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Synthesis of F28 tetraphenylporphyrin and its application to
the separation and detection of lithium (I)
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2,3,7,8,12,13,17,18-Octaﬂuoro-5,10,15,20-tetrakis(pentafluorophenyl)porphyrin (F28
tetraphenylporphyrin; OFTPFPP) was synthesized by the condensation of 3,4-difluoropyrrole
and pentafluorobenzaldehayde. 3,4-Difluoropyrrole was prepared from 2,2,3,3-tetrafluorosuc-
cinic acid as the starting material through 5-step reaction processes. The acid-dissociation con-
stants of OFIPFPP were determined by a solvent-extraction method in the presence of tetrabuty-
lammonium chloride (0.1 mol dm™). The 28 fluoro atoms decreased the basicity of the por-
phyrin and made two protons of imidazoles release at pH 4 and 7 ((HsP), + Na* = [(HP")
(Na*)],, pKas 4.2; [(HP")(Na*)], + Na* = [(P*7)(Na*)s]o, pKus 8.0). The protons of the
tetrephenylporpyrin unsubstituted by fluorine atom did not dissociate at a pH lower than 14.
OFTPFPP reacted with lithium ion in the neutral pH range, and gave a new absorption spectrum
with a maximum wavelength of 416 nm in chloroform.
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Scheme 1 Synthesis of 2,2,3,3-tetrafluorosuccinic
acid diethylester

2, Bz 4y ryou—LVEBoBHIC, BTRSIED 7

BTy ERFEEAL, BIZAVUNMIIRYZ 70407
o VHEEFEHD 2,3,7,8,12,18,17,18-F 7 ¥ 7V F 0.
5,10,15,20-F F FF A (RVFZ 7 0F 07 2= V)ENVT 4
)~ (OFTFPP) #8HL7:. 7vERNVT 1) VORK
1B IZ DiMagno 512 & o T 1997 FEIXHE STV B
Y, 34V TN OO LOEKRAEEL L, ikt
33447 b 7NFRET) VY AIZEHROFTETIEE
RTELhol. EREGEREL, BICHRBERSBER
LRBRSTWEDTLERLEWEBERERLY™, 7
vERVIAYVEER L. 28BO7 v REFEBERE
BAIZXBRLVT74) v OsE#ENE @EREER) o%fks
UFohAF v EDORIEERAR.
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2.1 2,2,3,3F FS7)0FOaANTBOIZXFIVE

500 ml 2387523122283 7 hF 7Nt uany
B 42.38 g (0.2200 mol) & p-P VY ANFKVEE 5 g
BOWMY TS ) —1150.0cm® (=ml) ZHE»LE. 20O
B EH 80T DM T 15 BB Z1To 72, BEHE,
SR L, BEKTMACEBEZSBEL:. AR
##% 0.5 mol dm™® (= M) NaHCO; TV, Z0D#%
MgSO, # A&/ /2. 1 WKERE, ELFHEEITY
MgSO. 2BEL A, RBEOF A VRILEW TR
(Scheme 1).

2:2 2,233FFZ7INAAANIETIFDER

FIZBONZFAANRILEWE 77 A TITWY, KRBT
0C iR o72F T FI A4 NHs ZBULAAH 2RHR S —
F—THhIRA L. COB, BRitBYHFEL. o—
FY—ZNRL—F—TIy ) - VERELERIE.
ST AFH U EMABER LT, BIFALTTY
r— —mTRELE. B5NhEA% DMSO-4 ICER
&4, 'H-NMR 28l L, BICRRZHAEL . /89 ¥
—RoBEBREKFEMS 265 g (WX 63.0%). AA 252-
255C. 'H-NMR (DMSO-Ds solvent) [§/ppm] : 8.25,
8.43 (d, 4H, NHy) (Scheme 2).
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Scheme 2 Synthesis of 2,2,3,3-tetrafluorosuccin-
amide
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Scheme 3 Synthesis of 2,2,3,3-tetrafluorosuccinimide

2:3 22,337 Z70FAO0ANIELINOER

2,2,33-7 FI7NAOaINnsET I F27.0g (0.140
mol) ICIBHEEE 8.02ml ZMMZ, WERY 7ZHVWTRE
L, M CTMBRER21To7:. BEVRMT ST TMEL
(#80C), Z0OHALFORREE 1 BIITH 190T 1<
L, KIibZzRT 382 gaE&EFELRL. Bohil&
mERAEFETHEC, BWETTHESLHEEL, Boh
TRERET V- TRELL. BEEH 220g (I
R 90.0%). B 62.5-65.5C. '"H-NMR (DMSO-D; sol-
vent) [§/ppm]: 9.12 (s, 1H, NH) (Scheme 3).

2-4 11t 3,344-F FS70FOFOVUTHLDERK

BFELAEPFT300ml 2 FHT 5 X TITKRBETOC IR
LARAS 2283 F I 73 F I T7NFTINTEEAL I
F7.0g% THF 40ml i2R2 ¥ — 5 —Th L IZASHEBEHIL
72. T OEWIZ BHs-THF 150 ml % 15 527 TR 7=,
COBEWEFDOTESRHEOC IIR-7. CTOBHREE
FENTY T LEFS, BRTI7TEHBAMZALE X
BB E OC ICHRLI10FETZY /— V% 20ml il
2, REA28RTE8®:. 28— VEMagi%k, 20
SUEREBLTC2S HCl 2f8f1 &€V F VT —FT 0V
% 100ml Iz, BEATY 7 LANSRRT 15 B
PIFAL. Cots, ABKEBRYISEL:. ABRILE
WERFIFRL, PZFNZ—FLTHNT Iy —F—m
TR Rt FEELHVCTHEREZITVEER
%187, 'H-NMR (DMSO-Ds solvent) [6/ppm] : 4.01
(m, 4H, CHy), 872 (s, 2H, NH.Cl) (Scheme 4).

2:5 34-T7NFAAEO-ILOERK
Fu—7Ky 7 ART300ml 23H7 S5 X alliEk
33,447 b 7NMFOOY T AENMAZ, dry DMSO
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Scheme 4 Synthesis of 3,3,4,4-tetrafluoropyrrolidium
chloride
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Scheme 5 Synthesis of 3,4-difuluoropyrrole

20ml IZAY —F—THh LA LLEESBE» L. IThic
KBETHI DL 7V F T FE2100TTINL, iR
T3P IFALE. ThICEhBEIEBRYHE L.
50 ml DFEFKEMA TRIEZRT €72, THIZ 300 ml
DEBRKREMATHRBMEE»L, HWEEXHAVCpH %2 7
KRB L. COBEEE 500mml OFEREHIBL, V2
TOXxyT50ml T6EHEBL, HWVTEEK50ml T
4 [H, SEFEALF MY 7 ABE 50 ml T2 EBEEL, BER
RIFZAVILEMATIHRELA. B2 T A4
ZFBRLTHYBRE, a—% ) -2 NREL—F—%HNT
BEEE -10C THRELZ. #HETALVEEONRS. Th
b:/\°2/7‘/6m1’2—20°C Tz 3 EEBOERIEBEON

. BohEAE-20C TIRELE. BEEEBHOESR
(uwg(u$pw%)%ﬁt.}LNMR«mm”me)
[6/ppm]: 4.01 (m, 4H, CH,), 872 (s, 2H, NH.Cl)
. (Scheme 5).

2:6 Z)FAAFRILT L UCDERK

34V 7NMFO¥u—) (0.18g, 1.8 mmol) &R ¥
TNFaxXYXT7TNVFE F (0.35g, 1.8 mmol) % 250 ml
Drvruary Ehl, LIEs K iRALEE, =
TRV E-IZF NI —F)V (098g, 7.0 mmol) EHMN
7. BRITEEPOKRBEBICENALE. COBHZEE
KT CERTSBEMIZALL, RICBRICY 7O
QI T I pRyJF )Y (0.05g, 22mmol) EEY T
Y4ml 2MAT1I2HMEERMET TR RALTRE%®
BROBIIFRBEIBRL kodz, BRERICIN
YEVERAWTATIAZUOT NS 7LD EREITS
7z. UV/Vis. data (CH:Cl, solvent) [A/nm, &/M™"
3925 (5.24), 492.5 (4.29), 578.0 (3.71) (Scheme 6).
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Scheme 6 Synthesis of F28tetraphenylporphyrin
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31 E4DpHIZHITIWRANYT ML
BRLIZRV 74 ) &2 7aaRVaICE» L7 1t
TEYITFANTVEZTAO0OIMBEERBELL. BRER
EENENPpH1.0~13.0 T TISHEERAML . 10 mlE
HBCEIVT 4 VBB 5ml, BEBE 2ml, (BuN)ClE
W 1ml, ZEAK2ml 2R, 10 5HBL Ko7, pH
7T00ETC/ous v AHOBOELIZERLS LY, 7.0
DTFTRBOELIROAEZL o/, ZRhEFRO pHICE
F22700FRVABORANRY PVELERIE L. pH 7
DT TR RERIE 392 n0m THH, pH7 LA ETIZ
4%nmkwm@kﬁﬁm/7btf R % Fig. 1a,
Fig. 1b (2R,
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10ml BLEEFEICRLT7 4) YEB5ml, BEHE 2 ml,
(BusN)Cl1 #&# 1 ml, ZEK 1ml, EL)F Y LAER
(05M) 1ml 2z, LEEEAKROBRIEZIT-7Z. 2D
L&, BROBOEILIZEDERLALETH 7. L
1 BRIz E
FHREHTHEREZREGEEL. ThIZEY, pH5.0
BETroohVafRFResEL, 5.0 WTFTRED
ZltRonidrolz. EREAD pHIZBIF A7 0Ok
WABDANRY b IVELZHE L7, pH5 LT TidBiIX
BRERIZ 392nm THY, pHS5LLETIE 416 nm K
RBARKERIZS 7 b L. #&R%E Fig. 2a, Fig. 2b 7R
7.
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Fig. la Change in absorption spectra of OFTPFPP at
various —log [H"]
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Fig. 1b Change in absorbance of OFTPFPP at 392.0
nm and at various —log [H']
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TCTpH4 & 8 TEU—VOREIHEA LT v OB
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(HoP), + Na” [(HPT)(Na")], pKs=42
[(HP)(Na")], + Na* == [(P*")(Na")s]o pKu=8.0
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Fig. 2a
various —log [H'] and [Li*] of 0.10 mol dm"~
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Fig. 2b Change in absorbance at 416.0 nm and at
various —log [H"] and [Li"] of 0.10 mol dm™®

ERIBT AL RPDTORTHS. FEHESHIEX, §FTH
25 TUERIVTA) YERCTML & 9 FRHAKFDOY
FOLDEREGEERELLY. F MUY ALK VG,
AF VEERKRETETELT7 4 VERICAVTYNRZ VD
T, 1AULED-TH 10 MOV F YA FVOER
ABEL o7z, L2L, A5 T0ERNVTL ) Y
X, pH1I2BETYF A4 4V EERBICRIET 5D
T, mV pHRABPLETH- 2. SEER L7 v FER
V74N 0%, FETY)VFILAFVERRBRTEDOT, X
DERCELEEZBTEEDOF V) LARFETTCOIFY
LA F OBRH, SHRAELLOCHTES. BT, VY
FOLAE VY- LTORETHUBEIBEDTRE V.
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FEFES 722 VRVTA) VORFBIHEEL TR AREEH 7 vy RICBEBRZ, 8807 v E:2E
RV TZ4Y) %34TV 7M0F OO —LVERVITINVFIORVATIVFL FEOEERBIZEVERL
72, 347040 O— 32233 F b INFOINSBERBERELTEOI AT, 73 F,
AIF, u)Joo A EBEERCBBEORIETER L. ERLARLVT ) Y OBBERIEL Y
FILALF Y EDREE, UV/Vis ART FNVIZE DX, ZOKR, 8BO7 v ZERFOENCEFERTI
U, K74 Y (HP) OBWEEIPBAL, pH4 L 8 TET—VOBRIIKEELTu + O
BEASEIE & N7 | (HeP)o+ Na® = [(HP )(Na*)lo, pKus 4.2; [(HP )(Na*)]o+ Na® = [(P*")(Na*)slo,
pKi 8.0}, BIZER L7 v RV 74 ) VidpHSUETYF I AL F Y ERIEL, 700KV ANDH
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