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Abstract A simple and versatile metal-free protocol for the synthesis of perfluoroalkyated fluorene derivatives bearing
phosphonate group is achieved. The reactions proceeded via one-pot three-component condensation of indenones, fluorinated
alkynylphosphonates and malononitrile under mild conditions. This protocol is highly regioselective, operationally facile and
applicable to a variety of indenones in good to excellent yields.
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Figure 1 Light-emitting material of fluorene and lumefantrine
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1o, EEHIEH(1a). N IEQ2)E 4,4,4-=5-2-5k
IR — 2. T (3a) 1 S A N BRAR Js I I 8L 2% A 1EA T A8
. B CL— 80 1) 5 AT, 1a A2 @
Knoevenagel 456 & MNAFE|H A& 2-(2,3- & -1H-8fi-1-
TH) N M (Sa), a7 54 bt E-2- B R — 2 I (3a)
K NaOH 7E 25 “C4AF F4ks: M 6 h, 15535 1257~
) 4a, 77F 61%(F 1, Entry 1). AT HEUCEK, BATN
SO S D RS LA B R AR I B R
T P T R SE I [ S5 3R AT 13— B ik (R 1), Xui ik
HI45 KB NaOH Bo& & A B, M H, 2820 NN
REAHWAFAE, AR HAR IR 1, Entry 8). HIFZK
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Table 1 Optimization of reaction conditions

le) NC CN
: lf <CN NH4OAc/HOAc /
+
CN toluene, reflux, 12 h
1a 2 5a

NH,
F;C—=——PO(OEt), NG
2a C’Pq%m
solvent/base/T/time O’ CF3
4a

T°/°C Timeh Yield/%

Entry Solvent  Base (equiv.)

1 Toluene NaOH (0.5) r.t. 6 61
2 Toluene KOH (0.5) r.t. 6 57
3 Toluene K,CO5(0.5) r.t. 6 49
4  Toluene Piperidine (0.5) r.t. 6 —
5 Toluene CsCO5(0.5) r.t. 6 45
6  Toluene CsF (0.5) r.t. 6 Trace
7  Toluene Et;N (0.5) r.t. 6 Trace
8  Toluene NaOH (0) r.t. 6 —
9 MeCN NaOH (0.5) r.t. 6 52
10 DCM NaOH (0.5) r.t. 6 55
11 THF NaOH (0.5) rt. 6 53
12 EtOH NaOH (0.5) r.t. 6 53
13 Toluene NaOH (1.0) r.t. 6 65
14 Toluene NaOH (1.5) r.t. 6 69
15 Toluene NaOH (2.0) r.t. 6 59
16  Toluene NaOH (1.5) 0 6 29
17  Toluene NaOH (1.5) 50 6 41
18  Toluene NaOH (1.5) r.t. 12 73
19  Toluene NaOH (1.5) r.t. 16 82
20  Toluene NaOH (1.5) r.t. 24 81

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (1.0 mmol), 2a (1.0 equiv.), AcOH (0.1 equiv.) and
NH,4OAc (0.2 equiv.) were mixed and stirred in refluxing toluene (5.0 mL) for
12 h. After cooling to the confined temperature, 3a (1.2 equiv.) and base were
added and continued to be stirred for the referred time. * Reaction temperature
for the second step. © Reaction time for the second step. ¢ Isolated yields for
two steps in one pot.

http://sioc-journal.cn/ 193



BIKE

MR

(DCM). VU E LR (THF) 167K ZBE(EtOH) H kAT, Jir
BrECRISR(E 1, Entry 1 vs. Entries 9~12). ¥
NaOH &M 0.5 equiv.JGINZE 1.5 equiv., f=Z4E 52
69%(F 1, Entry 14), {H2gE—Pmum HE, KRk
MR T (K 1, Entry 15). #HRMNETF0 Cui#E 50 Cit
17, SEU IR TR E(ER 1, Entries 16 f117). 5
TOPIRMITAI R 6 h AEKE] 16 h 5, F5E] 82%UCE K
4a(3k 1, Entry 19), #F—P e g S a], e ) FR A
EESEFGER 1, Entry 20).

RSB RN (R 1, Entry 19), 34l
XF el _EBHEE R AIPE BTAAL B S BTS2 5 1 PR
K. W2 PR, RON%E 72k ATl A R A AR el
A& F Tz Nz, S5 8E LLGT HOWSCR A5 21 BT 5 10 4 b
BRI — CBRATAEY). AEF NIV E B, B
AL VR L T RE oo, WS PRAGBR B (B35 2, Entry 5
vs. Entries 4 1 6), SEISRU, RBUREIERFIZ BT B

K2 EFRGHEEYRIRER — BRI R

Table 2  Scope of the synthesis of perfluoroalkylated fluorenes
with phosphonate group

1% NC._cN
R CN  NH,OAc/HOAG R /
) < S
Z CN toluene, reflux, 12 h | P

1 2
5a
NC_  NH:
RF—=—=—PO(OEt), R
3 I\\ PO(OEt),
oree (L7,
4a
Entry R Rp Product4  Yield”/%
1 H CF; 4a 82
2 6-Br CF; 4b 57
3 4-Br CF; 4c 50
4 5-Cl CF; 4d 62
5 5-F CF; 4e 48
6 5-Br CF; 4f 68
7 5-MeO CF; 4g 70
8 4-Me CF; 4h 74
9 5-Me CF; 4i 70
10 6-Me CF; 4j 75
11 6-MeO CF; 4k 78
12 H C,Fs 41 74
13 5-Me CyFs 4m 60
14 6-MeO C,Fs 4n 67
15 H n-C;F; 40 58
16 5-Me n-C;F, 4p 51
17 6-MeO n-C;F; 4q 49

¢ Reaction conditions: 1 (1.0 mmol), 2 (1.0 equiv.), AcOH (0.1 equiv.) and
NH4OAc (0.2 equiv.) were stirred in refluxing toluene (5.0 mL) for 12 h After
cooling to the room temperature, 3 (1.2 equiv.) and NaOH (1.5 equiv.) were
added and continued to be stirred for 16 h at the same temperature. * Isolated
yields for two steps in one pot.
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AR, CDCls 9. IR HHETE AVATAR370 FTIR Ji%
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LTQ FTICR-MS %, Agilent 1100 LC/MSD SL 1% #% El]
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TR kLB HE 16 h. TEM/KIE B2 R R, Y
SRERAEENT 4k, FAMEY R RV SV, 150 1~
0@ DBEMt, BBIFrH"Y 4.

3- G B -4- UKL - 1-( = 9 25)-9H-77) -2- (U R — &
fic(4a): FOMER. mp. 142.2~142.7 “C; '"H NMR (500
MHz, CDCly) d: 1.36 (t, J=7.3 Hz, 6H), 4.07 (s, 2H),
4.11~4.27 (m, 4H), 7.15 (brs, 2H), 7.47~7.52 (m, 2H),
7.58~7.59 (m, 1H), 8.49~8.50 (m, 1H); *C NMR (125
MHz, CDCl3) §: 16.2 (d, *Jep=7.0 Hz), 37.5, 63.0 (d,
2Jep=6.0 Hz), 93.8 (d, *Jcp=16.3 Hz), 103.6 (d, 'Jep=
183.0 Hz ), 116.0, 122.9, 123.6 (qd, *Jep=5.3 Hz , 'Jep=
275.1 Hz, CFy), 124.7, 127.6, 130.3~130.4 (m), 130.5,
134.0 (qd, *Jep=>5.1 Hz, *Jer=32.4 Hz), 136.7, 145.5,
149.2, 155.7 (d, %Jcp=10.0 Hz); "’F NMR (470 MHz,
CDCly) 8: —54.9 (s, CF3); IR (KBr) v: 3289, 2923, 2853,
2209, 1622, 1397, 1284, 1177, 1127, 1047, 1022, 766
cm '; MS (ESI) m/z (%): 411 [(M~+H)]"; HRMS (DART)
caled for CioHoF3N,OsP (M + H) " 411.1080, found
411.1079.

G HE-6- 1R -4-FEE-1-( =T 3)-9H-7) - 2- LB IR —
ZFiE(4b): HE O E A, mp. 143.5~143.8 C; '"H NMR
(500 MHz, CDCL3) 8: 1.36 (t, J=7.0 Hz, 6H), 4.00 (s, 2H),
4.11~4.30 (m, 4H), 7.17 (brs, 2H), 7.42~7.44 (m, 1H),
7.58~7.60 (m, 1H), 8.54~8.55 (m, 1H); *C NMR (125
MHz, CDCl3) &: 16.2 (d, *Jep=7.0 Hz), 37.3, 63.2 (d,
2Jep=5.6 Hz), 93.9 (d, *Jcp=16.3 Hz), 104.8 (d, 'Jep=
182.4 Hz), 115.7, 121.7, 123.5 (qd, *Jep=5.2 Hz, 'Jep=
275.6 Hz, CF3), 125.9, 126.2, 130.6 (m), 133.5, 134.4 (qd,
2Jep=>5.0 Hz, 2Jor=32.5 Hz), 138.8, 144.2, 147.7, 155.8
(d, YJep=10.5 Hz); "F NMR (470 MHz, CDCl;) o:
—55.0 (s, CF3); IR (KBr) d: 3264, 2919, 2851, 2209, 1619,
1394, 1284, 1164, 1129, 1047, 1011, 776 cm™'; MS (ESI)
m/z: 489 (M+H)"'; HRMS (ESI) caled for CoHs-
BrF;N,O;P (M+H)" 489.0192, found 489.0187.

3- G F-8- TR -4- T FE - 1-(= 5 L )-OH- 27 -2- BR B R
T HE(4e): FAOEA. mp. 182.5~182.8 C; 'H NMR
(500 MHz, CDCLy) 8: 1.36 (t, J=7.0 Hz, 6H), 4.00 (s, 2H),
4.11~4.30 (m, 4H), 7.18 (brs, 2H), 7.35~7.38 (m, 1H),
7.63~7.64 (m, 1H), 8.40~8.42 (m, 1H); "C NMR (125
MHz, CDCl3) §: 16.2 (d, *Jep=7.0 Hz), 39.3, 63.2 (d,
2Jep=5.6 Hz), 94.2 (d, *Jcp=16.0 Hz), 104.9 (d, 'Jep=
182.2 Hz), 115.8, 119.8, 121.9, 123.5 (qd, *Jep=5.2 Hz,
'Jer=275.6 Hz, CF5), 129.5, 129.6 (m), 133.4, 134.5 (qd,
2Jep=>5.0 Hz, 2Jor=32.4 Hz), 138.2, 145.5, 148.6, 155.8
(d, 2Jep=10.3 Hz); "F NMR (470 MHz, CDCl;) o:
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—54.9 (s, CF3); IR (KBr) v: 3276, 2909, 2854, 2210, 1622,
1394, 1284, 1170, 1135, 1038, 1016, 763 cm™'; MS (ESI)
m/z: 489 [(M+H)]"; HRMS (ESI) caled for CioHs-
BrF;N,O;P (M+H)" 489.0192, found 489.0188.

3- G4 k-4 I -8- H AR B - 1-( = 5 Y 36 )-9 -7 -2- Sk
2 — L BB (4d): FEOE R, mp. 145.6~146.1 C; 'H
NMR (400 MHz, CDCl;) 6: 1.34 (t, J=7.2 Hz, 6H), 3.88
(s, 3H), 3.98 (s, 2H), 4.07~4.26 (m, 4H), 6.97~7.00 (m,
1H), 7.05~7.06 (m, 1H), 7.08 (brs, 2H), 8.33~8.35 (m,
1H); *C NMR (125 MHz, CDCl;) §: 16.2 (d, *Jep=6.6
Hz), 37.4, 55.7, 62.9 (d, *Je.p=>5.6 Hz), 92.7 (d, *Jep=
16.4 Hz), 101.7 (d, 'Jep=183.9 Hz), 109.6, 114.3, 116.3,
123.7 (qd, *Jep=5.0 Hz, 'Joy=275.5 Hz, CF5), 124.3,
129.7, 130.1~130.2 (m), 133.6 (qd, *Jep=>5.2 Hz, 2Jer=
32.5 Hz), 148.1, 149.5, 155.8 (d, *Jcp=10.1 Hz), 162.1;
F NMR (470 MHz, CDCl;) 6: —54.9 (s, CF;); IR (KBr)
v 3297, 3218, 2909, 2963, 2835, 2210, 1606, 1402,
1284, 1167, 1118, 1042, 1017, 782 cm™'; MS (ESI) m/z:
441 [(M+H)]"; HRMS (ESI) caled for CyH, F5N,O,P
(M+H)" 441.1195, found 441.1189.

3-F -7 4T FE - 1- (S L )-9H- 27 -2- bR [ iR
T FE(4e): FOE A, mp. 155.9~156.4 C; '"H NMR
(500 MHz, CDCL3) 8: 1.36 (t, J=7.0 Hz, 6H), 4.01 (s, 2H),
4.11~4.30 (m, 4H), 7.16 (brs, 2H), 7.41~7.43 (m, 1H),
7.52~7.53 (m, 1H), 8.34~8.35 (m, 1H); >C NMR (125
MHz, CDCLy) d: 16.2 (d, *Jep=6.8 Hz), 37.3, 63.1 (d,
2Jep=5.9 Hz), 93.7 (d, *Jep=16.2 Hz), 104.2 (d, 'Jep=
181.8 Hz), 115.9, 123.6 (qd, *Jep=>5.4 Hz, 'Jep=275.3
Hz, CF;), 123.9, 125.1, 128.2, 130.0~130.1 (m), 134.3
(qd, “Jep=5.0 Hz, 2Jcr=32.8 Hz), 135.3, 136.8, 147.2,
148.1, 155.8 (d, %Jcp=10.1 Hz); ’F NMR (470 MHz,
CDCls) d: -55.0 (s, CF3); IR (KBr) v: 3257, 2911, 2209,
1616, 1400, 1287, 1170, 1043, 1017, 768 cm™'; MS (ESI)
m/z: 445 (M-+H)"; HRMS (ESI) calcd for C,oH;3CIF5-
N,O:sP (M+H)" 445.0695, found 445.0690.

3- G -4- -7 -1 - (= 5 2 )-O H- 2] - 2- IR Je TR
g4 FHOEE mp. 179.8~180.2 'C; 'H NMR
(600 MHz, CDCl3) §: 1.35 (t, J=6.9 Hz, 6H), 4.04 (s, 2H),
4.11~4.26 (m, 4H), 7.16 (brs, 2H), 7.17~7.19 (m, 1H),
7.25 (s, 1H), 8.42~8.44 (m, 1H); *C NMR (125 MHz,
CDCly) 6: 16.2 (d, *Jep=6.9 Hz), 37.5, 63.1 (d, “Jcp=5.9
Hz), 93.5 (d, *Jep=16.2 Hz), 103.5 (d, 'Jep=182.8 Hz),
112.1 (d, *Je.r=22.9 Hz, Ar-F), 115.4 (d, *Jc.;=23.1 Hz,
Ar-F), 116.0, 123.6 (qd, *Jep=5.2 Hz, 'Jop=275.4 Hz,
CF;), 124.6, 124.7 (d, *Jcr=9.5 Hz, Ar-F), 130.1~130.2
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(m), 133.0, 134.1 (qd, “Jep=5.0 Hz, “Jer=32.3 Hz),
148.2, 148.3, 155.8 (d, 2ep=10.1 Hz), 164.4 (d, 'Jer=
250.4 Hz, Ar-F); ’F NMR (564 MHz, CDCl;) 5: —108.5
(s, ArF), —55.0 (s, CF3); IR (KBr) v: 3302, 3228, 2906,
2208, 1611, 1405, 1284, 1175, 1047, 1022, 764 cm™'; MS
(ESI) m/z: 429 (M + H)'; HRMS (ESI) caled for
C1oH sF4N>OsP (M+H)" 429.0993, found 429.0988.

3- G -7 1R -A- I 1-( =5 R )-OH- 2] -2- R J TR
. FR(4g): EOFEE. mp. 166.2~166.5 C; 'H NMR
(500 MHz, CDCL3) d: 1.36 (t, J=7.0 Hz, 6H), 4.03 (s, 2H),
4.10~4.27 (m, 4H), 7.16 (brs, 2H), 7.59~7.61 (m, 1H),
7.72 (s, 1H), 8.31~8.32 (m, 1H); *C NMR (125 MHz,
CDCLy) 6: 16.2 (d, *Jep=7.1 Hz), 37.3, 63.2 (d, *Jc.p=06.1
Hz), 93.8 (d, *Je.p=16.3 Hz), 104.4 (d, 'Jep=182.4 Hz),
115.9, 123.6 (qd, *Jep=>5.1 Hz, 'Jop=275.3 Hz, CF;),
1242, 125.2, 128.1, 129.9~130.0 (m), 131.0, 134.4 (qd,
2Jep=>5.0 Hz, *Jcr=32.3 Hz), 135.8, 147.3, 147.4, 148.2,
155.8 (d, 2Jc»=10.4 Hz); "’F NMR (376 MHz, CDCl;) ¢:
—54.9 (s, CF3); IR (KBr) v: 3293, 3197, 2914, 2848, 2211,
1612, 1401, 1283, 1188, 1044, 1021, 771 cm™'; MS (ESI)
m/z: 489 (M-+H)"; HRMS (ESI) calcd for C;oH;sBr-
F3N,OsP (M+H)" 489.0192, found 489.0190.

3- e -4- U I 8- F -1 (= R 3 )-9 H- %7 -2- e Ji
R — Z.fi5 (4h): % L E K. mp. 189.9~1904 C; 'H
NMR (500 MHz, CDCly) 6: 1.36 (t, J=7.3 Hz, 6H), 2.43
(s, 3H), 3.91 (s, 2H), 4.11~4.27 (m, 4H), 7.13 (brs, 2H),
7.30~7.31 (m, 1H), 7.38~7.41 (m, 1H), 8.30~8.32 (m,
1H); *C NMR (125 MHz, CDCl;) 8: 16.2 (d, *Jep=7.0
Hz), 18.8, 36.4, 63.0 (d, “Jcp=5.9 Hz), 93.9 (d, *Jep=
16.2 Hz), 103.5 (d, 'Jep=183.0 Hz), 116.1, 120.5, 123.7
(qd, *Jep=5.3 Hz, 'Jop=275.3 Hz, CF;), 128.0, 130.4~
130.5 (m), 131.5, 134.1 (qd, 2Jep=5.0 Hz, Jer=323
Hz), 136.4, 144.3, 149.7, 155.7 (d, *Jcp=10.5 Hz); "°F
NMR (376 MHz, CDCl3) §: —55.5 (s, CF3); IR (KBr) v:
3301, 3199, 2911, 2851, 2210, 1629, 1397, 1286, 1163,
1121, 1020, 762 cm '; MS (ESI) m/z: 425 (M+H)";
HRMS (ESI) caled for CyH,FsN,OsP (M + H) *
425.1236, found 425.1238.

3- e -4-F U -7 (S R 3 -9 H- %7 -2- B [
R — 2.l (4i): B LE K. mp. 1723~172.8 C; 'H
NMR (500 MHz, CDCls) 6: 1.36 (t, J=7.0 Hz, 6H), 2.46
(s, 3H), 3.98 (s, 2H), 4.10~4.27 (m, 4H), 7.11 (brs, 2H),
7.26~7.27 (m, 1H), 7.36 (s, 1H), 8.31~8.32 (m, 1H); "°C
NMR (125 MHz, CDCl;) 6: 16.2 (d, *Jep=6.5 Hz), 22.0,
37.3, 63.0 (d, 2Jep=5.6 Hz), 93.4 (d, *Jep=16.4 Hz),
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102.8 (d, 'Jep=183.0 Hz), 116.2, 122.7, 123.7 (qd, *Jep=
5.2 Hz, 'Jer=275.3 Hz, CF;), 125.3, 128.7, 130.4~130.5
(m), 134.2, 133.9 (qd, 2Jep=5.0 Hz, “Jor=32.4 Hz),
141.3, 145.9, 149.5, 155.7 (d, *Jc»=10.4 Hz); ’F NMR
(470 MHz, CDCly) 6: —54.9 (s, CF;); IR (KBr) v: 3391,
3217, 2911, 2212, 1638, 1400, 1286, 1165, 1147, 1043,
1016, 773 cm '; MS (ESI) m/z: 425 (M+H)"; HRMS
(DART) caled for ChHyF3N,OsP (M+H)" 425.1236,
found 425.1237.

3-54 -4 I -6- F 3k - 1 -(= 980 3 )-9H- 75 -2- B I
TR — ZFE4)): #EOEAR. mp. 1262~1268 C; 'H
NMR (500 MHz, CDCly) 6: 1.38 (t, J=7.3 Hz, 6H), 2.51
(s, 3H), 4.03 (s, 2H), 4.13~4.30 (m, 4H), 7.16 (brs, 2H),
7.33~7.34 (m, 1H), 7.47~7.48 (m, 1H), 8.30 (s, 1H); "*C
NMR (125 MHz, CDCly) 6: 16.2 (d, *Jcp=6.6 Hz), 21.7,
37.1, 63.0 (d, 2Jcp=5.6 Hz), 93.7 (d, *Jep=16.3 Hz),
103.4 (d, 'Jep=183.0 Hz), 116.2, 123.3, 123.7 (qd, *Jep=
5.0 Hz, 'Jo.p=275.4 Hz, CF5), 124.5, 130.9~131.0 (m),
131.8, 134.1 (qd, 2Jep=5.0 Hz, Jep=32.5 Hz), 136.9,
137.6, 142.9, 149.4, 155.7 (d, *Jc»=10.1 Hz); ’F NMR
(470 MHz, CDCls) 6: —54.9 (s, CF;); IR (KBr) v: 3306,
3194, 2911, 2217, 1628, 1396, 1282, 1159, 1124, 1046,
1019, 765 cm™'; MS (ESI) m/z: 425 [(M+H)]"; HRMS
(ESI) calcd for CyH, F5N,O5P (M+H)" 425.1236, found
425.1241.

3- G i -4-F I -6- F A FE - 1-( = 960 3 )-9 -2 -2-Fk
IR — Z.HE(4k): O E K. mp. 160.8~161.3 C; 'H
NMR (400 MHz, CDCl;) 6: 1.35 (t, J=7.0 Hz, 6H), 3.90
(s, 3H), 3.96 (s, 2H), 4.08~4.27 (m, 4H), 7.05~7.07 (m,
1H), 7.12 (brs, 2H), 7.43~7.45 (m, 1H), 7.98~7.99 (m,
1H); *C NMR (125 MHz, CDCl;) §: 16.2 (d, *Jep=7.0
Hz), 36.8, 55.7, 63.0 (d, *Jc.p=>5.8 Hz), 93.7 (d, *Jep=
16.3 Hz), 103.6 (d, 'Jcp=183.0 Hz), 106.4, 116.1, 118.6,
123.7 (dq, *Jep=5.0 Hz, 'Jor=275.4 Hz, CF;), 1254,
131.5~131.6 (m), 134.0 (qd, Jep=5.0 Hz, Jep=322
Hz), 137.9, 138.0, 149.3, 155.7 (d, 2Jcp=10.3 Hz), 160.0;
F NMR (376 MHz, CDCl3) 0: —54.8 (s, CF3); IR (KBr)
vi 3292, 3215, 2995, 2914, 2218, 1610, 1396, 1287,
1169, 1046, 1015, 794 cm™'; MS (ESI) m/z: 441 (M+H)";
HRMS (ESI) caled for CyHyFsN,O.P [(M + H)] *
441.1195, found 441.1188.

3-F I -4-F I -1-(HL B L FE)-OH- 2 -2- s R — 2.
fig(4l): FOEAR. mp. 168.6~169.1 ‘C; '"H NMR (400
MHz, CDCLy) d: 1.34 (t, J=7.0 Hz, 6H), 4.07 (s, 2H),
4.10~4.28 (m, 4H), 7.30 (brs, 2H), 7.45~7.51 (m, 2H),
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7.55~7.57 (m, 1H), 8.48~8.50 (m, 1H); C NMR (125
MHz, CDCl3) §: 16.1 (d, *Jep=6.4 Hz), 37.6, 62.9 (d,
2Jep=06.1 Hz), 94.2 (d, *Jcp=16.8 Hz), 104.8 (d, 'Jep=
185.4 Hz), 112.2~117.3 (m, CF,), 116.0, 119.6 (qt, 'Jer=
287.4 Hz, %Jor=37.4 Hz, CF3), 122.9, 124.5, 127.5, 130.5,
131.4~131.5 (m), 132.8~133.2 (m), 136.3, 145.5~145.6
(m), 149.1, 155.6 (d, “Jcp=10.9 Hz); "’F NMR (376 MHz,
CDCly) 6: —78.1 (s, CF3), —101.3 (s, CF,); IR (KBr) v:
3389, 3215, 2924, 2851, 2214, 1638, 1395, 1271, 1178,
1039, 1016, 761 cm™'; MS (ESI) m/z: 461 (M+H)";
HRMS (ESI) caled. for CaHjoFsN,OsP (M + H) *
461.1060, found 461.1052.

3-F e -4-F I -7- -1 -(FLHR 23 )-9H- 77 -2- e Ji
i — £ W6 (4m): B[R mp. 178.1~178.8 C; 'H
NMR (400 MHz, CDCl;) 6: 1.34 (t, J=7.2 Hz, 6H), 2.45
(s, 3H), 4.01 (s, 2H), 4.08~4.28 (m, 4H), 7.26 (s, 1H),
7.28 (brs, 2H), 7.36 (s, 1H), 8.33~8.35 (m, 1H); *C NMR
(125 MHz, CDCLy) d: 16.2 (d, *Je.p=6.4 Hz), 22.0, 37.5,
63.0 (d, *Jep=6.0 Hz), 93.9 (d, *Jep=16.8 Hz), 104.1 (d,
'Jep=185.9 Hz), 112.6~117.1 (m, CF,), 116.3, 119.8 (qt,
'Jer=287.4 Hz, *Joy=37.5 Hz, CF;), 122.9, 125.2, 128.6,
131.5~131.7 (m), 132.7~133.1 (m), 133.9, 141.4, 146.1,
149.5, 155.7 (d, %Jcp=10.9 Hz); F NMR (376 MHz,
CDCly) 6: —78.2 (s, CF3), —101.3 (s, CF,); IR (KBr) v:
3280, 3212, 2909, 2213, 1628, 1394, 1275, 1205, 1047,
1016, 768 cm '; MS (ESI) m/z: 475 (M~+H)"; HRMS
(ESI) caled. for C,1H,FsN,O5P (M—i—H)+ 475.1212, found
475.1206.

3-G e -4-F -6 F A B - (L9 & 58 )-9H- 7)) -2-
[iEEZ — £ W5 (4n): FEOE A, mp. 133.8~134.1 C; 'H
NMR (500 MHz, CDCl;) §: 1.35 (t, J=7.0 Hz, 6H), 3.92
(s, 3H), 4.00 (s, 2H), 4.10~4.28 (m, 4H), 7.07~7.09 (m,
1H), 7.30 (brs, 2H), 7.43~7.45 (m, 1H), 8.02 (s, 1H); °C
NMR (125 MHz, CDCl;) 6: 16.2 (d, *Jep=6.5 Hz), 37.0,
55.7, 63.0 (d, “Jep=06.1 Hz), 94.1 (d, *Jcp=16.8 Hz),
104.8 (d, 'Je.p=185.4 Hz), 106.5, 112.3~117.4 (m, CE,),
116.3, 118.8, 119.7 (qt, 'Je.r=287.5 Hz, *Joy=37.3 Hz,
CF3), 125.3, 132.6~132.7 (m), 132.9~133.3 (m), 137.6,
138.1~138.2 (m), 149.3, 155.7 (d, *Jc.p=10.9 Hz), 159.6;
F NMR (376 MHz, CDCl;) 6: —78.0 (s, CF3), —101.2
(s, CF,); IR (KBr) v: 3279, 3213, 2924, 2215, 1610, 1388,
1281, 1204, 1043, 1015, 794 cm™'; MS (ESI) m/z: 491
(M-+H)"; HRMS (ESI) calced for C, H, FsN,O,P (M+H)"
491.1162, found 491.1156.

3- G HE-4-FUEE - 1-(-L R T 5:)-9H- %5 -2- BB g —
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2B (d0): FHAOEMK; mp. 172.1~172.5 C; '"H NMR
(500 MHz, CDCLl3) §: 1.34 (t, J=7.3 Hz, 6H), 4.09 (s, 2H),
4.10~4.28 (m, 4H), 7.37 (brs, 2H), 7.47~7.52 (m, 2H),
7.56~7.57 (m, 1H), 8.51~8.52 (m, 1H); *C NMR (125
MHz, CDCLy) d: 16.3 (d, Jep=5.9 Hz), 382, 63.0 (d,
2Jep=6.0 Hz), 94.5 (d, *Jcp=16.9 Hz), 105.3 (d, 'Jep=
185.3 Hz), 107.4~112.5 (m, CF,), 114.4~116.8 (m, CE,),
116.3, 116.8~121.6 (m, CF3), 123.1, 124.6, 127.6, 130.7,
132.2~132.4 (m), 132.5~132.6 (m), 136.4, 145.8~145.9
(m), 149.3, 155.8 (d, “Jcp=10.9 Hz); "’F NMR (470 MHz,
CDCl3) 8: —80.0 (t, J=10.6 Hz, CF;), —100.7 (s, CF,),
—120.7 (s, CF,); IR (KBr) v: 3295, 3199, 2911, 2213,
1612, 1391, 1268, 1222, 1196, 1046, 1009, 743 cm™'; MS
(ESI) m/z: 511 (M + H)"; HRMS (ESI) caled for
CoH1oF,N>OsP (M+H)" 511.1025, found  511.1020.

351 -4 F Ik -7 F 3 1-(-B JBUIE TR )9 H- ) -2-
IR — Z.HE (4p): O E K. mp. 1782~178.6 C; 'H
NMR (500 MHz, CDCl;) 6: 1.34 (t, J=7.0 Hz, 6H), 2.47
(s, 3H), 4.06 (s, 2H), 4.08~4.27 (m, 4H), 7.27 (s, 1H),
7.28 (brs, 2H), 7.36 (s, 1H), 8.35~8.37 (m, 1H); *C NMR
(125 MHz, CDCLy) 8: 16.1 (d, *Jcp=6.1 Hz), 21.8, 37.8,
62.8 (d, 2Jcp=6.3 Hz), 94.0 (d, *Jcp=16.8 Hz), 104.3 (d,
Jep=185.6 Hz), 107.3~112.4 (m, CF,), 114.3~116.7
(m, CF,), 116.2, 116.9~121.8 (m, CF3), 122.7, 125.0,
128.5, 132.0~132.1 (m), 1322, 133.7, 1413, 146.1,
149.4, 155.6 (d, Jcp=10.9 Hz); "’F NMR (470 MHz,
CDCl3) 8: —80.0 (t, J=10.3 Hz, CF;), —100.7 (s, CF,),
—120.8 (s, CF,); IR (KBr) v: 3270, 3191, 2903, 2210,
1618, 1393, 1220, 1205, 1046, 1021, 760 cm™'; MS (ESI)
m/z: 525 (M+H)"; HRMS (ESI) calcd for C,,H,,F;N,O;P
(M-+H)" 525.1184, found 525.1178.

3- G -4-F I -6- F AR - 1-(L B TR 52 )-9H- 7 -2-
PR — 2 E(4q): #EEAEA; mp. 154.9~1552 C; 'H
NMR (400 MHz, CDCly) 6: 1.33 (t, J=7.0 Hz, 6H), 3.91
(s, 3H), 4.02 (s, 2H), 4.06~4.27 (m, 4H), 7.05~7.08 (m,
1H), 7.35 (brs, 2H), 7.42~7.44 (m, 1H), 8.02 (s, 1H); °C
NMR (125 MHz, CDCly) 6: 16.3 (d, *Jcp=5.9 Hz), 37.4,
55.7, 63.0 (d, 2Jep=6.0 Hz), 94.4 (d, *Jcp=16.8 Hz),
105.1 (d, 'Jep=185.3 Hz), 106.4, 107.0~112.5 (m, CF,),
115.8 (m, CF,), 116.3, 116.8~121.9 (m, CF3), 118.8,
125.2, 132.2~132.6 (m), 133.2~133.3 (m), 137.5, 138.2,
149.3, 155.7 (d, YJep=10.9 Hz), 159.5; '’F NMR (376
MHz, CDCl;) §: —80.0 (t, J=11.5 Hz, CF;), —100.6 (s,
CF,), —120.6 (s, CF,); IR (KBr) v: 3275, 3191, 2923,
2212, 1610, 1386, 1276, 1210, 1195, 1042, 1017, 746
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cm '; MS (ESI) m/z: 541 [(M~+H)]"; HRMS (ESI) calcd
for C,,H, F;N,O,.P (M+H) " 541.1132, found 541.1127.

HBh#1 Bl (Supporting Information) 4= %l EUAR [
i EE IR R 4a~d4q FRZRLRIE . Xt RbnT B4
i WASFI 33 (http://sioc-journal.cn/) | N %K.
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