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ARERE-1-HBA. AR ZRTR a0 2- LB H-5-F Uk b W & A& B0
BB, EARTE TR = /T B F BRI ik R ey A, 2 5 KOH/MeOH 4%
T B Feb e 2k, 53|t — R T BL 3 A Slectfluor 7] R R %) 1548 B0y — F b 2Lk B
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R e AR
FM AT A

= AR B A
TR RRE

AR, SRR TR B — b AR B L R0 ] Ll B B K EARE Grubbs # — X
EARFERETHATTFTTIERE D BES (ROMP), FiF 0 R e MR KT K
fR, R AR BACE B AR A A — RO A B R e B X A

Reme i ELAFENEEBRFEE (12~49 mS/cm).

1 5%

AR, RS LR TR} Rt T G
PR Vi Rl U T () 1 P T 52 0 AT 3 a9
R A v R A R A A R T A T T R,
JIT LT DU i i e . R A it A% O b R 2 —
RGP AT R A A A 2R 4
AN ot Bk 1 I B 1) A R S 0 T R AR i i
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FI T F T 0 85 1 S A% S R A N . LA R
T, LU &M (THE) /F v 70, R EtSNa/
EtSH 38 i 43 7 7] 352 62 b BBt itk s 5 141, 4R
FUKSEAR P 1 TR R (] 1, RV
BT IX e LE R AT B A 1 S N,
5 N P T AT T T 1 3 TR S e
TBE T2 Y
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2.1 A S
WA AR R R K, BT s ) R RN R AL
AR ST E AN . DY R (THF) £8 I 84 B,
HEAJTAEH 7N B 0 It i (HMPA) F & A6 5 (CaH,)
THE, B, TS 2 T 05 R A7 Tk
TEAE JE BT P RE IR A 5 T 2 %ﬁ%m&%%ﬁ%ﬁ s
mh; Ve AR R LB EE (60~90 C) TRA
'H NMR 1] Bruker AM-300 (300 MHz) jz
Varian VXR (300 MHz) ZA% g L9052, BT I
PRI, AR () FRAHRE bR DY 4
f¢ (TMS) 5. “F NMR #% 1] Bruker AM-300 (300
MHz) 5§ Varian VXR (300 MHz) A% SLHRACI 2,
P A A AR, =i (9) ?J‘EX’J‘&M‘?E
— % (CFCly) 754, C NMR % J{] Bruker
AM-300 (300 MHz) i} Varian VXR (300 MHz) %¢#%
W ACHRACI 2, P A RS, B (6)
FAHRT AR DY R RESE (TMS) #3120 4RG3
Bio-Rad FTS-185 BUZLAMGIGACNE. il MS (EI)
HP5973N % i il {4 I %2. HRMS (EI) SATURN2000
YA 52 . MS (EST) H AGILENT1100 %Y i %
W, moPE% i Bruker APEX-FTMS 7 i i {3
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2.2 2-((2-OWIR[2.2.1]1P¢-5-47-2)-1,1- — 55 -2-H 4 B

P2 BE TR EL) MIERE (6) 165 Bk

HERARYT, MEHE 2- LBE3E-5-FF K A i
(WA RS D) (5.3 g, 38.8 mmol), 5 H
FE-2-nkmE LA (1) (5.0 g, 25.9 mmol), THF (100 mL)
] 250 mL Schlenk A A HMPA (10 mL).
RJE RNARG I TOK NI H b2 —78 C, 1E 40
min NZZM2 A LiHMDS [fPYE IR E (1.0 M in
THF, 50mL, 50 mmol). & MGG T 4k 2: 4
#£ 30 min /5, 75 10 min N 221235 0 = 50 R H g
(8.3 g, 50.8 mmol), fifJxNViREGWEETH R =M. H
0 R S R AR TR K RN 43R5 T Tk A UK
M, EIFEHM, FBRMKBERUESR =K, LK
FREET . L uEWR 4 o, FGERAEZ T CH B 1R
LR = 3:1) orEdedal, [ EmRiE? 6)
(7.3 g, ™% 83%). '"H NMR (CDCl;, 300 MHz) J 8.91~
8.84 (td, J = 7.8 Hz, J = 2.1 Hz, 1H), 7.70~7.60 (d, J =
4.8 Hz, 1H), 6.14-6.07 (m, 1H), 5.92~5.84 (m, 1H),
3.27 (s, 3H), 3.00~2.93 (m, 1H), 2.90~2.76 (m, 2H),
1.92~1.80 (m, 1H), 1.73~1.58 (m, 1H), 1.46 (s, 3H),
1.40~1.16 (m, 2H). "’F NMR (CDCl,, 282 MHz) ¢ 98.8
(d, J = 241.7 Hz, 1F), 103.2 (d, J = 238.3 Hz, 1F). *C
NMR (CDCls, 75 MHz) ¢ 153.9, 150.5, 138.0, 136.5,
132.2, 128.2, 126.1, 81.7 (t, J = 18 Hz), 51.9, 50.6, 44.6,
429, 42.0, 27.6, 16.7. IR (film): 3059, 2970, 2874,
2842, 1578, 1453, 1427, 1347, 1172, 1097, 1065, 991,
779,736, 595, 584, 534. MS (ESI) 344.1 (M+H").

2.3 2-(WIF[2.2.1]¢-5-Hi-2)-1,1- —55-2- FH S HE N
He-1-TEBER (8) MBI
FERART, MEAAEY 6) (73 g, 21.2
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mmol), — % FE-2-MEBE LR (1) (5.0 g, 25.9 mmol),
F%(150 mL) f) 250-mL Schlenk [z W 3 97 i [l
AT (28 2). ROVEHA. TiL F NMR 3% B
PRI R B S ) (6) S8 HE. AR JE I JE 44
NaHCO; (5.3 g, 63.6 mmol), 7E%EHF: 30 min. H
e Lo VB R VIR G, /K Rk, PrisuEm
FHES Y pHAE I 22 6~7 )5, IMAJE 44 Selectfluor (9.8
g, 27.7 mmol). KMNIEEGWIEERBEF2 h 5. A
SWEFIIK, KA SBEAEL, & IFA AR H & 3
KPEE 3 Ik, HJC/KR T, da8kai)s, Mk
AL EHT g o> esfdal, MR LemaEy
(8) (4.2 g, 3% 72%). '"H NMR (CDCl;, 300 MHz) 6
6.25~6.20 (m, 1H), 5.95~5.88 (m, 1H), 3.35 (s, 3H),
3.00~2.69 (m, 3H), 1.98~1.84 (m, 1H), 1.58~1.41 (m,
2H), 1.30 (s, 3H), 1.24~1.14 (m, 1H). ’F NMR (CDCl,,
282 MHz) 6 42.7 (1F), 92.2 (d, J = 227.6 Hz, 1F), 100.3
(d, J = 230.1 Hz, 1F). *C NMR (CDCl;, 75 MHz) ¢
137.1, 132.0, 81.5, 52.0, 51.0, 44.4, 42.1, 41.9, 27.8,
16.1. IR (Film): 3063, 2974, 2877, 2848, 1433, 1220,
1196, 1137, 1106, 1057, 988, 801, 778, 755, 731, 599.
MS (EL m/z, %) 284 (M*, 0.66), 66 (100.00). HRMS
(ED) 5 AH: CHsF505S (M*) 284.0694; S 4 1H :
284.0659.

2.4 TRt BRI OR SRR (8) R UK 0 B T 2R
I I 3 et IR ) B4R A

ERARP T, IS EREY 8 (1.2 g 42
mmol), VKA (1.2 g, 12.7 mmol), 10 mL CH,Cl,
f) Schlenk & M -HPIENIA Grubbs 55 AL F]
(72 mg, 0.085 mmol) [£] 1.0 mL CH,CL ¥ . S Wik
EWIFE 20 C FHERE 10 h )5 0.5 mL 2854 2k
KINE. ¥ IR AN K& e T R S
W RAE WL E, EIS PR EKAER K0S ¢
K T1%). HEIMREDAE T W LAVER, W
DMF, DMAc, CH,Cl,.

2.5 A RAR TR G ) A

P2 -G W1E 150 "C F#UE 1 h #3212 A28 160
um RGP, K SR G IR A AU A AL K
WP I 12 h, FAAEERUES: 12 h, &G ST
K BRI AT I ) il i e
26 TSR

AW v R T IS IR 0T T AR FA S B TR

AR R — AP R ) R A it
FL AR B T — AN P IR = PO, RS
E (o) MW FAXHERH

o=d/ (LwR)
X d AN IR, Ly F1 ow, 230 RS
WSRO ) JEL AN SE R, BHAT R 7E 20 CHllE, F
1545 B T A4 Powersuite ARFE.

2.7 JEEHEREIA

FH AT 23 HT 4SO 28 2 W v it o I P B e 1k
REREAT 0 #r. WARAE R AR Y N AT, TS
410 °C/min, JHEJEH N 0~600 C.

272 Rl AERY

FH 100 mL Ji & 50 #0h 30% 11 H,0,, 900 mL 25 2
K, 3.6 mg FeSO,.7H,0, FCHZE Fenton (2 x
107° FeSO,). fE/MREF A b\ 3d& & 1) Fenton ¥, £
NN R IR A W i T, T 80 CHEEL/K A
FEH YR IR A ) R A T R AR G, 30T BB
Z47 e BT 5 EE IR I ).

271

3 GiREWE

31 2-OWIR2.2.118-5-45-2)-1,1- — 45-2- B 4 i 5
-1 (8) Ak

BATTE A A R — o Jo o it 12 B ) S s 2 AL A
PATIAE A g — o I 2 A s I R IR R T il PR
Ak (B 2). JRUEFRATTRT LAAS BIX AN U e R
), (HIXAS e B PR R R Y 1) e 2
TR Eh vk (3) AL, FERRIESME P AR E. Mk

N7
0P 0 LIHMDS =0
SreEH s A e et §
_N ' ot M‘ou
1 2 3
N7
H,0, “5 o
. \\SZOL' decomposed under acidic conditions;
i ' insoluable in CH,Cl,
4

B2 CHRBCEIREE 4) AR
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TR R R AL H — S LR IR £h (@) I, &R AT
PR, RN 2 G, KNS YL F NMR 3% 5
BT R AS 21 5 3005 . R A O A R I Y 1 L B R
AN HE, FRATIN A 2 R DR Nk e S5 A A IR 1 A% A
R, BT 2-FRdkatl e 3k 11 B L A

T 15 201 BB R 3h Ak (4) R & A
ARERE, T HLAE R R T i AR AR N, AR
AT I RAE N, BATE DR EE R
o 1A LA e e ik [ 1 Ik A S AA . — T,
WRAAAE AR T AR SRR, AR TRE
BNy Gy 7 T, R T R [ T DA (6 () A Ak s i
FRIEHA. T REATLLR ML S M 2- LBEKE-5 BRIk
Rl ) VE R JFRE, sE5 % F L -2- ke gt
(1) JEAT A% R & B, F = TR e
(MeOTNTE —78 C FARYINE =W . (e
fe A, U 3R 2-n e LA (1) A 2- 4 3-S5
BEUK M (2) S 75 380 10 B 1) A e AR i N
FERGE I, TG 24 ) AR R N AR B R
Ll R Ak TP A4 (3). LA g FE AR, i
ft (Mel) Hl R — WG (Me,SO,) JFAIEH T %k
N, JER R IR SR FIAE 78 C N R BEAT & H 3
e =4 (5). 1k P AR JZ M AR (6),
J] KOH/MeOH Jlit 2 7~ #1(6) Hhijmthe S, 35 —
BB BEIR R (7). IR HME, SRR
WA R (7) FEORBAAE N o dae, FEE KA
SO R RS I R IR T R AR T, AR A
&% HF [ . e FH Selctfluor Ak — J8ke 5k 0 fitf
e Eh (7) kA3 B0 N R RS B R AR (8)
(K 3).

32 REWHEK
FETIG I S L S AR (8) Jm, BATHE

(ROMP), /e e Uil @R A 100 ST
RO, RINVEFN, FRIMREMEAE T
WA, NN-THIEH B (DMF), DU SR
(THF), N,N- — H 3 Z Bt ik (DMAc), — & H 4t
(CH,CLy) 1, nI R IR A2 R A BT IR = i 4 1
T S RATERAE 150 CHJE 1 h 433 8B4 )3 i
(5% 160 um).

AT AR G R 1 S o i T S [ % A i
TR . BATTHE IR G R AR A A K

LiHMDS Lo o O

0.2 o ),
N THF/HMPA, 78 C P
1 2 5

MeO
MeOTf y 0P KOH Meo R
78 °C L / @ MeOH m oK
6 7
NaHCO, HoAC selectfluor MeQ Qﬁo
8

B3 bR AR (8) (KF A

R BB RUAR (8) MUK T AR (9) BIILER

MeO 0. QO

i
SR X
FF
9 8

Grubbs 2nd catalyst

CH,Cl

m n

MeQ
F

SO.F
Molar ratio (9:8)

10 F

Entry Catalyst (%) Product  Yield (%)

1 0.5 3:1 10a 70
FUAS [ LG A8 1 B3 0K 45 BRAATE. Grubbs 2 XA AL 2 0.5 2:1 10b 77
FUG 47 06 4 fF T AT TR S A B & Ry 3 05 L5:1 we o
1) KOH, H,0
m T 2)Hel m n
MeO MeO
F F
F" so,F P sosH
10a (m:n= 3:1)
10b (m:n=2:1)
10¢ (m:n= 1.5:1)

B4 R AR [ b S R IR A AL
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HONERIEIAR 12 b, ZJE A SRR LSS 2 h, A&
BT RULTR, I AT B AT S be S A R 2 141 1) 2R
SRR TR 4).

33 RTHEE

BAEY BT 10a~10c) [1)5 T HL 5 KA
100% HIAH X BE I, RERGWHEETE 10a
(BARLER 9:8 = 3:1) KT HISHR A (12 mS/em),
B S G T T A L A 1 T v, 2R A Rl
T 10b (CAAKLL () 9:8 = 2: 1)F1 10 (iK1 9:8 =
LS 7 S 20 LA 5l FF 2 40 mS/em
49 mS/cm. {EAH[ 2% F Nafionl17 JEEf)HL 3 N
89 mS/cm.

34 R e

?ﬂcﬂ]ﬂmg FHTACN AP T 10b (1)
IS MEREREAT 0 HT, 7EME 10b 1) TGA #hZk(E 5)
LT 3 /I\KIWEI?JEI%IE@WE"J%E 100 ‘CHA4
hy s R LA B it 1 5 T WO B K 4 11 28 R R D K
300~400 ‘C /et Mt 5E B et 420 C ek
HANRGY EE M. B hie LW RS WA
200 CLAF AA BRI E P, 200 2 i 148
P FEEAIRARL FL s T A I T T (1 3 e SR

3.5 JEEIALSARG

PUAANE BENR 2 BEAUIPORE Lt 1) T AR 385 4
80 'C 1 Fenton ¥ ORI, MR 2 Al L
A HHRS Y 10a 5 K EAE 80 min I 4 TF A48,
kWY AT 6 1) 58 AT B v I LA RRUE . PR
I 1) Bl A 2R 0 R R 1 i A 3K W)

TGA
100 i 05
9.340%
20 23832 C [0.4
90.66% R
|~ )
2 a0 362.43C x 0.3 g&“‘
P 81.33% <
= =
] 5
2 70 02 2
59551 C 8
60 6.57% 0.1
Ty
50 . . 0.0
0 100 200 300 400 500 600

Temperature ('C)

B 5 AV 10b ] TGA Hhek

®2 BERGUAACRE IR

B FrU LI 8] (min)
10a 80
10b 54
10c 25
B A 2R G W P i R S 5 1 1 MG KRR ) 52 B Sie K v

AT, DAL TE REZ BT A,

4 g

ARSI TG R E RS (ROMP) & %
T BT IR DL b i i R A T 11 3R B UK o
FER ) 2 A r AR . X LR A HAT A R T
HL 43K (12~49 mS/cm). i (R e PERCLF, 1 —
BT A RE 7. X R J7 30 m] DA T 1 J At 45 4 2 4F
1) e R IR 2R A5 W AR 1 A i, IR ST AR
TR ot R T A AT A R A AR LT T R R A B Y
H.

Hit  ATEFIERE AR FEE (20825209, 20832008 £ 20772144) Fn i B FH 5 Bt ko R0 37 T2 2 2 7 1a) P I

BBy, A BOA.

SR

1 O’Hayre RP, Cha SW, Coella W, Prinz FB. Fuel Cell Fundamentals. New York: John Wiley&Sons, 2009

2 Mauritz KA, Moore RB. State of understanding of Nafion. Chem Rev, 2004, 104: 4535-4586

3 Olah GA, Prakash GKS, Sommer J, Molnar A. Superacid Chemistry. Hoboken: Wiley-Interscience, 2009

4 Hickner MA, Ghassemi H, Kim YS, Einsla BR, McGrath JE. Alternative polymer systems for proton exchange membranes (PEMs). Chem

Rev, 2004, 104: 4587-4612

5 Li QF, He RH, Jensen JO, Bjerrum NJ. Approaches and recent development of polymer electrolyte membranes for fuel cells operating

1837



BAIE

A DA Fahe SRR A 1) SR8 P DK s o i 1 3R 50 F APt R ) i

10

11

12

13

14

15

16

17

18

19

20
21

above 100 °C. Chem Mater, 2003, 15: 4896-4915

Kreuer KD. On the development of proton conducting polymer membranes for hydrogen and methanol fuel cells. J Membr Sci, 2001, 185:
29-39

Wang Y, Chen KS, Mishler J, Cho SC, Adroher XC. A review of polymer electrolyte membrane fuel cells: Technology, applications, and
needs on fundamental research. Appl Energy, 2010, 88: 981-1007

Yoshimura K, Iwasaki K. Aromatic polymer with pendant perfluoroalkyl sulfonic acid for fuel cell applications. Macromolecules, 2009, 42:
9302-9306

Li HB, Jackson BJ, Kirk NJ, Mauritz KA, Storey RF. Poly(arylene ether sulfone) statistical copolymers bearing perfluoroalkylsulfonic acid
moieties. Macromolecules, 2011, 44: 694-702

Nakabayashi K, Higashihara T, Ueda M. Polymer electrolyte membranes based on poly(phenylene ether)s with pendant perfluoroalkyl
sulfonic acids. Macromolecules, 2011, 44: 1603—-1609

Wang F, Hickner M, Kim YS, Zawodzinski TA, McGrath JE. Direct polymerization of sulfonated poly(arylene ether sulfone) random
(statistical) copolymers: candidates for new proton exchange membranes. J Membra Sci, 2002, 197: 231-242

Lee JK, Kerres J. Synthesis and characterization of sulfonated poly(arylene thioether)s and their blends with polybenzimidazole for proton
exchange membranes. J Membra Sci, 2007, 294: 75-83

Einsla BR, Kim YS, Hickner MA, Hong YT, Hill ML, Pivovar BS, McGrath JE. Sulfonated naphthalene dianhydride based polyimide
copolymers for proton-exchange-membrane fuel cells: 1I. Membrane properties and fuel cell performance. J Membra Sci, 2005, 255:
141-148

Prakash GKS, Hu J. Selective fluoroalkylations with fluorinated sulfones, sulfoxides, and sulfides. Acc Chem Res, 2007, 40: 921-930

Hu JB. Nucleophilic, radical, and electrophilic (phenylsulfonyl) difluoromethylations. J Fluorine Chem, 2009, 130: 1130-1139

Hu J, Zhang W, Wang F. Selective difluoromethylation and monofluoromethylation reactions. Chem Commun, 2009, 48: 7465-7478

Liu J, Hu J. Highly diastereoselective synthesis of alpha-difluoromethyl amines from N-tert-butylsulfinyl ketimines and difluoromethyl
phenyl sulfone. Chem Eur J, 2010, 16: 11443-11454

Zhao Y, Huang W, Zhu L, Hu J. Difluoromethyl 2-pyridyl sulfone: A new gem-difluoroolefination reagent for aldehydes and ketones. Org
Lett, 2010, 12: 14441447

Prakash GKS, Ni C, Wang F, Hu J, Olah, GA. From difluoromethyl 2-pyridyl sulfone to difluorinated sulfonates: A protocol for
nucleophilic difluoro(sulfonato)methylation. Angew Chem Int Ed, 2011, 50: 2559-2563

Cahan B, Wainwright J. AC impedance investigations of proton concduction in nafion. J Electrochem Soc, 1993, 140: L185-L186
Miyatake K, Asano N, Watanabe M. Synthesis and properties of novel sulfonated polyimides containing 1,5-naphthylene moieties. J Polym
Sci Part A: Polym Chem, 2003, 41: 3901-3907

1838



hERNE: b 2011 4F H41 % 123

Synthesis of polymer electrolyte membranes based on
poly(norbornene)s functionalized with pendant
difluoroalkyl sulfonic acids

ZHAO YanChuan, ZHANG LiJun, XU GuoFeng, ZHENG Ji & HU JinBo

CAS Key Laboratory of Organofluorine Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai
200032, China

Abstract: A novel difluoroalkanesulfonyl fluoride monomer, 2-(bicyclo[2.2.1]hept-5-en-2-yl)-1,1-difluoro-2-
methoxypropane-1-sulfonyl fluoride, was synthesized in two steps. Nucleophilic addition of 2-acetyl-5-norbornene with
difluoromethyl 2-pyridyl sulfone, followed by methylation with methyl trifluoromethanesulfonate produced substituted
difluoromethyl 2-pyridyl sulfone. Removal of the pyridyl group with KOH/MeOH, and fluorination with Selectfluor
afforded the desired monomer. Novel poly(norbornene)s containing pendent difluoroalkanesulfonic acids were synthesized
by copolymerization of varying molar ratios of norbornene with difluoroalkanesulfonyl fluoride monomer by ring opening
metathesis polymerization (ROMP) using Grubbs second-generation catalyst, followed by hydrolyzing under basic
condition and treatment with aqueous HCl. Room temperature proton conductivity (12—49 mS/cm) was observed with
these new type of membranes.

Keywords: polymer electrolyte membranes, nucleophilic difluoromethylation, difluoroalkanesulfonyl fluoride, ring

opening metathesis polymerization
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