‘,:.,. /

W,e were not able to adopt the cdlrect radxohalogen labellmg approach whlch had proved
successf ul for the synthems of the [‘“I] and ["Br] labelled pynmldme nucle051des 67 and 72 j

dxscussed prevxously for Ihe synthesxs of the radlolabelled analog of 5- chloro B (2 fluoro- '

-2 deoxy ﬁ D- nbofuranosyl)uracﬂ (lc) The avaxlable radxoxsotopes of chlonne were elther‘- o

- -

unsuxtable for the syfnthenc or the bxological reqmrements ‘The 1sotope "Cl was commercxa{Iy R

1' : o . - R S
Ll an 2 ] L L - v
" g PR .= o \ -

\. . - | R . | . ) i | “ 115 -
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' avarlable but ifs, low specrftc actrvrty combrned wrth 1ts decay by low energy B emission rnade it
unacceptable f or. brolog,rcal studres \The cyclotron produced radronuchde "Cl’“ rs the most -

. desirable rsotope of chlonne for in vivo applrcatrons due to 1ts relauvely short half lrf e (Tt =

¢

32 rmnutes) and its decay . by posnron emrssron ( B Laf ter isomeric transmon to "Cl (Tl = 1. 5

seconds)2° Productron of this 1sotope however requrres 1rradratron of surtable target matenals

>

wrth high energy partrcles generated by a cyclotron or accelerator’" In and its use is restncted L

'to laboratones whrch have these facrlrtres avarlable In addrtrbn the short half lrfe made 1t '
g s
unsurtable for the present study rri whrch long term t.rssue drstnbuuon studres were undertaken

’

Some ["Cl] labelled pynnndmes have been prepared by the Smlard Chalmers reaction usrng a

A

nuclear reactor ernploymg the nuclear reactron ”Cl(n y)”Cl 113 put thrs chlorme 1sotope has a
short half life (Tl = 37.2 mmutes) and 1s a hard B emrtter o ' |

T \ . ‘
For our studres We decrded to synthesrse a 1‘C labelled analog of the 5 claloronucleosrde

(lc) A number of “C labelled nucleosrdes suttable as precursors fot the synthesrs of the
) Lol s N
3 (2 fluoro 2 deoxy .B-D- nbofuranosyl)uracrl are commercrally avarlable

’ when larger, quantrtres afe requrre&for ammal studres, The cost of the

N

s outhned in Scherne IV\8 Thrs mtermedrate (77) has also been used f or the

v}

F12- “C] labelledS ethynyl and 5 ethyl 2 deoxyundme’” The commermal “C
erted to [“C] cyanamrde (’74) by reactmn wrth ’NH, at htgh temperature followed by

“j 'th sulfunc acrd"" The mtermedrate [“C] 2 armnojﬁ D arabrnofurano- bf:‘

D arabmose ( _@ tn 1 M N"H.OH solutron» Themazo ‘_'“e (76) was t,hen reacted wrth a solutron
| of methyl proprolate in tetrahydroﬁrran to grve the requrred P‘C] labé.lled 2 2" anhydro- o :'i--' E
| nucleosrde‘(___) in 24 6% overall yreld from [“C] BaCO, wrth a measured specrf ic actrvrty of i

o 186qu mmol'

..-. T
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i ) .Scheme IV 9- Synthesxs of [2 “C] 5-chloro 1 (2 fluoro 2‘ deoxy B b nbofuranosyl)uracﬂ

117
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Scheme Iv.s Synthesm of [2 “C] -2,2"- anhydro -1-8-D- arabmofuxanosyluracxl (Z_) from

["c:] Bacos, |

L : Ch, HOAc . . |

.'.

" (79) from [2 "C] 2 2‘ a'nhydro -1- B D arabmofuranosyluracﬂ (77)
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[2 “C] 5- Chloro 1- (2 fluoro 2'-deoxy- B D nbof uranosyl)uracrl (79) the
compound requtred for the ttssue distribution studr\e& was prepared in two steps f rom [2-C]-
| 2,2 anhydro -1- 23 -D- arabmofuranosyluracrl (‘\17) bas shown in Scheme LV 9. . |
_ The “C labelled 2' fluoro compound (78) was synthesrsed usmg a procedure analogous
10 that used for the preparatron of 1- (2 fltmro 2'- deoxy B-D- nbofuranosyl)uracrl (17) The )
_starnless steel cyhnder used for the large scale reactron employrng non radroacttve matenals was

replaced by a 3 mL tel‘lon vial sealed with a’ teflon backed septurn cap for the radroactrve |
synthesrs The crude product appeared to contatn both unreacted starttng matenal (77) and

" [2- “C] -1- B -D- arabtnofuranosyluracrl (![2 ”C] 65) 1n addmon to the expected product 78 as -

B mdrcated by hplc cornpanson W1th authe hitic cold ref erence compounds (see Scheme IV 2) The

: 'crude reactron product was purrf 1ed by preparatwe hplc to yield [2 “C] -1-(2'- fluoro-
L -2‘ deoxy B- D nbofuranosyl)uracrl (78 in 25 4% radtochemrcal yteld wrth a radtochemrcal

[

- punty of 98%

AR AR

. Treatment of 78 wrth excess Cl, in HOAc followed by hplc punf 1catton of the i:rude |

reactton product gave [2-“C] 5«chloro -1- (2 -fluoro- 2 deoxy B D rrbofuranosyl)uracﬁ (19)
‘in 77% radrochemrcal yreld wrth a radrochemrcal purity of 99% and a measured actwrty of 8 03
MBq The specrf ic actmty of this product was 1.86 GBq / mmol Thrs “C labelled product was |
‘_drvrded between three multrdose v1als asa solutron m methanol evaporated to dryness and .
H‘stored at =§ C unul reqtnred for the tissue drstnbutron studres The compound showed excellent_.‘_l"

| ‘ chermeal stabthty under these storage condrtrons Samples were reconstrtuted thh stenle norrnal o
salife just pnor to use, stored frozen between ammal studtes and analyzed by hplc at the end of : S
" ‘the animal studles to confrrm the chemtca.l mtegnty of the radtolabelfed nucleo,srde | R -

I 2N

_'I“tssuedrstributton e

o The female BDF, mrce bea.nng a Lewrs lung tumor used m thrs expenment were '}'(f '.
Jected mtravenously vra the tarl vetn wrth [2 “C] 5 chloro 1 (2 fluoro 2' deoxy B D nbo-ﬁ.;'

| | f uranosyl)uractl (79) as a solutron m normal sahne The quanttty of l‘C labelled nucleosrde

o



. %a‘expenment is presented in Table IV.6as percent dose per gram’

119

injected varied from 22 6 kBq ( 012 umol 3 37 ug) 1o 19} kBq (.103 umol, 28 9 ug). After
sacrrf ice trssue ahquots were wetghed dtrectly m paper combustlon cups, the tissues were air

drred under a heat lamp. and then combusted using a Harvev Btologlcal Oxxdlzer The overall

‘countmg efficiency, which is the product of hquld scmttllatron countmg eff 1crency and trapprng

" effj JCICHCY of the brologrcal oxidizer, was determrned by combusttng and counting of known

1C-standards. The overall effi 1C1ency determined in thrs manner was 76 0% (+2 1%) Countmg '
eff rcxency alone was determrned hy. recountmg the standards af ter addmon of a known actrvny
[“C] n- hexadecane (Amersham Reference Standard) The countmg ef fi iciency was 79.8%
s
" (+1. 4%) lndrcatlng a trappmg effrcrency of 95.2% for the oxrdrzer The trssue drstrlbutron of
[2 “C] 5 -chloro-~1-(2'- ﬂuoro 2! deoxy B -D- rrbofuranosyl)uracrl (19) as deterrnmed by thrs

nd organ to tumor

ratros and in thure Iv.10 and thure IV.ll-as trssue 10 blood ratros

12- “C] 5-Chloro-1- (2 fluoro 2 deoxy ﬁ -D- rrbofuranosyl)uracrl ) was'rapidly

.

| removed from the blood after mtravenous m]ectron as demonstrated by-blood levels of 3 54% -

per gram of tlSSLle atls mrnUtes and O 58% at] hour -The compound appeared to be ef frcrently

removed from the. blood by the kidneys and was excreted via the urine. The kidneys ¢ showed a

-, high concentratmn of actrvrty during the first several hours and unchanged [2- 1‘C] 5- chloro-
f: D

-1 (2'- ﬂuoro Z' deoxy B -D- rlbofuranosyl)uracﬂ (79) was the maJorﬂdroacnve @mponem

. _m the urine as descnbed later No txssues demonstrated s1gmf icant concentratrons of actlvrty

and by L hour only the kxdney *had greater than 1% of the mJected dose per gram of tissue. The - .

actrvrty level in all ttssues contmued to decline for theduratron of the measurement perrod

\

A number of trssues studred 1n thrs expenrnent demonstrated selectxve uptake of

[2%9C] 5- chloro -1- (2 fluoro 2 deOXy /3 D nbofuranosyl)uracrl (79) Frgures Iv.10 and

V. 11 mdrcated sélective retention of actwrty in the spleen tumor stomach and mtestmc

relanve to the blood. The tumor to- blood ratio was of partrcular mterest smce‘ reached a p

maximum value of 4.2 at 4 hours f alhng 0 2.3at 24 hours. The htghest concentratron of o

Al »

actmty f>rom about 6 hours onward was present 1n the spleen. The spleen drsplayed a maxrmum

i al -

T
,
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[2 “C] -5- chloro -1- (2 fluoro 2 deoxy B-D- nbofuranosyl)uracﬂ (79) (n

6 ammals}L /

\ .
._P‘ ! -
\, “TIME(HOURS) )
_ORGAN_ 0.25 0.50 1 2 4 g 2
BLOCD 354(03)  182(07) 0.8 (.01) 0.18(.02) 0.06(.002) 0.03(.002)  0.0)(:001)
‘ Coa 1.0 10 ps . 02 . o4 S04
SPLEEN 12(02) LB 08 034005 0D C03)  0.15(.02) + 0.06€0) | .
.83, 60 83 -9 4. o210 20
TTOMACH . 1aT(18) 05 (1D - 027(02) - 031(04), 007 (83). 0.05(005) 0.01 1.003)
o 55 S T B K R T R
GIT Tol(1s) 10218 O038(04) 017(02). 0.06(01)  0.04(.006) 0.02 (.004) .
= .75 57 & s 2 - S R
- . T T T = ~ - N -.~ I~ g - !
- .KIDNEY | %2(22) B2, 128(SB) LT 14) . 033(.09) 009 02) . 0.03 (.004)
" 143 29 129 47 1.5 17 12
L e I - L ‘ hd P — : v ,
SKIN ¢ 226(71), TL24(3) 036(J3) 013 (0D 1064 (003) 0.02(008) 0.01(002)
) 85 89 63 37 L5 30 32 K
' MUSCl{;‘/ : 148(04) 078 (08) 027(04) 013(02)° 005(01)  0034.001) " 0. 01(00°) o
: s 49 L4 Q9 - 38 - 4 :
BONE _ © O77(11) 2 041(06)  047(03) 008 (05y 004(02) 007(000) Q0L (602}
: : 31 23 3 250 001 A0 S, ,
_ 'LUNG 573(26)  141(14) 043 (07) 1014 (01} 006 (008} 0.03 (004)° oo Lopn (o
- ST ] 42 D 465 -0 S50 -
HEART - 3.07(3%) - L3665 053102) " 0.17(.02) _0:06.(.01), 0.03 (.004), 'g.'oz(.obs,) N
: 12 N s1e T 26 R '
LIVER 239(19). 143(17 0.47..09). b:l@(.d?-)", 0.05(.01)_ 0.03 (’,005) -0. 02(003) R
3 - 93 80 - .86 . 44 . LA s4 .
* TUMOR C282(05)  182(02) o.sp(?fz) . 9341 04') 023(03) 0.07¢ 01) 003(0044
. 4 10 - - B Y s
\ - . .
! Percent of injécted dose per gram of wet ussuc istandard dcvumon ' :
L Q‘aantommorrauos . o - -,
- Tumor to blood ratios N ' - . ! i
. ‘ . - . ' ' _’
. / G ' \
\ > ’ ‘ - T
‘ i 0 . " . .. ,—’/—"
. o e '
- ! N - LY ! f ’:
. Np i |
Table IV.6 T1ssue dlsmbunon in ( emafe BDF,.mlce after’ mtravenous mJecuOn of :
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Fxgur.e IV 11 Organ fo blood ranos for. tumor splecn 11ver and kldney after mtravenous

«

- admuﬁstratlon of “[2 “C] 5- chloro 1 (2' fluoro 2 -deoxy B -D- nbof’uranosyl)uracﬂ (79) into

Y

+ female BDF, mice beanng a Lewxs lung tumor .
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organ A ( blood ratio of 5:3 at 8 hours decreasrng o 4.5 at 24 hours 'l”he stomach and the

rntestrne borh conramed hrgher concentrauons of actrvrty than the blood reachmg maxrmum

/

organ to blood ratios of l 7 at 8, hours and 1.6 at 24-hours respecnvely

’

The organs rnvolved in selective uptake of acuvrty ‘gave some rndrcauon of the -

mechamsm by whrch this selecuve uprake occured The stomach and rntesune contain raprdly

growlng ussue the spleen m mrce conrarns actlve hematoporeuc tissue and the Lewis lung

" tamor is a rapidly proliferating structure. The 5~chloronucleosrde (79) appeared to be taken up

into rapidly growrng o1 metabolrcally active USSUC via initial transport across the cell membrane

c o\

- and subsequent trapping of the compound by its mvolvement in the cellular metabolrsm

w7

Blood ‘clearance and metaboliSm. .

There were a number of drsadvantages associated with the use of “C-labelled ;

compounds for the animal studies. In order to ineasure trssue concentrations of acuvrty extra

manrpulauon of the tissue samples were requrred (aquuot separatron drying, combustron) In

A

_addition there was no pracncal method whereby the whole body activity could be measured. We

¢

were rherefore restricted to' qualitative descrrpuons for the Tate of whole body elimination of

e

" Figure I'V. 12

v

¥

the injected “C labelled nucleosrdes A second 1nd1cator of the ehmrnatron rate was. obtamed by

e

plotting the blood clearance curves f or these 1‘C labelled compound based on data collected

during the trssue drstrrbuuon study The blood clearance dara are shown in Table IV 1 and in

The: blood clearance was exrremely raprd The mtravenous 1n]ecuon placed lOO% of the

4

4 . , . o . "

dose in the blood at the start of the expenment (t = 0) At 15 mmutes after mJecuon less than

5% of the dose remained in blood The acuvrty il the blood continued to dr0p very raprdly

levellmg off to a slower ehmmatron rate after 4 hours at whrch ume there was only 0. 02% of

the dose in the blood. \None of the tissues exammed except for the kidney showed significant

‘\

levels of activity. These results indicated that the wh‘ole body acuvuy drops very raprdly

’

teaching a concenrratron of <.05% per gram of tlssue (l% of the mJected dose in a 20 g

\

\

.
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mouse) between 4 and 8 hoturs after injection. This estimate is exclusive of the urinary ‘bladder

~ . + .
+ . N
\
. [0 .r '

contents.
TIME ., ®DOSE' [ % o -
(hours) IN BLOOD - -
0 100 -
- .25 480 y S
| 5 o239 Co- s
‘ 1 oo 078 ' : :
., | 2 0244 )
> 4 0.075. = -
‘ 8 . 0.040 o
l 24 ~0016 T e T

by hplc as shown in Frgure IV. 13 'I’he reference compounds r,e resented compounds whtch

Caol- (2 fluoro 2"deoxy B D nbofuranosyl)uracrl (17) whrch could beconvertéd via

. phosphorolysxs to uracrl (66) and hence to undme (10) or 2! deoxyundme (82) by

A

' Table IV TPercent of dose in blood after mtravenous adrmmstratron of S

) [2- “C] :5- chloro 1-(2'- fluoro 2'- deoxy B-D- rrbofuranosyl)uracrl (79) into

.f emale BDFl mice beanng a Levvls lung tumor

. . S A
p . ‘ .o .

B
;o
)

,-The 1denuty of the radloacuve compounds present in the unne was deterrmned by hplc

. // .
usmg the followmg procedure A mrxture of tefl erence compounds was pt/“ ared 4nd separated

- could potentrally arise by srmple metabohc or degradatwe ochemxcal steps from the stamng

5- chloronucleosrde (lc) as outhned in Scheme IV 10. Dehalogenanon of Ic would produce

R Y

. re- uulizatron of the free base Dehalogenauon 1s not usually observed thh 5 halopyrirmdme S

nucleos1des A more common catabbhc route 1s via phosphorolysrs as reported f or related AR .

. nucleosxdes such as 5- chloro 2 deoxyurrdme (81d) 1% follt>wed by dehalogenauon of the

e ‘resulung 5 halopynmrdme"‘ Dehalogenatmn of 5 halopynmrdine nucleosrdes has alsg been

L

u

.‘.e

shown to take place via the monophosphate nucleotlde Catalyzed by thynudylate synthetase’” ’

Phosphorolytrc cleavage of lc would grve 5 chlorouracxl (80) wluch could be converted 10 :
. ( L '\ .r k .,‘-:' L : ‘-‘A~
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Scheme Iv. 10 Possxble pnmary in vzvo metabohsm of 5 chloro 1 (2 ffuoro 2 deoxy B
-D nbofuranosyl)uracﬂ a9 - AR o
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* 5-chlgrouridine (81a) or ‘5ichloro~2'-_deox:yuridine (81b). Dehélogenatiorl of 80 could lead to

| uridineﬂ(lg) or deoxyuridine (Q) via uracil (66).

-

1

¢

» The hplc condmons are; flow: 1 mL "/
min, solvent: 2% methanol / 98%
water,.column: C-18 reverse phase
fadial compression (5 »), detection: uv
at 256 nm. D -

DETECTOR RESPONSE (uv)

T T
2 4 6 8 10 12 14 16 _18 20
-  TIME (min)

< I

) 'l'he compounds are; (l)uracrl (66) (3.19 mrn? (2)5- chlorOuracxl (80) (4. 14- xﬁm)

©* (3)2'-deoxyuridine (82) (4:97 min), (4)1-(2'-
. {6.33'min), (5)5- -chloro-2'-deoxyuridine (81b) (9. 87 min), (6)5<chloro- -1- (2 -fluoro-
VAR deoxy B- -D- nbofuranosyl)uracrl (lc) (14.76 mrn) S

-fluoro-2'-~deoxy-B-D- nbofuranosyl)uracﬂ (17)
Frgure Iv.13 Retentron trmes of nucleosrdes and bases used as mtemal _

reference compounds f or the hplc analysrs of the unnary metabohtes of

[2 “C] -5- chloro 1 (2" -fluoro- 2 deoxy B -D- nbofuranosyl)uracrl (79) in

L ernale BDF, mice bearrng a Lewis lung tumor .

- Urine was collected from the f emale BDF1 mlce at trme of sacrifice durmg the tlssue

- r

| drstnbutron study and stored frozen The hplc analys1s was performed by rmxmg S to 10 uL of .
4 urme wrth several mrcrohters of the mu;ture of reference compounds descnbed prevtously . ':
: (Frgure I\hl}) 'l'hls solutron was m;ected dtrectly onto a C 18 reverse phase radlal
. cOmpressxon column (Waters) The column ef ﬂuent was momtoted by uv and then collected as’

o fracuons (O 5 mL 30 second mtervals) in hqutd‘scmnllatron vxals These f ractlons were: mtxed

wrth Aquasolo fluor and counted. by hqurd scmﬂllatron 'l‘he counung results were analyzed

-

' “ae . . . N
e - . - ¥ o . L B . f“ s
. . . - . .
FE N . PR 4 : .. .

N\
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) usmg a Dtgltal Integratron Program and thxs analysrs was compared wrth the posmon of the
l
reference compounds as determined by the uv analysrs The result of a typlcal analysrs in this .
. case wrth 2 hour urme is shown in Frgure IV-14 Thts analysis method could not be used fort

’ the analysrs of urine. collected from the ‘BDF, mice at 8 and 24 hOurs after mJecuon due to the

.-

~very low levels of activity in these samples

The chromatogram (thure 1V.14) indicated that the ma;or radroacuve compound in

3

S “the unneafter mtravenous injection of [2- “C] 5- ctloro:1-(2' -fTuoro- 2'-deoxy-B-D- rrbo

K , f uranosyl)uracrl (79) into female BDF, mice bearmg 4 Lewis lung timor was unchanged

'

’ 5- chloro nucleosl,de (79) This was true for all samples of unne exarruned f1 rom amrnals

7
sacrif’ xced at tlmes from 15 mmutes to4 hours Quantltatron of radloacuv1ty by hqurd

“scintillatio

howed that. the unchanged 5- chloronucleosrde (79) was nesponsrble for >95% of .

L nchanged nucleosrde (95 6%) two other radroactxve components comprlsmg 2 0% and 2.3% of
. o the overall actrvrty and havmg the same retentron time as uracﬂ (66) and 5- chlorouracrl (80Y

Y . .o - . e

resp_ectrvely .

Btologrcal fate of mjected [2-*C}- 5-chlol;o-1 (2 fluoro-z -deoxy B- D-rlbofuranosyl)urac1l

‘ . The pynmxdme nucleosrde analog [2- “C] 5 chloro 1- (2‘ fluoro 2 deoxy B- D rtbo- o
“uf uranosyl)uracrl (79) was very rapldly ehmmated ;rom the biood f ollowrng mtravenous
admrmstrauon tof emale BDF, mice. The blood clearance was almost excluswely due to
removal of the compound from the blood by the ludney tollowed by excretion in the urine,
Nohe of the tissues examined showed srgmf icant uptake or accumulatron of aC[lV1[y It was also
- _ : apparent that the maJonty of “C- labelled nucleoside (79) was elifinated wrthout brochemrcal

" | modifi 1catron of its structure Analysxs of the unne at trmes up\ to. 4 hours after adrmmstrauon

; T | , of the labelled nucleostde revealed that >95% of the “C actrvrty was due to unchanged (19).

. Small amounts of actrvrty detected in 4 hour urine appeared 1o be present as [*C]- uracrl (2. 0%)

_ and [“C] -5- chlorouracrl (2 3%) The 1dentrfxcatron of these metabohtes was based solely on
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DETECTOR RESPONSE (radioactivity)

DETECTOR RESPONSE (uv)

3 4 R | 6 \ S |
] 1 I 1 i 1 R R i

: 6 8 10~ 12 14 16 18 20 22
TIME (min) '

\ )

Tb.ecompounds are; 1. urac1l (66) 2. 5chlorourac1l (80) 3.2 deoxyund ne (82) 4,
<I1-(2'-fluoro-2'-deoxy-B-D- nbofuranosyl)uracxl an.s. 5-chloro-2' de<xyundme {(81b). 6..

.-5-chloro-1-(2'-fluoro-2'- -deoxy-B-D- nbofuranosyl)uracﬂ (k). .
~ The hplc conditions are; flow: 1 mL / min, solvent: 2% 'methanol / 98% water, yJ:olumn C 18
" reverse phase radial compression (s u) detectmn uv at 256 nm and radloacuvuy as

B- radxamncountedbylsc S ER U

IR

Flgure IV 14 lec analy31s by uv and radxoactwc detecuon fox the. 2 hour unne sal‘nple o

;’ ggllected f rom female BDFl mlce beanng a LeW1s lung tumor af ter mtravenous mJecuon of

/ [2 “C] 5 chloro 1 (2 fluom-z deoxy B -D- nbofumnosyl)uraml (79) ‘ o . - I

[ " oo T c . e ;
- . - - . -~ W L : ¢
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their hplc retentlon times and is therefore open (0 question although the presence of these
compounds is consistant with the expected route for catabolrsm of mjected [2 14C]-5-chloro-
~1-(_2 "-fluoro-2' -deoxy-B-D-ribofuranosyl_)uracil (79) (Scheme IV.10).

The tissue to blood ratios reached signif’ lcant levels in a number of tissues. The relative
levels of activity increased above the blood concentrations in spleen, tumor, stomach and
intestine. The highest tissue to blood ratio v}as measured for the spleen. .In’ .micedthis organ is
known 'to be a site of hematopoeitic activity. The turnor cc;ntains rapidly protiferating cells and
populatrons of’ cells in the stomach and 1ntestme undergo raprd growth. The level of actwréy
measured in'a number of other t1ssues (lung, heai't;. liver) was in excess of that expected if the
l‘C actxvrty was due solely to blood perf usion of these USsues The results indicated that
[2-1C}-5- chloro *1-(2' —fluoro 2'-deoxy- B -D- nbofuranosyl)uracrl (79) was- transported into
the cells and became involved in the cellular metabohsm ' S

- The naturéﬁf the trapped actlvrty thhrn the cells Was a matter for speculatron since _'
the expenments were not desxgned to determine the ultimate metabohc fate of thennjected
compounds. It is lrkely that [2- “C] -5- chloro 1-(2'-fluoro- 2" -deoxy- B D nbofuranosyl)uracrl

‘_(_7_9)’ was the specres transported into the cells. Metabolites of thlS compound were absent in the -
- urine at times up to 2 hours after mJectron into mice and were minor components of-the urine’
at 4 hours. It was unlikely that metabolites such as 5- chlorouracrl (80) or 1 (2’ fluoro-

-2 deoxy B-D- nbofuranosyl)uracrl 1D were responsnble for the observed tissue dxstnbutron
' srnce in vrvo studtes on these compounds have demonstrated different levels and dtstnbu‘
tions*3>¥*. | |

* The in vivo St,ablllty @[2 “C] 5-chloro-1- (2 ~fluoro-2'-deoxy- B D nbofuranosyl)

uracrl (79) was lngh since 1t resrsted degradauon by pyrumdme nucleosrde phosphorylases On
. the other hand related 5- chloro nucleosides such as 5 chloro 2 deoxyundme (81b)"’ |

‘ underwent fauly raprd catabolrsm in the presence of thxs enzyme or 1ntact blood platelets T hrs

-nucleosrde (79) also resrsted dehalogenanon since we were unable to- detect 1 (2 fluoro-

-2'-deoxy-B-D- nbofuranosyl)uracrl (17) in the urine (Scheme lV 10) There does not appear R

. -



to be an enzyg

demonstrated

thymidylate §

dehalogenation operating at the nucleoside level althbugh it has been

| 'd 5 bromonucleotzdes are dehalogenated under catalysis by’
_halogenauon also occurs rapidly following phosphorolysls"6 and
\ expenmem for the presence of uracﬂ (66) in conJuncuon w1th

| 1nor “C labelled metabohtes detected in the urine.

; .
\_ -
- > .t .
N -
, :
.
. - K
. ;
.



131

D. 5-Fluoro-_1-(2'-Fluoro-l'-Deoxy-B-l)-Ribofuranosyl)Ur’acil (1d)
®
Synthesis and puntj;catxon
'l'he dtrect f‘luonnatton of the 5 -position of pynmtdme nucleqsrdes occurred readrly

using a vanety of electrophlhc fluonnating reagents as discussed prevxously The srmpleSt of
) these reagents were soluttons of elemental fluorine-in water or acenc acrd both of wll’rch have

‘been used for the synthesxs of 5- fluoroundme"“ and a vanety of other 5 ﬂuorouractl nucleo- N
. .51des”’ The use of glacral acetrc acid as solvent tended to give the hlghest YICldS (92%) whtle ; ’
water solutions gave some ‘side products ThlS sxmple reagent proved to be very ef fectrve for the
synthesis of 5-fluoro-l-(2 -ﬂuoro-Z -deoxy-B-D-nhofuranosyl)uracrl (1g). as shown n_l

Scheme IV.11.

Scheme IV 11 Synthesm of 5 fluoro -1- (2 fluo,ro -2 deoxy B -D- nbo L | .

furanosyl)uracﬂ (ld) e Sl
‘ A solutron of F 3 m HOAc was prepg,red by bubbhng a drlutq mrxture of fluonne gas m
e mtrogen (1% F, in N,) through HOAc at room temperature tn—a strrred round bottom flask An L
excess molar quantxty of the drlute solunon of F, in HOAc prepared in tlns manner (generally I v
' 10 to 20 u.M) was added toa solutlon of 1 (2' ﬂuoro 2'-deoxy B D nbofuranosyl)uractl (17) | ’

- m HOAc at Toom temperature The solvent was evaporated a.f ter 10 mmutes and the resrdue

N . . - : . T e R ‘sq,-v; :
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. was treated w1th a methanol solution of NH.OH This procedure ylelded the requrred 5- fluoro-
nucleosrde (1d) i in vu'tually quanutauve YICld (94% yleld after punf ication by column
,chromatography) The whrte foam obtarned after evaporauon of solvent could not be
crystalhzed buy was shown to be a smgle compound (hplc tlc nmr and hrms)
When the reaction product was worked up w1thout treatment wrth NH.OH two

| ‘ compounds were. observed by tlc analysrs The less polar compound was not vrsrble under uv

‘ }hght until the plates were heated but drd become v1srble when sprayed W1th H,SO‘ These 3
observauons suggested that 5- fluoro -6- O -acetyl-5, 6- drhydro -1- (2'- fluoro 2' deoxy B
-D- nbof uranosyl)uracrl (83) was formed in addmon to the requrred 5- fluoronucleosrde ld ﬁ
‘ ‘(Scheme IV 11) Intermedrates of thrs type have been 1dent1f ied in- reacuons of fluonne m 5
: glacral aceuc acid with a varrety of subsututed uracrls"” 1281 These mtermechates were '_

‘reported to be qurte unstablem although 5-fluoro-6- O-acetyl -5, 6- drhydrouracrl has- been o

1solated and charactenzedl°7 ST

. '} o

' » f Scheme IV 12 Synthesrs of stable 5 fluoro 6 O acetyl 5 8- drhydro 10
(3 S duO benzoyl 2'-chloro 2' deoxy B D nbofuranosyl%crl (35)
;and 1ts conversron toS fluoro 1 (3 5 dt O-benzoyl 2 chloro 2 deoxrf '.
N -B-D-nbofuranosyl)uracrl (86)
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Of particular signif ica;xce to the present study was the isolation and characterization of
5-f11ioro-6’- d:acet;fl -5.6-dihydro-1-(3',5'-di-O-benzoy! 2 -chloro-2“ -deoxy-B-D-ribofurano-
syl){xracil (85) after rtj.aciion of 84 with F, in HOAc as showni in Scheme 1V.12%*?, Compound
85 was stable sinée it required heating at reﬁux in the presénce of triethylamine to convert it to ‘
the 5-fluoro compound 86. The stability of this intermediate was related to the presence'of_ a
‘2' -halo group in-the molecule since no such inte;'rnediate was isolaied after the reaction of the
2'-deoxy or 2'-hydroxy ahalogs of 84 with F, in HOAc™?.

Cdnver}tional methods for conversion of the intermediate 5,6-dihydro adduc(fs to the
required 5-fluoronucleosides involved sublimation'®’, rapid heating or reflux in triethyl-
amine®'?. These methods proved to be less satisfactory in this study than treatment of the crude
reaction product with a dilute solution of NH.OH in MeOH. |

In preljminary studies with this 5-fluorination reaction care was taken to dry and
purify the glaciai acetic acid by reflux with acetic anhydride‘ followed by distillation.
éommercial f'luorine gas was purified by passage through an HF trap and in some cases
35 -di-d-acétyl nucleosides were used in place of the free hydroxy compoimds. In addition
the reaction‘of fluorine solutions and substrates were carried out under nitrogen with the

(exclu'asion of atmospheric moisture. These precautions proved unnecessary since virtually
quéntitative formation of theArequixed Sjﬂuo‘ronucleosides ;eshlted using the simple proceduré

o

already descnbed

Two approaches were mveSUgated for the preparapon of a radiolabelled analog of
S-fluoro-1-(2' -fluoro~2' -deoxy-B-D-ribof uranosyl)uracﬂ (1d). One possibility was direct
radiofluorination of a suitable precursor molecule. Of the 5 réldxoxsotopes of fluorine only BF
had a sufficiently long half life (T} = 109.7 mmu{tes)" to be smtablc for synthetic or in vivo
| ~ studies, The features which make “F-labe‘lled cor?pounds vu’tually ideal for b1olog1cal studies
_ have been discussed prevxously In addltxon 5- fluOro -1-(2'-fluoro-2'- deoxy B-D-ribof urano-
‘ syl)uracﬂ (1d) had the potennal for M'F- labelhng at either the 5- posmon or the 2'- posmon of

the molecule using existing synthetic techmques. Details of these synthetic approaches using
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both reactor and cyclotron produced "'F will be discussed later. Thrs approach using "'F R

production facilities at the University of Alberta was unlrkely to produce sufficient .

7’

radiolabelled material f or the required animal studies and ‘consequently the second approach -
involving synthesrs of a *C-labelled analog was adopted. 0 . ‘, ;

The synthesrs of the intermediate [2- “C] 1- (2 fluoro 2 deoXy-B-D-ribofuranosyl)-

/

uracil (78) has been descrrbed prevrously (Scheme [V.8 and Scheme V. 9). This cornpound
reacted rcadrly in a reaction analogous to that used to prepare the non- radroactrve ref erence

nucleoside 10 o yreld [2 14Cl- S-fluoro-l-(z -fluoro-2'-deoxy- B-D- nhofuranosyl)uracil-(&)

. (Scheme IV 13)

‘ © . “

o \ 0
- HNT Y oo mN f
| I8 ! ) 1| -
u. o

| " o
HOEH: o 1. F,, HOAC HOCH. o N
2. NHOH > '
Ho  F 7 HO = F
lzg ! 87T .
’ - )

Scheme V.13 The synthesis of [2-C]-5-fluoro-1-(2'-fluoro-2'-deoxy-B-
-D-ribofuranosyl)uracil (87) from [2-“C]-1-(2"-fluoro-_2'-deoxy-ﬁ-

| -D-ribofuranosyl)uracil (78). . N

1

'l"he product (87) was. obtained in 90.1% overall yield (6.44 MBq) 'with' a radiochemical
. purity of >99% and a specific activity of 1.86 GBq mmol™* after hplc purif’ ical;ion.— This
purified matenal was transferred into multidose vials as a solution in ethanol the ethanol was
rerhoved in vacuo and the dry residue was stored at -5 "C until required for the animal studies.

Compound (871) showed excellent stability. Hplc analysis of the res,rdue remaining in a
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multldose vtal (saline solution) after completron of the animal studles indicated 98% chemrcal
purlty -and combmed tlc - Isc showed that <1% of the *C- actrvrty did not appear-at the Rf of

the product on the tlc plates.:

Tlssue dlstnbutlon - o .- , ¢

The tissue drstnbunon,of [2- 14C]-5-fluoro-1-(2'-fluoro- 2'-deoxy-B-D- nbof urano-
syl)uracil (87) was determined in female BDF, mice using the qféthodology already described
for [2-“C]-S-chloro-'l-(z'-ﬂuoro-2'-deoxy-B-D-ﬁbofuranosul)tiracil' (79). The **C-labelled
: nucleoside (87) 'was reconstituted with normal saline just prior to the anirnal studies and
1njected intravenously via a tail vein. Doses ranged from 47.4 kBq (.025 umol 6.6 ug)'to
158kBq (.085 umol, 22.4 ug) The results obtamed from combustlon and counting of the
dissected tissues at various tr } penods are presented in Table 1V .8 as percent of dose per gram
of wet tissue and in Figure IV 15 and Figure 1V.16 as organ to blood ratios.

The *C-labelled S-f'luoronucleoside (87) was rapidly cleared from the blood. Blood
contalned only 3 5% of the mJected dose per gram at 15 minutes after injection, 0.54% at 1
hour ahd less than 0.1% at 2 hours The krdney showed very high concentratlons of -activity
during the first hour indicating that CXCI‘CUOH of activity via this organ was the main route for’
elimination. Unmetabolized [2- “C] -5-fluoro-1-(2'-fluoré-2' -deoxy-B-D- rlbofuranosyl)uracrl
was the major radioactive component in the urine at nmes up to 8 hours, as discussed later
indicating efficient elrmlnanon of this compound from the blood by the kldneys The act1v1ty |
level in‘all tissues continued to decline for the duration of the experiment. A number of tissues

showtsd moderate concentrations of activity at 1 hour. The highest concentration of activity
other\than the kidney was measured in the tumor (2.24% of injected dose per gram of | tissue)
followed by the spleen (1 44%), intestine (0 71%) and the heart (0.58%). |

The tissue to blood ratios reached srgmfrcant levels in a number of tissues as shown in
Figure IV 15 and thure IV 16 The tumor to blood ratios (see also Table IV.8) were always

greater than land reached a maxunum of 10.3at4 hours. Af ter about 3 hours the only tissue
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| TIME(HOURS) - .
ORGANS 0.25 0.50 -1 2. .4 8 2
BLOCOD 349(0.2) 159 (.15)  0.54(.08)  0.06(.004) 0.02(.001) 0.01(.001) 0.01(.001)
0.7 0.4 0.2 0.1 0.1 0.1 0.4
- SPLEEN 8.72(1.0)  3.77(13) 1.44(15) 029(.03)  0.18(.04)  0.09(01)  0.03(.003)
_ _ 1.8 1.0 0.7 0.6 1.1 1:§ 20
STOMACH 2.18 (.08) 0.96(.06) 0.38(.04) 0.07(02) 0.02(.007) 0.01(.005) .005(.001)
' 0.5 0.3 0.2 0.1 0.1 0.2 0.3
GIT 335(1.59)  1.59(.18)  0.71(.10)  0.J1(.03)  0.04(.01) - 0.02(.004) 0.01(.002)
0.7 - .04 03 . 02 0.3 0.4 0.8
KIDNEY , 474(63) 21.9(2.6) 8.21(1.5) 084(17) 0.08(.009) 0.02(.004) 0.01(.003)
1 10.0 5.7 3.7 1.8 0.5 0.5 0.8
SKIN . 330(12)  118(12) .. 0.43(15) 0.06(01) 011(17) 0.01(.002) .004(.001)
! 0.7 0.3 .02 0.1 0.64 01 0.2
MUSCLE 248 (.18)  1.06(.07)  0.37(.04) 0.06(.001) 0.02(.003) 0.01(.002) .004(.001)
P 05 0.3 © 02 0.1 0.1 0.3 03
BONE 169(27) 085(32) 0.35(.06) 0.11(04) 0.07(03) 0.03(005) 0.02(.002)
03 0.2 .02 0.3 04 0.6 0.9
LUNG 3.37(32)  143(11)  0.51(.07)  0.07(.005) 0.02(.001) 0.01(.002) .005(.001)
0.7 0.4 0.2 0.2 0.1 - 02 0.3
. HEART '3.80(.19)  1L71(.13)  0.58(.06)  0.08 (.006) 0.02(.002) .009(.002) .00 (0)
. 08 - 0.4 0.3 0.2 0.1 0.2 03
LIVER 337(23)  1.54(20)  0.53(.10) 0.08(01) 0.02(.004) 0.01(.003) - .005(.001)
0.7 0.4 0.2 0.2 0.2 0.2 0.3
TUMOR 5.26 (1.5)  3.88 (0.8) 52.2@637) 0.49 (.07)  0.16(.02) 0.05(.009) 0.02 (.002)
REL .24 . 4.2 7.7 10.3 7.6 * . 2.6

| Percent of injected dose per gram-of wet tissue *standard deviation
? Organ to tumor ratios
* Tumor to blood ratios

N

‘n; .Table IV.8 TlSSUC distribution in F emale. BDF, mice bearing a Lewis lung tumor after
‘ intravenous injection of [2- “C} 5 fluq,ro -1-(2' fluoro 2' deoxy B-D- nbofuranosvl)uracxl

(87) (n =6 ammals)
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Figure IV.15 Organ to blood ratios for tumor, stomach, intestine and muscle after intravenous

administration of [2-1C]-

5-fluoro-1-(2'-fluoro-2' -deoxy- 8- D-ribofuranosyl)uracil (87) into

female BDF, mice bearing a Lewis lung tumor
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Figure 1V.16 Organ to bIood ratios for tumor 'spleen, hver and kldney af ter intravenous

~ administration of [2- “C]

-5- fluoro -1-(2'-fluoro-2'-deoxy-B-D- nbofuranosyl)uracﬂ (87) into

female BDF, mice bearing a Lewis lung tumor
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: clearance measurements '

. S

S

exhibiting a higher concentration of activity than the tumor was the spleen which reached a
maximum value of 12.0 at 8 hours. In addition to these lissues, selective accumulation of

k]

act1v1ty relanve to blood concentration was observed in the intestine and bone. The intestine

showed a maleum tissue t0 blood ratio of 3.3 and the bone 4.2 at 8 hours after adrmmstrauon
of the radiolabelled nucleoside. A number of o:her tissues such as liver, lung and heart showed
levels of activity equrvalent to blood levels over the first 8 hours. ) , |

These data suggested that [2- “C] -5-fluoro-1-(2' fluoro 2'-deoxy- /3 -D-ribofurano-
syl)uracrl (87) was transported freely mto most tissues and the equtllbrmm between
extracellular and intracellular concentratrons of the nucleoside was rapidly achieved. A number
of tissues havmg a population of cells with a high mitotic inder such as intestine spleen, tumor
and bone appeared to accumulate actmty against the concentration gradrent and demonstrated
a relauve incréase in acuvuy when compared to blood and other organs “This mechamsm of

uptake was a reversible process since absolute levels of activity contmued to decline rapidly even

in the organs with the .hi’gh_estrelative accumulation of activity.

" Blood clearance and metabolism.

he use of **C-labelled nucleosides for the animal studies, as discussed'previou'sly,
precluded the measurernent of whole body aetivity and the c0nstructlon of whole body
elimination curves. It was possible however to obtain a qualitative des;:nptlon of the :
elrmmatmn rate f or [2-1*C]-5- fluoro 1 (2 fluoro 2'-deoxy-8-D- ribpf uranosyl)uracrl (87)
from analysxs of the tissue- drstnbuuon data and further 1nf orrnauon gamed f rom the blood

[2 “C] -5- Fluoro -1-(2'-fluoro-2'-deoxy- ﬁ -D- nbofuranosyl)uracrl (87, like the ‘.
chioro analog (79) showed very rapld excrenon as 1nd1cated by blood ‘and tissue acnvrt*y levels.
The blood clearance (Table IV 9 and Frgure IV.17) was 1dentxcal thhm expenmental er7or to
that of the chloro compound (79) (Table Iv. 7 and Frgure IV 12) dunng the first hour of the

expenment Af ter one hour the 5- ﬂuoronucleosrde (87) showed a more rapxd blood clearance ,

4
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than the 5-chloro analog (79) since at 4 hours the blood activity of the former was about one

quarter that of the latter. After 8 hoursismall but fairly stable level of activity persisted in the

blood.‘ SRR . ' .
N LY
) | -
TIME ‘ % DOSE .
(hours) : /(N BLOOD
C 0 100
~ 25 7465
5 — 2.05
‘1 0.752
< 2 0.085
4 0.020
3 8 0.010
24 . 0.009

-Table TV.9 Percent oF dose ig blood after intravenous administration of
[2-14C]-5 -fluoro-lj(zy' -fluor‘o-z "-deoxy- B-D-ribofuranosyl)uracil (87) into

female BDF, mice beéljin"g a Lewis lung tumor

While the blood concentration of the 5‘-chloro- and.the 5-fluoronucleosides (79) and
(87) were similar over the first hour the ussue Jevels were consxderably higher for | |
[2 “C] -5- fluoto 1- (2 -fluoro-2’- deoxy B-D- nbofuranosyl)uraml (87) and consequently the '
e whole body acuvuy would be hxgher for thlS compound The level of 1‘C activity m a number
of txssues conunucd to parallel that of the blood Theref ore since the blood concentrauon of the
5- fluoronucleosnde (87) dropped cons1derably below that of the 5 chloro analog (79) at later

time penods the whole body actmty would also be lower o,

The 1dentxty of the radloactxve consutuents present in urine were determmed by hplc o

a companson of their retentlon times thh those of authennc ref erence compounds "A series of

reference compounds was chosen on the basxs of possxble metabohtes ansmg from chemxcal or.

enzymat:c modlfxcauon of the mJected 5 fluoro 1-(2'- fluoro -2 deoxy ,8 -D- nbo'furanosyl)

- uracxl (1d) (Scheme Iv. 14) It should be noted that direct in vivo defluonna i on, here yleldxng o
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'1-(2'-fluoro-2"'-deoxy - 8- D-ribofuranosyl)uracil (17) or uracil (66), has not been observed in
- the catabolism of related 5-fluoropyrimidines and pyrimidine nucleosides®!*:**. These reference
compounds and their hplc retention characteristics are shown in Figure 1V.18. The components

of the reference mixture were readily separated although uracil (66) and 5-fluorouracil (40)

“exhibited retention times quite close to each other.

e The hplc conditions Wre; flow: 1 mL /
- ‘min, solvent: 4% methanol / 96%
, water, column: C-18 reverse phase
1 2 3 radial compression (5 u), detection: uv
at 256 nm.

DETECTOR RESPONSE (uv)

‘Compounds are; (1)uracil (66) (4.09 min), (2)5 -fluorouracil (40) (4.47 min), (3)uridine (10)
" (6.12 min), (4)S- -fluorouridine (41) (7.92 min) (5)5-fluoro- 2'-deoxyuridine (42) (10.69 :
min); (6)1+(2"-fluoro-2'-deoxy-B-D- ribofuranosyl)uracil (17) (11.78 min) (7)5- ﬂuoro
‘f—l-(2'-f1uoro-2'-deoxy-B-D-nbofuranosyl)uracll (1d) (16.54 min) i
Figure IV.18 Retention times of nucléosides and bases used as internal
reference compounds for the hplc analysm of the urmary metabohtes of
[2- l‘C] -5- fluoro -1- (2 fluoro 2! deoxy B-D- nbofuranosyl)uracﬂ (87) in" o

female BDF, mice bearing a Lewis lung tumor

. . . \":' —
Unne was collected f rom female BDF1 mice bearing a Lewxs lung tumor gt the nme of
sacnfxce for ussue dlS[Ilbllthﬂ studles The unne was stored frozen unul just before use. The ',:_~'

unne was thawcd mlxed with a pomon of rcf erence compound mixture in the hplc solvent and

- mjected dxrectly onto a C 18 reverse phase radial compressxon column The column effluent
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was analyzed by uv and by liquid scintillation counting of aliquots as described previously. The

traces were superimposed and the identity of the radioactive components determined by the

'correspondence of the radioactive and the uv peaks. The hplc chromatogram f or 2 hour unne is

shown in Frgure I'V.19 and the results of analyses for time periods from 30 minutes to 8 hours

-

are presented in Table IV.10. . ‘ | - -

* PERCENT OF TOTAL URINE RADIOACTIVITY .,

INJECTED " OTHER.

TIME '5-FLUORO- URACIL

(hours) COMPOUND . URACIL B
5 9.7 - 2.1 ~ 14 50 '
2 88.5 ¢ 28 3.3 34
4 634 16.3 7.3 23.0
8 52.4 4.5 4.5 + 38.6

Table 1V.10 Radioactive tonstitugnts in urine at various time intervals after
injection of [2-1*C]-5-fluoro-1-(2' -fluoro-2'-deoxy- 8-D-ribofuranosyl)-

uracil (87) into female BDF, { emale mice bearing a Lewis lung tumor

!

These reaults should be ihtérpreted urith some caution since a number of factors
contrrbuted toa degree of uncertamty regarding the 1denttty of the radtoacttve oompOnents of
the urine. While the injected compound (87) was easily and unambtguously 1der1t1f ted
.5 ﬂuorouracrl (40) and uracil (66) overlapped with, constltuents of the unne and exhtbtted
. some alteration of retenuon times dependmg on the quantlty of urine ﬁcted. The valucs in
~ Table IV. 10 represented the measurement of the active compOnents detected at the expected
retention times for refererice compounds but they should not be regarded as an absolute ’
aSsignment o - ; S ,‘" | k

The in vivo stabthty of the 5- ﬂuoronucleosxde was hrgh as mdrcated by the perswtance

of substanttal unmetabohzed [2- 1‘C] 5 fluoro -1-(2' fluoro 2'-deoxy-B- -D- nbofuranosyl)

‘uracu (87) at 8 hours after mjectton The compound appeared to undergo phosphorolysrs to
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~+ The compounds a’;g;_ 1. uracil (66),.2. 5-fluorouracil (40), 3. uridine (10), 4. 5-,f11_1‘orouridir;e L hEe
- (41), 5. 5-fluoro-2'-deoxyuridine -(5_2_);6.'1-(2"vfluoro:2'L-deox‘y-B-D-ribofuranosyl)ura_ql ‘ o

(1D, 7. 5-f1uoiro'-17(‘2'-ﬂuoro-Z'-de;oxy-B-,D-ri'bofuranosyl)ur_acil (). PR ;i
..+ The hplc conditions are; flow: 1‘mL / min, sOlygn,t:v4‘7‘- methanol / 96% water, column: C-18 o
o revérse_phasé radial compression (5 ), detection: uv at 256 nm and radioactivity as :
" B-radiation-counted by Isc. oo : oo X
o R N {

Jbaysis by uv and radioactive detection for.the 2 hotr urine sample

BDF, tiiice bearing a Lewis lung tumor after intravénous injection of

’ 1 fluggo-2' -deoxy- B»fD.-,ribof u;anosyl)ufaéﬂ (87)
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. S-fluorouracil with subsequent dehalogenation' of this species to yield uracil. Both of these

compounds Were detected in the urine. This is an unusual observation since the aecepted
mechamsm of 5- fluorouracrl catabolism in mammalian tissue is via degradation of the
pyrimidine without defluorination®¢. A substantial pornon of the radxoacpvrty in the urine at 4

and 8 hours could not be assigned to any of the reference compounds other than the three

t

compounds noted in Table 1V.10: This suggésted that the ref_erence compounds were Structures

which had had only minor or trahsient involvement in the metabolisin of ' 5,-'fluoronucleoside'

(87). The urinary activity at 24 hours was too low for hplc analysis.

Biological fate of mJected [2 “C}-S—ﬂuoro-l -(2 -fluoro-2'-deoxy B- D-nbofuranosyl)uracrl (87).
Followmg mtravenous 1nJectlon 1nto female BDF, mice bearing a , Lewis lung tumor the

~

nucleoslde analog 5-fluoro- 1 (2'-fluoro-2' deoxy B-D- nbofuranosyl)uracd (ld) was rapidly

. ehmmated from the blood by the ktdneys and excreted in the unne The compound appeared to

permeate f reely into tissues suggestmg that it was a good substrate f or the pyrtmtdme

" nucleoside transport mechanism. A number of tissues showed actrvrty levels equrvalent to blood

. indicating that the concentration gradlent in 1tself was a sufficient dnvr-ng force to move the _

compound across the cell membrane. It was also evrdent that unchanged nucleosrde was the

spec1es transported since thrs was the major compound detected in the unne upto8 hours af ter

,eltcess of the blood concentratron 'I'hts suggested mvolvement of 5- fluoro 1- (2 fluoro- ,

~ -2'-deoxy- B -D- nbofuranosyl)uracrl (ld) in’ cellular metabohsm a supposrtlon supported by

4

the f act that the enhanced uptake, oNcﬁv/ity occured in-tissues wrth a hrgh mitotic mdex
" (spleen tumor and mtestme) . h » | |
'l'he actual btochemrcal mvolvement of the nucleosrde wrthm the cell appeared to be. a .
reversxble proccss Although t.he relauve concentrauon of the radroacuvrty wrthm some ttssues

! 'remamed hrgh the a'bsolute level dropped very rapidly in response to raprdly decreasmg blood

. dmrmstratron of the cornpound A second group of txssues showed acpumulation of actwrty,in s

y

concentratwns of [2 “C] -5- fluoro -1- (2 fluoro 2" deoxy B D nbofuranosyl)uracrl (87) For -
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example the spleen concentratlon at 1 hour after mJectron was 1.44% of the rnJected dose per-
gram of trssue a value alrnost three times the blood concentratron Thrs concentratron was
regarded as due toa combmauon of free permeablhty of the 5- fluoronucleosrde across the cell
membrane as a minor determmant and subsequent blochemrcal involvement as a major -y
: determmgjnt The concentrauon of activity. in the spleen at 2 hours had dropped to 0 29% Thrs | '
s stillea. ‘high concentration relative to bléod but a consxderable decrease in absolute tissue
concentrauon Both the free and the metabohcally involved forms of 5- fluoro -1- (2'“fluoro- )
-2 deoxy B-D- nbofuranosyl)uractl must decre’ase in concentratron wrthm the cell in order to
“account for thts rapld drop in observed 14C activity ‘oetween 1 and 2 hours. In addrtron the
’ absence of significant concentratrons of metabohc products in the urine at 2 hours suggested
that the maJonty of the metabohcally involved 5- fluoronucleosrde had. reappeared as
unmetabolrzed extracellular [2 1C]-5- fluoro 1- (2 fluoro 2 deoxy B D nbofuranosyl)uracrl \
(87) ‘These results were consrstant with a model in which the nucleosrde was’ reversably S
’ promoted via. phosphorylatxon into the cellular nucleoude pool by the relatrvely non- selectxve
" uridine or thymrdme kmases The persxstance of acuvrty in some tissues (notably the spleen and
| :_,tumor) and the’ mcrease in umdenttf 1ed radtoacuve constrtuents in the urme at4d and 8 hours o -

suggested that 5- fluoro 1 (2 fluoro 2'- deoxy B D rrbofuranosyl)uracrl achreved a more

intimate mvolvement in cellular metabolism possrbly asa consntuent of DNA or RNA pools
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" E. Comparative Summary of Blood Levels, Tumor Levels and Tumor to Blood Ratios After

Intravenous Injection of the S-Halonucleosides (la - d) S

Tables IV.12 to IV.14 and Figures 1V.20 to V.22 compare some of the results obtained

from the tissue distribution studies for radiolabelled analogs of 5-halo-1-(2'-fluoro-2'-deoxy-

-

- B-D-ribofuranosyl)uracils (1a -'d). The halogenated nucleoside analogs la - g differ from

natural nucleosides (eg. uridine (10), deoxyuridine (82):, thymidine (62d)) by substitution of a
2' fluoro fora 2'-hydrogen or hydroxyl substituent and by the substitution of a 5-halo for a
5- hydrogen or methy! substituent. The different steric and electronic propemes of the different

halogens make compounds la - g different from each other. Some of the properties of the -

haiogens and of the substituefits that they have replaced are presented in Table I'V.11.

SUBSTITUENT AN DER WAALS ' ELECTﬁO- SINGLE BOND
. RADIUS(A)! NEGATIVITY! “ENERGY(Kcal 7
mol)?
. H 1.20 » 2.1 96 - 99
OH 1.40 3.5 85 - 91
CH, 2.00 ' . 2.4 © 83 -85
I , 2.15 ' 24 - 52
Br : 1.95 2.8 66
Cl 1.80 3.0 79
F 1.35 ¢ 4.0 116°

! Values taken from Pauling®*¢.

2 Mean value when bonded to carbon for a series of compounds”’.
} Value for O. _

* Group electronegativity**'.

s Value for C-F in CF**".

Table 1V.11 Comparison of some substituent characteristics for naturally

occuring pyrimidine nucleosides and pyrimidine nucleoside analogs

A

Variation of the 5-halogen in the series of nucleoside analogs 13 - d alters the

-
: !

physicochemical properties of these compounds zind results in altered behaviour in biologi'cal

test systems. Some aspects of this altered behaviour are demonstrated in the data presented.
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. The blood activity Jevels shown in Table V.12 and Figure [V.20 indicate a more rapid

2

clearance of radiolabelled 5-fluoro- and 5_chloronucleosides 87 and 79 than for radiolabelled
) o _

S-bromo- and 5-iodpnucleosides 72 and 67.

COMPOUND! | TIME (hours)
0.25 0.5 1 2 . 4Q 8 2%

5-10D0 (67)" 24190 2283 1764 1107 1059 5.64 0.21
. (2300 (L12) (0.82) (1.45) (0.83)  (0.44) (0.09)

5-BROMO (72) 3.1 1.76  1.02 1.00 0.80 0.96 0.69
" (0.55)  (0.19)  (0.14) (0.14)  (6.12) : (0.16)  (0.15)

5-CHLORO (79) 480 239 078 & .0.24 075 .040 016
(0.58)  (0.11)  (0.05)° (027)  (.008)  (.003) (.002)

5-FLUORO (87)  4.65 2.05 0.75 085 020 010 .009
: : (0.40)  (0.20) (0.12)  (.004) (.001)  (.002)  (.001)

! Compounds are; 67 [5-”‘1]-5-i‘ddo-1-;(2'-ﬂuoro-2' -deoxy - B-D-ribofuranosyl )uracil, 72
{5-**Br]-5-bromo-1-(2' -fluorp-2'-deoxy-B -D-ribofuranosy!)uracil, 79 [2-1*C]-S5-chloro-
-1-(2'-fluoro-2' -deoxy- B-D-ribofuranosyl Juracil and 87 [2-1*C]-5-fluoro-1-(2'-fluofo-
*.2'-deoxy- B-D-ribof uranosyl)uracil. ) '
_* Percent of the injected dose in the blood.
3 + Standard deviation.

‘Table 1V.12 The percent of dose in blood at various time intervals after
intravenous injectiq“n of radiolabelled S-halo-1-(2'-fluoro-2' 'dCO)EY’B\-
-D-ribofuranosyl)uracils (la - d) into female BDF, mice bearing a Lewis

. lung carcinoma. /

: /

i )

The levels of bl§Od activity between 1 and 8 hours wefe in the order 5-iodo > 5-bromo
> 5-chlorp > _5-ﬂu<.)ro..At 15 minutes and 30 minutes thc_a acﬁvify levels for the 5-bromo,
5-chioro and 5-fluoro nucleosides were similar whereas the 5-iodo cc;mpound demonstrated a
much ;higher.activity level. These comparisons must be intefireted with some caution since two

of the compounds,‘[”‘I]-S-iodo-l-(2'-fluoro-2'-de;oxy-ﬁ'—D-ribofuranoéyl)prhcﬂ (67) and

* [**Bi]-S-bromo-1-(2° -fluoro-2"' -deoxy- B-D-ribofuranosyl)uracil (72), hive a radiohiiogen
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Figure I'V.20 Plot of percent of dose in blood vs time after intravenous injection of

radiolabelled 5-halo-1-(2' - luotd-2'-deoxy- 8- D-ribofuranosyluracils (1a - ) into female

/ ¥
BDF, mice bearing a Lewis ym}g carcinoma.
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label while the other two, [2-“C]-5-chloro-1-(2' -ﬂuqro-Z'-deoxy-B-D-ribof uranosyl)uracil
(79) and [2-“C]-5-fluoro—1-(2'-fluoro-Z' -deoxy-B-b-ribofuranosyl)uracil (87),-have a
7-14C label. The final disposition of the radiglabel would differ when these two compounds
undergo in vivo degradation. Analysis of the radioactive constituents excreted via the urine of
BDF, mice after administration of each of the four radiolabelled 5-halonucleosides has shown
unmetabolized starting material to be the major radioactive component at dr‘;les up to § hours

after injection. Thci!suggested that the blood radioactivity levels, at least for the short time'

periods, represented intact nucleoside rather than metabolic products.

COMPOUND! TIME (hours)
0.25 0.5 1 2 4 g 24

'5-10DO (67) 4900 373 414 384 326 193 008
036) (@95) .(0.52) (026 (055 (0.38) (03

SBROMO(12), 139 095 06 05T 037 046 032
\ 1) (019 (01 (016 (0.7  (0.06) (005

S.CHLORO(19) 268 182 060 .03 ° 023 o012 0%
O50) (02 (1) (0N (0B (00D (00

5-F‘LUORO'(§Z) 526 3.88 2.24 049 . 160 . .054 016
_(1.51)  (0.60)  (0.37) 0.07)  (.024)  (.009)  (.002)

! Compounds are; 57 [5-1"I]-5-iodo-1-(2'-fluoro-2'-deoxy-B-D-ribofuranosyl-)uracil, 72
[5-"Br]-5-bromo-1-(2'-f1uoro-2'-deoxy-B -D-ribofuranosyl uracil, 79 [2-'*C]-5-chloro-
-1-(2‘-ﬂuor6-2'-deoxy-B-D-ribofpranoéyl)uraciband §1"[2-“C]-5-fluoro-1-(2'-fluoro-

-2'-deoxy-B -D-ribofuranosyl)uracil. , .

2 Percent of the injected dose per gram of wet tissue.

3 + Standard deviation. ’ ;

. Table IV.13 The percent of dose pet gram in tumor tissue at various time
intervals after intravenous injection of radiolabelled 5-halo-1¥(2' -fluoro-
2" -deoxy- B-D-ribofuranosyl)uracils (1a - d) into female BDF, mice

bearing a Lewis iun'g carcinoma.

s
v - - : . /
. . ° . . s .
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Flgure 1V.21 Plot of peroent of dose per gram in tumor tissue vs time after intravenous

m;ecﬂon of radlolabelled 5- halo 1- (2' fluoro 2 deoxy B -D- nbofuranosyl)uracﬂs (la d)

into female BDFl mice bearmg a Lewis lung wcmoma
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The concentration of radioactivity in tumor tissue after injection of the radlolabelled 5 halo-

°

nuc1e031des 67, 72, 79 and 87 into f emale BDF, mice bearing a Lewis lung tumor is shown in

Table 1V.13 and Figure I'V.21. The levels of activity declined for all compounds up to the end

~ of the measurement period (24 hours). None of the compounds were concentrated in the Lewis

lung tumor tissue. At short Lime periods (15 minutes and 30 minutes) the tumor concentration

of the 5-halonucleosides was in the order 5-fluoro > §-iodo > 5- chloro > 5-bromo. ’I‘hxs

. order changed at longer times (4 hours and 8 hours) to 5- 1odo > 5 bromo > 5-chloro >

5 fluoro

The tumor to blood ratios for the radiolabelled 5- halonucleos1des 67, 72, 79 and 87 are

given in Table V.14 and Figure IV.22.

COMPOUND! | TIME (hours) |
Co-025 0 051 2 ‘4 8 24

/

" 5-10DO (67) 026 024 031 044 038 047 0.48
LT 127 (08) (128 (L6 (123) (I - (0.04)

" sBROMO(72) 053 071 086 - 013 0.6 0.5 0.63

(0,73) (0.67)  (0.58) (0.42)  (0.23) -(0.30)  (0.20)

'~ %5-CHLORO (1_9_') 074 100 103 197 416 254 2.8

(1.94) (1.81) . (0.62) (0.67)  (0.96). (0.18)  (0.04)

.;G

5FLUORO(87) 152 244 418 768 1022 157 264
L) o4 03 (1) (L) 04 (0.04)

! Compounds are; 67 [5 -131]]-5-iodo-1-(2'-fluoro-2'-deoxy- B -D: nbofu:anosyl)uracﬂ 12
[5-**Br]-5-bromo- 1-(2'-fluoro-2'-deoxy- 8-D-ribofuranosyl)uracil, 179 [2-*C)-5- chloro-

© -1-(2'-fluoro-2'-deoxy- B-D-ribofuranosyl)uracil and 87 [2 -14C]-5- fluoro 1-(2'- fluoro-

-2'+deoxy-B-D- ribofuranosyl)uracil.
* Tumer to blood ratio = percent of dose per gram of tumor d1v1_d¢d by the percent of dose per

gram of blood. V .
* Tumor index = percent dose per gram of t1ssue mulnphed by the tumor to blood ratio.
Table IV l/Iumor to blood rano and tumor index at vanous time intervals
af ter mtravenous mjecnon of radxolabelled 5-halo-1-(2"- fluoro 2'- deoxy ,8-
D nbof uranosyl)uracﬂs (la d) into female BDF, mice beanng a Lewxs

lung carcmoma
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The 5-iodo- and 5-bromomucleosides 67 and 72 were not taken up selectivel); in Lewis
lung tumor tissue. A small mcrease in the tumor 1o blood ratio was noted for the 5- bro;no-
. nucleoside 67 at 30 mmutes and 1 hour. This may have indicated a small uptake of acnvuv into
the tumor tissue when tl;e blood concentration of the halonucleoside was maximal. In contrast,
the tumor to blood levels for the 1*C-labelled 5-chloro- and 5-ﬂuornnucleosides 79 and 87
showed selective uptake of activ{ty in Lewis lung tissue. The maximum tumor tn blood ratios

(4.16 for 79 a_nd 10:22 for 87) were recorded at 4 hours.

42 Ao S-jodonucleoside (1a)
ST » s-promonucleoside (1b) |
§ 10 /‘\ -
: : // AN . O-meee. S-chloronucleoside (ic)
~ . N\ '

~ / . N _ .
O g- / \\ : @.——~. 5-fluoronucleoside (1d)
8 . f .‘\ . J '
E‘ 2 / - ‘\\

o e ™~ ‘
(_‘ I \\\\ . 4
- / COUNG *

e ~~<
z 4_. ‘ O. \\\\ 4
: . ’ / \-\ \\\_
= ! /7 N, ! TN
; ~O—-— ———————— -—-—-—-—-—-—:—-—~—-—-—B

TIME (hours)

A Flgure IV .22 Plot of tumor to blood ranos vs time after mtravenous mjecuon
" of radiolabelled 5- halo 1-(2'-fluoro-2' deoxy B- D- ribofuranosyl Juracils

(;g - d) into female BDF, mice beanng_a Lewis lung carcinoma. v '

Transport of nucleqsxdes and nucleosxde analogs into mammalxan cells occurs via a

rapld and non- concentratwe mechamsm ‘which depends on the relative- concentratlon of the

k)
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substrate on either side of the cell mernbranem and on the affinity of the substrate for the
tran‘sporter required to move it across the membrane. Accumulation of activity within the cell
in excess of the activity in the blood (Figure IV.22) indicated further metabolic involvement of -
the “*C-labelled compounds. The anignal experiments carried out with the e lzibelled v
nucleosides suggested that the transported nucleoside analogs ([2-“C]-5-chloro-l-(%',- fluoro-
-2'-deoxy-B.-D-ribofuranosyl)urac'il (19) and [2-“C]-5-fluoro-1-(2'-fluoro:2'-deoxy-B-
-D-ribof uranosyl)uracil (S'l)) may be phosphorylated by kinase enzymes. This suggesﬁon is
consistent with the observed mcrease in the relative concentrarron of activity in the tumor tissue
after injection of rhe uC- labelled nucleoside analogs. After phosphorylation, nucleosides have -
a very limited perrneabrhty r.hrough cell membranes®?. Phosphorylation is also a reversible
process and the formation of the f Tee nucleoside analogs and their rapid efflux from the tumor
cells would account for the steady dechne in the absolute activity noted in tumar trssue (Frgure
1v.21) |

The animal studres camed out in tlns work were designed to reveal the poten{xal of the -
5 halo compounds la - d as agents for non- mvasrve dragnostrc oncology rather than to examing -
features of their m wvo merabolrsm Consequently conclusrons made concernmg the metabohc
fate of the 5-halo hucleosrde analogs must be vrewed with caution. It is possrble however to \

make a number “of general observations. . - 7

o~

None of the 5-halonucleoside analogs la la d were concentrated in tissues of {ewis lung

beanng BDF, rmce They were rapxdly\e'l;rmnared pnmanly as unmeghzed compotmdxvmxkhe
unne The compounds were tesistant to phosphorolysis catalysed by pynmrdme phosphorylase

| “This behavrour has been observed w1th a number of other pynrmdme nucleosrde analogs wnh ‘} :

modrfredz and 3 posrtrons“‘mm an | e 5
The 5-iodo- and 5- bromonucleosrdes 1a and lb were dehalogenated as mdlcated by the .

ot

in vivo drstnbutron of the radiolabel (“‘I and-¥Br) ¢ observed 24 hours af ter 1nJecuon of the
- 5- radrohalogenated analogs 67 and 72. Related 5- halopynmrdmes are lmown to undergo raprd

dehalogenatron"’ The esrabhshed mechamsm mvol\red phosphorolytrc cleavage followed by S
. UL

. ‘..: AR DA i P
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loee of iodine f rom the resulting 5-halopyrimidine. Dehalogenation of 5-i0do-, 5-bromo- and
: 5-chloroura_cil has been shown to prweed_ vig a common mechanism*. It has also been noted
.that 5-iodo and 5~bromonucleo-tides undergo dehalogenation catalyzed by the enzyme-',’.

| thymidvlate synthetase’!’. Tllis process may also ac_connt in part for the observed radi‘ohalide}

anion observed in the in vivo studies. There was also indirect evidence for dehalogenation of |

[2-1*C)-5-chioro-1-( 2l fluoro-2'-deoxy - B-D-ribofuranosyl)uracil (19) and [2-1*C]-5-flioro-

B -1- (2 ﬂuoro 2 -deoxy-8-D- nbof uranosyl)uracil (87). Both “C- labelled uridine and

. “C-labelled 5 haloundme were observed in the hplc analysis of the urinary metabolites after
w “i

.A’

injection of these compounds into BDF, mice. Catabolism of 5- fluorouracxl and.its nucle031des
is known'to proceed via 5-l‘luoro-5,6-dihydrouracil, a-ﬂuoro-B-ureidopropionic acid and ‘
ajﬂuo}o-g-alanine as shown in Scheme I11.6 ’“.'However, the fluorine anion 'vvas detected in
an‘ in vivo étﬁgy .involving tumor uptake of 5-'[*‘F]-ffluoro-2'-deogyuridine. This observation
sugge’stedithat“an in viyo defluorination mechanism may exist'*’. |
Among the,four 5-halonucleosides tested, 5-chloro-1-(2'-fluoro-2'-deoxy-8-D-ribo-
- * furanosyl)uracil (1'c) and in pai'ticula.r 5-f1uoro-1-(2' -fluoro-2' -deoxy-B-D-ribofnranosyl)-
uracﬂ (ld) appeared to have potenﬂal as tumor imaging agents. The utility of a radiopharm- -
aceutxcal for tumor scintigraphy is based on both selectivity for tumor tissue and extent of
_p____ e in tumor tissue. Emrich and co- workers"“ suggested that the relative usefulness of
'radiopharmaceutieals could be determined by calculatmg a value called the "tumor index". This .
va,lue’- vvae defined as the product of tumor uptake (percent of dose per grarn of tissue) and |
| tumor to blood ratio The tumo‘r index valueé for the 5-halonucleosides 67, 72, 79 and 87 are |
- shovvn in Table IV.14. The va,lues for [2 1C)-S fluoro 1- (2 fluoro 2'-deoxy - B-D-ribo-

‘furanosyl)uracxl (87) were pamcularly hlgh with a maximum value of about 9’4 between 0. 5

A and 1 hour At 1 hour 87 also demonstrated a good specxf 1c1ty for tumor nssue smce the lndney

' *’ and spleen were the only tissues showmg comparable levels of actmty Tlns compound has the

N P added advantage of possessing. fluorme at two positions as potential sifes for labeumg with'F.

' anerature results"‘ 195 and the synthenc tnals reported earlier have indicated low ylelds for



" positron emission tomographic images were obtained in tumof bearing rgbbits'*?.
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\

incorporation of fluorine into the 2'-position of pyrimidine nucleosides. More favourable

results have been obtained incorporating fluorine at the 5-position'*’. Recently a series of

5-["F]'-f1uor0pyrimidihes and pyrimidine nucleosides were synthesised in good yield!!*-*** and

112

o




157

F. 1-(3-Iodo-3"-Deoxy-B-D-Arabinofuranosyl) Uracil (2)

v éynthesis’ and purification.

A series of 3'-halo-3'-deoxy nucleosides including the title cdmpound (2) have been
syhthesised by nucleophilic attack of a halide anion on 1-(2',3"-epoxy- B-D-lyxof uranosyl)-
uracil (&)’“-_’”. The epoxide (24a) was synthesieed in five steps from uridine (l_Q) using the
procedure first reported by Codirrgton and co-workers?***¢ (Scheme IV.lh). Non-radroacdve

_\1-(3.'-iodo--3'-deoxy-B-D-arabinofuranosyl)uracil (2) was synthesised by reaction of
hydroiodic acid with 1-(2',3'-epoxy- 8-D-lyxofuranosyl)uracil (24a) at-97 *C for 1 hour as

shown in Scheme IV.15.

HN
%N

242 | 2

uracil (2) from 1-(2' 3' epoxy B- -D- lyxofuranosyl)uracrl (24a
S -

Thrs reaction was supenor to the lrterature procedure"' where a s1mxlaI reaction at 25
‘C was reported to give a 54% yield of 2 after cr)fstalhzanon In our hands Lhrs reacnon was
| found to proowd very slowly at 25 'C and a substantial quantity of starting matenal was -
. recovered On the other hand when the reacnon mixture was heated at 97 Ca vutua.lly

- quanmanve conversxon to’ the 3 -1odoarabmonucle051de 2 occured in2 hours There was" only a

T
e
:
s
-
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Scheme IV.16 Synthesis of 1-(2',3'-epoxy-B-D-lyxofuranosyluracil (24a) .
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small loss of product during chromatography and recrystalization.
Radioiodinated’ 1-(3"~iodo-3"-deoxy- B~D-arabinof uranosyl)uracil (2) u'as’synthesised :
" using commercially available 131 f or some selected experiments but the majority of biological .
studies were performed usrng [“’I] -1- (3"rodo 3'-deoxy-B-D- arabmofuranosyl)uracrl (92)
The ' was produced at the German Cancer Research Center Cyclotron Facility, Heidelberg
by the “‘Te(p 2n)”’I nuclear reacuon’“"“’ usrng enrrched 14Te . or either the mI(p Sn)“’Xe

- 13 or the 13’Cs(p 2p9n)“’Xe - 1] 0 spallauon reacuons at the TRIUMF Cyclotron
'; Facrhty at Lhe Umversrty of Brmsh Columbra Vancouver The 3] produced by the

“‘Te(p 2n)“’I nuclear reactron was recovered,f rom the target by a dry distiilation procedure
| wluch mvolved the passage of Oz gas over molten m'l'eO2 and condensation.of the hberated 123}
onto a cooled gold fi onl or a cold glass f mger’“"07 The molecular iodine was tlten washed from
" the trappmg surface with water. The radrorodrne was probably prescnt as' molecular 1odrne in

soluuon Tlus assumptron was. consrs{ant wrth the demonstrated loss of volatile’ radroacnvrty
when the aqueous soluuons were reduced in volume upon heatmg or under a gas stream..
Radrorodmatedl (3 ' 1odo 3 deoxy B -D- arabmofuranosyl)uracrl (2) was prepared as

’ shown in Scheme IV. 17

' ..’. 930(: ')2-5"‘ A

‘ 'SchemeIV 17 Synthesrs of [“’I] 1 (3' 1odo 3 deoxy B D arabmofurano-
'syl)uracrl (92) froml (2 3‘-epoxy B D lyxofuranosyl)uracrl (24a)
‘ l ;. i i ‘ "\' A . - ».K:'," ; '.‘.’ o ,‘ : : . i F' “ . L "'.

P L ¥



' drssolved in stenle normal salme and refngera :;

- (2) suggesnng that the rodonucleosrde was. stable under these storage condmons

160

The aqueous solutions of ‘**I were mixed with lor 2mgof 1-(2',3 -epoxy‘-ﬁ-D-lyxofurano-.
syl)uracil (24a) and the water was removed at 50 ‘C under a stream of helium. Addition of the |
epoxide smbilized the _radioiodine since noactivity was lost during evaporation of solvent. The
residue was transfered to"a 100 uL Reacti-Vialo and treated with a f’ reshly pre/pzired aqueous

solution of HI. 'Ihe reactron was found to be concentranon dependant Reaction mrxtures in

- which the I-II concentration was much lower than 0.1 M were slow to react: -and farled togoto

completron At HI concentratrons of 0.1 M and greater the Teaction was vrrtually quanmatwe
b

- going to completion within 2.5 hours. When equimolar quantmes of [*»1]-HI and epoxide
- (24a) were used the crude reaction product showed the presence of small arriounts of unreacted.

" epoxide and [U’I] -iodide on a tle analysis. When a slrght exce% (11 equrvalents) of [“‘I] HI was

employed the reactron product contained no resrdual epoxrde The excess HI was removed by

passing an aqueous Or methanolic sOlution of the crude product t_hrough a short column of

"
DEAE-cellulose powder unpregnated wrth\'.:

Cl Thrs procedure generally yrelded

[“’I] -1-(3'-iodo-3' deoxy -B- D arabmofuranosyl)uracrl (92) in >99% radtochermcal punty

No trace ot” starting epoxide or other non- radroactrve impurities- were present End- of synthesrs

‘¢

specrfrc actrvmes >100 GBq mmol - werec,obtamed routmely in this reactron

4
The column punfted [“’I] l (3' -iodo-3'- deoxy B -D- arabmofuranosyl)uracrl (92) was

at 5 o pnor to use. The b1010g1ca1 studles

were- camed out wrthm 36 hours after the end of the synthesrs a requlrement drctated by the

relauvelyort half - hfe of 1”I (Ti = 13.3 hours)" An analysrs of the sa,lme solutron 6 days

. af ter preparatxon was possrble due to the presence of long-hved radrorodme 1mpunt1es° present .
~in the mI “The pnncrpal unpunty was mI 306 (T} = 4 15 days) A tlc anaIysxs mdrcated >99%

of: the radxoactrvrty was st111 assocrated W1th1 ( 3 1odo 3 deoxy B D arabmofuranosyl)ura -

.‘.O

‘A»

4
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Tissue distribution.
Preliminary biodistribution studies were carried out using [**°]-1-(3"-iodo-3"-deoxy-
- B-D-arabinofuranosy!)uracil (92) injected intravenously into young male (*220 gram) Wistar

rats bearing a 6 day old intramuscular Walker 256 Carcinoma. The injection doses were 70gug

\\(0 179 ,umol) in 0.5 mL of normal sahne The tnjectron doses measured 26.2 MBq at the time .

\
of their preparanon and varied from 19 7 MBq to 13;7 MBq at timg, of injection. The tissue

drstnbutron data is presented in Table I'V.15 as percent dose per gram of tissue and organ to
 tumor ratios and in Figure I'V.23 and Figure [V .24 as tumor to blood ratios.

The_information obtained from the tissue distribution study was suppiernented by an
imaging s'tudy A fentale Wistar rat (237 g) v:/as injected via the femoral vein with,0.48 mg.
(1.31 u.rnol 72 5 MBq) of [*#1]-1-(3'-iodo-3' deoxy -B-D- arabinofuranosyl)uracil (92)as a
bolus dose in 0.3 mL of sterile saline. The rat was anesthensed and 1mages were recorded at’
intervals up to 2 hours. The rat was then allowed to tecover f rom the anesthetic and 1ef t ad lib
with food. and water. A final image was recorded at 24 hours at whrchn time the rat was
sacnfxced and the activity remaining in selected tissues was measured The animal was imaged
usrng a Pho / Gamma 111 Counter (Nucl%ar Chrcago) w1th a pm -hole colhmator (50,000
counts accumulated) ‘ - s
; \ . Both studres mdtcated little early accumulatron of activity in tissues except in organs

" related to the route of. excretlon (krdney and urinary, bladder). The acuvrty was )Cfeted
8 raprdly At 15 mmutes- the blood and most tissues had about 0. 5% of the injected dose per gram
or about 11% of the'total dose in a 220 gram rat: The krdneys contained 4% of the dose at 15
‘minuites. Atl hour the concentratrbn of activity in the stomach was greater than in all other
ussues except the ktdney At 4 hours the stomach and mtestxne showed the highest
concentrauons of actrvrty ‘The kxdney to blood rano was initially very large but f ell raprdly

af ter 2 hours (Frgure Iv 24) The actmty ratro in the stomach and mtesnne contmued to

mcrease thh the stomach reaching a maxrmum value of 5.05 at 6 hours and the mtestme 1. 86

at 4 hours (Frgure Iv. 23) Beyond these maxrma the ratios in the stomach and intestine showed‘

f 0 N .
. . B
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.+ 0.74

' TIME(HOURS)
ORGAN 025 050 1 2 4 6 g 2
BLOOD 0.41' 036 021 010 006 003 004 002
.07 09 L0 17 L4 12 19 a8
SPLEEN 047 030 0.9 005 003 0.02°
09 .07 09 08 06 0.7
STOMACH 054 045 040 029 .017 017 019 0.07
1o, LI 20 48 53 63 83
GIT 0.62 044 033 013 012 006 007 -
12 L1 16 21 26 20 30 | 7
KIDNEY 2.0 212 098 053 005 003 002
40 56 48 91 11 10 10
TESTES © 0.4 011 .0.10 007 006 003 0.03
03 03 05 11 12 1l 12
MUSCLE  0.53 039 024 005 .
10 10 12 09
BONE 026 017 013 004 004
05 04 06 0.7 08
LUNG 049 032 019 007 0.0
09 08 09 Ll. 1.1 9
HEART 048 031 016 004 003 -
| 09 08 08 07 06
LIVER 055 035 021 005 003 002 0.02"
10 09 10 09 06 - 07 08 o
TUMOR « 054 039 021 , 0.06 005 ~ 003 002 -
1.34° 0.98  0.60 084 054 -

! Percent of injected dose per gram of wet nssue

* Organ to tumor ratios

! Tumor to blood ratios

Jn.:l

1

Table IV 15 Tlssue d1stnbuuon in male Wrstar rats bcanng a Walker 256 carcinoma af ter

’mtravcnous m]ecnon of [**I]-1- (3 fodo 3'-deoxy- B -D- arabmofuranosyl)uracﬂ (92)

!
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Figure 1V.23 Organ to blood ratios for tumor, stomach, intestine and muscle after intravenous
injection of [**I]-1-(3"-iodo-3"-deoxy- B-D-arabinofuranosyl)uracil (92) into male Wistar

rats bearing a Walker 256 tumor
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Figure IV 24 Organ to blood ranos for tumor spleen liver and kidney after intravenous
mjecuon of [**1}- 1 3' -1odo 3’ d?x y-B-D- arabmofuranosyl)uracﬂ (92) into male Wistar

rats bcanng a Walker 256 tumor
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a gradual decline‘ nntil the end of the measurement period. The tumor did not take up activity

relative to other tissues. The levels of tumor activity paralieled tissues such as muscle indicating

passive association with the radioactive compounds ratl?er than active upta‘ke. -.
The imaging study conf’ nmed the data obtained in the tissue distribution study. An

image recorded 'lginutes after injection of ["’I]:l-(3'-_iodo-3'-d,eoxy-B-Dfarabinofurano-

- syl)uracil (92) showed a general background activity due to blood perfusion and significant

accumulation of activity in the kidney and bladder. At 1 hour activity was observed in the

‘bladder and to.a lesser extent in the kidney and stomach. The final image recorded at 24 hours

showed that the stomach and thyroid were the only tissues having levels of radioactivity above

the general background'radiation. The thyroid and stomach were dissected and found to contain’

0.16% and 0.15% of the injected dose or 12% and 11% of the residual dose respectively.

The data obtained. in the tissue distribution study were consistent with rapid initial
excretion of radioactivity, probably as unmetabolized starting compound. The majority of
residual activity at 24 hours was iodide (***I) as indicated by accumulations of activity in the

stomach and thyroid. These organs are known to concentrate iodide anion’**.

Whole body elimination and metabohsm
A normal male Wistar rat was m]ected with 4.4 g (11.8 pmol, 0.518 MBq) of

[2#1]-1-(3'-iodo- 3 deoxy B- -D- arabmofuranosyl)uracﬂ (92) in 0.25 mL of stenle normal
, sahne The rat was placed in a plastic tub and rotated on a turntable in a lead shielded
" enclosure containing: two sodxum iodide crystal y-ray detectors. Rotaung the rat helped to
correct for geometry eff ects due to the onentanon of the rat wrthm the plastic tub A Canberra |
Muln Channel Analyzer and assocxated electromcs with 4 window set to count the 159 keV
y-1ay peak were used to record the whole body actmty of the 1at. ’l'hree 1 mmute
determmatlons of actmty were. averaged at each nme penod The data were collected for 20
hours. The collected data are shown in Table IV.16 along with pereent of mJected dose in the

blood The blood value was extrapolated from the tissue dxstnbunon studres wrth tumor beanng ‘

-
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*
-

rats as reported in Table I'V.15 assuming blood comprises 6.5% of the rat total body weight. 7

TIME % OF DOSE 9% OF DOSE

(hours) REMAINING IN BLOOD
0 100 100
.25 100 5.9
) 99 : 5.1
1 56.0 30
2 26.0 1.4
3 17.6 -
4 13.0 “0.86
6 9.6 0.43
8 8.2 0.57
10 68 -
20 4.7 -
24 - - 0.29

Table IV.16 Percent of dose in whole body and in blood after intravenous
administration of [”’I] 1-(3'- 1odo 3"-deoxy- B-D- arabmofuranosyl)uracxl
(92) to normal mafe Wistar rats (whole body data) or male Wistar rats

containing ar# intramuscular Walker 256 tumor (blood data)

The whole body ehmmanon curve plottef.f rom the data in Table IV.16 is shown in
Fxgure 1V.25. Thxs curve is well fitted by a bi- exponentxal equanon containing a short -lived
componen't with a half-hfe of 0. 97 ‘hours for 90.1% of the dose and a long -lived component
thh a half - 11fe of 18.6 hours for 9. 9% ‘of the activity) 'I'he initial rapid blood clearance and
excretion was probably due to efficient removal of unmetabohzed 3'- 1odonucleos1de from the

blood via the kidneys and bladder Analysis of the urine as described: below showed the majonty

of urmary activity to be [**°1]-1-(3'- 1odo 3 -deoxy B -D- arabmofuranosyl)uracﬂ (92) The

,[ slower excretion of act1v1ty at later. umes was due, at least in pa.n tq [“’I] xochde amon as’

demonstrated by the accumulanon of actmty in the stomach and thyroxd

The rachoactwe compounds excreted into the urine were exarmned after an mtravenous

mjecnon of [‘"I] -1- (3’ -iodo-3"- deog B -D- arabmofuranosyl)uradl (2, 3 1"I) mamale
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Fxgure IV 25 Plot of percent dose in whole body vs time after mtravenous admmxstrauon of

mtramuscular Walker 256 carcmoma

N

[“’I] 1 (3'-1odo -3 deoxy B D arabmofuranosyl)uracxl (92) to male Wxstar rats beanng an
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Wistar rat welghmg 234 grams. The ammal was maintained under anesthesia during mJecuon

and for the duration of the experiment (2 hours) usmg a combrnanon of Rompum and &
< .

‘Ketamine. This anesthetic mixture relaxed the bladder sphincter. The rat excreted a slow flow

of urine which was collected at mtervals and measured by ‘y scintillation counting for both total

activity and activity concentration. The data obtained in this expemnent -are shown in Table

f
1v.17. .
TIME " TOTAL AC’I’IVITY CONCENTRATION = PERCENT
INTERVAL IN URINE OF ACTIVITY - UNMETABOLIZED
_ (thin) (MBq(% of dose)) MBq/mL = COMPOUND
) 0-5 - . -
- 5-10 o 0.135(1.08)° . 0.518 -
10-15 0.556(4.45) 1.465 . -
15-20 . 0.910(7.2%% 4.551 . 88.8
20-25 © o 0.394(3.18 _ 2812+ .
©25-70 .0 - 0.081(0. 65’) 1.010 - 80.9
70-80 0 0.121(0.97) S L0932 . 815
80-90 - 0.272(2.23) 1.809 . -
90-100 7 0.470(3.76) 1.236 | 86.5
100-110 0.457(3.65) : 1.691 ~ -
110-120, 0.583(4.66) . 1.458 ) - 88.0°
TOTALS 3.986(3.1.8)' ‘

’

Table IV. 17 ‘Analysis of urinary activity in a normal male Wrstar rat after

«

mtravenous injection of [**11}-1-(3'-iodo-3’ -deoxy- B-D- arabmofuranosyl)

ul'aCll{ (Z. 3"1?11). ‘ -. . - S : \ oy

b

Samples from vanous time penods were also am}ilyzed by tlc Urine (luL) was spotted
over a sample of authentrc non radroactrve reference 1-(3' -1odo 3' deoxy B -D- arabmo- |
furanosyl)uracrl (2) The plates were developed wrth 15% MeOH in CH,CI,. vrsuahzed by uv to

' lomte the 3 -1odonuc1eosrde (2) and the srhca was scraped from the plates m ‘30 fract:ons and X L

S unted by ISC as descnbed prevxously A digital mtegratxon program was used to analyze the ‘

" B data from the hqurd scmtrllauon counttng In all cases the maJonty of the radroactmty

S

-
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(>80%) detected on the plates corresponded with the Rf of 1-(3'- lodo 3 -deoxy-8-D-.

arabmofuranpsyl)uracﬂ (2) (Table IV. 17) The remammg activity was located as a small peak ‘

* at'the plate origin and as a general low level activity between the plate origin and the product

peak.

Thrs result confirmed that the rapld excretion and blood clearance was due to efficient
removal of 1-(3'-iodo-3'-deoxy- B-D- arabinofuranosyl)uracil (2) from the blood by the
/

kidneys and excretton via the urine. 'I'he total actrvrty excreted vig the urine in 2 hours was 32% -

of the injected dose. In the whole body excretton study 74% of the injected,dose was excreted

_ in the first 2 hours. The d1f ference in these two values represented the slower physical and

metabohc acuvrty to be expected in the anestheuzed animal. The detecuon of unmetahohzed
[*1]-1-(3' 1odo -3 deoxy»ﬂ -D- arabmofuranosyl)uracrl (2. 3- mI) as the major radioactive -

component in the urine at 2 hours af ter 1ntravenous mjectxon suggested that thts compound was

,resistant 10 btochermcal de tion

Blologtcal fate of m)ected I- (3 -todo-3'-deoxy B D-arabmofuranosyl)uracrl (2).

After its mJectlon mto male Wrstar rats bearing a Walker 256 carcmoma unmetabohzed
radtolabelled 1-(3%-iodo-3' deoxy B-D- arabmof urdnosyl)uracrl was raprdly cleared from the
blood and ‘excreted via the ktdneys and urmary bladder The level of acthtx in most tissues -
paralleled blood levels indicating that the. measured activity was due to blood perfusron rather
than tissue accumulation. Unmetabohzed 1- (3 -iodo-3' deoxy B-D- arabtnofuranosyl)uracrl : |

(2) represented >80% of. the urmary acttvxty at ttmes up to 2 hours The perststance of

unchangedl -(3'- 1odo 3 -deoxy - 8- D arabmofuranosyl)uractl (2) m vtvo suggested that thls

compound ‘was a poor substrate for pynmtdme nucleostde phosphorylases and was arrly

: resxstant to in vivo chemxcal detodmauon The gradual mcrease of actrvrty in thef stomach and

mtestmea and the detectton of actmty in the tlryroxd at 24 hours were mdtcauons that some of

the resrdual acthty in the rats was. due to todtde amon 'I'he dtstnbutton of acuvrty at 24 hours o Sl

B '; was m agreement wrth the known bxologrcal dtstnbutron of 1od1de 'amon’“ ol

ST

PR




&

169

The 3'-halo cornpoﬁnd 1-(3'-iodo-3'~-deoxy- B-D-arabinof uranosyl)uracil (‘2} and the

Al

3 bromo 3 chloro and 3 fluoro analogs weTe proposed as possible agents for non-invasive

dtagnosttc oncology when synthesxsed thh an approprtate radxolabel These compounds are

. analogs of undtne or deoxyundmc and they may resemble the natural nucleosides sufficiently to’

to become mvolved in the cellular metabohsm of prohferaung USSLle It was anticipated that the

“

3 halo compounds would’ show some resrstance 1o catabohsm due to phosphorolyuc cleavage
catalyzed by the enzyme pvnmldmdfrrucleosrde phosphorvlase This enzyme system has shown a

strong sensmvrty ta the nature of the 3- subsntuent in a number of related comnounds For
{ P

. example 5,,f1uoro -2 3 drdeoxy -3 fluoroundme was not a substrate for thyrmdme phosphory
lase?*?, lrneontrast 5- fluoro 2" deoxyurtdufgh was rapidly degraded by this enzyme. "“The |

3 hydroxyl of thyrmdtne is requued f or bmdmg with thymtdme phosphorylase’“ and

compounds such as 3' deortythyxmdmem and 3" fluoro 3 deoxythymxdlne”ﬁ are not. degraded.

4by pynrmdtne phosphorylases Thts study mdtcated that 1-(3'-iodo- 3 -deoxy- B-D-arabino- |

f uranosyl)uracll (2) undergoes a slow in vivo degradanon A srmxlar result has been reported

- for the 3' bromo and 3" chloro analogsm The observed persrstance of unmetabolized

3 haloarabmdundmes in the urine wﬂg consxstant w1th a postulate that theSe compounds were

i poor substrates for the ubtqurtous pynmxdme nucleosxde phosphorylases

Desptte its obServed in vivo stabthty 1- (3 1odo 3' deoxy ﬂ -D- arabmofuranosyl)uracﬂ

' (2) dld not demoastrate accumulatlon in ussues Eaﬂy acuvrty in the lndney was due to urinary

excrenon and late accumulatlon of actmty in the stomach mtesttne and thyr01d was attnbuted

: ,to todrde anion rather than mtact nucleosxde It appea.red that the 3'-iodo substrtuent aff ected

s the abxhty of thrs nucleosxde to act asa substrate for the transport mechamsm responsrble f or '

: w\"'.“ K

‘g

thc movement of pynmtdtne nucleomdes mto the cells and / or the krnase enzymes necessary f or'.

conversion of the nucleosxde to the eorrespondthg nucleotrdes The 3 hydroxyl group is not

' ".requtred for interacuon of pynmrdme nucleosrdes wrth kmase enzymes smce 5- fluoro 2 3 d1-

o deoxy 3 fluoroundme’" and 3 fluoro 3 deoxythymtdme“’ undergo in vura phosphory

1atlon A recent study mveeugated the mteractton of a vanety of modxf xed pynmtdrne ,' ~

RS
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leosides, mcludmgl (3'-iodo-3' deoxy B-D- arabmofuranosyl)uracil (2) and the

nue
gs, with the mouse erythryocyie nucleoside

s

-3 bromo 3'-chloro and 3’ fluoro anan

echanism’®*’.

tranSporter These compounds were poor. substrates for this transport m
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G. The Production and Use of **F in Synthetic Studies
-
Int;oduction .

The Syntheses and biological distriﬁution of the 5-halo-2' -ﬂuorbribonucleosides la -d
y {

shown in Scheme 1V.18 have been described previously (Chapter IV.A - IV.D).

0
2 ) HN x
. ” N
DIOXANE — .

HO“F

ar ofj]
HOCH, X HOCH, ¢
4 N - ‘ _ T

X=1

X = Br
X=C" -
X=F

13-

a)

)

1 c)
d)

3 .‘ Scheme IV 18 Proposed syntheuc route to [2 "F] -5- halo 1- (2 fluoro- .
-2'-deoxy-B-D- nbofuxanosyl)uracﬂ (94) and [$-1F]-5-fluoro-

-1- (2'- fluoro 2 deoxy B -D- nbofuranosyl)uracxl(95)

©

= 'The blologlcal dlsmbuuon studxes were mmed out m f emale BDF 1 mlCC bea.nng a Lewm lung

: e *'v‘tumor usms the radlolabelled analoss [”‘I] 5 1odo-1 (2 ﬂuoro 2 deoxy B- D-nbofurano-

o 7::_"*sy1)urac1l (67) ["Br] -5- bromo 1 (2' fluoro 2'-deoxy B D nbofuranosyl)uracxl (72)

c'_.“v
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" half hfe of 109 7 rmnutes and

B mveshganoﬁ all contamed fluorme m t.he 2' 'posmon of the molecule and m one ease (L) m | g

m

N . .
[2-14C)-5-chloro-1-(2'- fluoro 2 -deoxy- 8- D-ribofuranosyl)uracil (79) and [2-4“C]-5-fluoro-
-1-(2'-fluoro-2'-deoxy- B-D- nbofuranosyl)uracﬂ (87) These radlolabelled nucleosrdes were .
not however surtable for non-invasive imaging studles The *C mcorporated in Lhe compounds

79 and 87 decays by a low energy B pamcle emrssron 1311 and "Br have relanvely long

half lives (8 05 days and 35.34 hours mpecnvely) decay by B -ray emission and have

energetic y-r1ay emissions. These factors contribute to a high patient radiation dose when these -

rad!onuchdcs are used for in vzvo studres The prescnce of a variety of y radiations, including

high energy y;rays. in the emission spectra of these radronuchdes makes them unsuitable for -

1magmg techmques 4

There are a number of halogen radrorsotopes which would be smtable for 1magmg

studxes when mcorporated as radrolabels mto the 5- halonucleosrdes la - d. The relatively "

T " short- lived radionucfide mI (T} = 13. 3 hours) decays by emission of a single v~ ray wrth an

energy of 159 keV. These f avourable decay charactensncs and the absence of B exmsswns

K

\ .
make ml vmually ideal f or smgle photon emrssxon computemed tomography (SPECT ). The
seful bromine rsotope "SBr (B -1ay decay Ti = 95 5 mmures) has been suggesred asa .

candrdate for posmon emrssxon tomographic studles (PET) provrded correcnons can be made

for the 286 keV y- ray emrssron The bromine 1sotope "Br (T} = 57 hours) is one of the more '

‘- useful medxcal 1sot0pes of bromme decaymg by electron capture (99%) and B emrssron (1%)
The 239 keV Y- ray is used f or magxng The maJonty of radrorsompes of chlonne ire exther

) ‘short hved or'hard B - emrtters The most smtable radrorsotope xs, 3 Cl"‘ due to 1ts short o o
half hfe (Ti 3 32 mmutes) and rts decay by ﬁ emrssron exther drrectly from "Cl"‘ or after

. rsomenc transmon to “Cl (Ti = 1 53 seconds) Probably the most 1deal radrohalogcn wrth

'respect to nnagmg studres is* 1 whxch demys by B (97%) and electron eapture (3%) has a A-

- I oo
- S - —

ng g or‘f ray emrssxons - e ,,

In addmon 10 its favourable physxeal charactensncs. “E was regarded as a surta‘ble

e e

L radrolabel for compounds 1a d for a number of pracncal reasons The compounds under - " f": T
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both the 2' and the 5 positions. ln addmon the synthetfc sequences outhned in Scheme IV. 18
for the preparatron of the series of compounds [2' "F] -5-halo- 1- (2 -fluoro-2' dcoxy B-
D*nbofuranosyl)uractl (94a d) and [5- "F]\S fluoro 1-(2'- fluoro 2" cleoxy B -D-ribo-

- f uranosyl)uracrl (95) have been well estabhshed for non- radrolabelled syntheses. Fmally, UF

- was locally availa \ble from both reagtor and accelerator sources The other radlohalogens

suitable f or unagmg studies were not readily avarlable

The drscussron whrch follows summanzes the producuon methods used o produce ) SEC
m a chemical form suitable for radrocherméal synthems and dgscnbes some prehmmary
synthetrc studies. A o e
Reactor productron and recovery of U'F. T P - o r*?“

The nuclear reaction ‘Ll(n H)*He, "O( ’H n)"F svas used to prepare “F Thermal
neutrons from a nuclear reactor interact with the ‘Li iSotope of hthrum 10 yteld *He and ’H D "

The ’H thh an energy maximum of 2.73 MeV' then bombards “O also present in the target

B— S o

. NG -
' tnatenal to produce "F The vanous types of target matenals?tradmonally employed for thrs AN
_4 nuclear reaction and the methods used f or "F recovery from the target matenals hzve been
© outlined in the Lrterature Revxéw (Chapter II A) Lr,CO, was chosen as. a target matenal“smce,
v "
"i‘ &P

thxs material has demonstrated the best combmanon of UF yxeld and ease of processmg after .
madxanon"‘” Target matenals ennched in ‘Li. (>90% as compared wrth 7. 42% natural ' _' L
abundance) have been used by many workers to maxrmrze “F productron’l ”"‘ In the present

Study 96% ‘Li ennched Lx,CO, obtained from Oak erge Nauonal Laboratones was used Table “
IV 18 outhnes some of the uradrati%'ns that were. performed dunng this study - - ‘ .

The very hrgh cross secuon of ‘L1 for thermal neutrons (953 barnsT)" caused the o - ‘

- maJonty of neutrons to be captured wrthm the fi 1rst rmlhmeter of the sample surface m

P
g

: X_‘r CO,”-” The best yrelds of “F were obtarned when the surface area of the target was | .r Ny ;v'.',':”.”»: ;

'l"{'he bam is a measure of ‘the- effectrve area or cross secnon presented by a target PR
- nucleus 10, an’ impinging particle, The  barn. ‘has no, physical significance other than it . %
frequently -is the. same . order of magmtude as the actual. nuclear cross secnon, R
Tham = 10% e = 10wt R

-
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 increased as in experiment 2, Table I'V. 18, where four 50 mg samples of Li,CO, were irlédiated
" rather than a single 200 mg sample. Increased yields were also obtalned by reducmg the

effective density of Li,CO; by dissolving it in dilute HNO;. In addmon to the self - shxeldmg
_effect caused by the high thermal neuuon cross-section of ¢Li, local flux pulling effects were
“ "noted when sariiples of 200 mg or more were 1rrad1ated in the reactor. These effects limited the -
amount of Li,CO, which could be irradiated in the reactor. The maximum productlon of UE in
the SLOWPOKE Reactor at the University of Alberta was estimated to be 148 MBq *°. Practical

| conmderanons of sample s1ze and irradiation times reduced ‘the production of ''F to(about 15%
of this Lheoreucal maximuim.

.\ number of recovery techniques were used Lo obtam BFina forr“n 's'nitable for
radiochemical synthesis. [**F]-HF in anhydrous gohne,was the required reagent for the
proposed reaction sequence outlined in Scheme IV.lS. Three diff ereng procedures for sample
work-up were used in this study. These Were distillation of volatile [**F]-HF from an H,SO.

. solution of irradiated Li,CO,, ion exchange of [V'F]-F- with various anion exchange resins OT
precipitationv of [“F]-E' as an insoluble salt followed by *'F- for F~ exchange. s
Distillagion method. i

After irradiation, Li,CO; contained ”F in an unspec1f ied chemical form (pro;ably as
LiF) and a substantial quantity of *Has a radlonuclldlc unpunty” The irradiated samples of
Li,CO, were reacted with concentrated: H,SO. in a small flask. The resultmg solutions vb&re v
heated at about 300 °C and purged with an inert gas (N,, He) or a mixture of inert gas and )
non-radioactive carrier HF. Volatile *F was then trapped by bubbhng the inert gas through
cooled anhydrous dioxane held in a teflon or stamless steel reaction vessel This method resulted

inal0 or 15% transfer of the tota.l MF radioactivity 10 the dioxane solution.

Substantxal 1F activity remaxned as a non- volaule residue in the reacUon flask

)

o~

Additional activity was present on the polyethylene or teflon tubmg between the reaction flask

and the trappmg soluuon. In addition to the low overall transfer of activity to the dioxane

solution this method was further complicated by *H contammahon in the dioxane soluuon an

&
o
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by the presence of a non-volatile acidic residue which remained after evaporation of the

.;.

solvent. The acidic residue n:ay be H,S0, transf ered f rom the reaction flask.
Ion exchangi: r;lethod
Irradiated Li,CO, was added to an aqueous slurry of Dowex S0W X4 ion exchange
resin. The aqueous layer was decanted from the resin and the 'F activity was trapped by
passage of the aqueous solution through a short teflon column cpntaining Amberlite IéA-MO
anion excha’nge resin (F form). This procedure trapped 80% of the BF activity on the resin.

Alternatxvely irradiated LxNO, solutlons were slurried directly with Amberhte IRA 400 resin

and the slurry transf. erred to a short teflon column The resin was washed in successxon with

" distilled water, rnethanol dry diethyl ether and dry dxoxane The !*F was eluted from the resin

with a solutlon of HF in anhydrous dioxane. The resulting [*'F]-HF in dioxane was used in the ‘
synthenc S[udles The *F activity adhered tightly to the resin and it was necessary touse 1 M
HF in dxoxane as the eluting solvent. The ef fluent contained 25 to 30% of the resm bound
activity in about 3 mL of 1 M HF in dioxane. This reagent was \relatively free of *H
contamination but a small amount of solid residue was obtained .\on evaporation df the solvent.
0 Precipitation method |
The majortty of 1'F activity could be removed f rovm.irradiated Li,CO, by washirig the

solid with small volumes of cold water. Several milligrams of NaF -wefe dissolved in the

aqueous *F solutions thus obtained and the [**F]-F- was then precipitated as CaF 2 by the

~ addition of excess Ca(NQ,), solution. Alternaxtiyely,"[‘'F]-CaF2 was precipitated directly fforn‘

solutions of irradiated *LiNO, by the addition of NaF and Ca(NO,);. The prec1p1tate was

isolated by centrifugation, washed several umes with small volumes of cold water to Temove

traces of ’H and then washed sequentxally thh acetone and dry ether. About 60% of the 1'F

acuylt‘y ongmally in the 1rrad1ated Li,CO, was present in the [**F]-CaF,. This precipitate was
\\ . : -

transferred to a'st‘ainlesss_teel reaction bomb, mixed with 1 mL of 0.25 M HF in anhydrous

dioxane, sealed and heated at 16OI to 170°C f or 45 minutes. This procedure resulted 1n about

§
\

\

.30% of the [!*F}-CaF, activity being tranisferred to the dioxane solution/bresumably as
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[1*F]-HF. The remaining activity was found in the precipitate of CaF, (6%) or adhering to the
wall of the reaction vessel (64%). | L

The reactor producuo’n methods for M'F available at the Umver51ty of Alherta, although
sﬁ/itable for trial synthetic studies, did not seem hkely to provide sufficient radionuclide to

perrmt the synthesrs of radiolabelled nucleosrdes f ot in vivo animal studies. A number of factors -

contributed to the uIlSUltablllty of this productron method.
1. The processmg time to convert uradrated Lr,CO, tothe requued UF precursor ranged from

1 to 2 half -lives of UF dependmg on whrch of the three methods described above was
employed.

2. The overall conversion to the required precursor was moderate or low.

3. Additional processing‘of the target mat_erial was reQuired to remove *H. contaminatio_n andl
the ['F]-HF in dioxane solution often contained *H as tvell as non-radi.oacti've '
contarninants. | ¢

4. The neutron flux availahle in the SLOWPOKE nuclear reactor and practical considerations
of irradiation times and sample sizes limited the quantities of uE that could be produced.

5. Substantral amounts of carrier fluorine were required f or the processing steps. The
resultmg [**F]-HF in droxane solutions were of low spec1f ic activity.

6. The reagent requifed for the reactmn outlrned in Scheme 1V.18 was [**F]-HF in anhydrous
dioxane btrt the processing steps used to reeor,'er the 'F made it difficult to maintain the.
reagent in an anhydro:rs state. ‘

In addmon to these f actors the overall yield in the synthetxc sequence even under .

optimurn conditions with non-radroactlve reagents was only moderate (40 to0 50%)"‘ ass
. ] ) . ~ .

Accelerator productlon and recove[y of [**F}-HF. | ‘ _ o - . | -
The Van de Graaff Accelerator at the Umversrty of Alberta was used to prepare BE f or
the synthesis outlined in Scheme IV 18. The Van de Graaff was capable of acceleratmg ‘He .

'(a) ‘He, *H (deuterons d) and 'H (protons p) through a potential drfference of’ 7 mfllxon
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- hplder after each producuon run.

| approxrma

’actrvrty produced would be about 0. 5 GBq / uA measured at’ the end of bombardmer&t

cons_tructed f or the preparatlon of [** \F] HF. Thrs target was based ona fluonne recovery
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volts (MV). There ate a variety of nuglear reactions for producing 'F using these particles, of

which the most suftable f OT OUT purposes was the 2°Ne(d a)“F reaction. Thrs reaction pOSSESSes-

~ a number of advantages It uses natural abundance neon whichis a cheap readrly available;

easrly punf ied and chermcally inert target material: Neon also hasa relatively large cross section

for interaction with *H at a‘fairly low parttcle energy (225 rmlhbarns (mb) maximum at 6.3

: ./MeV)“ 87 and at low pamcle energres (<9 MeV) no radlonuchdlc impurities ate formed“ A

‘\

more ef’ frcrent producuon method for 1'F would be the nuclear reaction *Q(p.n)"'F (575 mb

N maximum at 5.3 MeV)¢™? whrch has been used wrth 130:enriched water/™*! or [“O] -0, 11

Unfortunately this is a very expensrv_e target material whrch must be recovered from the target
'I’he Van de Graaf f h}cthe potentral to produce substantlal quanutres of UE Although
on ’

it was not designed f or radi lide productron this accelerator had been adapted for this

purpose in a prevrous study involving the productron of V'F and "'C **. The maJor problem

}
was the requuement for adequate shielding of personnel from the prompt and delayed radxatron

produced in- the radronuchde productron This problem was overcome by the use of a heavily
shielded concrete ‘bunker in the basement of the accelerator burldrng The detarls of this f acrhty

are described in reference 309. - | T

The accelerator produced a beam of deuterons wrth an. energy of 7 MeV and a beam

current of 20 mrcroamperes A uA) In actual productron runs the avarlable bearn energy was

-somewhat lower (6.5 MeV) It was reduced further upon passage through the metal f orls

,1solatmg thz target gas from the beam hne (see Appendtx 3): With a deuteron bearn of

ly 6 MeV entermg the target, the expected productron of IF was about 1 0 GBq /
uA at saturatron actr\ﬁty“ 97 (Appendrx 3 contarns a sample calculauon and a drscussron of thrs ’
,value ). Fo? an 1rrad1auon time of 2 hours whrch is Just longer than the half life of "F the :

/

- Two target assembhes were constiucted dunng th1s study A copper target was

- 0 -

. R . i
-\ a . 0
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methodology developed by Dahl and co- workers”-" COpper was shown tohre’lea‘se 'F as
no-'carrier-added [f:;f?ﬁ more readtly than a variety of other metals when"heated in the .A el
presence of 10% I—I2 in He’*. Copper had the added advantasges of being easy-to machme and o R
was relatrvely inexpensive. A second target to be thed for the production of ["F]-F2 was R ' '-‘] ‘;fl
constructed from nickel, based on the target design deve10ped by Wolf and co- workers at | o ”
'Brookhaven” T&s design and the. "F recovery methodology have f ound wrde apphcatron in h . o
the preparatron of “F labelled precursors and brologrcally rmportant molecules“""‘12 .
The copper target and the system for the productron and recovery of ['*F]-HF are _ *i\ T A
shown in Frgure III 2.and thure III 3. The detarls of their constructlon and operatron are o
, gtven in the Expenmental sectron 'Ihrs target system was used f orll successf ul productron
runs of" [“F] I-IF Recovered yields of “F in these reactrons vaned from 7.92 MBq tol. 69 - “ ’
' GBq The yrelds and productron detarls are presented m ’I‘able IV. 19 /
The' eXpenments lto 4 shown m Table IV.19 were used to make vartous ref mements in

i

the lnadratron parameters target preparatton and recovery procedures The “'F produced was S
analyzed for radtonuclrdrc impurities usmg a number of test systems Aliquots of the recovered \’ o “
actmty were analyzed by a half - life measurement usrng a Drgrtal Equrpment Corporatron | '

LSI- 11 03 Mrcrocomputer interf aced. wrth an Ortec 490 B Amplifier and a Canberra 3x3inch: &
Nal crystal well detector ‘The 511 keV anmhrlatron 'y ray was measured startlng at 3 hours '

. after the end of bombardment (EOB) The graph of trrne agarnst log of the count rate was | N
lrnear over 8 hours and gave a half lrfe value of 110 mrnutes (hterature value for: Tl of "F =

109. 7 rmnutes)" The Y- ray spectrum was recorded at 3 hours after EOB usmg a Canberra

Serres 80 Multrchannel Analyzer and a GeLr Detector The only emission detected was the. 511

C ke T ray quurd scmtrllatlon countrng of an aquuot of thr,samPle at 4 days after. EOB

showed no trace of B emrttrng radronuchdes Further conf 1rmatron that the actrvrty produced
was "F was obtarned when an ahquot of the actrvrty recovered from the trap in normal salrne :
(1. ] MBq) was mJected vra the ta11 vem rnto a normal male Wrstar rat. The rat. was rmaged 45

) ‘ mmutes after mjectron using the Pho / Gamma Camera eqmpped wrth aposrtr on hea d ’I'he | }<// g £

AR
P_-'
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positron scans indicated accumulation of activity in the bones, especially at the ends of the long

A
.

bones, at the knees and shoulders as well as in the skull and spinal colurnn. This result is in

Y .
studres wrth ammals" and humans"““ ' . L

agreement with the recognizedv distn'bution pattern c?"ﬂc\lluonne- anion reported for in Yivo
} r - .y

i

The remamrng expenments hsted i Table IV 19 were used to prepare anhydrous
w1

N ["F] HF in droxane as rec}urred for the synthesrs of [2'-V*F]-5- halo 1- (2 -fluoro-2' deoxy B-

. -D- nbofuranosyl)uracrl The actual acuvrty of UF produwd was,well bePow the theor /fh?al

expectatron A vanety of facfors contnbuted to thrs shortfalbin actrvrty It was difficult 16

' ~, maintain both deuteron beam energy and beam current durmg the producuon runs and the 2

hour 1rradratron times often mcluded pe,rrods durmg whrch one or the other or both of these

' pa}ameters were reduced In addmon the geometry of the deuteron weam did not appear to be

ideal and there was evrdence f ora sharp rather than a diffuse beam prof ile. Spreadrng of‘tsm:

bearn msrde the target and uncertarntres in the measurements of the beam current and beam

r

energy. may also have accounted f or the dif f erence between the theoretrcal and’ the observed

. productron of UF, The total acuvrty produced was deter‘med by measurement of the y freld
Jata pomt on the target surface bef' ore and after the recovery procedure and then relating thrs o

~dif f erence in f ield mtensrty to the recovered actrvrty ’l'he recovered actrvrty was accurately

/

/ - ' / a‘ .

measured in a dose cahbrator Thrs deterrmnanon would alsc be Subject to error o

Optunum recovery of M'F was obtained by heatmg the target and recovery lines to 300

!

v

. C and 175 'C respecttvely and b‘ylsmg sequentral flushes of the target wrth 10% H, in He and

)

3

1% HF in He The resultmg [“F] /HF was trapped m a cooled sectron of 1/8 mch teﬂon or
copper tubrng posrtroned in a shrelded and cooled lead transporter The use of a l% HF 1n He

flush added about 25 u.mol of cold camer f‘luonne as I—IF to the IE, The recovery procedure
dy

o tand transportatlbn of the "F to the chermstry lab requrred about 90 minutes. The Specrf ic

actrvrty of th\[“*F] HF at the trme of its arrrval in the radrochemrstry lab varied from about

LT

-5 56 GBq Vi mmol to, 39 éBq / mmol

N

N
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A variety of methods were used 10 recover [**F]-HF f rom the trappmg corls The
o
activitgzwas-washed from the coil with saline solution or dilute aqueous acid (HOJ.Q or base

(NH,OH). Anhydrous [*F]-HF in dioxane was obtained by flushing the trapping coil with HF '
gas. The [“F]-HF was then tragped in cooled anhydrous dioxane \Alternately the apparatus \/(_/"._- ] -

.depicted in Figure 111 .4 was employed and the [*F]-HF removegJrom the coil by passing a o
. - . L ‘ ) .

solution of HF in dioxane through the assembl\y. The teflon coil was found to release activity . )ﬂ/

¥

Vv

" more readily to flushing gasses and liquids than copper and the all-teflon assembly shown in |

<

‘Figure 111.4 was eventually adopted as.the most suitable apparatus for [**F]-HF recovery.

More than 90% of the activity in the teflon coil was transf erred to the reactron vial usrng 3 rnL

of 1 M HF in droxane

In an additional six experiments not hsted in Table 1V.19, *'F was not produced or | e '

- could not be recovered f rom the target due to perforatron or rupture of the molybdenum forls , w

1

 at some point during the irradiation.

Accelerator productron and recovery of [''F}F,. v

As 1ndrcated in Scheme IV 18, [“F] -F, could be used to convert 1 (2 -fluoro-

N\

-2'-deoxy-B-D- nbofuranosyl)uracrl (17) to [5-V*F]-5- fluoro -1- (2 fluoro 2' -deoxy- B

-D-ribof uranosyl)uracrl (95). Thts reaction was vrrtually quantrtattve for the analogous
~ non radroacnve synthests A number of workers have prepared [”F] -F, using the. target ’ s
' methodology descrrbed by Wolf and co- workers""’9 and a target system has also been descrrbed

for use with a Van-de Graaff accelerator“‘ 'I'he success of these targets has been reparted to be .
.a» : L -

A o
) dependﬂ on the constructron and inner surf ace preparauon of the target gas. holder®""* andon -

3

thc composmon and purrty of the target gas” _ » - SR A "
.- : LN -~

4

Detarls of the- nrckel target used m the present study are gtven in the experrmental
section. The target system and gas delrvery and recovery lines are shown in Frgure III. 5 The :
f inside surface of the target was pohshed and degreased with drsulled acetone and carbon S

tetrachlorrde and passrvated by f 1llxng wrth F2 at 1 atmosphere and heatmg at 180 "C for 16 !

h .
. R . . v .
L A : .
. . . : . .
. PN , . Lo . .
s
»
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hours. The resultmg surf ace coatmg of NiF; provrded a surf ace'ﬁ/ert to further attack by
fluorine but sensitive to LTaces of morsture" The NrI-‘ , may also be responsrble for exchange of
non-radtoacuve fluo;mefor BE during the rrradtatronﬂand recovery procedures"e“’. The target
gas was a mixture of ultra -high purity neon (99%) and hrgh purity fluorine (1%) specially
.'prepar'ed by Matheson Gas Products. The target and gas delivery lines were degass% under hrgh
vacuum (1x 10 -+ torr) and flushed with ultra-high-purity neon befor; filling wrth the target
gas (1% F,in Ne)
v A number of trial 1rraclratrons were camed out wrth this target\_ftern The ng actrvrty
. was trapped in an aceuc acid solutron using the apparatus deprcted in thure II1.5. Thrs was:
accornphshed by slowly venting the gas pressure throOg,h the solutron followed by several
flusltes of the target with 1% F2 in Ne. In addmon to acetic acrd the trappmg solutrons v
'somettmes contamed sodium acetate which has been shown to react with [“F] F2 to form
UF- labelled aeetyl hypofluorite ["F] -CH, COOFm A48, Jhese soluttons were used in the
radrochemrcal synthesrs of [5-1'F}-5- fluoro -1- (2 fluoro 2 deoxy B -D-ribof uranosyl)uracrl 6
4 (95) from 1- (2 -fluoro-2"-deoxy- -B-D- nboturanosyl)uracrl (17) as described later. |
Low overall productton and recovery of a3 fror?r thrs target systel’n was related in part
to the factors already drscussed with ref erence to the [1*F]-HF target Problems encountéred
with the deuteron bearn stability tended to lumt the _rrradratron ttmes and the beam energy and
current that were available. Literature reports hgve demo‘nstrated that 50% to 80% of the 'F
actrvlty could be removed from the target by purgmg the target gas through a trappmg -

solutron“” SSTEEIS P the trial reactrons the majonty of the acttvrty could not be removed from

the ‘target desptte several flushes of the target wrth 1% F, in neon. ’I‘hrs may have mdlcated that

the mckel surface. passrvatron was mcomplete and that ME was reactmg wrth the mckel surface. L e

The purged actrvrty was not completely trapped by the acetic add solutrons and volatrle U
acttvrty was detected in the vacuum and venting lmes It was unltkely that thrs acttvrty was
["F]-rF, which would be trapped in the acetic acid solutron or absorbed by the KOH trap It has

been demonstrated that madrauon of F,/ Ne gas mrxtures contammg gaseous trnpuntres such
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o
as N, CO2 and CH. produces NF, and CF. with consequent loss “of ["'F]-F, acuvrty" Specres

such as [1*F]-NF, or ["'F}-CF, may account for the volatile acuvrty Betected in these
. . \7 l'
experimem:?. | . . | . o
. 4 . v/

‘Synthesis ¥ith "F. A S

The [**F)-HF in anhydrous dioxane produced from reactor and accelerator source‘s'was
o . ot

‘reacted with 2,2'-anhydrouridine (16) to form [2 “F] 1- (2 -fluoro-2' deoxy -B-D- ribo-

t"ur;nosyl)uracu (93) as outlined¥in Scheme IV, 18 The analogous reaction carrted out on large

-

scale with non-radioactive’ HF in dioxane gavea chermcal yield of 40% but also dernonstratedé‘

strong dependence on the reactmn conditions. The presence of traces of water in the reactanfb '

L4

- gave rise 19 k -B- D arablnofuranosyluracﬂ (65) rather than the requu‘ed 2' t'luoronucleosrde '
. (17) . Raiging o1 lowenng the reaction temperature resulted in the formation of decomposmon
products or }mreacted startmg material (see Scheme 1V.2). Optunum ylelds for the preparauon
of non- radroacuvel (2 fluoro -2'-deoxy- B -D- nbofuranosyl)uramk(l?) were obtatned using
j./a large excess of HF and an’ 18 hour reaction tune195 These condmons were ot suttable for .
radrochermcal synthesrs wrth the relauvely short-lived “F (T}-= 109.7 mrngtbes) Yield
oPUmrzauon studres were undertaken in an attempt to maximize the yleld with reactant ir
concentrations and reactron t1rnes more.suitable for synthesrs wrth uE, The results of thrs

R

investigation are presented in Table IV 20 taken from reference 206 . |
, Exammanon of the results in Table IV 50 mdtcated accep :;'ields'»of ’1_-(2' -fluoroik ‘
-2 deoxy -B-D- nbofuranosyl)uracrl (17) were obtamed using 10 eqmvalents ot HI-' f or a
t'eacuon time of 1 hour.and a temperature of 165 C. 'I'hese reactron condruons were more
smtable for reacuons thh UF although.the rnaxrmum yteld of [2' "F] 1 (2 fluoro -2 deoxyv-' |
. B D nbofuranosyl)uracrl (93) would be about 3% relative to the [“F] HF used L
b _ Trial reacttons w:th” reacfor produced [”‘F] -HF in anhydrous dloxane usmg the

optrmurn condmons f rom Table IV 20 were dlsappomttng In these reacnons only a trace of

[“F] -1- (2 ﬂuoro 2 deoxy B D nbofuranosyl)uracrl (93) was detected in the product

»_ .



muttures The poor ?1eld (<<1%) was ;elated to the low specific activity of “F in the “K ‘
.. 3 [“F]-HF soluuons and to the presence of traces of- moisture and other unpurmes m this
reagent Accele;rgttor produced [**F]-HF requrred £ewer processmg steps and provided a dioxane
“solution free of contammants' The specxf ic activity of thrs soluuon was however still fairly low. :
- The re;ctron providing :he best results 1n -this series gaVe 2'0.43% radroch}mlcal yield of
3 [“F] 1- 2 fluorp -2 deoxy B -D- nboft\anosyl)uracrl (93) usmg a7l foldrexcess of {"F] HF

'1n anhydrous droxa,ne fora reactron time of 2 hours and a reaction temperature ‘of 150°C. At,

specific activity of 0.}32.‘039 / mmol,.

7 MOLAR  CONCENTRATION = TIME ~ TEMP ~ YIELD"

CRATIO OFHF (mM) . (min) © (%)
22 -2 S L30 S 16s 9
5. S 30 Co 165 - 20

5 . ST S - s T

B 10 » s 29
\20 ‘10 - . .60 165 ' 33
v 143 R - 165-210 - 32

. -using 1.0 umol of 2,2" anhydroundrne The reaction vessel was a.teflon- lined steel bomb. -
" Product yields,were 'determined by preparatrve hplc usrng a Merck B silica gel column..
: mean value. ot two tnals

‘ﬂo of - mol of HF to umol of 2 2'- anhydroundrne (16)- All Teactions were camed out

T able IV 20 Yneld optumzanon sfudres for the reaction of 2 2 anhydro

' ‘ : undlne (16) and hydrogen fluonde in a.nhydrous droxane"‘ ' o -

. ~The "F 1abelled1 (2 fluoro 2 deoxy B D nbot'uragSyl)uracd (93) must be

| :elaborated further to obtarn [2' "F] 5 halo 1 (Q fluoro 2 deoxy B D nbofuranosyl)uracrls ‘,
| "94a d requued for the in vtvo studles A f urther reductron in overall yleld and f urther §ecay of b
‘,‘the "F actrvrty would take place durmg thrs fmale synfheﬁc step It seemed unhkely that &

Suffrcrent "F labelled 94a d would be obtar/ned wrthout substantxal unprovement m the . .
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\ , _
radrochermcal ytelds for the synthesrs of, [2 “F] 1-(2' fluoro 2 deoxy B-D- nbofu:anosyl)\

“uracil (93) : - ; e | o .
v : Y .
' 'I'he synflresrs of [5 UF]- 5 fluoro 1 (2 -fluoro-2' deoxy B D nbofuranoyy)uracrl ~
~

(95) was also rnvesugated Drrect fluorrnauon at.the 5- posmon of pynrmdtne nucleosrdes

;

7 generally gave good yrelds of the 5 fluoronucleosrdes as dtscussed prevrously For example tﬂ
reactron of [2- l‘C] 1-(2'- fluoro 2 deoxy B-D- rrbofuranosyl)uracrl (78) and asoluuon of F,

in HOAc gave a hrgh yreld (>90%)‘6’f [2 -14C]J- Szfluoro -1- (2 f'luoro -2" deoxy B D rrbo- |
furanosyl)uracrl (87) (see Scheme IV 13). Solutlons of [“F] -F,in HOAc obtained frorn the .
Van de Graaf f productron and recovery procedure descrrbed earher were allowed to react W1th
1 (2 fluoro 2! deoxy B D rrbofuranosyl)uracrl (17) and the reactron rnrxture was worked up o
as descrrbed for the non- radtoactrve synthesrs 'I'he resrdue was cxammed By tlc. The | -

> R
¢ N

prehm-mary studtes mdrcated a very low mcorporatron of “E tnto [5 “F]- 5 fluoro--

< . 1 (2 fluoro 2" deoxy B- D rrbofuranosyl)uracrl (95) (<<l%) ’l'he maJonty of "F in the
" acetic acid solutions appeared 10 be in the form of a volaule compound that was. r(e)moved along L
.' wtth the solvent in the evaporatron step 'Fhe “F acnvrty was probably not [”F] -F, since thrs |
" reagent. would beexpected to react readrly and raprdly wrthl (2 ﬂuoro 2 deoxy B D rrbo-
' furanosyl)uracrl (17) as observed f or the non- radroactrve SyntheSrs lt is more hkely that the
soluhle activity represents an "F specres such as [“F] CF, or other fluormated hydrocarbons
arrsxng durtng the 1rrad1atron due to the presence of hydrocarboh 1mpurrt1es in. the target system
‘or target gas Thrs syn,thetrc procedure does appear to have potenual provirded [“F] F2 can be .
% readrly prepared Recently Wolf and co- workers prepared [5 “F] -5- fluoro 2! deoxyundme in .
21 7% radrochemrcal yreld usmg a smﬂar reactron to the one descnbed here“' In another study‘ . .'. 5 '

[5 "F] labelled pyrumdme nucleosrdes and pynmrdme bases were prepared in 10% to 20%

radrochemrcal yreld for use m 1mag1ng studres employmg tumor beanng rats. and rabbrtsm
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V. CONCLUSIONS

. ' . - -d
The primary aim of*thrs study was t6 evaluate the therapeutlc potentral of the T
nucleoside analogs 5-halo-1- (2 fluoro -2"-deoxy-B-D- nbofuranosyl)uracrl (1a d) and I o >
| /I , ‘1 (3'-iodo- -3 -deoxy- B D arabmofuranosyl)uracrl (2) as agents for scmtrgraphrc eyalu;tron of,’ f '
/ o . tumors. The Tesults of this study can be summanzed under 6 headmgs = A

/
- ) &

,1. Non- radroactrve syntheses - T -,",

[

’ /
2. Radloactrve syntheses for in vzvo drstnbutron stutlxes / p
S o : ¢
3. "frwzvo studresmmunne tumors N s - L e
4.- “F Producnon ' . T
- . . - 4

,5'.V Radroactrve syntheses for in vivo 1magmg studles

6. Potential of mvesugated compounds as non 1nvasrve dragnostxc 1mag1ng /agents in oncology
. - 1 4 . . ) ‘ l :

. I
.

1 Non radxoactrve synthesrs Ce ‘ " ' f.:'(' o . ‘ ‘ _ ] :
_ A serres of 5 halo -1- (2' -fluoro-2" deoxy B -D- nbofuranosyl)uracrls (13,_@) we're

o . prepared m good to excellent yleld froml (2' fluoro 2 deoxy B -D- nbofuranosyl)uracrl (17)

‘ | ' (see TableV 1) ThusS iodo-1- (2 -fluoro- 2 -deoxy B D nbofuranosyl)uracrl (la) was L

- obtamed in 89% yield 5- bromo 1- (2'- fluoro 2'-deoxy- B-D- nbofuranosyl)uracrl (lb) was i' . \‘ .
obtarned m 42% ym% 5- chloro 1 (2 ﬂuoro 2 deoxy B- D nbofuranosyl)uracrl (}_) was _l

‘_ obtarned 1n 52% yreld and 5- fluoro 1 (2 ﬂugro 2 deoxy ﬁ D nbofuranosyl)uracrl (ld) was .

g e obtamed in 94% yreld The startmg matenal for these reacnons 1 (2 fluoro -2' deoxy B

- | B o -D- nbofur%osyl)macrl (17) was prepared in two steps from unchne in 34% overall yreld ’I’he

= nucleosrde analogl (3' 1odo 3 deoxy B- D arabmofuranosyl)uracrl (2) was prepared rn 59%

overall yreld froml (2 3 epoxy B D lyxofuranosyl)uracrl (24a) Thc chemrcal punty and

srdentrty of all compounds was confrrmed by chromatographxc and spectroscoplc analysrs : »,“_ " f' L

LT

e
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A »
COLD CHEMICAL - RADIO- RADIO- SPECIFIC  MAXIMUM  MAXIMUM
COMPOUND'  YIELD(%)'  LABELLED ~ CHEMICAL  ACTIVITY TUMORTP  TUMOR
ANALOG ~ YIELD(%)  GBg/mmol*  BLOOD) INDEX*
y RATIO \
5-iodo (la) 89 5 (67) 67 45.9° 0.5 (8 hr) 1.5 (2 hr)'
5-bromo (1b) ) supr () | 4l 017 086(1by) 074 (15 min)
S-chloro (k¢) = 2 2-14C 119) 7 1.86 4.2 (4hr) 1.9 (15 min)
5-fluoro (1d) 9% 2-4C (87) 92 1.86 10.3 (4 hr) 9.4 (1 hr)
2'-fluoro (X1) 4] 2-14C (18) s T 186
3'riodo (2) 59 3] (92) 91 128 1.34 (15 min)  0.72 (15 min)

2'.3"-epoxy 30

(24a) » '_ . -3:

/ | ) .

! The compounds are: la; 5-iodo-1-(2'-fluoro-2' -deoxy - B-D-ribof uranosyl)uracil, 1b;
5-bromo-1-(2'-fluoro-2'-deoxy - B-D-ribofuranosyl)uracil. 1c; 5-chloro-1-(2' -fluoso- \
-2'-deoxy- 8- D-ribofuranosyl juracil, 1d; 5-fluoro-1- (2'-fluoro-2'-deoxy-8-D -ribofurano- .
syl)uracil, 17; 1-(2'-ﬂuoro-z'-deoxy-ﬁ-D-ribofuranosyl)uracil. 2; 1-(3'-iodo-3'-deoxy-B-D-
-arabinofuranosyl)uracil and 24a; 1-(2',3 '-epoxy - B-D-lyxof uranosyl)uracil.

* Chemical yield (%) for the halogenation reaction (non radioactive synthesis).

3 Overall yield in a 5-step synthesis from uridine (see teference 240).

* Specific activity measured at the ®nd, of synthesis and purification. . -

s Also prepared as a no-carrier-added product with a-theoretical specific activity of 600 TBq /
mmoi. . :

¢ Tumor index is the product of percent of injected dose per gram of tissue and the tumor to
blood ratio (see also reference 340). - © :

Bl

-«

. Table V.1 Summary of data for the cold and radiolabelléd synthesis and the
tumor uptake of 5-iodo-, 5.promo-, S-chioro- and 5-fluoro-1-(2'-fluoro-
-2'-deoxy-B-D'-gibofuranosyl)uraqil (lg{fg) and of 1-(3'-iodo-3"-deoxy-

1

- B-D-arabinof_urahosyl)uracil 2).
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2. Radioactive syntheses for in vivo distribution studies.

Two approaches were used (o prepare the radiolabelled analogs for a series of 5-halo-
-1-(2'-fluoro oy -deoxy- B-D-ribof uranosyl )uracils- (see Table V.1). Radiolabelled analogs of
5-iodo-1-(2'-fluoro-2'-deoxy-B-D-ribofuranoéyl)uracil (la) and 5-bromo-1-(2'-fluoro-
-2'-deoxy-B-D-ribofuItanosyl)uracil (1b) were prepared in 67% and 41% radiochemical yield
respectively by the reaction of f—(Z' -fluoro-2'-deoxy-B .D-ribofuranosyl)uracil (17) and '*'1*
and "*Br- respectively. Radiolabelled analogs of 5-chloro-1-(2'-fluoro-2'-deoxy- B-D-ribo- |
furanosyl)uracﬂ (1c) and 5-fluoro-1-(2'-fluoro-2' deoxy-B-D-ribofuranosyl)umcil (1d)
were prepared from [2- 1Cj- 1 -(2'-flugro-2'-deoxy- B -P-ribofuranosyl)uracil (78) in 77% and
92% yield respectively. The 1*C labelled precursor, [2-*C)- 1 (2'-fluoro-2' deoxy -B-D- ribo-

f uranosyl)urécil (78), was prepared in a multistep synthesis with [**C]-barium carbonate as the
radienuclide source. The overall yield of 78 from [*4C]-barium carbonate was about 6%. The
radiolabelled analog of 1-(3'-iodo-3'-deoxy- B-D-arabinofuranosyl)uracﬂ (2) was prepared in

91% radiochemical yield from 1-(2',3"-epoxy- B-D-lyxofuranosyl)uracil (24a) and [**'1]-HI

- 3. In vivo studies in murine tumors.

Two of the c_omp;)unds examined, 5-chloro-1-(2'-fluoro-2' -de’oxy-B-D'-ribofuIano-
syl)uracil (1c) and 5-fluoro-1-(2.'-fluoro-2'-deoxy- B-D-ribofuranosyl)uracil (L@), were
taken up selectively in'. tumer tissue in Lewis lung tumor bearing BDF, mice, reaching a
maximum tumor to blood ratio of 4.2 and 10.3 respectively at 4 hours. The concentration of
activity at this time exeeeded that in all other tissues except the spleen .b The otper cbmpounds.

' exammed showed no uptake into Lewis lung tumor ussue (5-iodo-1- (2'-fluoro-2' -deoxy - B-
-D- riboﬁuranosyl)uracﬂ (1a) and 5-bromo- 1 (2'-fluoro-2' depxy B-D- nbofuranosyl)uracﬂ
(1b)) or mto Walker 256 tumor (1 (3'- 1odo 3 deoxy B-D- arabinof ura.nosyl)uracﬂ 2). The
5-halonucleosides la - d were charactenzed by rapid overall excretion of activity and a mgh in

vivo stability. These modified nucleomdes were not good substrates for phosphorylase enzymes.

=

A Y AN
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The SLOWPOKE Reactor facility was employed to prepare up to 23 MBq of "*F by the

. -4
4, '*F Production.

nuclear reaction *Li(n, ’H)‘He 14O *H, n)"F using ennched [‘Lr] Ll,CO3 or [*Li]- LrNO3 as
target matenal The Van de Graaf f Accelerator was used to produce up to 3. 38 GBq of ''F
with the nuclear reaction 2“Ne(d,cx-)“F using natural abundance neon as the rarget. The
irradiated targets from both the reacror and accelerator production of *'F were processed ()
yield [**F]-HF which was used in subsequent synthetic procedures. Aecelerator-produced _
["F]4Hf was superior to reactor-pr‘odueed product with respect 10 absolute quantity, recovery
yield frorn targets,-€ase. of preparation and chemical purit&, Aecelerator-produced UF was also
recovered as | “l:{] F, although subsequent evidence suggested that this species was of low |
chernical purity. |
5. Radioactive symheses for in vivo 1mag1ng studres
| The reacuon of reactor-produced [**F]- HF in anhydrous dioxane and 2,2’ anhydro-
uridine (16) yielded [2'-"F]-1-(2’-fluoro-2'-deoxy- B-D-ribofuranosyl)uracil (93) in very low
chemical yield. The same reaction using accelerator -produced [*'F]-HF gave [2'-“F]-’
-1-(2' fluoro 2 deoxy B- D nbofuranosyl)uracﬂ (93) i in 0.43% radiochemical yreld The ‘
reactiOn of .accelerator-produced [1*F]-F, and 1-(2'- f‘luoro -2n deoxy B-D- nbofuranosyl)
i .uracil (17) gave [5-“F-]-S;fluoro-l-l(2"-fluoro-2'-deoxy-B-D-ribofuranosyl)uracxl (95) in

4

. <1% radiochemical yield.

6 Potential of mves:r\g)ed compounds as non-invasive dragnosuc imaging agents in oncology.
Two of the cornpounds mveSUgated 5- chloro 1 (2 ﬂuoro 2 deoxy B- D-nbofurano-

syl)uracil (1c) and 5- fluoro -1- (2 fluoro -2'-deoxy-B- D nbofuranosyl)uracrl (ld)

demonstrated substanual relative accumulanon 1n the tumor tissue of test animals. The Emrrch

tumor indicies (see- Table v.1) were 1. 9 (15 mm@ for lc and 9.4 (1 hour) for ld Low

absolute levels of activity in the tumor was due to rapid excreuon of these compounds and



might be overcome by altering the rate or route of administration of the radiopharmaceutical.

tive uptake of 5-fluoro-1-(2'-fluoro-2'-deoxy-B -D-ribofuranosyl)-

In particular the high rela
P

uracil 1d into Lewis lung tumor tissue commends this compound for f urther investigation.



5. C. Berche, J. P. Mach, J.

6. F. A. Mettler-and

7. S. M. Larson

9. D v}v/ Abrams, E. E. Kndus and L. [. Wiebe, "Tumor Uptake of Radiolabelled

\

} o ~ BIBLIOGRAPHY -

1. R.J. Berry and P. J. Ell, "Pre-treat'rhem Assessmenil of Cancer", in Clinical Nuclear
Medicine, M. N. Maisey, K. E. Britton and D. L.-Gilday, editors; Chapman and Hall,
London, page 365, (1983). _

2. J. W. Walker, "Gallium Imaging", in A Clinical Manual of Nuclear Medicine,, J. W.

‘Walker and D. Margouleff, editors, Appleton-Century—Cro fis, USA, page 73, (1984).

3. K. Hisada and D. B. Sodee, "Tumor afid Tlnﬂammafbry Imaging Procedures”, in

)

Nuclear Medicine Procedures, D. B. Sodee'and P, J. Early, editors, ¢. V. Mosbee Co.,
USA, page'542, (1981). N ’/’ . v

/

4. . S.M.Larson, J. P, Brown, P.Zf..Wright, 3. A. Carrasquillo, I. Helstrom and K. E.-
Helstrom, "Imaging of Melangfma With Iodine 131-Labelled Monoclonal Antibodies”,
J. Nucl. Med., 24, 123 (1983) - , r.

{ . 4 .

. Lumbroso, C. Langlals, F. Anbry, F. Buchegger, S.

Carrel, P. Rougier, C. Parmentier and M. Tubiana, "Tompscintigraphy for Detecting

Gastrointestinal and Medullary Thyroid Cancers: First Clinical Results Using

Radiolabelled Monoclogfal Antibodies Against Carcinoembryonic Antigen", Brit. Med.

J., 285, 1447 (1982). : - I :

. A R
' _ ]. Guiberteau, Essentials of Nucledr Medicig Imaging, Grune
and Stratton, Ney York, page 264, (1983). : o
"Factors Determinihg_ Tumgr Affinity for Gallium-67 Citrate”, in
Radiopharmaceuticals, Structure Activity Relationships,, R. P. Spenser, editor, Grune
and Strattorl, New York, page 167, (1981). ’ ) : - ,

' / : . b
8. G._'Roobq(, G. B. E. Dobbeleer and J. L. Bernheim, "5-Fluorouracil and $-Fluoto-_
-2"-Degxyuridine Follow Different Metabolic Pathways in the Induction of Cell
Lethality in L-1210 Leukemia", Brit. J. Cancer, 49, 739 (1984).

' pvfimidine Bases and Pyrimidine Nucleosides in Animal Models. 1. 6-
uracil”, Int. J. Nucl. Med. Biol., 6, 97 (1979). ‘
ufe : oo

PH)-5-F luoro:

'N. Abrams, E. E. Knaus, B. C. Lentle and-L I. Wiebe, "Tumor Uptake of Radio-
. /labelled Pyrimidine Bases and Pyrimidine Nucleosides in ‘Animal Models. I1.
/ .67(-"H)?5-Fl'uoro-2'-Deoxyuridine", Int. J. Nucl. Med. Biol., 6, 103 (1979).
11

'D. Kufe and FP., Major, "5.Fluorouracil Incorporation into Human Breast Carcinoma :
RNA Correlates with Cytotoxicity ", J. Biol. Chem., 256, 9802 (1981). :

P. Major, E. Egan, D. Herrick and D. W. Kufe, "5 -Fluorouracil Incorporation into
DNA of Hufan Breast Carcinoma Call Lines", Cancer Res., 42, 3005 (1982).

. s

'W.H. Prusoff, M. S. Chen, P. H. Fischer, T.-S. Lin, G. T. Shiau, R. F. Schinazi
and J. Walker, "Antiviral Iodinated Pyrimidine Deoxyribonucledsides: 5-Iodo-
-2'-Deoxyuridine; 5-Todo-2"<Deoxycytidine; 5-Iodo- 5'-Amino-2',5"'-Dideoxy-
uridine”, Pharmac. Therap., 1, 1 (1979). . . _

197



14,

15.-
16.
17.
18.
19.
20.

21.

22.

R

~ A1974).
L Srmpson-Herren, Growth Kinetics as a Function of Tumor Size"_, inf-GroWih A B

'and R. M. Humphrey, editors, Wllllams and Wzlkms Baltzmore (1977)

*G.G. Steel and K. Adams, . *Stem-Cell Survival and Tumor Control in the Lewis Lung;
- H. & Hewitt, "The Chorce of Ammal Tumors f onExperrmental Studres in Cancer
. Therapy”, Adv Cancer Res 27,149 (1978)

J.A. McCredre, W.R. Inch J. Kruuv and T. A. Watson "'I’he Rate of Tumor
Growth in Anrmals Growth, 29 331 (1965) ) :

193

E.G. Hampton and M. L. Eidinoff, "Administration of 5-lododeoxyuridine-'*'1 in
the Mouse and Rat", Cancer Res., 21 345 (1961).

K. G. Hoffer and W. L. Hughes, "Incorporation of Iododeoxyurrdrne 1251 into the

.DNA of L-1210 Leukemia Cells durrng Tumor Development ", Cancer Res., 30, '236

(1970).

A.D. Rottenberg, W. R. Bruce and R. G. Baker, _"Incorporatron of 5- Iododeoxy '
uridine-'*'I in Spomaneous (C3H Mouse Mammary Tumors Brit. J. Radiol.,.35, 337

(1962).

L. J. Anghileri and M. Heidbreder, "13'1- Deoxyurrdme and "MI- Deoxycytrdme '
Accumulatlon by Tumors”, Nucl. Med., 15, 254 (1976) ,

K. A. Watanabe, T.-L. Su, R S. Klein, C. K. Chu, A Matsuda M W, Chun C
Lopez and J. J. Fox, "Nucleosides. 123. Synthests of Antxvrra) Nucleosides:

- 5- Substituted 1-(2-Deoxy-2-Halogeno- B-D- Arabmofur nosyl)Cytosines and

Uracrls Some- Structure Actwrty Relationships”, ¢d. Chem., 26, 152 (1983).

S. K. Carter, “Antrcancer Drug Development Programs Natl. Cancer Inst. Monogr.,
40, 31-(1974). . .

ki

~ C. M. Lederer and v.S. Shlrley, editors, Table of the IsotOpes 7th Edmon Wzle,v
: Inzersczence New York, (1978). . -

M. E. Phelps, "Positrn Computed Tomography Studxes of Cerebral Glucose
Metabolism in Man: Theory and Applrcauon in Nuclear Medicine", Sem Nucl Med.,

11, 32 (1981)

Y. Yonekura, R. S. Benuta, A. B. Bnll P. Som, S D.J. Yeh, N. E, Kemeny, J. Sr

"Fowler, R. R. MicGregor R. Stamm, D. R. Christman and A. P. Wolf ™ ncreased

Accumulation of 2- Deoxy-2-[!'F]- -Fluoro-D-Glucose in Liver Metastases. Frorh _

Colon Carcmdma J. Nucl. Med 23, 1133, (1982)

L. Srmpson-Herren A H. Sanford and J. J’ Holmqurst "Cell POpulaoon Kmetlcs of
Transplanted and Metastatlc Lewis Lung Carcmoma Cell Tissue Kinet., T, 349

Kinetics and Biochemical Regulation of Normal and and Malignant Cells Cells, B. Drewinko

G.G. Steel in Growth Kmetrcs of Tumors Clarendon Prgss Ox ford page 26
(1977). P o

Carcrnoma Cancer, Res 35, 1530 (1975)

B



194

29. + F.D. Bertalanffy and C. Lau, "Rates of Cell Division of Tlansplamable Malignant rat
Tumors”, Cancer Res., 22, 627 (1962). : ) : '
X ] ) . \ ) ©
30 D. W. van Bekkum, "Tumor Model Test Systems", ‘Natl. (,}a cer Inst. Monogr., 40, 83
(1974). . ‘ f A ' . -

3. A.H. Snell, "A New Radioactive Isotope of Fluorine”, Phys. Rev., 31, 183, asn. .

32 L.A.DuBridge, S. W. Barnes and J. H. Buck, "Proton Induced Radioactivity in |

Oxygen”, Phys. RA, S1V995 (1937). | o

.- : - o o (- e o

33.  M.L.Pool, J. M. Cork and R. L. Thornton, "A Survey of Radioactivity Produced by
* High Energy Neutrbn“qu?ibardmer’lt", Phys. Rev., 52, 239 (1937). ~

34, T.Wasaki and'S. Watanabe, "Déﬁteron Induced Radioactivit); in Ofygen™, !Natl‘tre,

.\ 141,787(1938). - } *

35, J.F. Volker, H.C. Hodgé, H.J. Wilsor'and S. N. van Voorhis, ""The Absorption of  ~

' ~ Fluoridés by Enamel, Dentin, Bone and Hydroxyapatite as Shown by the Ra"dioac;i\"/e ‘
¥ Isotop¢ Fluorine-18", J. Biol.-Chem., 134, 543 (1940). . e .

o . . . Y ) . . i \ ‘ . .
- 36. J. F. Volker, R. F. Sognnaes and B. G. Bibby, "Studies on the Mistribution of
' Radioactive Fluoride in the Bones and Teeth of ‘Experimental-Animals”, Amer. J. -
 Physiol., 132, 707 (1941). R T

37. M. J.Nusynowitz, M. H. Feldman and J. G. Maier,,"A ?mple,l\rfe\thod. df Producing”
S ~ U'F Fluoride for the Study of Bone Disease™, J. Nucl. Mea., 6,473 (1965).. . e
38. - M.Blay, W. Nagler and M. A. Bender, "Fluorine-18: -AAN\ew Isotope f'or Bone - = ° e

Scanning”, J. Nucl.-Med., 3, 332 (19_6"2)‘. A

-39, F. P.Castronova\‘ and R. J. Cal_laha_h, "New Bone Scanning Agént. Technetiﬁm-99m _
- Labelled ,1_-Hyd-r_oxyethylidine-1,1"-bis= isodium Phosphonate)" J. Nucl. Med,, 13, - .
P

\

40, - D. R. Elmaleh, D. J. Hnatowitch, S. Cochaifi-, K. A,;McKuSick,'G'. L. 'Brbwhal] axﬁ
- .W.H, Strauss, "Emission Tomographic Images of the Skull with Fluorine-18", I nt.
‘Nucl, Med. Biol., 7,289 (1980). . " AV AR

LY

. Principal of .Radiopharmaceutical Design: Some Factors Responsible for the

41. . B.M: Gallagher, J. S. Fowler and N. L. Gutterson, "Metabolic Trappingasa

' Biodistribution of '["F]-2-deoxy-‘-z-'fluoro-'D-,gluco_se"',, J. Nucl. Med., 19, 1154
. (1978).'7 : o v T o e ) . R

," . . 8 = . . ‘g * . “ . R . B i . N .
4.  _B.M. Gallagher, A. Ansari, H. Atkins, V. Casella, D. R. Christman, J. S. Fowler, T.
7 Ido, R. R. MacGregor, P. Som, C. N. Wan, A..P. Wolf, D. E. Kuhl and M. Reivich,
. "Radiopharmaceuticals XXVII: M*F-Labeled 2-Deoxy-2-fluoro-D-glucose'as a d
* Radiopharmaceutical for Measuring Regional Myocardial Glucose Metabolism in vivo:
" Tissue Distribution and Imaging Studies in Animals”, J. Nucl. Med., 18, 9%0 (1977).
‘43,  C.Heidelberger, N. K. Chaudhuri, P. Danenberg, D. Mooren, L. Griesbach; R. L
" Duschinsky, R. J. Sthnitzer, E. Pelven and J. Scheiner, "Flyorinated Pyrimidines, A
.. New Class of Tumor Inhibitory Compounds” Nature, 119, 663 1957). -



60

¥ R : ) ' ’ 1és

s

™ by Heterogeneous Exchange on Gas Chromatographic Colunins". , J. Label. Comp.

wf

~

4 F.Helus, W. Maier-Borst, U. Sahm and L. I. Wiebe, *F-18 Cyclotron Production /
Methods", Radiochem. Rgfiioanal. Letters, 38, 395 (1979). | /
45. T. Nozaki, "Other Cyclotron Radionuclidés”, in Radionuclides Production, F. Helus,
editor, C. R. C. Press, Boca Raton, USA, page 103, (1983). ‘
4. G.A. Brinkman, J. Th. Veenboer, J. Visser and L. Linduer, "Hot Atom Chemistry of
' UF in Liquid Fluorobenzenes”, Radiochem. Acta, 24,161 (1977). '
+ \‘ . . ° ’ ' . '
. 47. M. Anbar and P. Neta, "Formation of M'F-Labelled Fluoro-Organic Compounds By \
. 'the F(n,2n) Reaction”, J. Chem. Phys., 31, 2757 (1962). ' ; ‘
48.' K. Beg and F. Brown, "Production of Carriér-Free Radio-Fluorine-18 and .
Determination of its Half Life", Int. J. Appl. Radiat. Isotopes., 14, 137 (1963). ,
49. Y. Ericksson, "Double Labelling of Monofluorophosphate with **P and T A
Appl. Radiat. Isotopes., 10, 177 (1961). ' ‘
50. . P.Ford and L. I. Wiebe, Some Ways to Iitrease 'F Production in the SLOWPOKE
“Reactor", University o f Alberta SLOW POKE Facility, Annual Report, page R-7,
(1981). ,»  ‘. ) . .‘ ‘ } S , |
51, T.Nozaki, Y. Tanaka, A Shimamulf and T. Karasawa, "The Pféparatibn of -
. Anhydrotis HF", Int. J. Appl. Radiat. Isotopes., 13, 27 (1968).. oy
52. - B.E.Gnade, G:P. Schwaiger_, C. L. Liotta and R. W Fink, "Preparation of S
. Reactor-Produced Carrier-Free WF-Fluoride as the Potassium 18-Crown-6 Complex
for Synthesis of Labeled OrganicCo'mpounds'f, Int. J>Appl. Radiat. Fsotopes., 32, 91
(1981). S | ' o
53.  S.J.Gatley and W. J. Shaughnessy, "Production of 1'F-Compounds with "F-
Produced with a 1 - MW Research Reactor ", Int. J. Appl. Radiat. Isolopes., 33,1325
19%82).. = : R . v o
54, C. C. Thomas, J.A. Sondel and R. C.li(erns,_?'Produ‘ctidn of Carrier-Free
NFlu‘orine'-18",, Int. J. Appl. Radiat. Isotopes., 16, 71 (1965). Lo ‘
55 . G Firnau, C. Nahmias and'S. Garnett, "The Prepatation of [*'F] 5-Fluoro-DOPA
o with Reactor-Produced Fluorine~18", /nt. J. Appl. Radiat. Isotopes., 24, ,18-2‘(197”'
5. . P.K.H.Chan, G. Firnau and E. S. Garnett, "An Impfoved Method forthe -~ =
X _Production of Fluorine-18 in-a Re@ctor",' Radiochem. Radioanal. Lett., 19, 237 (1974).
7. L. Patomaki, "Production of \'F for Boné Scanning”, Acta’Radiol., 7, 71 (1968).
S o e B L
‘6. - G.A.Nagy and K. Berei,: "New Technique for the Production ‘of Carrier-Free "F",
J: Inorg. Nucl. Chem. 26, 659 (1964). - oo e
59,  S.J.Gatley, R.D. Hichwa, W. J. Shaughnessy and R. J. Nickles, ""F-Labelled '
‘ " Lower Fluoroalkanes: Reactor Produced Gaseous Physiological Tracers”, Int. J. Appl.
Radiat. Isotopes., 32, 211(1981). ' : R C _—
o H.M. A. Karim and G. Stocklin, ~Fluorine-18 Labelling of Lower Fatty Acfd Esters



196

Radiopharm, 13, 519 (1977). "

61. M. Anbar and N. Ernst, "A Distribution Study of **F-Lapelled Cationic
" Fluorocomplexes in Rats", Int. J. Appl. Radiat. Isotopet. W3, 47 (1962).

62. " S.J .'Gat:ley and W. Shaughnessy, "Synthesis of “1;-3-Dedxy_-3-fluoro-D-g1ucose
with: Reactor Produced ''F", Int. J. Appl. Radial. Isotopes., 31, 339 (1980).
5 R 'Y FY .

63. S. J. Gatley, "Silver Oxide Assisted SyntResis of Fluoroalkanes: Measurement with a
: Fluoride Electrode and with Fluorine-18 "\ Int. J. Appl. Radiat. Isotopes., 33, 255
\ (1982). v . ‘

¢4.  B.W.Fry, G. M. Whitford and D. H.-Pashley, "A Method for Increasing the
‘Amount of '*F at the Laboratory by Recovery During Transport from the Reactor”,
Int. J. Appl. Radiat. Isotopes., 29,123 (1978).. T

65. T.J.T ewéon, "Synthesis of No-Carrier'— Added Fluorine-18 2-’,Flubro-2-i)eoxy-
: -D-Glucose" J. Nucl. Med., 24, 718 (1983). '

66. T. Nozaki, M. i»wamo‘to and T. Ido, "Vield of ''F from Various Reactions of Oxygen
and Neon", Int. J. Appl. Radiat. Isotopes., 25, 393 (1974). ‘

67. M. Straatmann, "Fluofine1l8 Production and Chemistry ", in Medical Radionuclide . .
' " Production, A. A. Noujaim, S. A. McQuarrie and L. 1. Wiebe, Editors, Maria Design ~
Symposium, Banff, (1980). ' . SR A I
68. R.S. Tilbury, J. R. Dahl, J. P. Mamacos and J. S. Laughlin, "Fluorine-18
" Production for Medical Use by Hglium-3 Bombardment of Water", Int. J. Appl.
*  Radiat. Isotopes., 21, 277 (1970). - DR .

69." J.C.Clark and D. J. Silvester, "A Cyclotron Method for, the Production of
Fluorine- 18", /nt. J. Appl. Radiat. f}sotdpes., 17, 151 (1966). :

‘ “ .. D.R. Christman; Z. Orhanovic, W. W. Schreeve and A. P. Wolf, "Thé Synthésis of
‘ o _6_-,D¢oxy~6-“F-a,-D-Galactopyranose'.', J. Label. Comp. Radiopharin, 13, 555 (1976).
- M. G. M. Hinn, W. B. Nelp and W. G. Weitkamp, "A High Pressure Noncatalytic
: . Method for Cyclotron Production of Fluorine-18", Int. J. Appl. Radiat. Isotopes., 22,.
o ). ' A
‘7. L. Lindhgn T.H.G: A.kSuér,‘ G. A. Brinkman and J’.\Th._Veenbc.)e.r, "A Dynamic
- "Loop"-Target for the In-Cyclotron Production of M'F by the **O(e,d)"'F Reaction
on Water", Int. J. Appl. Radiat. Isotopes., 24, 124 (1973). L

*

ED E J. Knust and H.-J. Machulla-, "High Yield Ptodﬁction of | WF in a Water Target via
.the “O(’Hg,p)“F. Reaction", Int. J. Appl. Radiat. Isotopes., 34,1627 (1983).

74, M. A.Chaudhri, J. M. Gartside and A. Ranicar, "The Chemical Form of Cyclotron
" Produced "F Used in Bone Seintigraphy”, Briish J. Radiol., 43, 534 (1970).

7. H.L. Atgins, D. R. Christman, J. S. Fowler. R. M. Hoyte, J: E. Klopper, S. S. Lin
~ and A, P. Wolf, "Organic Radiopharmaceuticals Labeled with Isotopes of Short
_ Half -Life. V. }'F-Labelled 5- and 6-Fluorotryptophan", J. Nucl. Med.; 13, 713
(1972). L s T



o ~ 197

€

6. E. J. Knust, M. Schuller and G. Stocklin, "Synthesis and Quality Control.of
Long-Chain "*F -Fatty Acids™, J. Label. Comp. Radiopharm, 11, 353 (‘1980).‘ .

77.  G.D.Robinson, "Rapid Synthesis of High-Specific- Activity, Biologically Active
* UF-Fluoroaliphatic Analqg.Compounds", J. Nucl. Med., 14, 446 _(19_'_132,

78. . Cv. N. M. Bakker and F. M. Kisperson, "Pfoduction of Y'F by a-P:irticle
Bombardment of SiO;", 1‘{11. L, Appl. Radiat. Isotopes., 30, 61 (1979).

19, " C. H. Carlson, L. Singer, D. H. Service and W. D. Armstrdng', "Preparation of
Carrier-Free Radiofluoride with a New Estimate of the Half -Life of 'F", Int. J.
Appl. Radiaz .- Isotopes., 4, 210 (1959). - E

§0.  T.Irie, K. Fukushi and T. Ido, "Synthesis of 1 .6-Fluoropurine and
. 1E-6-Fluoro-9- B-D-.Ribafuranosy(lpurine", Int. J. Appl. Radiat. Isotopes., 33,445
(1982). . L
g B.W. Wieland, J. S. Fowler 2nd A. P. Wolf, "Multi-Purpose Target Units'fog Small
Cyclotrons", J. Label. Comp. Radiopharm, 21, 1250 (1984) . e o
. ¥ N

82. T. J. Ruth and A. P. Wolf, " Absolute Cross-Section for the Production of '*F via the
#Q(p,n)*'F Reaction”, Radiochimica Acta, 26, 21 (1979). '

83. M. G. Straatmann and M. J. Welch, ?Fluorine-lS-Labelled Diethylaminosulfur .
Trifluoride (DAST): An F-for-OH Fluorinating Agent”, J. Nucl. Med., 18 , 151
(1977). o : ' : ' -

84.  T.J.Tewson, M.J. Welch and M. E. Raichle, "['F)-Labeled 3-Deoxy-3-Fluoro-
. -D-Glucose: Synthesis and Preliminary Biodistribufon Data”, J. Nucl. Med., 19, 1339
- (1978). | T | o

85, C. Cl'ou?e] and D. Comar, "Production of Cmi«er-FreefkliF;HdeIOﬂu‘()IiC Acid®. Int.
J. Appl. Radiat. Isotopes., 29, 407 (1978). LT

86. | M. Yagi, Y. Mur’ano and G. Izawa,',"Rapid’ and High- Yield Syﬁthesis_of Carrier'-Free
~ F-Labelled Alkyl Fluorides, Int-J. Appl. Radiat. Isotopes., 33, 1335 (1982). & .

-

\: B . ) G E
87..-  T.J.Tewson and M..J. Welch, "Preparation and Preliminary riodist‘gibution of
+% . "No~Carrier- Added Fluorine-13 Fluoroethanol”, J. Nucl. Med, 21, 559°¢198Q).

88, S.DLevy, D. R. Elmaleh and E. Livi, "A New Method Using ["F}Elhoride to
Radiolabel 2-["F]-Fluoro-2‘-Deoxy,-D-G1u_cos_e", J. Nucl. Med., 23, 918 (1982).
B oo ’ ’ — o N  '_' L
89. P. V. Harper, N. Lembares and H. Krizek, "Production of UE with Deuterons on
. Neon", J. Nucl. Med., 12, 362 (971). = C LT '

%.  C.S.Kook, M.F. Reed and G. A. Digenis, *Preparation of ['F) Haloperidol", J.
Med. Chem, 18,53 (975). .. . - | RN
o1, A.E.Lemire and M. F. Reed, "Preparation of 11E - B-D-Glicosyl Fluoride”, J. Label.
Comp.Radiopharm,_1_5_,105>(1978). REEE : : ‘

5. R.J.Nickles, R.D. Hichwa, M..E. Daube, G.D. Hutchins and D. D. Congdon, "An
110, -Target for the High Yield Production of uF-Fluoride", Int. J. Appl. Radiat.

!



93.

9.

95,

96.

.

- 98.

100.

101. .
102.
" 103.

104,

105..

Isotopes., 34, 625 (1983).

. o198

1. R.Dahl, R. Lee, B. Schmall and R. E. Bigler, "A Novel Target for the
Preparation of Anhydrous H'F with No Added Carrier”, J. Label. Comp.
Radiopharm, 18, 34 (1981).

J.R. Dahl, R. Lee, R.' E. Bigler, B. Schmall and J. E. Aber, "A New ;1" arget System

for the Preparation of No-Carrier- Added *F-Fluorinating Compounds”, Int. J. Appl.
Radiat. Isotopes., 34, 693 (1983). ' .

R. A. Ferrieri, R. R. MacGregor, S. Rosenthal, D. L..Schiyer, J. S. Fowler and A. P.

Wolf, "A CF,-H,-Ne Gas Target for Reproducable High Yields of Anhydrous H'F"
_J. Label. Comp. Radiopharm, 19, 1620 (1982). 3 .

J.S. Fowler, R. D. Finn, F
vF-5-Fluorouracil. VIL.", J.

Nucl. Med., 14, 63 (1973).

R. M. Lambrecht, R. Neirinckx and A. P Wolf, "Cyclotron Isotopes and _
Radiopharmaceuticals. XXII1. Novel Anhydrous /f-'F'-F}uorinat’ing Intermediates", Int.

" J. Appl. Radiat. Isotopes., 29,175 (1978).

V. Caseila, T.Ido, A;'P. Wolf; J 'S. Fowler, R. R. MacGregor and T. J. Ruth, - |

" Anhydrous F-18 Labeled Elemental Fluorine for Rad_iopharmaceutlcgl Preparation“,

Ruth, "The Effect of Target-

[*F]-F, Production Using the Neon /-Fluorine Target", J. Nucl. Med., 21, 738 =
(1980). | SRR | S

-J. Nucl. Med., 21, 750 (1980). .

oT. Bida, R. L. Etirenkaufer, A. P. Wolf, J. S. Fowler, R, R. MacGregor and T.J.

Gas Purity on the Chemiical Form of F-18 During -

v

1S, Fowler, R. R. MacGregor, A. P. Wolf, A, A. Farrell, K. I Karistrom and T. J.

N

T. Ido, C.:N. Wan, V. Casell A
2-Deoxy-D-Glucose Analogs. UF.Labeled 2-De.oxy'-',zv-Flub_ro-D-Glucose,. 2-Deoxy-

"Ruth, "A Shielded Synthesis for Production of 2-Deoxy-2-[*'F]-Fluoro-D-Glucose”,
J. Nucl. A'led._,_‘ 22,7376 (1981). o , _ : R

2. J.S. Fowler and A. P Wolf, "Labelled

-2-Fluoro-D-Mannose and 14C-2- Deoxy -2-Fluoro-D-Glucose ™, J. Label. Comp, .

- Radiopharm, 14, 175 (1978).. -

P. Som, H. L. Atkins, D. Bandoypadhyiy', J. S. Fowler, R.R. _M’acGregof,K. o

Matsiii, Z. H. Oster, D. F.
and S. V. Zabinski, "A Flu

Sacker, C.-Y. Shiuve, H. Turner, C.-N. Wan, A. P. Wolf -
orinated Glucose Analog, 2-Fluoro -2-Deoxy-D+Glucose

L H ' i
R. M. Lambrecht and A. P. Wolf, "The Synthesisof , -+

o

("*F): Non-Toxic Tracer for Rapid Tumor Detection”, J. Nucl. Med., 21,670 (1980)..

C.-Y Shive and A. P. Wolf, "Synthesis of 4 Fluoro-2,3-Dimethyl-1-Phenyl-

Fluorination of Antipyrin
18, 1059 (1981). ,

-3-Pyrazoline-5-one (4-Flu

e with Molecular Fluorine™, J. Label.

oroantipyrine) and.''F Labeled ‘Apalog by Direct
Comp. Radiopharm, -

<

F. CacAace,.M,.’Spe'ranza, A.P. Wolf ah,d J.S. Fowler, !'Lab“elihg of Fluorinated :

1721 (1981).

C‘;-‘,(;'Shiue, P. A. Salvadori,

- Aromatics by Isotope Exchange with [**F]Fluoride”; J. Label. Comp. Radiopharm, ﬁ )

A. P, Wolf, J. . Fowler and R. R: MacGregor, "A.



106.

107.

108.

109..

111.
112.

3.

T
- ""Aspects'of the Production of **F-2-Deoxy-2- Fluoro-D-Glucose via [F]- -F, with a
v Tandem Van de Graaff Accelerator Int .I Appl Radiat. Isotopes 32 23 (1981)

- 115,
6

N 11'8.'

110.

| S. C. Jones, G. D, Robinson, G. Muehllehngr and E. F. Meclntyre, "Remote
" Sequential Preduction of H,*O, 150, and “F, for2 “FDG" J. Label Comp

199

'Y

" New Improved Synthesxs of 2-Deoxy-2-[*'F]-Fluoro- D- Glucose from [**F]-Labeled
" Acetyl Hypofluonte J. Nucl Med., 23, 899 (1982).

- M. Speranza C-Y. Shlue A P. Wolf, D. S. Wilbur andG Angelml, "The Synthesrs -

of "E-Labelled Aryl Fluorides by Electrophilic Fluorination of Aryltrimethylsilanes
and Arylpentafluorosdlcatcs J. Label Comp. Radtopharm 21, 1189 (1984)

E. N Vine, D Young, W. H. Vine and W. W(ﬂf An Improved Synthesrs of
: “F 5 Fluorouracrl" Int. J. Appl Radzat Isotopes 30, 401 (1979). '

J. S Bamo N. S. MacDonald, G. D Roblnson A. Na)afr J. S Cook.and D. E»
Kuhl, "Remote Semi-Automated Production of '*F-Labeled 2- Deoxy -2-Fluoro-

, -D Glucose", J. Nucl Med 22, 372(1981)

H. Fukuda,T Matsuzawa, Y Abe, S. Endo, K. Yamada, K. Kubota J. HatazaWa T.
~ Sato, M. Ito, T. Takahashi, R. Iwata, and T. Ido, "Experimental Stidy Tor Cancer
Diagnosis with’Positfon -Labeled Fluorinated Glucose Analogs: [**F]-2-Fluoro- . - °

-2-Deoxy-D-Mannose: A New Tracer for Cancer Detectlon Eur J. Nucl. Med 7
294 (1982). . , A _

C. Mestelan, C. Crouzel C. Cepeda and J. C. Baron, "Producuon of MF- Labeled

2-Deoxy-2-Fluoro-D- Glucose and Preliminary Imagmg Results Eur. J Nucl. Mezf

1, 379 (1982)

‘ I{E Ehrenkaufer and R. R. MacGregor “Synthes1s of [“F] Perchloryl Fluoride and

its Reaction with Funcuonahzed Aryl Lithiums", Int J. Appl Radzat Isotopes 34 ‘
613 (1983) . o

Y. Abe, H.. Fukuda K Islnwata S. Yoshioka, K Yamada S Endo K. Kubota, T.

" Sato, T. Matsuzawa, T. Takahashi and T. Ido, "Studies on '*F- Labeled Pyrlmldmes '

Tumor Uptakes of *'F -5-Fljorouracil, 'F-5- Fluorouridine and -

'“F 5- Fluorodeoxyundme in Ammals Eur J. Nucl Med 8, 258 (1983)

“R. J. Nickles, M. E. Daube and T. J. Ruth, "An 10, Target for Production of .
‘ [”F] F;" Int. J Appl Radiat. Isotopes 35, 117 (1984) ‘

w.J. Shaughnessy,S d. Gatley,R D. chhwa L.M: Lleberman and R. D Nlckles,

T J Ruth M J. Adam Z Gelbart and B D. Pate."Radronuchde Producuon on the
‘ TRIUMF CP42: A Gas Target for the Sequentlal Producuon of IE. F2 ncf ”O O2 ;o

J Label Comp Radzopha m, 21, 1264 (X 84) R

-

VN

Radtopharm 21 1266 (1984)

M. N: Eakens, A. ] "‘Palmer ands L. Waters, "Studxes in the Rat wrth
11F .4-Fluoro-oestradiol and "*F-4- Fluoro-oestrone as Potentia) Prostate Scanmng

Agents: Comparison with 1*T-2- Iodo-oestradiol and “’I 2 4 Duodo oestradxol Int.

J. Appl Radtat Isotopes 30 695, (1979) L e

- B. W Wreland and A. P Wolf ”Large Scale Producuon and Recovery of Aqueous .

/ o ! v : : [ -
' . . e ' S e
. ’ . L . ’ .

& .



119. -
. 120.
121.
122.
123.
124,
125.
s,

127.

BV R

s
BT

o Fow System 7. Nucl, Med., 16, 561 (1975).

g Org Chem 48, 2112 (1983)

200

[E- 18] Fluonde Using Proton Bombardment of Srnall Volume [O- 18] -Water Target”
J. Nucl. Med., 24, P-122 (1983). , :

T. Nagai, "Programs Aimed at the Developmem of a Radlopharmaceutxcal for -
Adrenal Scannmg J. Nucl. Med., 11, 217 (1970)

G. Angelini, M. Speranza A. P. Wolf, C.-Y. Shrue J S. Fowler and M. Watanabe,
"New Developments in the ‘Synthesis § of No-Carrier- -Added *F-Labeled Aryl
Fluorides Using the Nucleophilic Aromatic Substitution Reaction”, J. Label. Comp.

, Radzopharm 21, 1223 (1984)

T.J. Tewson. M. J. Welch and M. E. Raichle, "[**F]-Labeled 3-Deoxy- RN
-3-Fluoro-D- Glucose: Synthesis and Prehrmnary Biodistribution Data”, J Nucl
Med., 19, 1339(1978) ‘ : .

M. S. Bemdge;T J Tewson and M: J. Welch "’l'he Preparation of a
No-Carrier- Added Fluorine-13 Labeled Analog of Palmitic|Acid, 7-"*F- Palrmtrc Acid
- for Radropharmaceutxcal Use". J. Label. Comp. Radiopharm, 18 240 (1981)

-'AD R. Chnstman Z: Orhz}nowc and A.'P. Wolf "The Synthe315 of 6- Deoxy -6- “F
~ -a-D- .Galacto-Pyranose for Metabolic Studies”; J. Label Comp Radzopharm 13 283
‘(1977) , 1
/
~ R.K. Sharma and J. L. Fry, ."Instabthty of Tetra n- alkylammomurn Fluorrdes J

,D.P. Cox, J Terpmskr and Ww. Lawrynowrcz,' " Anhydrous Tetrabutylammomurn o
Fluorrde ‘A Mild But Hrghly Eff lc1ent Source of Nucleophrhc Fluonde Ion . Org ‘
lChem 49 3216 (1984) : i v ‘ 8

‘M. R Ktlbourn, M .I Welch C.S. DEnce andC J. Mathras, “Fluonne 18

" Spiroperidol; Simple, One-Step Synthe515 Purification and Dosrrnetry J. Label

Comp Radiopharm, 21 1150 (1984).

M. Drksrc, S. Farrokhzad L.Y. Yamamoto and W Ferndel "New Synthesrs of ,
_No Camer Added i Haloperrdpl" J. Label Comp Radzopharm 21 1163 (1984)

C.L. Lrotta and H.P. Hams, "The Chemrstry of "Naked“ Amons 1 Reactrons of -
the 18-Crown-6 Complex of Potassium: Fluoride with Organic Substrates in Aprotrc '
Orgamc Solvents J Amer Chem Soc 96 2250 (1974) v : _

"T/Ine, K Fukushr T Ido, Y Nozalu and Y, Kasrda, ,"“F luormatrons by K”F
 Crown. Ether Systems”, J. Label. Comp. Radiopharm; 16, 1t7 as79). -

: ',T Irie, K. Fukushr, T. Ido T Nozakr andY Kasrda, ""F Fluonnatron by Crown
' Ether - Metal Fluoride: 1.0n Labelhng “F 21 Fluoroprogesterone . Int. J _ Appl

= Radmt Isat@es , 33 1449 (1982)

T. Trie, K. Fukashr T Ido T. Nozalu and Y. Kasrdat ""F Fluonnatron by Crown
" Ether - Metal Fluorrde ‘1. Non- Ca.rner Added Labelutg Method Int J Appl §

Radzat Isotopes 35, 517 (1984)

G D Robmson, "2- Fluoroethanol Hrgh SpCCIfIC Actrvrty Fluonne 18 Labehng in a _1’ :



o - ‘ . o

133. J. P. de Kleijn and B. van Zanten, "Labeling with Reactor Produced Fluo_rins-li&", J. -
Label. Comp. Radiopharni, 13,212 (197D). - ,

. R

134. J. P. de Kleijn, J. W. Seetz, J- F. Zawierko and B. van Zanten, "Labeling with }
Reactor Produced *'F. I11. Polymer Supported 'F as a Fluorinating Age?‘t". Int. J.
Appl. Radiat. Isotopes., 28, 591 (1977). ,

. 135.  H.H. Coenen, M. Schiller and G. Stocklin, "Optimization 6f No-Carrier- Added
= F-Fluorination of Aliphatic Carboxylic Acids via Nucleophilic Substitution”, J.
Label. Comp. Radiopharm, 21, 1197 (1984). :
136.  A.J.Palmer and R. W. Goulding, "The Preparation of Fluoﬁne—18 Labeled
Radiopharmaceuticals”, Int. J. Appl. Radiat. Isotopes., 28, 53 (1984). -

137.  T.Nozaki and Y. Tanaka, "The Preparation of 'F-Labeled Aryl Fluorides™; Int. J.
- Appl. Radiat. Isotopes., 18, 111 (1967). : aE

’ o o 7 . : R . ) . .ot

138. R. W. Goulding and A. J. Palmer, "The Preparation of 18F:Labeled p-Fluorophenyl-

alanine for Clinical Use", Int. J. Appl. Radiat. Isotopes., 23, 133 (1972).-
N

139. R. ;W., Goulding and S. W. Gunasekera; "Fluorine-18 Labelled L-p-Fluorophefiyl- -
alanine", Int. J. Appl. Radiat. Isotopes., 26, 56\1:(1975). S ’ ,

‘140.  M.F. Cottrall, D. M. Taylor and T. J. McElwain, "Investigations of - :
' “F~p-F1uoroph¢ny1alar;ine}fqr_..Pancrea_s S;anning", Brit. J. Radiol., 46, 271 (1973).

141, T.J.Tewson, M. Maeda and M. J, Welch, preparation of No-Carrier-Added Aryl
Fluoridés: Scope and Conditions for Reaction”, J. Label. Comp. Radiopharm, 18, 21
(1981, T '« - :

N H

o M. Maeda, T. J. Tewson and M. J. Welch, "Synthesis of High Specific Activity - * |

"~ wE-Speroperidol for Dopamine Receptor Studies", J. Label. Comp. Radiopharm,’18, -

102 (1981). - | _ r
13 L.N. Markovski and V. E. Pashindik, " Applications of Dialkylaminosulfur
- Trifluorides for the Synthesis of Acid Fluori_des_'f, Syrithesis, 801 (1975). ‘
" 144, W.J.Middieton, "New Fludriqaﬁnggeagents.‘Dialkylam_in&uifurfFiﬁorides'_",'J.
‘Org. Chem., 40, 574~(l975_).-‘ oo R :v?»" L
145. M. Sharma and W. Korytnyk, "A Seneral and Convenient Method for Synthesis of
o - -Flu0ro-6-Deoxyhexoses"f:,,'Tetrqhedron'Lett,,3573'-,(1'977)_. ".. DR '
" 6. P.J.Card, "Fluorinated Carbohydrates. Use of (Diethylamino) Sulfur Triffworidedn ~ ©
~ the synthesis of Fluorinated Sugars”, J. Org. Chem., 48,393 (1983). . . . = '~
- 147, E. Crawford, M. Friedkin, J. Fowler, B. Gallagher, R. MacGregor, A.Wolf, 1.~
~  Wodinsky and A, Golden, "5-["*F]-Fluorouridylate as a Probe for Measuring RNA -
AR .Synthesis and'Tqur Growth Rates in vivo", J. Nucl, Med.-,f’-‘1_9_, 702,(1978) v X
8. C.-Y. Shuie, A. P. Wolf“ax‘;dv_M.fFﬁedkinv-}"SyﬁtheSi§of 5'-Deoxy-§-["F]-Fluoro-

" J. Label. Comp. Radiopharm, 21,865 (1984). -

S e

uridine and Related Compounds as Probes for Measuring Tissue Proliferation- InVivo, - g



153. .

154.

155.

156.
157.

158.

159.

160.
161.

: \l62 .

202

D. N. Abrams, E. E. Knaus, S. A. McQuarrie and L. I. Wiebe, "1sF-5-Fluoro-
7' -Deoxyuridine as a Radiopharmaceutical for Diagnostic Oncology ", in The
Chemistry of Radiopha;maceuticals, Masson; New York, page 205, (1978).

D. Cech, H. Meinert, G‘. Etzold and P. Langen, "Uber die Reaction von Uracil und
seinen Nucleosiden mit Elementarem Fluor", /> fur Prakt. Chemie, 315, 149 (1973).

‘G. Firnéu, R. Chirakal, S. Sood and E. S. Garnett, "Radiofluorination with Xenon

Difluoride: L-6-[''F]-Fluoro-DOPA", J. Label. Comp. Radiopharm, 18,7 (1981).

S. Rosen, O. Lerman and M. Kol, "Acetyl Hypofluorite, The First Member of a New
Class of Compounds”, J. C. S., Chem. Commun., 443 (1981).

‘0. Lerman, Y. Tor and S. Rosen, " Acetyl Hypofluorite as a Taming Carrier of

Elemental Fluorine for Novel, Electrophilic Fluorination of Activated Aromatic
Rings", J. Org. Chem., 46, 4631 (1981). \
G. W. M. Visser, B. W._ van Halteren, J. D. M. Herscheid, G. Brinkman and A.
Hoekstra, "A New Mild and Selective [1*F]-Fluorination Method " J. Label. Comp.
Radiopharm, 21, 1185 (1984). R

M. J. Adam, B. F. Abeysekera, T. J. Ruth, S. Jivan and B. D. Pate, "Fluorination of
Aromatic Compounds by Cleavage of Aryl-Tin Bonds with [**F]-F, and CH,COOF ",
J. Label. Comp. Radiopharm, 21, 1227 (1984); M. J. Adam, T. J. Ruth, S. Jivan and
B. D. Pate, "Fluorination of Aromatic Compounds with Fluorine and Acetyl
Hypofruorite: Synthesis of 'F-Aryl Fluorides by Cleavage of Aryl-Tin Bonds", J.
Fluorine Chem., 25, 329 (1984); M. J. Adam, J. M. Berry, L. D. Hall, B. D. Pate
and T. J. Ruth, "The Cleavage of Aryl-Metal Bonds by Elemental Fluorine: Synthesis
of Aryl Fluorides”, Can. J. Chem., 61, 658 (1983).

T. K. Bradshaw and D. W. }iutchi‘nson, "5.Substituted Pyrimidine Nucleosides and
Nucleotides", Chem. Soc. Rev., 6, 43 (1977).

T. B. Johnson ond C. O. Johus, "Researches on Pyﬁes: Some 5-Iodo Pyrimidine -
Derivatives", J. Biol. Chem., 1, 305 (1905-1906) . <

W ..H. Prusoff, W. L. Holmes and A. D. Welch, "Non- Utilization of Radioactive
Iodinated Uracil, Uridine, and Orotic Acid by Animal Tissues in vivo", Cancer Res.,
13, 221 (1953).

W. H. Prusoff, "Synthesis and Biological Activities of Tododeoxyuridine, an Analog of
Thymidine", Biochim. Biophys. Acta, 32, 295 (1959).

D. J. Silvester and N. D. White, "Preparation of Very High Specific Activity
Iododeoxyuridine, lodouridine and lodouracil Labelled with Iodine-125, -131 or

-132", Nature ( Lond.), 200, 65 (1963).

W. G. Keough and K. G. Hofer, "An Improved Method for Syri‘thesis and Purification
* of 121 or "I Labeled Carrier-Free 5-lodo-2'-Deoxyuridine", J. Label. Comp.
* Radiopharm, 14, 83 (1978).

A. B. Robins and D. M. Taylor, "Todine-123-lododeoxyuridine: A Potential Indicator
of Tumor Response to- Treatment”, Int. J. Nucl. Med. Biol., 8, 53 (1981).



163.
164.

165.
166.
167.

168.

169.

170.

171.
172.

173.

174.

175.
176.
177.

178.

203

- 3

O. H. Wheeler and I. C. DeBras, "Labeling of Iodocyiosine and lodouracil”, Int. J.
Appl. Radiat. Isotopes., 22, 667 (1971).

A.D. Brownstone, "A Simple Pfeparation of 5-lodo-2'-Deoxyuridine Labelled with' .
[-131 Using ITodine Monochloride”, Nature ( Lond.), 199, 1285 (1963).
' »

M. J. Robins, P. J. Barr and J. Giziewicz, "Nucleic Acid Related Compounds. 38. .
Smooth and Hieh Yield Iodinations and Chlorinations at C-5 of Uracil Bases and -
p-Toluyl-Protected Nucleosides”, Can. J. Chem., 60, 554 (1982).

R. M. Lambrecht, C. Mantescu, C. Redvanly and A. P. Wolf, "Preparation of
High-Purity Carrier-Free '*’1 _lodine Monochloride as Iodination Reagent for
Synthesis of Radiopharmaceuticals, IV", J. Nucl. Med., 13, 266 (1972).

H. Lundquist, P. Malmbburg, B. Langstrom and S. N. Chiengmai, "Simple
Production of "Br- and '~ and Their Use in the Labelling of [""Br] BrUdR and (21
[UdR", Int. J. Appl. Radiat. Isotopes., 30, 39 (1979). :

U. A. M. Hadi, D. J. Malcolme-Lawes and G. Oldham, "The Labelling of Small
Molecules with Radioiodine”, Int. J. Appl. Radic;t. Isotopes., 29, 621 (1978).

4
" C. N. M. Bakker and F. M. Kasperson, "The Electrophilic Iodination with **'1 of N-1

Substitutéd Uracils Using Chloramihe-T as Oidant”, Int. J. Appl. Radiat. Isotopes., o
32, 176 (1981).

F. C. Greenwood, W. M. Hunter and J. S. Glover, "The Preparation of **I -Labelféd’
Human Growth Hormone of a High Specific Activity", Biochem. J., 89, 114 (1963).

M. K. Dewanjee and S. A. Rao, "Principals of Radioiodination and Iodine-Labelled
Tracers in Biomedical Investigations”, in Radiotracers for Medical Application, Vol
11, (1983). .

L. J. Arsenault, A. J. Blotcky, M. L. Firouzbakht and E. P. Rack, "Preparation of
Radiopharmaceuticals by Szilard-Chalmers Labelling and Radioprotection in an Ice

 Lattice”, J. Radioanal. Chem., 57, 543 (1980).

D. E. Bergstrom and J. L. Ruth, "Preparation of C-5 Mercurated Pyrimidine
Nucleosides”, J. Carbohydrates Nucleosides Nucleotides, 4, 257 (1977).

R. M. K. Dale, D. C. Ward, D. C. Livingston and E. Martin, "Conversion of

Covalently Mercurated Nucleic Acids to Tritiated and Halogenated Derivatives”,
Nucleic Acids Res., 2, 915 (1975).

D. Lipkur, F. B. Howard, D. Nowotny and M. Sano, "The Iodination of Nucleosides
and Nucleotides", J. Biol. Chem., 238, 2249 (1963). ,

P A. Levene and F. B. LaForge, "Die Structure der Pyrimidin-Nucleoside”, Ber., 43,
608 (1912). | -

R. E. Beltz and D. W. Visser, "Growth Inhibition of Escherica coli by New -~
Thymidine Analogs”, J. Amer. Chem. Soc., 77, 736 (1955). . <

D. DeJong, C. N. M. Bakker, B. W. van Halteren, F. M. Kasperson and H. -

" Kooiman, "Excitation Labelling of Simple Organic Molecules with "*Br and ""Br”, Int.



179.

180.

181.

182.

183.

184.

185.

186.

- 187.

188.
189.
190.

191!

192.

193’

204

J. Appl. Radiat. Isotopes., 33, 69 (1982).

S. H. Wong, J. F. Mustakiem and H. J. Ache, "On the Preparation aof
1981 - Biomolecules 11: *°Br for I Exchange in lodo-Biomolecules", Int. J..Appl.
Radiat. Isétopes., 21, 379 (1976).

S. Wong and H. J. Ache, "On the Pref)aration of *Br- or *!Br+Biomolecules via  «
Excitation Labelling Methods", Int. J. Appl. Radiat. Isotopes., 27,19 (1976). .

J. R. Mercer, E. E. Knaus, L. 1. 'Wiebe‘and T. Iwashina, "Synthesis and Biological
Distribution of 1-(2'-Fluoro-2'-Deoxy- B-D-Ribof uranosyl)-5-Halouracils”, J.
Label. Comp. Radiopharm, 21, 1100 (1984). '

D. J. Malcolme-Lawes and S. Massey, "Fast and Efficient Radiobromination
Techniqye for the Preparation of Carrier-Free Labelled Compounds”, J. C. S. Chem.

.Commun., 221 (1980).

K. D. McElvany, M. J. Welch, J.A. Kaizenellenbogen, S. G. Sgnderoff ,G.E.

Bentley and P. M. Grant, "Scope and Limitations of a Rapid ‘Radiobromination

- Technique”, /nt. J. Appl. Radiat. Isotopes., 32, 411 (1981).

"U. A. M. Hadi, D. J. Malcolme-Lawes and G. Oldham, "Rapid Radiohalogenations of
Small Molecules. 11. Radiobfomination of Tyrosine, Uracil and Cytosine”, Int. J.
Appl. Radiat. Isotopes., 30, 709 (1979).

K. D. McElvany and M. J. Welch, "Characterization of Bromine-??-Laﬁelled
Proteins Prepared Using Bromoperoxidase”, J. Nucl. Med., 21, 953 (1980).

T. K. Fukuhara, "Pyrimidine Nucleoside Antagonists”, J. Biol. Chem., 190, 95 (1951).

R. A. West and H. W. Barrett, "Synthesis of Chloropyrimidines by Reaction with
N-Chlorosuccinimide, and by Cdndensation Methods”, J. Amer. Chem. Soc., 16, 3146

(1954).

\D. W. Visser, D. M. Frisch and B. H{lang, "Synthesis of §-Chlorodeo‘xyuridine and a

Comparative Study of 5-Halouridines in E. coli ", Biochem. Pharmacol., 5, 157 (1960).

B.C. Pal,' "Reaction of 5-Chlorouracil Derivatives with Cysteine", J. Amer. Chem.
‘Soc., 100, 5170 (1978). ¢« .

T. Naito, M. Hirata and Y. Nakai, "Synthesis of 2 -Deoxy-2'-Halouridine", Daiichi
Seiyaku Co., Ltd., Jap. Pat. No. 12,909 (1965 ), Chem. Abstracts, 63, 11688a, (1965).

D. M. Brown, D. B. Parihar and A. To.d, "Deoxynucleosides and Related Compaunds'. y

VII1. Some Further Transformations of 0?-2'-Cyclouridine” J. Chem. Soc., 4242
(1958). . - ) ~ o ‘

A. A. Akhrem, G.V. Zaitseva and L. A Mikhailopulo, "Interaction of
5'.0-Acyluridine with Acetylsalicyloyl Chloride: Synthesis and *C NMR =
Spectroscopy of Uracil Chlorodeoxy and Deoxynucleosides”, J. Carbohydr.
Nucleosides and Nucleotides, 4, 43 (1977). .

J. J. Fox, "Pyrimidine Nucleoside Transf ormations via Anhydronucleosides’ ", Pure
Appl. Chem., 18, 223 (1969).

A



- 205

»

' 194. J.F. Codingion, I; L. Doerr and J. J. Fox, "Nucleosides. X VIII. Synthesis of ,
2'-Fluorothymidine, 2’ -Fluorodeoxyuridine and other 2'-Halogeno-2'-Deoxynucleo-
sides”, J. Org. Chem., 29, 558 (1964). ' :

195, J.F. Colington, I L. Doerr, D. V. Praag, A. Bendich and J. J. Fox, *Nucleosides.
X1V. Synthesis of 2'-Deoxy-2' -Fluorouridine”, J. Amer. Chem. Soc., 83, 5030 (1961).

196. T. Kanabi and M. Ichino, "Pyrim\idine Nucleosi_des. 1. The Conveniént Synthesis of
1- B-D-Lyxofuranosylcytosine from Cytidine", Chem. Pharm. Bull., 16, 1848 (1968).
197 J.J.Foxand 1. Wempen, "Nucleosides. XXV1. A Facile Synthesis of 2,2 -Anhydro- =
- -Arabino Pyrimidine Niicleosides", Tetrahedron Lett., 643 (1965). ' :

198.  A. Hainpton and A. W. Nichol, “Nucleotides. V. Purine Ribonucleoside 2'.3'-Cyclic
Carbonates. Preparation and Use for the Synthesis of 5"-Monosubstituted
Nucleosides”, Biochem ( ACS), 5, 2076 (1966). ‘ :

199. J. P. H. Verheyden, D. Wagner and J. G. Moffatt, "Synthesis of Some 2'-Amino-
-2'-Deoxynucleosides”, J. Org. Chem., 36, 250 (1971).- . - o

200. T. Sowa and K. Tsunoda, "The Convenient Synthesis of Anhydronucleosides 'via.th'e“
2'.3"-O-Sulfinate of Pyrimidine Nucleosides as the Active Intermediates”, -Bull. Chem.
Soc. Japan, 48, 505 (1975). ' :

201, J.P. Ferris and H. Yanagawa, "Reaction of Uridine and Utidine 5'-Phosphate with
Diiminosuccinonitrile and Cyanogen Bromide in Aqueous Solution, Direct Synthesis of -
the 2.2' - Anhydronucleoside Linkage at 2 ‘C" J.Org. Chem., 49, 2121 (1984).

202. - T. }(anéi and M. Ichino, "Pyrimidine Nucleosides. 6. Synthesis and Anticancer
' Aciivities of N*-Substituted 2,2’ - Anhydronucleosides”, J. Med. Chem., 17, 1076
(1974). “ < ST B

203. K. Kikugawa and M. Ichino, "Studies on the Vilsmeier -Haack Reaction. IV.
Convenient Synthesis of 2,2’ -Anhydro-1-B-D-Arabinof uranosyl'cytosine (2,2'-Cyclo-
cytidine) and its Derivatives”, J. Org. Chem., 31, 284 (1972). ‘
. ’ AT

204. K. Kondo ang I. Inoue, "Studies on BiblogiCally Active Nucie'osides and Nucleotides. 2.
- A Conveénient One-Step Sgnthesjs of 2,2 -Anhyc\lro-l-(S',S' -Di-0O-Acyl-

-B-D-Arabinof uraggsyl)Pyrimidines from Pyrimidine Ribonucleosides ", J. Org.
Chem., 42, 2809 (1977). B -

205. J. A. Secrist, "A C'onve_nierit Procedure f or Formation 6f Ceﬁian Uracil and
Thymidine Anhydronucleos\ides_", Carbohydr. Res., 42, 319 (1975).

206.  D.N. Abrams, J. R. Mercer, E. E. Knaus and L. I. Wiebe, "The Synthesis of Radio-
- labelled 1-(2‘-Fluoro-2'-Deoxy-B-DfRibofuranosyl)Uracil and-1-(2'-Chloro-
" -2'-Deoxy- ﬁ-D¢mmfurmosyl)Ufadl". Int. J. Appl. Radiat. Isotopes., in press, MS -
547, (1985). = - N -
207. Y. W.Lee, E. E. Knaus and L. I. Wiebe, "Synthesis of 2-[**Br]-2'-Deoxyuridine”, J.
Label. Comp. Radiopharm, 11, 269(1980). .

208.  R.J.Cushley, J. F. deixigtqn and J.J. Fox, "Nucleosides. XLIX. Nuclear Magnétic
Resonance Studies of 2'- and 3'-Halogeno Nucleosides”, Can.-J. Chem., 46, 1131 '

1)



209. -

~211.
212.

213.

214.

215,
216.
217.
" 218.

219
- 220.
o,

222,

206

(1968) .

D.N. Abrams, E. E. Knaus,‘ L. I. Wiebe, F. Helus and W. Maier-Borst, ’Tumor
Uptake of Radiolabelled Pyrimidine Bases and Nucleosides in Animal Models. IV.
2'-1]-Jodo-2'- Deoxyuridine ", /nt. J. Appl. Radiat. Isotopes., 32, 105 (1981).

2 J. 0. Polazzi, D. J. Leland and M. P. Kotick, "Rearrangement of Anhydropyrimidine

Nucleosides in Liquid Hydrogen Fluoride. Mechanism Scope and Synthetic Studies”, J.
Org. Chem., 39, 3114 (1974). . :

Von M. Schutt, G. Kowollik, G. Etzold and P. Langen, "Synthese von Fluorozucker-
-Nucleosiden aus Uridin und Cytidin", J. fur Prakt. Chemie, 314, 251 (1972).

D. Cech and A. Hol§, "Preparation of some 2K-Deoxy'-S-Fluorouric\line Derivitives by,
a Direct Fluorination”, Coll. Czech. Chem."Commun., 41, 3335 (1976).

A. Holy and D. Cech, "Synthesis df 2'-Deoxythymidine, 2'-Deoxy.—S-Fluoro‘uridine'
2nd 2'-Deoxy -6- Azauridine from Ribonucleosides”, Loll. Czech. Chem. Commun., 39,
3157 (1974). S -~

K. Hirota, Y. Kitade, F. Iwami, S. Senda and Y. Maki, "A Direct Synthesis of -

2' 5'-Dihalo-2'5'-Dideoxyuridines from Uridine Derivatives”, Synthesis, 121 (1983). .

1. L'f Doerr- and J. J. Fox, "Nucﬁ,leos,ides. XXXIX.2'-Deoxy-2'-Fluorocytidine,
1-B-D-Arabinof uranosy_l-2-Amino-1,4(2H) -4-1minopyrimidine and Related
Deri_vatives", J. Org. Chem., 32, 1462 (1967). o C

R. Mengel and W. Guschibauer, "A Simple Synthesis of 2'-Deoxy-2'-Fluorocytidine N

by Nucleophilic Substitution of 2,2'-Anhydrocytidine with Potassium Fluoride /
Crown Ether", Angew. Chem. Int. Edit., 17, 525 (1978). o

J. J. Fox, D. V. Praag, 1. Wempen, 1. L. Doerr, L. Cheong, J. E. Knoll, M. L..
Eidinoff, A. Bendich and G. B. Brown, "Thiation of Nucleosides. I1. Synthesis of
-Methyl-2'-Deoxycytidine,and Related Pyrimidine Nucleosides”, J. Amer. Chem.
c., 81,178 (1959). ° . . ‘

. Krolikéwicz, "(41) 2' -Deoxy-5-Methylcytidine ", Nucleic Acid
erscience, New York, page 221, (1978).

H. Vorbriiggen and
Chemistry, , Wiley I

G. Ritzmann, R. . Kicin, D. H. Hollenberg and J. J. Fox, "Nucleosides. LXXXIX.
Synthesis of 1-(2'-Chloro-2'-Deoxy-a- and -8 -D-Arabinofuranosyl)Cytosines",‘
Carbohydr. Res., 39, 227 (1975). ' . Lo ,

3. A. Wright, D. P.-Wilson and J. J. Fox, "Nucleosides. LXIV. Fluoro Sugar Analogs

of Arabinosyl- and Xylosylcytosines”, J. Med. Chem., 13, 269 (1970)."

Synthesis and Antiherpes Virus Activity of Some 2'-Fluoro-2'-Deoxyarabino-
furanosylpyrimidine Nucleosides”, J. Med. Chem., 22, 21 (1979).

K. A. Watanabe, U. Reichman, K. Hirota, C. Lopez and J. J. Fox, "Nucleosides. 0. -

U. R‘eichmén,, K. A. Watanabe and J.J.F oi, "A Practical Synthesis of
2-Deoxy-2-Fluoro-D- Arabinof uranose Derivatives”, Carbohydr. Res., 42, 233

O (1975).



223.

224.
225.

226..

77,
8.
79,

230.
232, |
233.
234,
| | 1235._

207

T.-L.Su, R. S. Klein and J. J; Fox, "Facile Synthesis of 2’-Deoxy-2'-Substituted-
-D- Arabinofuranose Derivatives”, J. Org’Chem., 46, 1790 (1981). '

‘A. F. Cook, "Fluorinated Pyrimidine Nucleosides. 1. Synthesis of a Nitrogen Analog

of the Antitumor Agent 2,2° -Anhydro-1-3-D-Arabinofuranosyl-S-Fluorocytosine
Hydrochloride”, J. Med. Chem., 20, 344 (1977). ’ ‘

D. E. Gibbs and J. G. Yéfkﬁde, "Improved Syntheses of Chlorodeoxynucleosides”,
Synthetic Commun., 8, 563 (1976) . L , N ?

T. A. Krenitsky, G. A. Freeman, S. R, Shaver, L. M. Beacham III, S. Hurlbert, N.
K. Cohen, L. P. Elwell and J. W. T. Selway, "3'.Amino-2',3'-Dideoxyribonucleo-
sides of Some Pyrimidines: Synthesis and Biological Activity", J. Med. Chem., 26, 891
(1983). ' _ , - . '

J. J. Fox.and N. C. Miller, "Nucleosides. X V1. Further Studies of Anhyd;onucleo-ﬁ

sides”, J. Org. Chem., 28,936 (1963). \

K. E. Pfitzner and J..G. Moffatt, "The Synthesis and Hydrolysis of 2'.3'-Dideoxy-

uridine", J. Org. Chem., 29, 1508 (1964). :

" | P.H. Verheyden and J. G. Moffatt, "Direct Iodinatign of the Sugar Moiety in
: Nucleosides", J. Amer. Chem. Soc., 86, 2093 (1964). ' _

R. Fetcher, J. F. Codington and J. J. Fox, "Pyrimidiné Nucleosides. I X. Facile _
Synthesis of 1- B-D-Lyxofuranosyluracil via 2_,3'-Anhydrolyx0‘syl Intermediates”, J. -
Amer. Chem. Soc., 83, 1889 (1961). . S .

'N. C. Yung and J. J. Fox, "Nucleosides. X. Anhydronucleosides and Related

Compounds Derived from 2',5'-Di-O-Trityluridine”, J. Amer. Chem. Soc.; 83, 3060
(1961). o ; S

s

G. Koivollik;and P. Langen, "'(53)' 1-(2',3"-Dideoxy-3'-Fluoro- B-D'-Rilg,dfurano- :

" syl)Thymine", Nucleic Acid Chemistry, Wiley Interscience, New York, page 299,
- (1978). o o - ,

P. Langén», G. Kowoilik, G. Etzold, H. Venner and H. Reinert, "The P'hosphorylation'

~ of 3'-Deoxy-3'-Fluorothymidine and its Incorporation in a Cellfree System from.

Tumor Cells"; Acta Biol. Med. Germ., 29, 483 (1972).

A.F. Cook, M. J. Holman and M. J. Kramer, "Fluorinated Pyrimidine Nucleosides. =~ '
4. Synthesis and Antitumor Testing of a Series of 2',5'-Dideoxy- and ,
2',3',5!-Trideoxynucleogides of 5_,-Fluprquracﬂ",, J. Med. Chem., 23, 852°(1980).

J.F. Codington, R: Fecher and J. J. Fox, "Nucleosides. XII1. Synthesis of 3'-Amino-

-3'-Deoxy- Arabinosyl-Uracil via 2 ',3'-Epoxy-Lyxosyl Nucleosides”,. J. Org. Chem., .
27,163 (1962). - - ; e R

T. Kanai, C. Yamashita and M. Ichind,_ "17([2;1',3&"—@115/(:1!0-1'- B;'DfLyXOfurano4

syl)cytosine”; Jap. Pat. No. 34,428 (1971), Chemical -Abstracts, 76, 14860m (1972).

~A.F. Cook, M. J. Holman, M. J. Krﬁhiér and P. W. Trown, "Fluorinaitédr lsyrimidin'e? o
Nucleosides. 3. Synthesi§ and Antitumor Activity of a Series of 5'-Deoxy-5-Fluoro- -
pyrimidine Nucleosides”, J. Med..Chem., 22, 1330 (1979)..- SRE



- 138.
239.
0.
1.
242,

.
S,
7.
| 249'.:

250.

251.

M. Saneyoshl M ]
.. XI. Facile Synthesis
Nucleomdes “Chem. Pharm. Bull , 26, 2990 (1978)

208

D. H. Hollenberg, K.A. Watanabe and J. J. Fox, "Nucleosides. 102. Synthesxs of
Some 3'-Deoxy-3" Subsmuted Arabmofuranosy1pynm1dme Nucleosldes J. Med.

" Chem., 20, 113 (1977).

Setyaku Co., Lud., Jap Par. No
(1965). ‘

. H. Sanshlro T. Kobayashi and T. Naito, "3'-Deoxy-3' Halospongoundme Dauchz

20,299 (1967 ), Chemical Abstracts, 68, 87502r

- J.R. Mercer, L I. Wlebe, E E. Knaus W. Maier- Borst andF Helus, - "Synthe51s and
- Animal Studies with !*’1 Labelled 1- (3'-Todo-3'-Deoxy- B-D- Arabmofuranosyl)
.urac11" J. Label. Comp Radiopharm, 19, 1398 (1982) o

" E.E. Knaus L.1. Wiebe and H. K. Mlsra, "Reaction of 1- (2 3 Epoxy B -D- Lyxo
- f uranosyl)uracﬂ with Hydrogen

Fluoride. The Unexpected Formation of

1-(3'-Fluoro-3' Deoxy»,B -D- Rxbofuranosyl)uracﬂ" J: Heterocy(:llc Chem:; 21, 773 A

(1984).

Unsaturated Sugar Nuc1e031des

M. J. Robins, R. A. Jones andR Mengel "Nuclelc Acid. Related Compounds 24
- Transformations of Tubercidin 2',3'-O-Orthoacetate into Halo, Deoxy, Epomde and

Can L. Chem., 55, 1251 (1977)

.,M . Robins, Y. Fouron and W. H. Muhs "Nucleic Acid Related Compounds 25.

Syntheses of Arabino, Xylo and Lyxo- Anhydro Sugar Nucleos1des from Tuberc1dm

- Ribo-Epoxide”", Can J. Chem.,

55, 1260 (1977).

"R. Mengel and H. Wledner ”Selekuve Oxuanrmgof fnung von 9-(2,3-Anhydro-

-B-D-Ribofuranosyl) - und 9-(2,3-Anhydro- B -D- Lyxofuranosyl)ademn Chem. '

" Ber., 109, 1395 (1976)-

M. J. Robms Y. Fouron and R.
Adenosine 2',3'-Ribo-Epoxide.
. Transformation into. 3'-Substituted Xylof uranosyl Nu‘cleosides' and the Lyxo.~

.

Mengel "Nucleic- Acid Re‘lated Compounds.'ll.
Synthesis, Intramolecular Degradation and -

“Epoxide”, J. Org . Chem., 39,1564 (1974). ..

K A. Watanabe U. Reichmap,

J.F. Codmgton R. Fechier and J. J. Fox "Pynrmdme Nucle051des VII. Reacuons of
- 203 5 Tnmesyloxyundme ,.J Amer Chem Soc., 82, 2794 (1960)

- J.R. Mercer E.E. Knausau’d L. L Wlebe Unpubhshed Results

C.X.Chu, D, H. Hollenberg and J. J. Fox,

"Nucleosides. 116. 1-(B8-D- Xylofuranosyl) - 5-Fluorocytosines With a Leaving Group
on the 3' Posmon Potential Double-Barrelled Masked Precursors of Anucancer '

mata and
d Antit

J. Barének and H. Hiebabecky

Y. Kobayashi, 1. Kumadakx and

-6- Alkoxy -3,6- Dlhydrouracﬂs

o Nucleosxdes J. Med Chem 23 1088 (1980)

F. Fukuoka, "Synr.hetlc Nucle031des and Nucleotxdes
or Activities'of Various: 5- Fluoropynmxdme .

(66) 5- Fluoroundme Nuclexc Acxd Chemxstg,

, Wzley I ntersczence New York, page 375, (1978)

A Nakazato "One Pot Synthesxs of 5- Fluoro-
Tetrahedran Lert., 21, 4605 (1980)

A}

\.

J



282,
253,
254.

255.

256,
.
258.
259.
260.
| ’261. }
2.

263.

265.
. 266'

267.

209

~

E: H. Appelman and R. C. Thompsor, "Studies on the Aqueous Chemistry-of Fluorine
and Hypofluorous Acid", J. Amer. Chem. Soc., 106, 4167 (1984). .

- M. J. Robins, M. MacCoss and S. R. Naik, "(156) S-Fluoroyridine and 5-Fluoro-

cytidine ", Nucleic Acid Chemistry, Wiley Interscience, New York, pdge 895, (1978).

M. J. Robins, "Chemical Transformations of Naturally Occurring Nucleosides to
) Otherwise Difficultly Accessable Structures”, Ann. N. Y. Acad. Sci., 255, 105 (1975).

M. J. Robins, M. MacCoss,"S. R. Naik and G. Ramani, "Nucleic Acid Related
Compounds. 21. Direct Fluorination of Uracil and Cytosine Bases and Nucleosides
Using Trifluoromethyl Hypofluorite. Mechanism, Stereochemistry and Synthetic
Applications”, J. Amer. C;hem. Soc. 98, 7381 (1976). '

B. Sket and M. Zupan, "Fluorination With Xenon Difluoride. 23. Fluorination of
Ortho Substituted Aromatic Molecules™, Bull. Chem..Soc. Japan, 54, 279 (1981).

_ R. Filler, "Reactions of Organic Comp’ound7 with Xenon Fluorides”, Israel J. Chem.,
17, 71 (1978), - ~ o

L W.H. Prusoff and P. H. Fischer, Nucleoside Analogs. Chemistry, Biofogy and .
* Medical Applicatipns, P(enum«Press, New York and ‘London, page 281, (1979). . <

J. F. Henderson and A. R. P, Patterson, Nucleotide Metab'olisg; An _Introductidn, :

- AAcademic Press, New York and London, (1973).

~P.-R. Burman, "Aﬂalogé of Nucleic Acid Components”, from Recent Results in’
-Cancer Research, Springer-Verlag, Berlin, (1970). _ »

D T. Hurst, Chemistry and Biochemistry c_;f Pyrirriidineg Purines and Pteridines;
John Wiley and Sons, Chichester, (1980). : o ‘

P. V. Danenberg and A. Lockshin, ‘"Fluor'in'ated Py_rimidinés as Tight_-Binding '
Inhibitors of Thymidylaté Synthetase”, Pharmacol. Therap., 13, 69 {1981).

~ B. Ardalan, M. D. Buscaglia and P, S. Schein, "Tumor 5-Fluor§deoxyﬁridylate
Corcentrations as a Determinant of 5-Fluorouracil Response ", Biochem. Pharmacol.,
27, 2009 (1978). - - R L .

P. Klubes, K. Connelly, I. Cerna and H. G. Mandel, "Effects .of 5-Fluorouracil on.
5-Fluorodeoxyuridine-5' -Monophosphate a%d 2'-Deoxyuridine-$*-Monophosphate
Pools, and DNA Synthesis in*Solid Mouse L1210 and'Rat Walker 256 Tumors”,
Cancet Res., 38, 2325 (1978) . T ST :

~'R. C. Sawyer, R: L. Stolfi, R. Nayak and D. S. Martin, "Mechafiism of Cytotoxicity . -
“in 5-Fluorouracil Chemiotherapy of Two Murine Solid Tumors", Nucleosides and = = - ’

- Céncer Treatment, Acaderrtic Press, Australia, page 309, (1981).

o HG Mahdel, P. Klubes and D.J. Eerhandés, "New Challenges with an Old ‘Drug", o

from Advances in Cancer Chemotherapy , Japan Science Society Press, page 255,
(1978). . ' . -A. ] . '.‘,,‘ ‘ . \ . ) s "

D.S. Wilkinson, T. D; Tisty and R. J. Hanas, *The Inhibition of Ribosomal RNA

" Synthesis and Maturation in Novikoff Hepatoma Cells by ‘5-Fluorouridine”, Cancer ~

»



268. .

269.

270.

3

273,

274.

25,

" 276.

.

778,

m.
0.

© 281

210

Res., 35, 3014 (1975). .

J.G. Cory, J. C. Breland and G. L. Carter, "Effect of 5-Fluorouracil on RNA
Metabolism in Novikoff Hepatoma Cells”, Cancer Res., 39, 4905 (1979).

M. A. Mulkins and C. Heidelberger, "Biochemical Characte;izétion of Fluoro- /
pyuimidine-Resistant Murine Leukemia Lines", Cancer Res., 42, 965 (1982). o

C.E. Meyers, R. Diasio, H. M. Eliot and B. A. Chabner, "Pharmocokinetics of the

Fluoropyrimidines: Implications for Their { inical Use", Cancer Treatment Rev., 3,
175 €1976). ‘ ; '

C. Heidelberger, L. Griesbach, O. Cruz, R. J. Schnitzer and E. Grumberg,
“Fluorinated Pyrimidines. V1. Effects of 5-Fluorouridine and 5-Fluoro-2'-Deoxy-

uridine on Transplanted Tumors”, Proc. Soc. Expt. Biol. Med., 97, 470.(1938).

. . _
F. Kanazawa, A. Hoshi and K. Kuretani,. "Differences Between 5-Fluoro-2'-Deoxy-:

_ uridine‘and 5-Fluorouridine in Their Cytotoxic Effect on Growth of Murine

Lymphoma L5178Y Cells in in vivo and in vitro Systems”, Eur. J. Cancer, 16, 1087
(1980)." o ' '

M. Valdivieso, G. P. Bodey, J. A. Gottlieb and E: J. Freireich, ""Clinical Evaluation
of Ftorafur", Cancer Res., 36, 1821 (1976). ' .-

M. Yasumoto, 1. Yamawaki, T. Marunaka and S. Hashimoto, "Studies on Antitumor

© Agents. 2. Synthesis and Antitumor Activities of 1-(Tetrahydro-2-Furanyl) -

-5-FJuorougacil and 1-,3-Bis(Tetrahydro-2-Furanyl)‘-5-F1u0roumcil,“’ 7 Med. Chem.,
21, 738 (1978). ‘ _ .

A. Ros’owsky, S.-H. Kim, D. Trites and M. Wick, "Synthesis and in vivo Antitumor

Activity of Potential 5-Fluorouracil Prodrugs”, J. Med. Chem., 25, 1034 (1982).

R. D. Armstrong and R. B. Diasio, "Metabolism and Biological Aétivity of 5'-Deoxy-
-5-Fluorouridine, a Novel Eluoropyrimidine”, Cancer Res. 40, 3333 (1980).

‘H.R. Hartmann and A, Matter, "Antiproliferative Action f a Novel Fluorinated. . .
Uridine Analog, 5'-Deoxy-5-Fluorouridine, Measured in vivo and in vitro on Four -

' Different Muring Tumor Lines”, Cancer Res., 42, 2412.(1982).

N.C. Yeung, J. H. Burchenal, R. Fecher, R. Duchinsky and J. J. Fox, "Nucleosides.

~* XI. Synthesis of l-ﬂ-D-Arabinofuranosyl-,S-Flu@rouxacil and Related Nucleosides”, ~ h

J. Amer. Chem. Soc., 83, 4060 (1961).

3. 1. Fox, E. A. Falco, 1. Wempen, D. Pomeroy, M. D. Dowling and J. H.,Burchenal; '

" "QOral and Parenteral Activity of 2;2'-Anhydro--1-B-D-Arabinofuranosyl_-S-Fluoro-_
- cytosine Against Both Interperitoneally and Ingracéreb}'ally Inoculated Mouse

Leukemias", Cancer Res., 32, 2269 (1972). . )

C. Nakayama, Y. Wataya, D. V. Santi, M. Saneyoshi and-T. Ueda, ~Interaction of
l-.(5‘-Phosphoiﬁ-D-Arabinofurandsyl)-,»S-Substitutéd-Uracils with Thymidylate .

" Synthetase: Mechanism Based Inhibition by‘1-(5'-'Phosphd-B-D-Arabinof uranosyl) -
' .5-Fluorouracil”, J.. Med. Chem., 24, 1161 (1981): - _ co

J. A. Codérr‘be,yﬂD". ,V- Santi, A Matsuda, K. A. Watanabe and J. J. Fox, "Mééhanisrri :



282,

283.

285.

286.
287.

288.

289,
-290.

291.

292,

293, |
294,

295,

" (1983).

211

-

of Action of 2',5\-\D’ifluoro-1-Arabinosyluracil", J. Med. Chem., 26, 1149 (1983).

S. Ajmer:i, A.R. Bapat, K. Danenberg and P.V. Danehberg, "Synthesis and
Biological Activity of 5-Fluoro-2',3'-Dideoxy-3' - Fluorouridine and its
5'-Phosphate”, J. Med. Chem., 21, 11 (1984).

B. A. ,Koechllin, F. Rubio, S. Palmer, T. Gabriel and R. Duschinsky, "The Metabolism
of 5-Fluorocytosipe-2-**C and of Cytosine-**C in the Rat and the Disposition of
5-Fluorocytosine in Man", Biochem. Pharmacol., 15,435 (1966).

M. Yoshida; A. Hoshi, K. Kuretani and M. Saneyoshi, "Mode of Action of 5-Fluoro-
c_ytidine and 5-Fluoro-2'-Deoxycytidine in L5178Y Cells in vitro " “Chem. Pharm.
Bull.,v_3_0, 1018 (1982). - - A

1. J. Fox, N. Miller and 1. Wempen, "Nucleosides. XXIX. 1-B-D-Arabinofuranosyl-

-5-Fluorocytosine and Related Arabino Nucleosides”, J. Med. Chem., 9, 101 (1966).

J. H. Burchenal, V. E. Currie, M. D. Dowling, J. J. Fox and I. H. Krakoff,
"Experimental and Clinical Studies on Nucleoside A\nalogs as Antitumor Agents”,
Ann. N. Y. Acad. Sci., 255, 202 (1975). 3 \

J. Varani and J. J. Kelleher, "Effects of 5 -_Bromodé’?xyuridine and 5-, dodeok;'-
uridine on a Latent Herpes Simplex Virus Infection”,\Antimicrob. AgeHtis Chemother.,
8, 18 (1975). ST

\

F. J. Ansfield and G. Ramirez, "Phase | and\l Studi@§: of 2'-Deoxy-5-(Trifluoro-

20 Suully

-methyl)uridine (INSCx75520)", Cancer Chemother. Rep. ,?_5720‘5119‘7-1—»»*__‘.__“___'_;

" H.S. Allaudeen, M. S. Chen, J. J. Lee, E. De Clercq and W. H. Prusoff,

"Incorporation of E-5-(2- Halovinyl)-2'-Deoxyuridines into Deoxyribonucleic Acids

of Herpes Simplex Virus Type I Infected Cells”, J. Biol. ’thm.,,;ﬂ, 603 (1982).

. . . .
W. R. Mancini, E. De Clercg.and W. H. Prusoff, "The Ré}ationship Between
Incorporation of (E) -5-(2-Bromoviny!)-2'-Deoxyuridine into Herpes Simplex Virus .
Type 1 DNA with Virus Infectivity and DNA Integrity", J.\Biol. Chem., 258, 792

Adv. Ophthalmol., 38, 1 (1979).

K. K. Gaudri, "Anti -Herpesvirus Chemotherapy ,\Experimght‘?l and Clinical Aspects”,
v '

" C. Desgranges, G. Razaka, M. Rabaud, H. Bricaud, J. Balzarini and E. De Clercq,
* "Phosphorolysis of (E)-S-(ZfBromovinyl)Q':Deoxy’uridine (BVDU) and Other .

5:Substituted-2' -Deoxyuridines by Purified Human Thymidine Phosphorylase and

- Intact Blood Platelets",\Biochem; Pharmacol., 32, 3583 (1983).

E. De Clefcq and D. Shugdr, " Antiviral Acti\fity of 5-Ethyl Pyrimidine Dcoxyriucleo-

- sides”, B{ochem, Pharmacol., 24, 1073 (1.975).

" G. M. Cooper and S! Greer, "Phosphonlatioﬁ of 5-Halogenated Deoxycytidine -
_ Anal'qgs by Deoxycytidine Kingse".’ Mole‘¢u1ar.Pha_rma'col., 9, 704 (1973).

'S. Greer, B. Schildkraut, T, Zimmegman and H. Kaufman, "5-Halogenated Analogs of
' Deoxycytidine as Selective Inhibitors of the Replication of Herpes Simplex Virusin

Cell Culture. and Related Studies of Intercranial HSV Infection in Mice", Ann. N.Y.

Y



296.
297.

- 298.

300.

301.
302.
303.
304,
305.

-~ 306.
307.

308.

- 309..

to
[
[ ]

e
L

Acad. Sci., 255, 359 (1975). ’

M. J. Doberson and S. Greer, "Herpes Simplex Virus Type 2 Induced Pyrimidine
Nucleoside Kinase: Enzymatic Basis for the Selective Antiherpetic Effect of”

_5-Halogenated Analogs of Deoxycytidine ", Biochemistry ( ACS), 11, 920 (1978).

C. Lopez, K. A. Watanabe and J. J: Fox, "2A'-.Fluoro-S-_Iodo-Araéytos_ine, A Potent
and Selective Anti-Herpesvirus Agent”, Antimicrob. Agents Chemother., 17,803
(1980) . ’ '

T. C. Chou, J. H. Burchenal, F. A. Schmid, T. J. Braun, T.-L. Su, K. A. Watanabe,
J.J.Fox and F. S. Philips, "Biochemical Effects of 2'-Fluoro-5-Methyl-

-1-8-D- Arabinofuranosyluracil and 7' -Fluoro-5-Todo-1- B-D-Arabinof uranosyl-
cytosine in Mouse Leukemic Cells ensitive and Resistant 10 1-8-D-Arabinofurano-
sylcy}osine", Cancer Res., 42, 3957 (1982). - ’ -

C. W. Young, R. Schneider, B. Leyland-Jones, D. Armstrong, C. T..C. Tan, C..

" Lopez, K. A. Watanabe, J.-J. Fox and F. S. Philips, "Phase 1 Evaluation of

7' -Fluoro-S5-lodo-1- 8-D-Arabinof uranosylcytosine in I munosuppressed Cancer
Patients with Herpesvirus Inf ection", Cancer Res., 43, 5006 (1983). '

J. H. Burchenal, T.-C. Chou, L. Lokys, R. S. Smith, K. A. Watanabe, T.-L. Su and
J. J. Fox, "Activity of 2f-Fluom-5-Methylarabinofuranosyluracil against Mouse
Leukemias Sengitive to and Resistant to 1- B-D-Arabinofuranosylcytosine ", Cancer
Res., 42, 2598 (1982).. T

P. Langen G. Etzold, R. Hintsche and G. Kowollik,;’i3'-Deoxy-3' -Fluorothymidine.

A Ijew Selective Inhibitor of DNA SyntheSiS'f, Acta B;’ol. Med. Ger., _2_3_ 759 (1969).

A.'I.'Vogel, A Textbook of Practical Cherﬁim, 3rd Edn., Longmans, London,

(1964).

" D.R. Burfield and R. H. Smithers, "Dessicant Efficiency in Solvent Drying: 3.

Dipolar Aprotic Solvents”, J. Org. Chem., 43, 3966 (1978).

D. R. Burfield, K.-H. Lee and R. H. Smithers, ‘"D:assicant'Ef ficiency in.Solvent
Drying. A Reappraisal by Applicatioxl of a Novel Method for Solvent. Water Assay", .

" ].Org. Chem., 42,3060 (1977)., = -

F. Helus, H. Sinn, W. Maier-Borst and U. Sahm, %131 .Trapping Mittels Goldfolie”,
Radiochem. Radioanal. Letters, 32, 311 (1978).- Co ST

F. Oberdorfer, F. Helus and W. Maier-Borst, "Experiences in the Routine Production’
of I via the ***Te(p,2n)' "1 ‘Reaction with a Low Energy Cyclotron", J. Radioanal.

Chem., 65, 51.(1981). o

* H. Michael, H. -Roseziﬁ, H. Apelt, G Blessing, J. Kniépér and S. M. Q'aim,-"‘Somc-

Technical Improvements in the Production of '**I via the 124Te(p,2n)* I Reaction at a
Compact Cyclotron”, Int. J. Appl. ‘Radiat. ‘I‘sotOpes,g}_z, 581 (1981). '

. J.S. Vincgtj§~, A.,H.Duggan, D.L. Lysfér and J. W. Blue, "A Facility for'the, '
Production of **I by Spallation of Caesium”, J. Radioanal. Chem., 65, 17 (1981).

»

S.A. McQuai'rig, The Prdductibﬂ gﬁf'Positron -;‘Emit’ting; ‘Nuclides bl a Van gg‘daaf f .



<13

for Use Nuclear Medicine, M. Sc. TheSlS Umverszty of Alberta, Edmonton, (1975).

3102 A. Murray and D. L Williams, Orgamc Synrhesrs wrth Isotopes, Partl Intersczence
New York USA, page 588, (1958).

311.  J.D. Smith, G Freeman M. Vogt andR Dulbecco, "The Nucleic Acid of Polyoma
Virus”, Virology, 12, 185 (1960). s -

312. E. C. Herrman, "Plaque Inhibition Test for' Deteetron of Specific Inhibitors of DNA
Containing Viruses”, Proc. Soc. Expt. Biol. Med., 107 142 (1961) ' .

313. : H,D. Kaufman, "Clinical Cure of Herpes Szmplex Keratitis by S- Iodo 2 Deoxy
' uridine", Proc. Soc. Expt. Biol. Med., 109, 251 (1962). .o o

314, J. Gross, Aodme and Bromine”, in Mineral Metabolrsm Vol. II(B) C. L. Comar
: and F, Broomer editors, Academtc Press, New York, (1962) ‘

315, 'W H. Prusoff, J. J. Jaffe and H. Gunther, "Studies in the Mouse of the .
‘ Pharmacology of 5- Iododeoxyundrne An Analog of Thymidine", Biochem.
. ‘Pharmacol 3,110 (1960) ,

316. | - C. Wasternack, "Degredatron of Pynmrdmes and Pyrrmrdme A&palogs Pathways and
Mutual Inﬂuences Pharmac. Therap., 8, 629 (1980) ,

317. C. Garyett, Y. Watayaand D. V. Santx,""l'hymrdylare Synthetase. Car.alysrs of
Dehalogenation of 5-Bromo- and 5- Iodo- 2 Deoxyundylate Btochem ‘(ACS), 18,
‘-(1979). : -

iPhilips, A. Fernberg,T -C. Chou P. M Vfdal T. -L. Su, K. A. Watanabe andJ
" , "Distribution, Metabolism and EXtretion of 1- (2 -Fluoro-2'-Deoxy-B-D-
rnofuranosyl)thymme 4nd 1-(2'-Fluoro-2' -Deoxy-B-D- Arabmofuranosyl)
odocytosine”, Caneer Res:, 43, 3619 (1983) ‘ L

K. J.-Grant, A, Feinberg, T. -C Chou, K A, Watanabe J. 3. Fox andF S Phrhps,A
;Incorporatlon of the Metabolites of 2 -Fluoro-5-Iodo- -B-D- Arabmofuxanosyl D
 cytosine into Deoxyribonucleic Acid of Neoplastrc and. Norrnal Marnmalran Trssues .
- Biochem. Pharmac 3, 1103 (1982) _ - ’

;-‘?O S. Tee and C. G. Berks, "Mechamsm of Brornmatron of ‘Uracil Denvatlves 5 - NG 3
f - Reaction of Uratil and 5- Bromonracrl via Their. Amons m Weakly Acrdrc Aqueous B
. Solution”, J. Org Chem., 45, 830 (1980) : '

S.Y. Wang, “Chemxstry of Pymmdmes l 'I'he Reacuon of Bromme Wrth Uracrls ,
J. 0rg Chem 24 11 (1959) S e, L _ ;

i

l322.;’::_ D% Wilbur K. W Anderson, w. E Stone and H. '.O'Bnen, "Radrohalogena’tron : :»ll "
o J‘of Mon- -Activated Aromatic Compounds. via’ Aryltn ethylsﬂyl Interrnedrates J LT
" Label Comp Radzopharm 14 1171* (‘1982) .

32_3, : D S, erbur and K. W. Anderson, "Brormne Chlonde Frorn N Chlorosucdmrmde
RN Oxrdatron of Bromide Ton. Electrophilic Additio‘n‘ Reactrons in Prouc and Aprotm L
- Solvcnts . 0rg Chem 47 358. (1982) A ,-_ S ER B

32.4 " kR SOremark and S Ullberg, "Drstnbutron of Bro,rmde in Mrce An Autoradrographrc |




" 325,

327,

328,

39,
330,

31,
332,
333,

o34

3%,

4. 3%.
o3

7 Electronegativities” , J, Amer. Chem. St 85,148 (1963). ..

Res., 91, 395 (1981).

C(98s).

214

Study With **Br"; Int. J. Appl. Radiat. Isotopes., 8, 192 (1960).

Y.W. Lee, E. E. Knaus and L. 1. Wiebe, ~Tumor Uptake of Radiolabelled Pyrimidine
Bases and Pyrimidine Nucleosides in Animal Models - II1; 2'<[**Br]-Bromo-2'-
-Deoxyuridine”, Int. J. Nucl. Med. Bidl., 6, 109 (1979).

R. Svremark, "Distribution and Kinetics of Bromide Ions in the Mammalian Body",
Acta. Radiol. Sup., 190, 1 (1960). ‘ :

W. Szybalski, "X-Ray Sensitization by Halopyrimidines",. Cancer Chemotker. Rep.,
58, 539 (1974). ' : -

..
A

. ,‘» B : ° . -
H.-J. Machulla, G. Stocklin, C. Kupfernagel,.C. Freundlich, A Hock, K. Vyska and -

. L. E. Feindendegen, “Comparative Evaluation of Fatty Acids Labelled With C-11,

Cl-34m, Br-77 and 1-123 For Metabolic Studies of the Myocardium: A Concice
Comraunication”, J. Nucl. Med., 19, 298 (1978). ) Co

D.J '.‘-Malédlme-La‘wes, ""The Production of High Specific Activity *Cl - by Fast - .
Neutron Irradiation of Fluorocarbons”, Int.J. Appl. Radiat. Isotopes., 29, 698 (1978).

G. A. Brinkman and J. Visser, "Production of *Cl .*", Int. J. Appl. Radiat. Isotopes.,
30,515 (1979). ° y e | |

D N. Abrams, E, E. Knaus, L. 1. Wiebe, F. Helus and W. Maier-Borst, "Production
of **Cl~ From a Gaseous Hydrogen Sulfide Target", Int. J. Appl. Radiat. Isotopes.,
35, 1045 (1984). o o ' _

J. Giziewicz, L. J. Gati, E. E. Kna'u's, J. R. Mercer, R. J. Flanagan and L. 1. Wiebe, - -

~ "Synthesis of [2-1*C}-Labelled 2,2'-Anhydrouridine and 2'-Deoxyuridine Derivatives.
"A Convenient Route to [2-*C]-Labelled 5-Ethynyl- and 5-Ethy1-2'-Deoxyuridine",

Int. J. Appl. Radiat. Is_otbpes.; In press, MS 546, (1985).

'B.C. Pal R.B. Cumming, »M‘. F.,Waltoh‘ and R. J. _Prestoﬁ, "Environmental

Polutant g-Chlorouracil is Incorporated in Mouse Liver and Testes DNA", Mutation

*

D N. A-bréms,‘Y, w. Lée, J. R. Mercer, E. E. Knaus and L. I Wiebe, "Tymor

Uptake of Radiolabelled Pyrimidine Bases and Pyrimidine Nucleosides in Ahnimal

"~ Models. IX. Radiolabelled 1-(2'-Fluoro-2' -Deoxy-'ﬁ_-D-Ribofu;anosyl)uracil,and

1-(2'-Chloro-2'-Deoxy- B*D-Ribofuranos’yl)ﬂraci_l", Submitted for publication, .

- o

- B. Schwarz, D. Cech, A. Hol{ and J. Skoda, "Preparation, Antibacterial Effects'and -
. Enzymatic Degredation of 'S*rFluorouraéil/ﬂuclco’si_des",'Co'll:’Czech., Chem. Commun.,
T, .

A e el S s |

y L_.,P_a'uling'_, “The Nature of the Chemical Bond", 3rd ediﬁ‘oh, Cornell University Press,
~ Icatha, New Yorlg.'(I%O)'., e L o
J .'_Mércli;-in_ "Advahced'_‘OrgariviéChefnist.ry: i{e;icti.ons, Mechanisms, gggétfﬁctuie“', :
- McGraw - Hill Im,‘.,«»‘Nelw,Yo_r_k,;USA_, page 26»,_;(1__968)”.‘ L e

7. Hinze; M. A. ¥ '

hithead and H: H. Jaffe, "Electronegativity 11 Bond and Orbital

L
c .



339.
340.
341.

342..

343.

345.
346.
347.

348,

" "Inhibitors of Nucleoside Transport

215

P.G. W. Plagemann and R. M. Wohlhueter, "Permeation of Nucleosides, Nucleic
Acid Bases, and Nucleotides in Animal Cells”, in Current Topics in Membranes and
Transpart, Vol. 14, F. Bronner and A. Kleinzeller, editors, Academic Press, New
York, USA, page.226, (1980). -

D. Emrich, A. Mthlen, F. Willgeroth and A Lammich, "Comparison of Tumor
Uptake and Kinetics of Different Radiopharmaceuticals Under Experimental-
Conditions", Acta Radiol. (Ther.) ( Stockholm ), 11, 566 (1972).

B.R. Bake}, "Irreversable Enzyme Inhibitors. LXXV. Inhibitois of Thymidine.
Phosptiorylase. I. Mode of Ribofuranose Binding", J: Med. Chem., 10, 297 (1967).

Y. W. Lee, J. R. Mercer, L. I Wiebe and E. E. Knaus, "Tumor Uptake of -
Radiolabelled Pyrimidine Bases and Pyrimidine Nucleosides in Animal Models. V1.

- 1-(3'-[**Cl]-Chloro-, 1-(3'-[**Br]-Bromo- and 1-(3'-[*»1]-1odo-3'-Deoxy-

- B-D-Arabinof uranosyl)uracil”, Int. J. Appl. Radiat. Isotopes., 35, 1057 (1984).

W. P. Gati, H. K. Misra, E.E. Knaus and L. I. Wiebe, "St:u'ctural Modifications at

~ the 2'- and 3'-Position of Some Pyridiné Nucleosides as Determinants of Their
’ -‘Interactiqn With the Mouse Erythrocyte Nucléoside Transporter ", Biochem.
Pharmacol., 33, 3325 (_‘1984)'., :

A.R. P. Patterson, E. S. Jakobs, E. R. Harley, C. E. Cass and M. J. Robins,
as Probes and Drugs”, in Development of

©

Target-Oriented Anti-Cancer Drugs, Y. C. Cheng, B. Goz and- M. Minkoff, ‘editors,

“Raven Press, New York, page 41-56, (1983).

H. H. Anderson and J. F. Zigler, "Hydrogen, Stopping Powers @_d \Ranges' in All

Elements", Pergamon Press, US4, (1977). L

" F. Helus and G Wolber, "Acd\;atidn ‘Tec'hniques", in Radionuclides Production. Vol.
-1, F. Helus, editor, C.R.C. Press, USA, page 57, (1983). o

Activation Analysis”, 4nal. Chem., 31, 742 (1965).- .-

' E. Ricci and R. L. Hahn, "Theory and Experiment in Rapid, Sensitive Helium+3

R. L. Ehrenkaufer, R. R. MacGregor, A. P. Wolf, T. J. Ruth and D. L. Schlyer,

"Production of H'*F by Deuterium Irradiation of a Neon-Hydrogen Gas Target", -

. Radiochimica Acta, 33,49 (1983).

e



APPENDICES

A. Appendix 1. Characteristics of Selected Radionuclides

NUCLIDE SYMBOL  HALF-LIFE  DECAY MAJOR -
MODE! RADIATION?
(MeV)
tritium s L2y B " B0.019(100%)
carbon-11 Yol 20.364hin 05 B y 0.511(200%)
: | EC
carbon-14 1C 5730 yr 8 B 0.156(100%)
nitrogen-13 BN 9.96 min B v 0.511(200%)
oxygen-15 150 123 sec g y 0.511(200%)
) EC
fluorine-18 U 109.7 min B y 0.511(194%)
. EC N 4
neon-18 “1Ne ‘1.5 sec B v 0.511(200%)
chlorine-34 wCl 1.56sec B ¥ 0.511(200%)
chlorine-34m - ougm 31.99 min B v 0.511(106%)
\ - 4D.145(47%)
Y $12028%)
chlorine-36 ol 3x 10% yr B B0.714(98.1%) -
_ : EC
chlorine-38 Lol 37.09 min . 8 B 4.91(53%)
A v 1.60(38%)
y 2.170(47%)
i chlorine-39 S e 55.5 min B © B1.91(85%)
L : - | B 2.18(8%) °
3 B 3.45(1%)
y 0.246(43%)
y 1.27(50%)

g ¥ 152(42%)
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cobalt-57 2Co 270 day EC v 0.122(87%) .
- : v 0.136(11%)
gallium-67 “Ga 77.9 hr EC ¥ 0.093(40%)
¥ 0.184(24%)
y 0.296(22%)
gallium-68 “Ga 68.3 min g y 0.511(176%) ,
EC
bromine-75 5By 1.7 hr g - ¥ 0.511(180%)
EC
bromine-76 6Bt . 161 hr B v 0.511(133%)
' EC v 0.559(63%)
. d Y 0650(19%) - .
y 1.21€13%)
, v 1.86(11%)
bromine-77 ""Br 57 hr _EC y 0.240(3'0%)
v . B 70.5224%) "
bromine-80 10 r, 17.6 min B B2.00(92%)
EC |
" bromine-80m 1Brm 438 hr T Ty 0.037(36%) o
. - S— ;
bromine-82 o owpr, 38340 B /B 0.444(100%) -
v T 4 0.554(66%)
) "y 0.619(41%)
0.698(27%)
¥ 0.777(83%)
Y 0.828(25%)
y1.044(29%) -
3 1317(26%)
c Y 1 45(17%)
‘bromine-82m- v 6.05min T B3seen)
ectmetum-99m < "Tem - - . 60shr . IT " y 0:140(90%
indium-111 Cwig . 28ldiy, - EC 10.173(89%)
e ' | : ‘70 21(54%)"
indium-113m 1w[gm ~99.8 min ' IT _ 393(64%) -
‘iodine-123 133] 133 "EC 7 0.159(83%) .
. o JC
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fodine-125 T w1 602day.  EC . vQ0307%)
 jodine-131 - M1 © - 8.05day B . BO.608(87%)
| | L o 7 0.364(82%)
jtterbium-169 ‘Yo - 3l8day EC T 0.063(45%)
a N T . y0.110(18%)

, ¥ 0.131(11%)

v 0.1%7(22%)
v 0.198(35%)
% 0.308(10%)

. e

. 1 Decay modes: B~ = beta particledecay, EC = electron capture; B* = positron decay, IT =
internal transition . S S . ' “

" 2 Maximum energy (E-max) values given for B--particle decay

_ Data for this table is taken from reference 20. . -

N



" B. A;Spéndix 2. Selected Structural Formulae -
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mow—
10
3
3\ 2
p
5
8-\ 5

Wun

HO e)x=1
) . ¢
o o | 9 4 e ’2:5
‘ H, i Br PJ]" H
N H H H g : I
N)\lf ﬁ ‘ ﬁ 4 o’l\nl - °J\
N7 N o a) X =H HocH
HOCH, HOCH, HOCH, HOCH, b)X=F 2
- ¢)X=C
‘ d) X = Br

o

93 X = ot
ayX=1 -
b)X = Br. .

c) X :3] : :
d)X=F,
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C. Appendix 3. Nuclear Physics Calculations

Yield calculation for a nuclear reaction.

i -

L ' LU
The 'forrpul’a for th'e calculation of the yield in a nuclear reaction is‘\ftvxen in (1) where .
A = the actrvrty in nuclei per second I = the number of bombarding particles per second o1
particle flux (partrcles / sec), x = the number of target nucler per cm?, 8 = éross sectron in

cm? and (1 exp(-At)) is a decay term to correct for the decay of the produced radronuchde

/

during the productron reaction. The decay term approaches umty as t becomes lar\ge

AN =A=T1x3(1-exp(a) o i\*
a o SN
\‘\I\.

“The value for x is’ deterrmned from the densrty of the target materral and the thlckness Okl

target material w1th a correction made f or the isotopic abundance of the target nucle1 if a \
i

amxture of 1sotopes is present With our target system 22 25 cm in length the value f orxis 3.6
X 1072 gm cm” - Thrs value is based on the assumptron that the eff ectwe range of the incident
partrcles is greater than 3.6 X 10 "2 gm crn 2, In fact the ef? fecnve range for our parucle energy.

(6 Mev » 2 Mev) is 3.2 X 10 tgmem? or8.8X 10’° nuclei cm” ? "’. Our target may therefore

-be re'garded as a thick targetsmce the mc1dent energy is degraded f rom 6 MeV to below the :

l
!

cross sectlon threshold (2 MeV). : C S ' _ e o
The CTOSS sectron of mteractron between deuterons at 6 MeV and z°Ne has been

measured as 215 rmlhbarns (mb) = 215 X 10:# m2 s For 1 mrcroampere (uA) of beam

current the deuteron flux would be 6 3 X 1012 sec™, The activity produced under these

condmons can be calculated from (1)
o .

‘3. A=, 3x 10 sec X 8. 8X 10" nuclercm’XZlSX 107 o (1 exp( )\t))

/

A’—119X10’nuclersec Q- exp(At))

~Ast becomes large the decay term 1- exp(-)\t)) approaches umty and the saturauon

| o activ_ity is reached. The satur_auon activity would be 1.19X 109 nucler sec’ Yorl. 19 GBq per uA
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of current at 6MeV.In the above calculatlon the assumpuon has been made that a uniform .

. cross section of mteracnon exists as the particle beam is degraded from E, to 0 within the
target Tn fact equatlon (1) 1s valid only for thln targets where the energy of the beam entering ?
‘and leaving.the target 1s unchanged An accurate thick target y1e1d calculat.ron would requrre an

integration of the cross section over the energy range E, » 0 and would be calculated from

equation. (2). ' S T _
a=1x [(3E) E (2) |

The term dE/dx is a measure of the energy change of the particle beam with respect to its -
" penetration into the target. Equation (2) is the saturation activity f ormula for a thick target. .

SNt
For more inf ormatron on appheatlon of this yield formula see reference 346.

; 5
In practlce the term wrthrn the integral is diff 1cult to deterrmne with any accuracy due

10 the complex nature of the relatronshxp between CIross sectxon and beam energy. Yreld

calculations are often carried out using equation (3) and average CToss secnon valueg Bas

determined by numencal mtegranon of expenrnentally determrned cross section curves'**7.

~

=1x0(1- (exp(- >\t)) ' | - (3)
In addmon expenmental deterrnrnatlon of thxck target saturauon yields have been
carried out over vanous energy ranges allowing graphlcal mterpolatlon of data. The reactron of
deuterons on ’°Ne has been meastred over the energy range 0 to 16 MeVee?? These data
indicate that the. saturatron activity of "F that would be produced ina thrck target by 6 MeV
'deuterons would be about 1X 109 decays per second (dps) =1 GBq / uA. To obtain thls value
A f rorn equation (3) would requrre a 8 value of 179 mb over the range of partlcle energy 6 MeV ‘

‘7’:‘2MCV. . BRI .



222

®

: Calculrmon nf the reductlon in deuteron beam energy on passing through metal foils.
' Charged partlcles lose some of their kmeue energy on passage through matter,
predornmamly by inelastic colhslon with orbital electrons. To calculate the loss of deuteron
- bearn energyhas it passes through the two foils separating the Van de Graaff Accelerator beam
line from the target gas one can use équation (4) and the graphical plots of stopprng power as

compiled by Anderson and Zregler"’.

pay=psd @

"E(A:). — beam energy absorbed on passing through.a material with density D (atorhs
. . 7 , ’ .
cm-?) with a stopping power of s (electron volts / atoms cm-?) and a thickness of d (cm).” »

D for mélybdenum = 6.407 X 10

7.5 electron vbl_ts (e:\é) / 10** atoms cm™? at a beam energy of 7 MeV (Reference 345).
= 10.16 X 10% cm. |

E(A) then becomes:
E(A) = 6.407x10% X 7.5X 1071 X 10.16 X 10*

. E(A) = 0.488 MeV

The energy reductron fora7 MeV beam of deuterons on passage through two

molybdenum f oils in the target system used in thls work would be 0 488 MeV ;



