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Synthesis and "*F Labelling of Organic Ammonium Salts to New Cardiac
Flow Tracer for PET and Their Biodistribution

Kook Hyun Yu, Ph.D.
Department of Chemistry, Dongguk University, Seoul, Korea

In order to develop a '*F-labelled myocardial perfusion agent(flow tracer) for PET, "*F-
labelled organic ammonium cations were synthesized and evaluated in relation to their
biodistribution.

Five quaternary organic ammonium compounds were labelled with *F in a side chain
with moderate to good yields by direct introduction of '*F—fluoride. Radiochemical yields
have been achieved in 30-40min by the precursors(tosylates) in dimethylsulfoxide 15-60%
(decay corrected). The reaction was found to be autocatalyzed. A remote controlled pro-
cedure was developed in these synthesis. '*F-Labelling and HPLC-purification of com-
pounds needed about 60 min(Yield: 7-20% ).

Up to now the two compounds N-4-['*FJfluorobutyl-pyridinium cation(1) and N, N-
dibenzyl-4 (2—{ "*F Jfluoroethyl ) piperidinium cation(2) were investigated in relation to their
biodistribution in mice. Compound 1 showed at 1 min post injection the high uptake of
19.22% ID/g organ in the myocardium but a following fast decline to 1.12% ID/g organ
after 40min. Uptake of compound 2 was after 1min in the heart 5.90% ID/g organ but
after 40min at the relative high value of 4.33% ID/g organ. Heart:blood ratio for com-
pound(1) at 1 min was 8.3, at 40 min 2.6 for compound II 2.0(1min) and 15.0(40 min).

As data of compound 2 showed greater heart uptake, slower myocardial release, and
higher heart:blood ratios, compound 2 is a good candidate for further evaluation.

Key Words: PET, Cardiac flow tracer, *F, Organic ammonium salt
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1. 0|Et7|(leaving group)7} X|gE /7|2 EH

ool 29 g4l

E23HE  N-[%F Jfluoroalkylpyridinium<d=} N,
N-dibenzyl-4 (2 "*F Jfluoroethyl) piperidinium 3-&-
sy 9 ARAR e MANENYL F &
oleo) AWA A Beol ) 4A EAD ol
IHE, F gl &uhEA(starting
compound, precursors)-$ Fig. 1 @ Fig. 29} 7o)
FAdstsdct.

N-Tosyloxyalkylpyridinium tosylatex Fig. 13}
o] F whA ubgHAE AA sk 3 WAA
dAE #7] drFEge N-bromoalkylpyridinium
bromideg A3} #A o F 33}olulgl pyridined
dibromoalkane$- #7}sl4dv}. o] dibromoalkane

tosyloxy 7]7}

</ N+ Br-(CH:)n-Br ———»
n:2,4,6,8

Vi W+ -
N N -(CHz)n-Br Br

=+
2heTos /= (CH2)n-0Ts Tos™
_2AgBr  \_y

Fig. 1. Synthetic pathway of Tosyloxyalkylpyr-
idinium tosylate.
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Fig. 2. Synthetic pathway of N,N-Dibenzyl-4—(2~
tosyloxyethyl)piperidinium tosylate.
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o2 dArge Ho)r} 2, 4, 6 % 84 dibromoe-
thane, dibromobutane, dibromohexane} dibromo-
octane & Al83l4gdct. F WA trAE N-bromo-
alkylpyridinium bromide & silvertosylate 2} 4k2-
A1#A bromo 7|7} tosyloxy 7] & %% % N-tosylo-
xyalkylpyridinium tosylateZ 3438t #pA 0|},

N, N-Dibenzyl-4—(2-tosyloxyethyl)piperidinium
tosylatet 4—(2-hydroxy ethyl)piperidined &-&
Az A}gs}e) Fig. 29 o] 3ub #H4e AH ¢
Askadet. 2 3 A FAedlA] 23} ofulel 4-(2-
hydroxyethyl)piperidine¢] benzyl bromide® 7}
3} o] N, N-Dibenzyl—4-(2-hydroxyethyl)piper-
idinium bromideg ¥Astgde). vh&ahAo4] N, N-
dibenzyl-4—(2—hydroxyethyl ) —piperidinium bromi-
de®] 3|TFA|71E 48% HBr#} wbgAlA BEoR
*3t® N, N-dibenzyl-4- (2—-bromoethyl)piper-
idinlum bromided w®hET}, wRx]abedA o)A silver
tosylateZ o|-8-3le] BEV]|E tosyloxy7]|2 X|8HAjA
N, N-dibenzyl-4(2-tosyloxyethyl)piperidinium tos-
ylated gAdaich

$loll A 3+4% N-tosyloxyalkylpyridinium tosyl-
ated} N, N-dibenzyl—4—(2—tosyloxyethyl)piper-
idinium tosylate® o€ 3&3} diethyletherg o]
$3hod AR F F 2L olgahsich.

N-Tosyloxybutylpyridinium tosylate

==3 1 82-83C

a8 1 CyHuNOGS,

olAkgk - C 57.84, H 5.70, N 2.93

Agk . C 57.71, H 5,53, N 2.86

'"H-NMR(360 MHz, D,O) :8.72(d, 2H), 8.48
(m, 1H), 8.01(t, 2H), 7.77(d, 2H), 7.61(d, 2H),
7.44(d, 2H), 7.16(d, 2H), 4.50(t, 2H), 4.02
(t, 2H), 2.43(s, 3H), 2.33(s, 3H), 1.68(m, 4H)

N, N - Dibenzyl — 4 — (2 — tosyloxyethyl)piper-
idinium tosylate

=7 0 144-146C
A2 1 CpHyNOS,

oAbz - C 66.10, H 6.51, N 2.20

Azt o C 66.33, H 6.31, N 2.13

'H - NMR(360MHz, CD ; CN) : 7.74 - 7.13(m,
20H), 4.74(s, 2H), 4.51(s, 2H), 4.00(t, 2H), 3.42

n{z

(m, 2H), 2.95(m, 2H), 2.43(s, 3H), 2.32(s, 3H),
2.00-1.20(m, 7H)

2. HlmEA9 g

WIS 9 PR BAMRel e 2 EAEE
E-2] #al3} 482 HPLC(High performance liquid
chromatography) & ol-&3h=dl, ©1& $1s “F7} A
35 v wE s g3t N-w-Fluoroalkylp-
yridinium g3} N, N-dibenzyl-4(2-fluoroethyl)
piperidinium ¢3-& Fig. 3 ¥ Fig. 43} 72 AHA2E
A gAdstadct.

N-Fluoroalkylpyridinium <32 3438}7] $8t
dibromoalkane® AgF& Alga}led WA g-bromo—w
—fluoroalkanes §AJsldow, 1 t}&& g-bromo—
w—fluoroalkaneg 3zjo}ulal pyridine¥} 8F-3-A1A N
—w—flucroalkylpyridinium bromide£- 44382t}

N, N-Dibenzyl-4(2-fluoroethyl)piperidinium ¢3-2-
W #-8 benzyl bromideg 4-(2-hydroxyethyl)pi-
peridineol| #7}s}e] 2zjobulg- 3xjoinlel N-benzyl
—4—(2-hydroxyethy!)piperidine 2 ¥WH3}A| 715 T2

A
Br-(CHz )n-Br ——EE———> F- (CHz2)n-Br

n:4,6,8

=+
/TN + F-(CHn-Br ——> { N-(CHn-E Br

n:2,4,6,8

Fig. 3. Synthetic pathway of Fluoroalkylpyridinium
bromide.

benzyl
HO bromide 7\
/\CN'H ——» HO /\CN /‘_/\;\

7\ benzyl
DAST F /“/_\ N bromide
h——
NN —

7 N\
s T

/N

—

Fig. 4. Synthetic pathway of N, N-Dibenzyl-4—(2-
fluoroethyl)piperidinium bromide.
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21718 ZF 2 23} A2kql diethylaminosulfertrifiuo-
ride(DAST) ¢} 84 N—dibenzylf4—(2—fluor—
oethyl)piperidine-2- $433tgdct. S22 ¢ 235 310}
"]l t}A} benzylbromideS- 7{.17]-6]-0:] HEHo g2 N,
N—dibenzyl-4(2—fluoroethyl) piperidinium bromide
£ 43

N-4-Fluorobutylpyridinium bromide

=7 1 104-106°C
T‘li‘E‘ CngsNFBI'

oAz C 46.17, H 5.60, N 5.98

Agzk . C 46.10, H 6.23, N 5.59

"H-NMR (360MHz, CD,;O0D) : 9.12 ppm(d, 2H),
8.65(m, 1H), 8.17(t, 2H), 4.97(t, 2H), 4.52(m, 2H,
#Ju-r 47Hz)), 2.19(m, 2H), 1.81(m, 2H, 3Ju_r
24Hz)

“F-NMR(80MHz, CD;OD) : -69ppm(715-&4
CFCl), *Ju_r 47 Hz, 3Jy_r 24HzN,

N-Dibenzyl-4(2—fluoroethyl) piperidinium bromi-
de

¥ : CyHyNFBr

A%t C 64.27, H 6.95, N 3.53

A&z 1 C 64.26, H 6.44, N 3.53

'H-NMR(360MHz, CD,OD) : 7.70-7.44ppm(m,
10H), 5.06(m, 2H), 4.55-4.39(m, 4H, Jur
47Hz), 3.50(m, 2H), 3.09(m, 2H), 2.20-1.50(m,
7H, Ju_r 29Hz)
F_NMR(80MHz,  CD:OD) :
CFCl), 2n_r 47Hz, *Jy_r 29Hz

~219ppm(71EE2

Qﬁ-(CHz)n—OTs Em— Qﬁ-(CHz)n-uF

DMSC, 40min n:2, 15%
4, 45%
6, 38%
8, 18x
A O
TsO‘/\Cﬁ _— % ITI
-0 -2
.y
DMSO, 30min 60x

Fig. 5. Result of ["*F]-Labeling Reaction.
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3. YARS S Fo BEXHIE

On-line §AAXE ol43lod ELUZ A "FE %
A 3oy N-["*F]Jfluoroalkylpyridinlum<ds N, N-
dibenzyl-4—(2-{ **F Jfluoroethyl) piperidinium <38
Adstdel. ol (acerinitrile, DMSO), #H-A)17F 2
e g A A e 2HE Agten,
2 A& Fig. 53 7k *F ZANHSAAE S2E
Zo] autocatalyst G&-& slo] Zvl= AHE3LA] 23k
t}. $&& HPLCE ol4ste] #elgh EX35HE9
WA ok& SA38la 2HE AIZHE BAste] AAbst

UV-Detector

Nal Detector |

B -3 =4
8 & = B

v '
w < v
- =

Fig. 6. HPLC—Diagramm of ['®F]fluorobutylpyr-
idinium salt.

UV-Detector

Nal Detector

Fig. 7. HPLCDiagramm of N, N-Dibenzyl-4—(2-]'
F Jfluoroethyl) piperidinium salt.
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2) Semipreparative-HPLC
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gl

£
H

H
i

HPLC-Pump

%

i

cationexchanger

—_— 3 X-1 b

column

HPLC-

2] $Aste FAo 2 HPLC w2+ 0.05% NaH,
PO, &85} methanold Ag3lglon], Aoz
“RP-18 selectivB”& A}8-3l4t}. Fig. 63} Fig. 7
& N-["*F]fluorobutylpyridinium ¢33} N, N-diben-
zyl-4—(2-[ *F Jfluoroethyl)piperidinium ¢ #2|3}
7] A 9] semipreparative-HPLC Z2v}E13)(Z 1
)z BelFeo] £44 HPLC- AZuiEa (2L 21
)¢ vehdty. mzelgoge) ug 3 FES

, sk ohg AAFHA N ol-&3sict.

3) %o|2 mets=X| SP-Sephadex ¢-25

HPLCo 24" 718708 AR ¢ A
Ast7) 98 ohA] @ ofel e wEP A o83l X
AsRHES FAAIL, 0.9% AAFE olgate]
RIS 90% ol HAAIZc.

4) 22EH

TEAE o] 83

q:
Apg3te] ofold miky

=)
a

3t

A 7 FH(0.22pum) &
Aol A BA R #AFES

UV-Detector

c

Lipes

cationexchanger

-]

sterile filter

1-Detector Product

B—Magnetic valve
=} Lueradaptor

Fig. 8. Apparatus for Separation.

Table 1. Biodistribution of N-4-{*F]Fluorbutylpyridinium Cation [% ID/g organ]

time[ min] Brain Bone Liver Blood Kidney Heart
1 0.17 1.76 9.56 2.26 31.64 19.22

5 0.13 1.18 9.49 1.15 6.07 9.43

40 0.03 0.37 2.23 0.37 1.84 1.12

Table 2. Biodistribution of N, N-Dibenzyl-4+2-{“F]Fluorbutyl)piperidinium Cation [% ID/g organ]

time[ min ] Brain Bone Liver Blood Kidney Heart
1 0.16 1.74 7.84 2.10 48.97 5.90

5 0.13 1.02 10.78 8.62 48.17 5.41

40 0.04 2.27 1.65 0.28 6.58 4.33
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~lep e #X33HE AATAHLS Fig 83 e
one-line #-2} A& AA A2t 214390, *F
o] FRANMFE 23522 AA7A] 6030] 48
Huow, &L 7-20%(ZE A7 BA) o)

5. 5848

0.9% A4l A= N-['*F]fluorobutylpyr-
idinium g3 N, N-dibenzyl-4-(2-['*F]fluoroet-
hyDpiperidinium & A9 mejiid Fqjstx
1%, 5%, 40% F A9 74 718 (=, W, 7, T8,
o, A e Eejste] dalbse] ke 54 "Fol &
A5 ZAe] AWEEE 2AE o (Table 137} 2)

50

Kidney

S
<
1

w
=]
i

%Injected Dosis/g
[
=3
1.

—
o
1

Heart

‘z Blood T

0 { T 1 T 1 T
0 5 10 15 20 25 30 35 40

Time{min]
Fig. 9. Biodistribution of [18F ]Fluorchutylpyridin-
lum cation.

35
30;
25
20-

15-

%Injected Dosis/g

Blood
02
T i T T T T T
0 5 10 15 20 25 30 35
Time[min]
Fig. 10. Biodistribution of N, N-Dibenzyl-4—(2-['¢
F]fluoroethyl)piperidinium cation.

2 F A%, 2 9 Uz veblie 389 AR
o) w2 w3l Fig. 93} Fig. 100 FA84i}.

20 % D3

ZE2AY Azl N-[®Ffluorobutylpyridinium <
(D& AW 9 18 F ATl 19.22% ID/ge
£ e Bog) 58 F 9.43% ID/g, 403 Fol
£ 1.12% ID/go 2 7kadh = Y & 9= N
~[#F]fluorobutyl pyridinium <3(1)2} k2 40%-o]
73}& Foll 0.37% ID/g& #A3kAct. olol nisiA
N, N-dibenzyl-4--(2-["*F Jfluoroethyl)piperidinium
A (2) 0] AFTFoll == Fe 1¥ F 5.90% ID/
g, 5% F 541% I1D/g, 72]3 403 Folx 4.33%
ID/g= AATS abollA] UA7[7H5eke 5-4% ID/g
& A8k, Haole AATS vlE ofF He o
o} A5} 9tH(40% F 0.28% ID/g). &3] N, N-
dibenzyl-4—(2- "*F [fluoroethyl) piperidinium <3(2)
2 A dAko) o]&-E T gl potassium—43, tha-
lium-201, rubidium—81 Bt} w2 Ajzte] ARS8
o e ofo] sy 21 Az LA’ ghE FAIZ
18 oje}4 N, N-dibenzyl-4-(2-['"*F |fluoroethyl)
piperidinium 9(2)& Ao FRFHAZH ] ALE-
IbsAdE RoFa o). =3 o8 oG] e ket
£33 A3AA BABRE S T2E s
drFgge] AAS FFRFAAZ Pt ¢ U B
ATE T8l & 5 slo] deRE FASEE ATl
7} EFEEo] Yol o]48 7o) AtuHr}.

B Q7o g2 297 21& F FY Fr2ad
82] A. Knoeechelg} gn2atfshdde] PET AlE]
¢] K.Toedter 22]3 Jiiliche] &dF4 G.Sto-
cklinA] Z}Ale e},
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