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2AF N-4-(4-ChloropenyDbutyl-N,N-diethyl-7- (p-

toluenesulfonyloxy )heptylammonium cation®]

i

4 % Fluorinationol] &oF ¢34+

SIEES(0ITICH 5154), QHEE(OIDITH 515H)

ORIZHED] AERES wHl, SETE

il

o

olgst A9 Al FEEH KT

Tt
Ot

TEZ(HAIY S44), SHM(ERI S484)

SETI(HXICH SED), OIBF(EXI) SH4)

ARITEE JFTA I ARs]st 1)

N-4-(4-Chloropenyl) butyl-N N-diethyl-7-(p—toluenesulfonyloxy)

heptylammonium cation®l A 9! Fluorination il

MI1TEME

ol ZelA] teHM oigo] 7 SQ36kt. Zeuh GRIEY
I ARl ERdgsH, wetd dde 7)o ddsie gkt
= Fdolgt & 4 QUrt. i) |etes HEd
Hol oE F% e SR SotiEs
| 8% expt B gAA SAH 180

If

=

Q1 W E ol&aA Hrk
JEE X1 1E glo] A o=z HE6h
= 9pHORE CT(X-ray Computed Tomography, XA ZAFE] ©I&&
), MRI (Magnetic Resonance Imaging, S8AP/1&2d &), SPECT
(Single Photon Emission CT, ©Y A} ¥& AFE &Y), PET
(Positron Emission Tomography, &FAAF 1&E & &) 0] Uk

PETZ F& Y itk thil 849 G40l AKSEM, o A
= g7 dololl 2t 75 HsE YECE HUIE 4 Qo] 55
@ 9 HEgs 59 Aol 7MY 785kt PETE WK 59
YAE HEORE o|Fsh=tl, olFe olF S BF "7}
Z QAT Aol Em el f140]7] wiEolth IE Fluoride® W
717F 110822 71E 71 A& ol8dl o] dgolie PETo o|&¢&
& U= Fluoridert X18HE SietEe oIt Fluoridert Xk
e EE2 YUEORE 0|88 4+ Qe ¥ /KA B 7R
c} A Fluoride 4@} H|SSF steric hindranceE 7HIC). E4,
Fluorideo] X18HE 229 thil= A%t C-F Zgol Qo Ar=A =
ch A, 549 HI IS W Fluoride®] 2 A 7124 =+ receptor 2
SI=E S7RIZC) 229 MelsHog e84 712 771 Fluoride
St SIBIEY Hdoll Slo] &7t ek

EaXg WA CF 22 mlS 52 alz] ofltixI( 450 kj -
mol-D)& 7KW STHEEEA & ZHE6HA] 222, THE alkyl halide
ol &) C-F Z2&e] gdA] Bo 7IES 2708 EQE s,

Exx)e I & 4FE -0H7|E halide ionQ 2 X185}17] QIaHA]
=0l WA dHrE O =2  p-toluenesulfonate,
methanesulfonate B2 trifluoromethanesulfonate S HFSAIZITE O RAES
A AYH=E1 B, Als7ol =2 o84= 7Kt E3l, Allylic
0L} benzylic alcohol®] A0+ intermediate sulfonateE A% WA=
2 alkyl chlorideE @717} O gth. ¥1E &% 44=0] 1241 &3
=9] sulfonate estero] Alkali metal halide L} tetrabutylammonium halide
E I8AI7IH =2 $5E9) alkyl halideE ¥A ZHedl, 1 MHE
2 configuration e =HQIltt 127} &3A&9] sulfonate esters
alkyl fluorideZ2 X7 1= E4X|E WO BP0l KF, tetra-n-
butylammonium fluoride(TBAF), Et3N - 2HF, CsFQ} tris(diethylamino)-
sulfonium(trimethysilyDdifluoride(TAS-F) & ©F2A171H G35 0|T}

N,N-Diethyl-N-(7-fluoroheptyl)-4-(4-chlorophenyl)butylammonium p-
toluenesulfonate(5)= &Hdke HFolA AIZREE 2 1,7-Heptanediol
p-Toluenesulfonyl chlorideS ARSGIL E1= Pyridines AFS6l0] 4
HEs g, I 4852 5 Ut hydroxy”] thilol #Es4o] &
tosyl712 RIBAIZICE I X2l Tetrabutylammonium fluoride + 3H,
0%} 81 TolueneS HFSAIAH LTt tosyl7] Shhz floride2 X EHAIK
t}. 1 floride X]1ZH=Z0IN-4-(4-Chloropenyl)butyl-N,N-diethylamine
(9L} 8 Acetonitriles WHSAIA #&E A4 EZQ1 N\N-Diethyl-N-
(7-fluoroheptyl) -4-(4-chlorophenylbutyl-ammonium p-toluenesulfonate
(5E ¥=tt

N-4-(4-Chloropenyl)butyl-N,N-diethyl-7- (p-toluenesulfonyloxy)
heptylammonium p-Toluenesulfonate (10)€ g+ddk= HolA= 3-(4-

Chlorobenzoyl)propanoic acid, Boran-tert-butylamine-complex, Aluminium
chloride®} EwDichloromethanes BFSAIA benzoyl719] C=0& CH,=Z
SRIA)711L, propancic acid®] C=0& CH,Z BAZIL} 1 39 &
Zofl p-Toluenesulfonyl chloride@t 81} PyridineS HFSAIA LEio] -
OH71E -OTesZ2 X|Eoict. X18HeEl EZ0 Diethylamine®} HHSAIA
WA -0Tos7|E AIBHAIA tertary amineS gt 1 E&of 7-
Di-4-Toluenesulfonyloxyheptane (3)Q} 1 Acetonitriles HHSAIAH N-
4-(4-Chloropenyl)butyl-N,N-diethyl-7- (p-toluenesulfonyloxy)
heptylammoniump-Toluenesulfonate (10)E 'H-NMRE SISt Ay &

ol tosyl71E 71X ammonium cationS VRSS SRISH 4= AT}

Scheme 1 N-4-(4-chlorophenyl)butyl-N,N-diethyl-7-(p-
toluenesulfonyloxy ) heptylammonium p-toluenesulfonate

[scheme2] N,N-Diethyl-N-(7-fluoroheptyl)-4-(4-chlorophenyl)
butylammonium cation synthesis.

K." 2 Ak ALY
o208
2.1 AlF 2 (7]
2.1.1 A2k
Acetontile <= 99.8%2] Merek chemika® AMES AREGIGL,
Aluminium chloride= <% 98%0]™, p-Toluenesulfonyl chloride=
monohydrater= <& 98%Q1 Jusnel chemka® MES AM2EIP oM,
Boran-tert-butylamineS Acros chemika® &S Al&sI3cTE 3-(4-

_
il

Chlorobenzoyl)propancic acid®} 1,7-Heptanediol= <%= 95%9] &S
Janssen chemika MEES AR26I5 1L, Diethylamine2 <& 98%¢]
Yakuri chemika® ME& ARESIUCE Diethylether= &% 95%0]H,
Pyridine2 <% 99.8%0]11, Tetrabutylammonium fluorides= <%= 97%,
Toluene <%= 99%, Hydrochloric acde= 25 Fluka chemika A&
AHESIATE.

Dichloromethane?} Acetone™ =4} chemika &S AFESIGITY.

18], TLC AKE-EE Dichloromethanes A, n-Hexanee B, 1Z]
1 Acetone2 CE E7161C

2.1.2 7171

"H-NMR Spectrum Varian Gemini-200 NMR SpectrumE AH261
B F o], IR-Spectrumse Bomem MB 100 Serise FT-IR
SpectrometerseriseE 0126107 HRICt

22 Azl

2.2.1 7-Di-4-Toluenesulfonyloxyheptane (3)

Argon gas SIIA] two-neck 100 ml S Z¢tAIo] 25 ml9
absoluted pyridineS E11 4.45 g ( 33.66 mmol ) 1,7-Heptanediols =
Q1 %, 15 ml9 absoluted pyridineol 14.12g (74.05 mmol ) p-
Toluenesulfonyl chloridee =01 Ol AR ERJr}. Iee-bathollA] 155
7t stirring Gt A20A] 1AI17E stiring & W FHEE =204
EQgl 2oz M ity TLC(A :B:C=9:10: 1)F
SS FEDYSS RIS T, ice waterE YL 0 'C AEROIA 15
stirringdtal A20lA] 1AIE stirring SHACE. ThH2oll separate
funnel o HISE 11, ice water, 0.IN Hydrochloric acid &}
DichloromethaneS 1 W] {fr15e @1, F H o
DichloromethaneE EZ01 EE T Es 2o g2 =
5 sodium sulfateE @0 FES AARACE TLCCA B :C=9:
10 : 1) tjA] ERIgE &, gpoto] F /MPLEZ, columnE A £
2ot £, evaporationSt] productE H ATt

|

HI [
0|
mo >

ST

=)
=

=2 2

o5 O

Rr = 0.62

Column  S0OH Dichloromethane
product & 9.53g ( 21.63 mmol )
Yield 64.43 %

producte| EA4 ook |
"H-NMR Spectrum (200 MHz) @ = 7.73 (d, 4H, Ar-H), 7.30 (d,
4H, Ar-H), 3.96 (t, 4H, O-CH,), 2.44 (s, 6H, CH,), 1.7-1.1(m, 10H)

2.2.2 7T-Fluoroheptyl-p-toluenesulfonate (4)

Argon gas SIOIA] two-neck 100 ml &= Zek~3d 7.0g ( 15.89
mmol ) Ditosyl compound( (3) product ) 20 ml T4 Acetoniledl] =
QIt}. one-neck 100 ml & ZT+AF0) 15 ml T4 AcetonileS B 11
5.36g ( 17.00 mmol ) tetrabutylammonium fluorideS Q1 =

evaporations SIACE OIS 919 S0 B2 &, 85 CollA] 8AIZH

1BHOE A%
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MU g

H12873 20004 123 12 EQ

120 Al

71&8lnt

TLCCA B :C=9:10:1)F k30| LEHISE Solsh
3, evaporationS Stl, 3 ml TolueneS 20| evaporations BT
TLC &9l &, spoto] NPOEZE, columne diA] EE|SH &,

evaporation 5109 productS HATt.

Rf = 0.58
Column  &0§ Dichloromethane
product & 1.31g ( 4.54 mmol )
Yield 215 %
producte| 4 SIS P2 LEHHOo| MM Ql= oHk

IH-NMR Spectrum (200 MHz) @ = 7.79 (d, 2H, Ar-H), 7.33 (d,
2H, Ar-H), 4.70 (t, 1H, CH,-F), 4.11 (m, 1H, CH,-F), 4.02 (t, 2H,
CH,0), 2.45 (s, 3H, CH,), 2.0-1.1 (m, 10H)

2.2.3 N,N-Diethyl-N-(7-fluorohepty!)-4-(4-chlorophenyl) butylammonium p-
toluenesutfonate (5)

Argon gas SHOIA] two-neck 50 ml S ZEkA~F0] 5 ml A
4 AcetonileS E11 400 mg ( 1.39 mmol ) Fluorotosylate compound
( (4) product )2+ 330 mg ( 1.38 mmol ) Tertiary amine ( (9) product
)E =01 F, 80°C ~85CollA] 20817+ refluxst & TLC(Ethyl Acetate
. Dichloromethane : Methanol = 5 : 5 : 2)& H}20] SZEHNSS
E0ISH 2, n-Hexaneg oF WEH 715 &, ot L&t50] Y=
. 85 S separate funnel2 E2|8F = Dichloromethane®} waterS
o] B8 T, 7715€ Yol B4 wodum sulfaeE o128 FES

MAHEH evaporationdto] productE P UTH.

AU

product 2 0.484 g ( 1.36 mmol )
Yield 98.6 %
producte] £4 MOl U= FHSH AR

"H-NMR Spectrum (200 MHz) : = 7.76 (d, 2H, CH,Ar-H), 7.24
(d, 2H, ClAr-H), 7.13 (d, 2H, CH,Ar-H), 7.09 (d, 2H, ClAr-H), 4.42
(dt, 2H, CH,-F), 3.31 (q, 4H, NCH,CH,), 3.20 (m, 2H, N-CH,), 3.1
(m, 2H, N-CH,), 2.60 (t, 2H, ArCH,), 2.29 (s, 3H, ArCH,), 1.60
(m, 8H, CH,CH,CH,)

2.2.4 4-(4-chloropheny)butanol (7)

Argon gas SOA] two-neck 250 ml S ZElAFo] 100 ml
Dichloromethanes 211 11.28g ( 84.65 mmol ) Alummium chlorideE
=9ct, 1 82990 13.91g ( 160 mmol ) Boran-tert-butylamine-complex
£ do] 1527} stiring8tArt. lee-bathE AHAIGH] £HSE A zo)
=™ 6.0g ( 28.2mmol ) 3-(4-Chlorobenzoyl)propancic acidE OFF A%
A ZRAEA Argon gasE GOIE HEfolA] Eint. 48C~52 C
MEIZ AFE TLCCA DB :C=9:10: 1) ERIGHT oF 7247t
=0 1St & HEEo] EERSS EQIGIATE separate funnelo]

[

HI2E3 0.IN Hydrochloric acidE
DichloromethaneE E50] & =

T B4 sodium sulfateE Eo] SES AARCE TIC (A C =

1 )E oA QIS & spoto] AP EE, Columne A £t &

o

evaporationoto] productE P AT

o

3

Rr = 0.66

Column Z0H Dichloromethane : Acetone = 9 : 1
product & 4.32g ( 23.4 mmol )
Yield 68.8 %
producte| £4 B2 CEHH Ol

"H-NMR Spectrum (200 MHz) : = 7.24 (d, 2H, Ar-H), 7.07 (d,
oH, Ar-H), 3.62 (t, 2H, HOCH,), 2.57 (m, 3H, Ar-CH, and OH),
1.7-1.4 (m, 4H, CH,-CH,)

2.2.5 4-(4-chlorophenyl) butanyl tosylate (8)

Argon gas 7|X|5tolA] 100ml two-neck round flaskoll 3.82g
(20.7mmol) (7) product@} 7.91g(41.40mmol) p-Toluenesulfonyl chloride
E 21, 50mlQ PyridineS ice-bath ZHXIGIIA 3027+ =§6Hod
stirring{Ct. 4202 3A1F WXIgH &, TLC(A : B 1 C=24 @ 25 ¢
DZE 1h80] A= SE ERISIFCE 0ColA] 1587 stiring®t &
separate funneloll YFSEE Yl ice water, 0.IN Hydrochloric acid®}
Dichloromethanes 01231 SEEIE SItE 54 sodium sulfateE 0]
23 $EAMAZ, evaporationst & TLC(A : B:C=24:25: DE
SIS 510 spoto] HFCEE columneS SHA] EE|5HL evaporation
519 producte AR

o

Rr = 0.49

column H7HE0H Dichloromethane : n-Hexane = 3 : 1
product&¥ 3.25g ( 9.59 mmol )
Yield 46.3%
producte| 4  FaU= FHst 1K

"H-NMR (200MHz) : = 7.70 (d, 2H, CH,Ar-H), 7.33 (d, 2H, CH,
Ar-H), 7.20(d, 2H, CIAr-H), 7.05(d, 2H, ClAr-H), 4.01(m, 2H, OCH
,), 2.55(m, 2H, CIAr-CH,), 2.44(s, 3H, CH,), 1.80~1.50(m, 4H, CH
,-CH,-CH,-CH,)

2.2.6 N-4-(4-chlorophenyDbutyl-N,N-diethyl amine (9)

Argon gas 7|XI5HoIA] 200ml two-neck round flaskoll 3.20g
(9.45mmol) (8) product@} 90.0ml AASH Diethyl amineE 231 50C ~
56CE FAIGHHEA] 10A17H8¢H vSS THAIZTE TLC(A © B @ C
=910 DE 80| &A=ASE FRIst &, Diethyl amine&
evaporationg 510 GIQH XS HRAC). separate funnelo] P2 IIA|
£ 27 2N sodium hydroxideS 21 &% % DichloromethaneS 33]
Wl F71EE 2ol B4 sodium sulfates 01 &8) £ES A
evaporationgt3ct. TLC ( Dichloromethane : n-Hexane : Methanol = 9
210 0 DE TR Rl Z, spoto] NP CEE columne 1A EEI5)H
1L evaporationH] productS X ATH.

column  H7HS0H Dichloromethane & Methanol
product2s 1.07g(4.46mmol)
Yield 47.2%

producte] 544 ZIsH 24 TR

'H-NMR (200MHz) @ = 7.20(d,2H,Ar-H), 7.05(d,2H,Ar-H)
2.50(q,4H,-CH,CH,), 2.50(m,4H,CH2(CH,),-CH,), 1.7~14 (m,4H,CH
,-CH,-CH,-CH, ), 1.00(t,6HL.CH,),

2.2.7 N-4-(4-chlorophenyDbutyl-N,N-diethyl-7-(p-toluenesulfonyloxy)
heptylammonium p-toluenesulfonate (10)

Argon gas 7|AGIOIA] 100ml two-neck round flaskol 2.02g
(4.59mmol) (3) productE HA B2 & 5.00ml GAISH F4= Acenitrile
s Y1 AAs] 71gstd =9ch 1.06g(4.42mmol) (9) productol]
5.00ml GAIgH T4 AcenitrileE @] =01 &, 9 Edoj HHs] &
At I8]3 80°C ~85CollAl 20A17+E refluxdt & TLC(Ethyl
Acetate  Dichloromethane : Methanol = 5 : 5 : 2)E ¥I20] &AY
e SIS =, Diethyletheroll 91 SN A5 EoH EFHTH
LetaolA B 57 SO Z ek & gt olo] MATE 2087
stirring®t F separate funnel2 2|8+ F Dichloromethane®} waterE &

0] EE & f7158 W0} 45 sodium sulfateE 0188 +~ES A
5109 evaporationtod productE: HBRict.

product¥ 0.060g(0.47mmol)

Yield 10.74%

producte| £ HM0| U= FHst IH|

'H-NMR (200MHz) : = 7.79(d, 2H), 7.75(d, 2H), 7.35(d, 2H),
7.23(t, 2H), 7.10(d, 4H, 3.99(t, 2H, CH,0), 3.38(d, 4H, NCH,CH,).
3.32(m, 2H, NCHz), 2.65(t, 2H, ClArCEzl 2.45(s, 3H, CH,Ar,
Tosylatester), 2.31(s, CH,Ar, Tosylatanion), 1.64(m, 8H, 4 CH,),
1.31(m, 6H, 3 CH,), 1.26(t, 6H, CH,CH,N)
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N,N-Diethyl-N-(7-fluoroheptyl) -4~ (4-chlorophenylbutylammonium p-
toluenesulfonate (5)g &Edlke HHolA AIZFEZE S 1,7-Heptanediol
I} p-Toluenesulfonyl chlorideS ARESIL &M= Pyridineg ARESHO
MEES e, I BYEES F Ut hydroxy?] thilol 2184
0] & tosylZ|Z XAt 1 X|EHEo| Tetrabutylammonium
fluoride - 3H,02} &1 CH,CNS WFSAIA et tosyl7] Shb= floride
2 AT} I floride R|EHEZ0l N-4-(4-Chlorophenyl)-butyl-
N.N-diethylamine (9} S AcetonitrileS HFEAIAH HE 44 22
Q1 N,N-Diethyl-N-(7-fluoroheptyl)-4-(4-chlorophenyl)butylammonium p-
toluene-sutfonate (5)Z 'H-NMR £ &018F A3} hydroxy”717} floride2
X1l ammoniumcation 2.2 X ST SS olst 4= 9Jlrt

N-4-(4-Chloropenyl)butyl-N,N-diethyl-7-(p-
toluenesulfonyloxy )heptylammonium p-Toluenesulfonate(10)& 36+
IHol A= 3-(4-Chlorobenzoyl)propanoic acid, Boran-tert-butylamine-
complex, Aluminium chloride®} 7 DichloromethaneS HFSA]AH
benzoyl719] C=0& CH,Z #¥IA17]1L, propancic acd®] C=0& CH,
Z 2RAHSE I S EZ0) p-Toluenesulfonyl chloride®} &1
Pyridines ¥HFSAIA THte] -OH71E -OTosE A|&5IAc) XgHE &
ol Diethylamined}t BFSAIA Q] -OTos71E A|IZAIA tertra
amineg FEBIATH

71 B0l 7-Di-4-Toluenesulfonyloxyheptane(3)2}F &1 AcetonitrileS
HFZA]AH N-4-(4-Chloropenyl)butyl-N,N-diethyl-7- (p-toluenesulfonyloxy)
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