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Study on the Synthesis and Properties of Novel Branched
Fluorinated Surfactants

Lin, Chao*’ Pan, Renming” Xing, Ping** Jiang, Biao™“"
(“ School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094)
(® CAS Key Laboratory of Synthetic Chemistry of Natural Substances, Shanghai Institute of Organic Chemistry, Chinese
Academy of Sciences, Shanghai 200032)

Abstract Perfluorooctane sulphonate (PFOS) and perfluorooctanoic acid (PFOA) are one of the most prominent fluorosur-
factants and these compounds have the most widely applications. However, such fluorocarbon surfactants have been listed as
one of the most difficult to degrade organic pollutants in nature. Perfluoro-2-methyl-2-pentene was used as starting material to
introducing fluorinated branch for synthesizing non-bioaccumulable alternatives. Fluorinated surfactants containing
CF;CF,CF,C(CF,), group were successfully synthesized. The surface tension tests showed the hydrophilic groups have a great
influence on the surface properties in aqueous solution, and the compound showed the best surface activities when the hydro-
philic group was ammonium oxide. The length of the linking group and the size of the hydrophilic group have a general effect
on the surface activity, but increasing the rigidity of the two groups can effectively increase the surface activity. The carbonyl
group in the surfactant compound and the positively charged nitrogen atom will produce intramolecular interactions, enhance
the rigidity of the molecule, and thus increase the surface activity. The critical micelle concentration (cmc) value of the fluori-
nated surfactant with ammonium oxide as headgroup was about 1.73X 10~ mol/L and the surface tension in water was 19.93
mN/m at the cmc. A excellent synergism was found when it was mixed with APG0810, the use of fluorocarbon surfactant can
be reduced by a factor of 100, whereas the surface tension is basically unchanged.

Keywords perfluoro-2-methyl-2-pentene; branched fluorinated surfactants; surface tension; combined properties
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(PFOS, Perfluorooctane sulfonte). A~[FIBR K EE K A4 5
£ (PFOA, Perfluorooctanoic acid) PA XX EAITHIAT A
SEUL SR, H TR RO e 1 B AR T 1, PFOS/
PFOA KRR GV RA LM TEIE . AV RBWE,
WM, OB R EE A L5 R A LTS 549
(POPs, Persistent organic pollutants)'®”). 2006 4 12 F 12
H BRIl skl B30k AR 17X PFOS 254, Rl
(T B i 4 96 S e A TR 56 FH S B 5 1) 36 2D (2006/122/
EEC)™. SEEIA B (R4 (EPA)MIA T 2010/2015 PFOA
Stewardship 11, C.4THH B 1H & PFOA K i [F &
VA RFRIRI P O Bk, RS E Y O Tk T R
1 PFOS/PFOA B AR IB ] 4. H Al PFOS/PFOA #
ARt PRI R T2 0 DU PR B R, 5l
NGGOT L AR T Y S 2 TV M 7 45 A (R B 2 X
TEEH) . R EE SCHEAL.

AT IERA AR B /N T 7 AN ) 4 S bt S R IR 2R
(PFCAs, Perfluoroalkylcarboxylic acids)fl1/NF 6 Mk
LTSS IR £ 22 (PFSAs, Perfluoroalkane sulfonates) /s
HAM SR, BRRFEER) PFCA 1 PFSA &L
RAR 21, S Co M EHBFIAEGH C8 sy, ik
EHHETETAE POPs =it (H2HIFE 2 A ER
BOKMA, BARUMEERT Co R RGHT T
WHIE ML, B REERUMAHEL, BA R m I KE
PR B AN A PR B 12 7 e e AR B S 7
8RR UL R ke, A AR R B K R A 2
PFOS/PFOA E AL I — M A T7 1.

TEFI ELUEE R ] NTRBEE . I Y 25 Bl AL A o e
BESEMIHEAT OO, B PFOA BUMBE A — AN EE )y
[,k g s IV P R R R RUBE B ROARAE, B8 TR
B AS T, B S0 EERITE S AN, 30531 1 =
PEIRIN BA T ¥ E W] BRI, 1 18 i 45 A0 5 DA i 95
L (VDF) A 3,3,3- = 56 A M (TFP) A Ji kR AT U 56 15
FU R R R ROl S AR R K IR A,
LR A ) SR AR A

X F (Gemini) 5 4% XU F (Hetero-gemini ) 3 [ 7% 4 5
AR A A HKIE BB I = MFFEA KR, 78
FEIT SR /KA B Al o R A AT B K R RS 1 77, 7
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20 42 90 FEA 5l H Zanal ™Al Jaeger 51 YA k.
B T XT3 T P 70 23 R PR A S 7K Sk 2 S 1 2
HEFEN, KEAEEEZY 5 e AR SR I B KA BAE L, 2K
SRRV R 0 o A 2 A A P DR Rk, /e % 5 m
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fE G R MG A B m— 2L ER. EFkR, KA
“CHRIHE+ Z 857 T RS 4T PEOS/PFOA B A S 5T
SR Tz 2l T (B, %S A A AR
HE P EREZ A4, SR MA — 2.

WF TR, 70030 1B S 7 T VG 1 77 A e Ak
MIEERA I, B R TV A 77 2 B AT 0 Rk 3 T 3 A 77
(R 2 1 AE P Mk 4h, Dmowski Z5PVE EL T 45N
CF;CF,CF,C(CF5),CH,CH,COONa [#) 4B 2 I 7% P 5751,
TR H R G VS A F BRIV AT E AL, AR R,
CF;CF,CF,C(CF5),CH,CH,COONa & & AL T4 5
SERREN. RIUL, HUBCRE 51N SCRE R A L PFOA FAR M
A Rk SR A JRURR B 1) S5 ) 32 R /S A M ok

RIFBBIFUEEREY, RN =RANE. NEA
W AR T DU SR C M= B T B AL TR, SRR R
NEAEAFHEA, & T Tk,

MEA b B AT BRI, BAZS 36 N 45 55 55 2 (HFPD)
N AR 4% BB R T VG PR TR, PR TS M IR
fEEMAR, FEEMER 51§, £ PFOS/PFOA EHAMHEK
H—A04 B U5 1. &% H BT PEOS/PFOA 4%
SR IR, ARG LN HFPD NIRRT HUme
WU I SIS AL B T — RAIMERE R T 4 5 TR 4N
10 S B R SR 2 T 9 kR 222, (R H AT 2 A Ak
BRI N —, WE K R b SR K Sk FE 2 R [
PR A RIN, R — R KR RS N A .
(AL, AR SCAE R AR b, gk a3 T 500 18 XU S
PSS, W AT — RAERRE A el LB 1)
SRR T ME . R EE R B L 25K I
AN /K FE AR/ IN K R T T R 5, 33— 20 ) iR 1% 2
R FIVERE Z AR R, DA 5 3R S 1457
[ 5 NS FH S AT 98 3 A — 5 1) S 0 AR B 1 S 4
1 ER5R
1.1 HEMHERK

W, MRS TR AR RIS R, T TR T
ISR L, A U R B B B R AR SEAZ IR B, BAA4x
-2~ FF -2 I A e B B D ¥ P AT s AT e 36 T
TR G T, R SIS — 20 B Sl B DU 52 2
1S -3k BUY Bk 71 851, Kl 535k 1T Sw2
U SN, T ik ik i (Scheme 1), A SCEHL i ARA N
TRCTR TR, 53 )8 A% B s 5 T A8 4 IR AR B
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Scheme 1 Synthetic route of the branched fluorosurfactants
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1 CEHAHERIEMENNRT 516 IR E
Table 1 Surface tensions and critical micelle concentrations of
branched fluorinated surfactants

Compd. CMC/(mol-L™") yeme (MNem ™)
3a 2.52%X1072 22.91
3b 8.50X 1073 33.73
3¢ 1.64%X1072 27.09
5a 1.41%X1072 21.50
5b 1.21%X1072 24.88
6a 1.73%X1072 19.93
6b 1.11X1072 20.11
10 9.89x10°* 36.32
13 1.08%X1072 29.08
M1 1.89%x107* 20.24
M2 428X107° 23.79
M3 1.74%X10°° 24.86

1.2.1 FARAAM LS £ @ EHRGR R

HAT AR 26 7K e [T 1A S B J8Uok 2 T ¥ 17 771 /9 2 T
IETEXS LA RN 1 s, B TART LA H, P& i
SCHERL SR T PR R B AU R R IR, L
ez 7 1 7R G A T A2 R LA e v ) BRI R T 5K D
BEF7, BHCHH PR S R T VR ez, X PR P
TR 23 T 1 ) AR AU 3 T 5 1 ) 2003 e v T e i R P
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Figure 1 Effect of the species of the headgroups on the surface
activities
(A) 2-Carbon atoms in linkage; (B) 3-carbon atoms in linkage
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Figure 2 Effect of the size of the headgroups on the surface
activities
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LRI U 2 B T K R AN & Shok P gk, H4T0KR
FREN T 1, 1HiE, e TIEH. HENMCRLER) @ VA
M) =1 20]5 Bedl, BLEARE Y 177 316 g,
FEFON 78%. '"H NMR (300 MHz, CDCl;) J: 4.30~4.06
(m, 2H), 3.12 (s, 2H), 1.24 (t, J=7.1 Hz, 3H); ’F NMR
(282 MHz, CDCl3) 6: —63.24 (p, J=10.8 Hz, 6F), —
80.64 (t, J=13.3 Hz, 3F), —106.99~—108.13 (m, 2F),
—123.09 (tt, J=21.2, 10.5 Hz, 2F); LRMS (EI) m/z (%):
361.1 (100), 406.1 (2.1).

322 fuédh 2a,2b F= 2¢ B9 A AR
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equiv.)f1 5 mL N,N-—"H % 2, —Jl(V,N-— FFE 7 — i mk
NN-Z N W), ZHEET 130 Ciligmimisex
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V(MeOH) : V(Et;N)=20 : 1 : trace]/> B H4l.

NN-ZH B 4 38 2-( 5 -1,1- - T 58 41k
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3.00 (s, 2H), 2.51 (t, J=5.7 Hz, 2H), 2.29 (s, 6H); "°F
NMR (282 MHz, CDCly) 0: —63.51 (p, J=11.0 Hz, 6F),
—80.39~—80.64 (m, 3F), —107.61~—108.36 (m, 2F),
—123.51 (dd, J=20.9, 10.4 Hz, 2F); *C NMR (101 MHz,
CDCly) d: 163.5, 57.3, 44.6, 36.8, 33.4; IR (KBr) v: 3322,
1671, 1559, 1340, 1220, 1111, 731, 702 cm '; LRMS
(ESI) m/z: 449.0 ((M+H]"); HRMS (ESI) calcd for
C,H,ONSF 3 [M+H]" 449.0893, found 449.0895.

N,N-Z F R 3 -2- (4 3R-1,1- =T 0% 2Bk
fi&(2b): TEEMIRY), W 66%. 'H NMR (300 MHz,
CDCly) d: 8.13 (s, 1H), 3.35 (dd, J=11.2, 5.3 Hz, 2H),
2.92 (s, 2H), 2.47~2.34 (m, 2H), 2.22 (s, 6H), 1.64 (dt,
J=11.8, 5.9 Hz, 2H); F NMR (282 MHz, CDCl;) o:
—63.56 (dt, J=23.0, 11.5 Hz, 6F), —80.46 (t, J=14.0
Hz, 3F), —105.42~—110.30 (m, 2F), —123.71 (ddd,
J=127.7,69.2, 58.3 Hz, 2F); >*C NMR (101 MHz, CDCl;)
5: 163.0, 59.3, 45.3, 41.0, 33.8, 24.7; IR (KBr) v: 3319,
1671, 1559, 1340, 1220, 1112, 731, 702 cm '; LRMS
(ESI) m/z: 463.1 ((M+H]"); HRMS (ESI) caled for
C13H sON,F;; [M+H]" 463.1050, found 463.1047.

NN-Z OB P 3 -2-( A - 1,1- B -TT 58 41k
[ (2¢): TEEIRY), IE 68%. '"H NMR (300 MHz,
CDCly) d: 8.30 (s, 1H), 3.35 (dd, J=10.8, 5.1 Hz, 1H),
291 (s, 2H), 2.73~2.38 (m, 6H), 1.76~1.38 (m, 2H),
1.02 (t, J=7.2 Hz, 6H); ’F NMR (282 MHz, CDCl;) J:
—63.40 (p, J=11.4 Hz, 6F), —80.47 (t, J=13.4 Hz, 3F),
—107.68~—108.02 (m, 2F), —123.18~—123.46 (m,
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2F); C NMR (101 MHz, CDCly) d: 162.9, 53.0, 46.5,
40.9, 33.7, 24.6, 11.2; IR (KBr) v: 3320, 1670, 1559, 1340,
1220, 1111, 731, 702 cm™'; LRMS (ESI) m/z: 491.1 ((M+
H]"); HRMS (ESI) caled for C;sH,ON,F;3 [M+H]"
491.1363; found 491.1356.

3.2.3 4fLédh 3a, 3b A= 3¢ 694 A&

30 mL HE AN 2.0 mmol L&Y 2a~2¢, TS
B =k, I 10 mL Jo/KPYEMERE, 5 mmol fill 2.5
(2a 1 2b JR PR FR) B FE(2e JRBER). 60 CHiH:
N 24 h, BEIZEER N, FEAH R ORI,
2 EED.

N,N- " HFEN-ZFE-2-[2-(&5-1,1- —HIE-TH) 2
Bk e 3] 2 FE AL 82 (3a): A B, WK 72%. m.p.
213~216 °C; "HNMR (300 MHz, CD;0D) §: 3.64 (t, J=
7.1 Hz, 2H), 3.47 (q, J=17.3 Hz, 2H), 3.38 (t, 2H), 3.25 (s,
2H), 3.13 (s, 6H), 1.40 (t, J=7.3 Hz, 3H); '’F NMR (282
MHz, CD;OD) §: —67.37~—68.45 (m, 6F), —85.14~
—85.99 (m, 3F), —111.28 ~ —112.85 (m, 2F), —
127.20~—127.88 (m, 2F); *C NMR (101 MHz, CD;0D)
5: 166.3, 61.9, 61.4, 51.3, 34.6, 33.5, 8.6; IR (KBr) v:
3323, 2997, 1664, 1559, 1264, 1210, 986, 734 cm '
LRMS (ESI) m/z: 477.1 ((IM—I]"); HRMS (ESI) calcd for
C14HsON,F;3  [M—I]" 477.1206; found 477.1198.

NN-"HREN-ZFE3-2-(&5-1,1- - HE-TH) 2o
T fiie B2 A 2L AL &2 (3b): A 4K, 1L 76%. mup.
196~199 °C; 'H NMR (300 MHz, CD;0D) ¢: 3.49~3.30
(m, 6H), 3.24 (s, 2H), 3.08 (s, 6H), 2.11~1.82 (m, 2H),
1.37 (t, J=7.0 Hz, 3H); ’F NMR (282 MHz, CD;0D) ¢:
—64.32~—64.56 (m, 6F), —82.15 (t, J=13.5 Hz, 3F),
—108.29~—108.71 (m, 2F), —123.88~—124.19 (m,
2F); *C NMR (101 MHz, CD;0D) &: 166.3, 62.6, 61.1,
50.9, 37.6, 33.6, 23.7, 8.4; IR (KBr) v: 3335, 3006, 1671,
1557, 1258, 1210, 733, 701 cm™'; LRMS (ESI) m/z: 491.2
(IM—I]"); HRMS (ESI) calcd for C;sH,0ON,F;; [M—1]"
491.1363, found 491.1359.

N-FEENN- " 23 3-2-(&5-1,1- - HE-TH) 2o
Tl 22 ) P AL B (Be): S BT A, % 78%. mup.
175~177 °C; 'H NMR (400 MHz, CDCl;) d: 9.61 (s, 1H),
3.35 (dd, J=11.9, 5.1 Hz, 2H), 3.31~3.11 (m, 8H), 3.08
(s, 3H), 2.15~1.96 (m, 2H), 1.28 (t, J=7.3 Hz, 6H); "°F
NMR (376 MHz, CDCl3) 0: —62.86 (p, J=11.2 Hz, 6F),
—79.06~—80.66 (m, 3F), —107.32 (dt, J=23.7, 11.8
Hz, 2F), —121.97~—123.54 (m, 2F); *C NMR (101
MHz, CD;0D) ¢: 166.3, 59.7, 57.8, 47.9, 37.7, 33.7, 23.4,
8.1; IR (KBr) v: 3343, 3004, 1676, 1552, 1257, 1208, 989,
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733 cem '; LRMS (ESI) m/z: 505.1 ((M—I]"); HRMS
(ESI) calcd for C;¢H,,ON,F 3 [M—I]+ 505.1519, found
505.1513.

3.2.4 b4k 4a Ao 4b 495k

50 mL [FJEEH P MA 1.0 mmol &4 2a 5% 2b,
0.26 mL 1 Z.F& Z.fE(2.3 mmol, 2.3 equiv)Ffl 10 mL —4
Rt =8 MR 24 h, BEETER, FES528KRO
Pafh RE L i fT His b &4.

N,N-—FH - N- 2 5 0 P B -2 [2- (4 -1, 1 - F -
T ) OB ORI (da): A BRI, IR 83%.
m.p. 79~81 ‘C; 'H NMR (300 MHz, CD;OD) 6: 4.44 (s,
2H), 431 (dd, J=14.0, 7.2 Hz, 2H), 3.78~3.53 (m, 4H),
3.35 (s, 6H), 3.23 (s, 2H), 1.33 (t, J=6.9 Hz, 3H); "°F
NMR (282 MHz, CD;0OD) 0: —64.37~—64.68 (m, 6F),
—82.14 (t, J=13.6 Hz, 3F), —108.31~—108.84 (m,
2F), —123.98~—124.35 (m, 2F); *C NMR (101 MHz,
CD;0D) d: 166.4, 165.7, 63.7, 63.6, 62.6, 52.7, 34.6, 33.3,
14.2; IR (KBr) v: 3326, 3207, 1750, 1686, 1276, 1219,
734, 659 cm '; LRMS (ESI) m/z : 535.1 ((IM—Br]");
HRMS (ESI) caled for C;HyOsN,F;3 [M — Br] *
535.1261, found 535.1273.

N,N-—H e -N- 58 Bk B L -3-[2-( 4 - 1,1- -
1) B RE ER  AEIR LB (4b): AR, R 84%.
m.p. 88~90 C; 'H NMR (300 MHz, CD;0D) §: 4.50~
4.11 (m, 4H), 3.72~3.53 (m, 2H), 3.36~3.30 (m, 8H),
3.24 (s, 2H), 2.15~1.88 (m, 2H), 1.34 (t, J=7.1 Hz, 3H);
F NMR (282 MHz, CD;0D) 6: —64.14~—64.67 (m,
6F), —82.13 (t, J=13.6 Hz, 3F), —108.29~—108.72
(m, 2F), —123.77~—124.24 (m, 2F); *C NMR (101
MHz, CD;OD) d: 166.3, 165.8, 64.5, 63.7, 62.2, 52.4, 37.5,
33.61, 23.8, 14.2; IR (KBr) v: 3479, 3285, 1755, 1686,
1265, 1208, 1110, 733 cm™'; LRMS (ESI) m/z: 549.1
([M—Br]+); HRMS (ESI) calcd for Ci7H»03N,F3 [M—
Br]" 549.1417, found 549.1415.

3.2.5 4ub4h 5a A= 5b 494k

50 mL F&JELSIH I 1.0 mmol L&) 4a T4, 4b,
10.0 g TRA-400 SEFEE & F 22 M EFI 15 mL oK &
BE, =R NI 24 h MR R EE, IR, BeT,
PR S e vk R E 45 R BB

N,N-"FA S N-FR I JE-2-[2- (4 h-1,1- -1 3%)
LRI 2 S 1 (5a): AR, 1R 79%. mup.
89~91 °C; 'H NMR (300 MHz, CD;0D) d: 3.86 (s, 2H),
3.81~3.68 (m, 2H), 3.68~3.57 (m, 2H), 3.28 (s, 6H),
3.22 (s, 2H); "°F NMR (282 MHz, CD;0D) 6: —64.49 (p,
J=11.1 Hz, 6F), —82.17 (t, J=13.6 Hz, 3F), —108.65
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(s, 2F), —124.19 (d, J=10.9 Hz, 2F); “C NMR (101
MHz, CD;OD) d: 168.5, 166.3, 65.2, 62.5, 52.2, 34.8,
33.4; IR (KBr) v: 3501, 3295, 1662, 1382, 1215, 1126,
991, 734 cm '; LRMS (ESI) m/z: 507.0 (M+H]");
HRMS (ESI) caled for Ci4H 405N F 3 [M+H]" 507.1948,
found 507.0945.

N,N-" L N-FR -3 [2- (4 - 1,1- -7 3%
LRI TR 38 N £R(Sb): AR, IR 81%. mup.
190~193 ‘C; '"H NMR (300 MHz, CD;0D) &: 3.79 (s,
2H), 3.70~3.46 (m, 2H), 3.38~3.24 (m, 4H), 3.22 (s,
6H), 2.12~1.67 (m, 2H); "’F NMR (282 MHz, CD;0D) ¢:
—64.30~—64.66 (m, 6F), —82.16 (t, J=13.5 Hz, 3F),
—107.69~—109.38 (m, 2F), —123.52~—124.94 (m,
2F); *C NMR (101 MHz, CD;0D) &: 168.6, 166.2 , 64.9,
63.1, 51.9, 37.6, 33.5, 23.8; IR (KBr) v: 3226, 3055, 1693,
1628, 1259, 1214, 1125, 727 cm™'; LRMS (ESI) m/z:
521.1 (IM+H]"); HRMS (ESI) calcd for CsH;50;N,F 3
[M+H]" 521.1104, found 521.1100.

3.2.6 144 6a A= 6b 894 Ak

250 mL [ JE RS T 1A 10.0 mmol A& 2a BL 2b
F 100 mL 30%XU5E K, RMAR R ZEiRHHEEREE A
YIS —M. EP R IR, AKAHET RS2 B A
&

NN-—FR L2 [2-(49R-1,1- — R JE-T 38 2 Bt
LI (6a): FBHEIR, WE 73%. 'H NMR (400
MHz, D,0) d: 3.71 (t, J=6.7 Hz, 2H), 3.48 (t, J=6.6 Hz,
2H), 3.29 (s, 2H), 3.25 (s, 6H); '°’F NMR (376 MHz, D,0)
5: —62.80~—63.48 (m, 6F), —80.30 (t, J=13.4 Hz,
3F), —107.70 (s, 2F), —122.72~—123.33 (m, 2F); °C
NMR (101 MHz, D,0) ¢: 166.9, 67.0, 57.6, 34.2, 32.4; IR
(KBr) v: 3445, 3044, 1669, 1596, 1461, 1262, 1206, 704
ecm '; LRMS (ESI) m/z: 465.1 ((IM+H]"); HRMS (ESI)
caled for C;,H;;O,N,F;; [M~|—H]+ 465.0842, found
465.0838.

N,N-" I HE-3-[2-(4f-1,1- = -1 38 2 W e )
AL (6b): BIE AR, W% 75%. 'H NMR (300
MHz, CD,0D) ¢: 3.39~3.27 (m, 6H), 3.23~3.14 (m,
6H), 2.14~1.94 (m, 2H); "’F NMR (282 MHz, CD;0D) 6:
—64.29~—64.70 (m, 6F), —82.16 (t, J=13.6 Hz, 3F),
—108.37~—108.81 (m, 2F), —123.88~—124.42 (m,
2F); ®C NMR (101 MHz, CD;0D) 4: 166.0, 69.1, 58.4,
38.0, 33.6, 24.4; IR (KBr) v: 3236, 3060, 1697, 1569,
1260, 1216, 731, 662 cm™'; LRMS (ESI) m/z: 479.1 ((M+
H]"); HRMS (ESI) caled for Cj3H ¢O,NoF;; [M+H]"
479.0999, found 479.1000.
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327 2-(2A-1L1-=F A -T AT HABZ(7)89 &%

250 mL = I NN 2.4 g LiATH, (0.63 mol), 4&
AEH —IRJEMA 40 mL /K 2Bk, K214 g tbB51
(0.053 mol)i# T 60 mL Jo/K £ Tk, 0 °C il 8 £ i
W FZW IR B . RAR RIEZER NHHE 3 h,
SRIGTHIRZE 40 CHEFEML 4 h. A E =5 5 KR
FRENVE K, FEFE I IE, SRR 258 TR A A &
ERK P G A TR RN T8, I8, 80 2800, Uk
££70~73 ‘C/4.67 kPaltilsr, 155112.9 g LMK, Wi
67%. '"H NMR (300 MHz, Acetone-ds) d: 4.39~4.16 (m,
1H), 3.86 (dd, J=13.4, 6.7 Hz, 2H), 2.51 (t, J=7.6 Hz,
2H); "°F NMR (282 MHz, Acetone-dg) 5: —65.24 (p, J=
11.4 Hz, 6F), —81.82 (t, J=13.8 Hz, 3F), —108.79 (tt,
J=24.6, 12.3 Hz, 2F), —123.88~—124.77 (m, 2F);
LRMS (EI) m/z (%): 31.1 (100), 363.1 (2.5).
32.8 2+(AA-LI-ZF E-T AT = 5/ F 5288 B
(8)49 & Ak,

50 mL [REFEM NN 0.38 mL = Z,%(3.2 mmol,
1.6 equiv.)f1 0.728 g &4 7 (2 mmol, 1.0 equiv.), 0 C
T 10 mL & H ke, BEEZHINA 0.38 mL =3 H
TEERET(2.24 mmol, 1.12 equiv.). [Nk RAE iR itk
3h, AN G 2B F K AR Z AN KA
KB, BETKRBRT R, TRTHER. 2
WV ZIR ) - V(AR =1 : 2015 B4, 51 M
WA =4 0.84 g, W 85%. '"H NMR (400 MHz, CDCl;)
0: 4.74 (t, J=7.8 Hz, 2H), 2.74 (t, J=7.8 Hz, 2H); °F
NMR (282 MHz, CDCl3) §: —64.54 (p, J=11.3 Hz, 6F),
—75.28 (s, 3F), —80.71 (t, J=13.5 Hz, 3F), —108.32
(tt, J=23.6, 11.6 Hz, 2F), —123.98 (dq, J=22.1, 11.0 Hz,
2F); LRMS (EI) m/z (%): 69 (100), 133 (5.76), 363 (2.77).
329 NN-ZFPHEN-DR-(2A-1LI-Z=FE-TH)T
T = Rz(9)89 & m%,

50 mL [EEESH AN 0.94 mL N,N-—H %2, — %
(10 mmol, 5 equiv.)fl 04 mL =Zf% (3.0 mmol, 1.5
equiv.), T 10 mL ZJfFH. ¥ 0.99 g L& 8 (2.0
mmol, 1 equiv.)i&T 5 mL ZJiE, 0 C FIIARMNIES,
HIRRPL 17 he T K, I 1 moleL ™' NaOH 7K
T pH & 8~9, “EMER. AHAIE X E KR
TN B ER/K e S F JE /K R BRAA T8, a8, BTV,
245 E M [V(CHLCL) & V(MeOH) @ V(EtsN)=20 : 1 :
trace] 73 B 2 4l, LAWY 0.78 g, WE 90%. 'H
NMR (400 MHz, CDCly) d: 2.89 (t, 2H), 2.68 (t, J=5.9
Hz, 2H), 2.39 (t, J=5.9 Hz, 2H), 2.33 (t, 2H), 2.20 (s, 6H);
F NMR (376 MHz, CDCl3) 6: —63.94 (p, J=11.4 Hz,
6F), —80.29 (t, J=13.6 Hz, 3F), —107.74 (tt, J=24.3,
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12.2 Hz, 2F), —123.11~—123.41 (m, 2F); *C NMR
(101 MHz, CDCl3) d: 59.1, 47.1, 45.6, 44.3, 28.4; IR (KBr)
v: 3307, 2949, 2823, 1459, 1327, 1217, 1042, 734, 529
ecm '; LRMS (ESI) m/z: 435.1 ((M+H]"); HRMS (ESI)
caled for CpHN,F;3 [M + H] ©  435.1100, found
435.1097.

3210 NN-=—F A-N-THE-2-[2-(&£A-1,1-=F -
T AT e AR T A kA 4(10) 89 A %

30 mL HEFMAN 0.87 g b5 9 (2.0 mmol, 1
equiv.), A EH =K, IIA 10 mL JE/KPUSPRIRE, 0.80
mL i Z.%% (10 mmol, 5 equiv.). 60 CHi+ER N 48 h J&
AR, RTER, Hrema o/ B IE ki
HVEFIEL N, 2 093 ¢ AMEA, IKE 79%. mp.
134~137 “C; "H NMR (400 MHz, Acetone-dg) J: 9.98 (s,
1H), 4.23 (t, 2H), 3.81 (dt, J=14.4, 7.7 Hz, 4H), 3.48 (d,
J=10.3 Hz, 8H), 3.24 (t, 2H), 1.56 (t, J=7.2 Hz, 3H); "°F
NMR (376 MHz, Acetone-dg) 0: —63.96 (p, J=11.5 Hz,
6F), —80.86 (t, J=13.6 Hz, 3F), —107.85~—108.29
(m, 2F), —123.11 (tt, J=23.1, 11.6 Hz, 2F); "C NMR
(101 MHz, Acetone-dg) o: 61.4, 57.1, 51.6, 43.3, 41.2,
23.7, 8.6; IR (KBr) v: 3447, 2676, 1701, 1465, 1250, 1031,
735,478 cm™'; LRMS (ESI) m/z: 463.1 ((M—I]"); HRMS
(ESI) caled for Ci4HyoNoFj3 [M—I]" 463.1413, found
463.1416.

3211 2-(AR-1L1-ZF AK-T ) THREA(11)89 & A%

100 mL = EH I 6.0 g NaOH (150.0 mmol, 2
equiv.)f1 18 mL 237K, FHEZE 100 CHEFEHEE, &
18 W R -2 NN 30.46 g L& 1 (75.0 mmol, 1
equiv.). 3 h G RMAR RN —H, LR 1 h AEE
=R, WA 35% HCl FR{L = pH=3, HH LM ih
KGR =R, R WAL, oK BRI T4, e T
. YR EREIN 17.85 g &4LEAK(150.0 mmol, 2
equiv.), 75 CRIFRHEE 5 h, HEbrid & &4, =
R A, LB 53~55 'C/3.20 kPa 14y, 15239 ¢ &
A, W 81%. 'H NMR (300 MHz, CDCl5) o: 3.76
(s, 2H); "’F NMR (282 MHz, CDCly) §: —64.18 (p, J=
10.9 Hz, 6F), —80.98 (t, J=13.2 Hz, 3F), —107.85 (t,
J=1225, 11.1 Hz, 2F), —123.11~—124.02 (m, 2F);
LRMS (EI) m/z (%): 69 (100), 361 (23.12), 377 (1.13).
32,12 N-FTE-N-2-(£A-1L1-=FE-THE)THE %R
" (12)89 4 %

50 mL A ECHEE S E e =k, A 1.18 mL N-H
FEIRIEE(9.75 mmol, 1.5 equiv.)Fl 1.36 mL = 2% (9.75
mmol, 1.5 equiv.). T 10 mL JC/KIUE R, $% 2.57 ¢
LA 11 (6.5 mmol, 1.0 equiv.)i& T 10 mL JE/K P &Mk
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MR, I s S F B I B R . =R
PRI, AR R4 A48 2 8 T K RV RN B K vk,
KB RN T M. TN, M aEE
[V(CH,CL,) : ¥(MeOH) : M(Et;N)=10 : 1 : trace]/; & $2
afi, £33 2.73 g AR, 1F 90%. m.p. 74~76 C;
'H NMR (300 MHz, CDCly) 0: 3.83~3.60 (m, 2H),
3.58~3.38 (m, 2H), 3.18 (s, 2H), 2.52~2.34 (m, 4H),
2.31 (s, 3H); ’F NMR (282 MHz, CDCl3) 0: —62.97 (p,
J=11.2 Hz, 6F), —80.49 (t, J=13.4 Hz, 3F), —107.74
(s, 2F), —123.16 (d, J=10.8 Hz, 2F); “C NMR (101
MHz, CDCLy) §: 162.4, 54.9, 54.5, 46.7, 45.9, 42.3, 28.2;
IR (KBr) v: 2958, 1661, 1464, 1221, 1108, 1001, 892, 734
cm'; LRMS (ESI) m/z: 483.0 ((M+Na]"); HRMS (ESI)
caled for C;3H;,ON,F;; [M+ H] " 461.0893, found
461.0887.

3213 1-FHA-1-THEA4R-(2A-LI-ZFE-TH)
B ok a5 45 25 (13) 69 & A%,

50 mL #HEFHMA 1.38 gAY 12 (3.0 mmol, 1
equiv.), 2.4 mL B Z 4% (15.0 mmol, 5 equiv.)F1 20 mL
MeCN, [BIEHEEE 24 h. AEEZR G, EH
TR ORI GE, TS 1.16 ¢ A@EE, BE 69%. m.p.>
250 ‘C; 'H NMR (300 MHz, CD;0D) §: 4.31~4.02 (m,
2H), 4.02~3.71 (m, 2H), 3.71~3.38 (m, 8H), 3.22 (s,
3H), 142 (t, J=7.1 Hz, 3H); "F NMR (282 MHz,
CD;0D) §: —66.39~—67.24 (m, 6F), —84.94 (t, J=
13.5 Hz, 3F), —109.8~—111.92 (m, 2F), —125.74~
—127.36 (m, 2F); °C NMR (101 MHz, CD;0D) J: 164.7,
61.2, 60.3, 60.0, 46.9, 41.4, 37.0, 30.2, 7.8; IR (KBr) v:
3445, 2999, 1663, 1463, 1266, 1155, 1112, 981, 729 cm ™ ';
LRMS (ESI) m/z: 489.1 ((M—I]"); HRMS (ESI) calcd for
CysH sONLF i3 [M—I]" 489.1206, found 489.1200.

48 Bh A1 Kl (Supporting Information)  FiT A5 [ [a] 44 Al
®APYIK '"H NMR, “F NMR (°C NMR), IR, MS,
HRMS 3 &, X Bk nr DL e 2 AT 99355 (http://sioc-
journal.cn/) N K.
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