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Study on the Hydrocyanation Reaction of Trifluoromethylated
Acylhydrazones

Xu, Weigang Huang, Danfeng Wang, Kehu Zhao, Fangxia

Hu, Yongqing Su, Yingpeng Hu, Yulai*
(College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070)

Zhao, Zhuanxia

Abstract The Lewis acid catalyzed 1,2-addition reaction of trifluoromethylated acylhydrazones with trimethylsilyl cyanide
was investigated, and a series of cyanohydrazide compounds containing trifluoromethyl group were afforded in high yield. The
method could be easily operated in mild reaction conditions, which provides an efficient method for the synthesis of
trifluoromethylated hydrazides with structural diversity.
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Figure 1 Bioactive compound of hydrazides

FIE =R RSB &1, DR =
S P 5 . = 9 A S v Y I P S R

1 HR5R

11 BEHRECT=Z8REBEFES=FE&HEN
FEMR MR

W, R A R E R, ST SO B
(1a) (1 equiv.) 5 = HEEFHELT(2) (2.5 equiv.) P FIEAL
Ri SR, fEERFE T RIMEARAE. TR
= R FREOR AR 1, TER I T AL
(2.5 equiv.), {HAE R MAKREA RAE. TR ZXMNIE
—HALT 285 (0.2 equiv)fER FIEAT, &M 60 h J5LA
15%MCEAS 3 T HARr=%) 3a(3R 1, Entries 1~3). AT
Wi s 3a (1=, HoAhES 5 e an = S&kAa . DU
PR = 36 R AL 5t B 1% ) M. (3R 1, Entries
4~11). WFFAERY, £ =FmPBEREEHAT, LAY 3a
(K77 R fe e, Wk 85%(F 1, Entry 7). i S o7 i
MR, RITE i T  NAF: 2i% R SLAE R A
PERATE, thE9) 3a /=R a2 = 2 91%, 7 H R M
N )47 %5 51 45 h(3 1, Entries 12 F113). fEH1F T %%
T B FPEFIRNZ R B IR, R R, & H b 1,2-
TR GRS A R RN R B R (R L,
Entries 14~16); AEMRMHEEF MDY SERRIR . 1,4- 58 N3
W% S AF(F 1, Entries 17 £ 18); 24 N AE 5 TV
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F 40 EE R AT, LAY 3a PR RKBRIRGE 1,
Entry 19). fJa, XN EPELET T 5 %GR 1,
Entries 20~23). WF5 KM, = HFEBF(1a). =HHE
FAELE(2) R =5 BRI R = oy 1025 ¢
0.2 5, 3a = H = (3 1, Entry 13). N T #4505
SBEI ], 76 FIR RS2 AT 43 i 223k 178 OB A &
TNGRALER . = 2R L B, 48 B4 AR H AR
(3% 1, Entries 24~26).

25 AR, A RALE Y 3a i ON S N =5
FAJEMERE (1a)s = H SRR E(2) . — % AR AR (1 470
IR 102502, WHIN & F K, B,
SN TE] A 45 h.

N T IREREAZIRN IE B, 1E o e e v 2k
T, KSR = g R R A S = R R U ot 1) S 1 gk
177 #52(3K 2). B2 w5, KT R _LEE PRI R
P REBE, AR TR R AT, RN
REMR AT, FrfS =M= 246 62%~93% [A](3b~
3k). WHFAE R, BCRIELEBENR 2 7RI A E
X R A —E R B, AR IR IR b R
VERIRAIIT, FTfR 7290 3d (7= 38 78%, 1M 24 FAETE 2K
IRERAL AR EA IR FAE IR, Frfsr=4) 3b 1 3¢
HIF= RN 93%A1 86%. AL, ZKIAXAL HiER
FUR TR T FIBERFVE IR AT, Frfs r= P e 22 48
1%, 435N 76%F1 62% (3h~3i). 418 FZE Mk B
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Table 1 Optimization of reaction condition for the synthesis of compound 3a
% 0

F30\¢N\N + (CHa)sSICN Catalyst, time F3CYH\N

H Solvent, temperature CN H

1a 2 3a

Entry Mole ratio of 1a/2/Cat. Catalyst Solvent Temperature Time/h Isolated yield/%
1 1/2.5/0 — DCM r.t 60 0
20 1/2.5/0 — DCM r.t 60 0
3 1/2.5/0.2 BF;+OEt, DCM r.t 60 15
4 1/2.5/0.2 AlCl; DCM r.t 60 36
5 1/2.5/0.2 TiCly DCM r.t 60 63
6 1/2.5/0.2 Sc(OTo); DCM r.t 60 0
7 1/2.5/0.2 In(OTH); DCM r.t 60 85
8 1/2.5/0.2 Yb(OTH), DCM r.t 60 48
9 1/2.5/0.2 Fe(OTf); DCM r.t 60 0
10 1/2.5/0.2 Hf(OTf); DCM r.t 60 0
11 1/2.5/0.2 Ni(OTH); DCM r.t 60 0
12 1/2.5/0.2 In(OTH); DCM =5 60 4
13 1/2.5/0.2 In(OTY); DCM Reflux 45 91
14 1/2.5/0.2 In(OTH); DCE Reflux 10 71
15 1/2.5/0.2 In(OTH); CHCl, Reflux 45 73
16 1/2.5/0.2 In(OTH); CH;CN Reflux 45 67
17 1/2.5/0.2 In(OTH); THF Reflux 45 45
18 1/2.5/0.2 In(OTH); 1,4-Dioxane Reflux 45 33
19 1/2.5/0.2 In(OTH); MeOH Reflux 45 8
20 1/2.5/0.3 In(OTH); DCM Reflux 30 66
21 1/2.5/0.1 In(OTH); DCM Reflux 45 16
22 1/1.5/0.2 In(OTH); DCM Reflux 45 55
23 1/3.5/0.2 In(OTH); DCM Reflux 40 84
24P 1/2.5/0.2 In(OTH); DCM Reflux 45 0
25¢ 1/2.5/0.2 In(OTH); DCM Reflux 45 0
267 1/2.5/0.2 In(OTf); DCM Reflux 45 Trace

“ All reactions were carried out by using 0.2 mmol of 1a, solvent (3.0 mL). PKF (2.5 equiv.) was added. ¢ (C,Hs);N (2.5 equiv.) was added. ¢ CH;0H (2.5 equiv.) was

added.

R R BRI E AR IR AT, BAR S SE R A T A, R
SRR R A, 31 B Z0]IE 82%. 4 fdH 2-WR it Ak
TV B =5 FR IR I A A IR, e S A B IR 3R 47,
{HSE =R, 3m 7% 1A 60%. 24 R' ARG
B, RS BT, RO, RNAKIREE
R R A, AER BT A3 =i r= e Lt RY Ry 05 ket i) 22
X@Bn~3q). FFFREMY, 24 R' NEFELGIEN, BREEK
X A RN 2 RO L R U ) BRI, AR
W 3r BIPEREIE 90%; 24 R N JREE kI W IE 7 LR,
WA BN H AR 3s. RT3X b s Wi P 72 i 75 gk —
AL, B, ST =R R R I A A A S
SN R A (3t~3w), 33X A2 TR I A 1 9 e L
i PRV 1 22 R

NTIRERZI NS M, 16 R e s bk 1F
T, X AR B 1a BRI N AT T SR
JRE. 25 R [ AR REIRIBEAT, L 85%[ /=215
F|7 3a(Eq. 1).
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0
In(OTf)3 (20 mol%)
FaC Ny + (CHa)SICN — =" "7
H DCM, reflux, 50 h

1a 1.000 g, 4.6 mmol 2

YN a
CN

3a 0.954 g, yield: 85%

8 LR FUAEA b, X6 =98 R AR A R A S
FEEEEAT T BERI AL TT. B ALK 3a B 3b 7R ERIR
FRE b [mliAT, AR BENTUMI L A A K R AL S L, 153 a-JF
FEE FEIREE 7a 5L 7b (Eq. 2), AHE— D& A ETEN
P =3 2 ) a-FEER AT A IR T K 3.

0 0
H HCI H
FiC_N- L re N
\( N~ "R! N~ "R
H MeOH, reflux H
CN MeOOC
3aR'=Ph 7ayield: 64%

3b R" = 0-MeCgH, 7b yield: 52%
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Table 2 Hydrocyanation reactions of trifluoromethylated N-acylhydrazones
% In(OTf)3 (20 mol%) H JOL
F3C\7N\NJL 4 + (CHg)sSiCN ——— > 3CYN\N R
§H R DCM, reflux H
CN
1
CH Cl
HsC ’ CHs OCHs cl
(6]
HN. HN HN HN
NH NH HN_ “NH AN “NH HN
)\ N /k )\ /k NH
F3C~ "CN FsC~ "CN F.C”  CN
3 F,C7 N Fs;C~ "CN FsC~ "CN 3 FsC” CN
3a 3b 3c 3d 3e 3f 3

45, yield: 91%"

15 h, yield: 93%

15 h, yield: 78%

45 h, yield: 92%

B F F
Cl r 3 o \
o) o) o o 0 O A Oﬁ)\
HN HN HN. HN_ NH HN
AN “NH “NH “NH NH HN” “NH
F,C7 CN F3C)\CN F3C/kCN FsC~ "CN FsC~ "CN FsC~ "CN FsC” CN
3h 3 3 3k 3l 3m 3n

30 h, yield: 62% 45 h, yield: 92%

50 h, yield: 84%

50 h, yield: 82% 24 h, yield: 67%

o) Ox_C11Haan o
0§)< OYO Y\© Y N © °©
NH HN HN

AN HN HN” “NH > HN HN

)N\H “NH NH “NH “NH

FsC” “CN FsC” “CN FsC” “CN @

FsC~ "CN FsC7 O CN 8 3 3 FsC o FaC o

30 3p 3q 3r 3s 3t 3u

24 h, yield: 76% 16 h, yield: 72% 48 h, yield: 78%

18 h, yield: 90%

45 h, yield: 0% 45 h, yield: 0% 45 h, yield: 0%

“ All reactions were carried out by using 0.1 mmol of 1, DCM (3.0 mL), stirred at reflux temperature, isolated yield. * This reaction was carried out by using 0.2 mmol

of 1a.

1.2 REHIBERTT

FESCRRIRIET RS20t 45 LR B, RATANAE =5/
FRRRE R AR A A, — 3 P SR I 1) S B A S R AT L B v
Ul Scheme 1 frz~: 56, =5 SRR AE 1 A0 =460 HH TR
TATEREEEY 5; G, —HEFRERQILE S
5 ARl Si-N HEAE 6, [R] I 25 = 96 AP A (4) 4k 2 3k
17N B Jm, Si-N HEA 6 LKl AL &4 3, FF#
BEA = H SRR I AR K

2 Zhig

L5 BRI, ASCHGE 1A =R P R T, Y
TR IE A, AEIRRRAAT T, JERE = G R B R AN
= PR SE A 1,20 R85 N R A5 P A = S 2 A A
HMEI RS TIE. TR R RE. B
=9 TP M A D = R B A I, S T
W, B — DR T =5 R BEAAE & s = 9 T 2
B B L Y L
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KIUN
(H3C)5Si~. -NH N NH
1 §
CF
FsC~ "CN g °
6
(CH3)3Si—CN
2
B 1 wIRR R SR

Scheme 1 Proposed mechanism
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414N RE{CA Digilab FTS 3000, [ {4% ] KBr &
RV, WK R B 3R 3G ] BRUKER PT
jxf790425AM 400MHz/600MHz B HE3LHROGN 22, LA
STRARGE I VAT, TMS NN FR; % #E5% H Bruker
APEX T {8 BL -5 46t 25 -7 [B] i T4 Jo i 3G %2, EST I
J 5 LA SO E I, MR RAR IR, Segs A A
WA N E = oM aigle. BT F v 550350 8 A v 7 V2 2508
T,

3.2 LWHE
3.2.1 Aubhdh 3 aga R

£ 50 mL [ &R H AR O = 96 Y B 15t 7 (1)
(0.043 g, 0.2 mmol). — FEEFHELL(2) (0.050 g, 0.5
mmol). =4 AR H4(0.022 g, 0.04 mmol) Al 3 mL 5
FLE(DCM), H4 IR & e B A N hidE, 2 Ak
(TLCORTMI [ B2, 45 h R SiFE4. [ R BVRA YA 3
mL MR R E N TR, $EFE 10 min, F 2R L BEREEN(S
mL X 3), 7 AN, FTGKE R T A LERE
AT RN VA HEE) @ (LR LB8)=5 @ 115 B85~
Y N-(1,1,1- =5 A B -2-25) K H Ik (3a) 44 mg, 773
91%. FE A, mp. 113~115 C; '"H NMR (600 MHz,
CDCly) 6: 7.96 (s, 1H), 7.79 (d, J=17.8 Hz, 2H), 7.58 (t,
J=172 Hz, 1H), 747 (t, J=7.8 Hz, 2H), 5.77 (s, 1H),
4.69~4.65 (m, 1H); °C NMR (150 MHz, CDCls) J:
168.8, 133.1, 131.1, 129.1, 127.4, 121.6 (q, J=280.1 Hz),
111.6, 54.9 (q, J=33.2 Hz); "’F NMR (376 MHz, CDCl,)
5: —73.32 (d, J=6.4 Hz); IR (KBr) v: 3464, 3397, 2951,
1646, 1538, 1471, 1262, 1146 cm™'; HRMS (ESI) calcd
for C1oHgF3;N3;ONa [M+Na]* 266.0512, found 266.0518.

&Y 3b~3r 14 K74 A 3a.

N=(1,1,1- =& A 5 -2- 3k )-2- F1 3 28 H I JF (3b): 24
mg, 7% 93%. HEEAE, mp. 108~110 C; 'H NMR
(600 MHz, CDCl5) 6: 7.60 (s, 1H), 7.41 (t, J=7.8 Hz, 1H),
7.38 (d, J=7.8 Hz, 1H), 7.26 (d, J=6.6 Hz, 1H), 7.23 (t,
J=17.2 Hz, 1H), 5.88 (s, 1H), 4.71~4.67 (m, 1H), 2.47 (s,
3H); *C NMR (150 MHz, CDCl3) §: 170.7, 137.5, 132.1,
131.6, 131.5, 127.4, 126.1, 121.7 (q, J=279.6 Hz), 111.6,
54.8 (q, J=33.3 Hz), 19.9; "’F NMR (376 MHz, CDCl;) ¢:
—73.32 (d, J=6.8 Hz); IR (KBr) v: 3439, 2951, 1645,
1537, 1514, 1459, 1262, 1199, 1150 cm™'; HRMS (ESI)
caled for C;;H;,F;N;ONa [M~|—Na]+ 280.0668, found
280.0661.

N=(1,1,1- =5 A K -2-3)-3- B L 4 R (3e): 22

926 http://sioc-journal.cn/
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mg, 77K 86%. HE, mp. 114~115 C; 'H NMR
(600 MHz, CDCLy) d: 7.93 (s, 1H), 7.60 (s, 1H), 7.56 (d,
J=17.2 Hz, 1H), 7.38 (d, J=7.2 Hz, 1H), 7.34 (t, J=7.8
Hz, 1H), 5.76 (t, J=4.8 Hz, 1H), 4.68~4.64 (m, 1H), 2.39
(s, 3H); C NMR (150 MHz, CDCl;) d: 169.0, 139.1,
133.8, 131.1, 129.0, 128.0, 124.4, 121.6 (g, J=280.2 Hz),
111.6, 55.0 (q, J=33.0 Hz), 21.4; F NMR (376 MHz,
CDCly) §: —73.29 (d, J=6.4 Hz); IR (KBr) v: 3440,
2925, 1652, 1536, 1514, 1464, 1260, 1198, 1149 cm
HRMS (ESI) caled for C;;H;0F;N;ONa [M + Na] *
280.0668, found 280.0662.

N=(1,1,1- =5 R i -2- 35 )-4- A B O FR B JEE (3d): 20
mg, FEF 78%. G E, mp. 124~126 C; 'H NMR
(600 MHz, CDCl;) §: 7.80 (s, 1H), 7.68 (d, J=7.8 Hz,
2H), 7.27 (d, J=9.0 Hz, 2H), 5.67 (t, J=5.4 Hz, 1H),
4.66~4.62 (m, 1H), 2.42 (s, 3H); °C NMR (150 MHz,
CDCLy) 0: 168.7, 143.9, 129.8, 128.2, 127.4, 121.6 (q, J=
280.4 Hz), 111.6, 55.0 (q, J=33.0 Hz), 21.7; ”F NMR
(376 MHz, CDCly) 0: —73.31 (d, J=6.4 Hz); IR (KBr) v:
3441, 3262, 2960, 1647, 1537, 1473, 1267, 1197, 1150,
1116 cmfl; HRMS (ESI) calced for C;;H;(F3sN3;ONa [M+
Na]" 280.0668, found 280.0658.

N'-(1,1,1- =3 N JIF-2-58)-4- H S8 5L 28 F I (Be): 25
mg, P53 92%. HEFEA, mp. 136~137 C; '"H NMR
(600 MHz, CDCls) d: 7.76 (d, J=9.0 Hz, 2H), 7.73 (s,
1H), 6.95 (d, J=9.0 Hz, 2H), 5.65 (t, J=5.4 Hz, 1H),
4.65~4.61 (m, 1H), 3.87 (s, 3H); >C NMR (150 MHz,
CDCly) 0: 168.3, 163.5, 129.4, 123.1, 121.6 (q, J=280.4
Hz), 114.4, 110.2, 55.7, 55.0 (q, J=33.0 Hz); °’F NMR
(376 MHz, CDCl3) 6: —73.32 (d, J=6.0 Hz); IR (KBr) v:
3439, 2929, 1644, 1612, 1543, 1516, 1461, 1261, 1192,
1150 cm™'; HRMS (ESI) calcd for C;1H(F3N30,Na [M+
Na]* 296.0617, found 296.0608.

N-(1,1,1- =3 A -2-25)-2- SR L IF(3E): 23 mg,
FEE 83%. HME K, mp. 107~109 C; 'H NMR (600
MHz, CDCLy) ¢6: 8.01 (s, 1H), 7.72 (d, J=7.8 Hz, 1H),
7.45 (d, J=3.6 Hz, 2H), 7.39~7.36 (m, 1H), 5.77 (t, J=
42Hz, 1H), 4.72~4.68 (m, 1H); “C NMR (150 MHz,
CDClLy) d: 167.5, 132.8, 131.4, 131.3, 130.8, 130.7, 127.5,
121.6 (q, J=280.2 Hz), 111.5, 54.7 (q, J=33.3 Hz); "F
NMR (376 MHz, CDCly) §: —73.35 (d, J=6.4 Hz); IR
(KBr) v: 3440, 2970, 2926, 1649, 1541, 1460, 1263, 1197,
1149 cm™'; HRMS (ESI) caled for C;H,;CIF3N3;ONa [M+
Na]™ 300.0122, found 300.0117.

N=(1,1,1- =5 A 5-2-25)-3- K H B E3g): 23 mg,

Chin. J. Org. Chem. 2020, 40, 922~929



Chinese Journal of Organic Chemistry

ARTICLE

FEE 83%. HMGER, mp. 131~132 °C; 'H NMR (600
MHz, CDCls) 6: 7.84 (s, 1H), 7.78 (s, 1H), 7.66 (d, J=7.2
Hz, 1H), 7.56 (d, J=7.8 Hz, 1H), 7.42 (t, J=7.8 Hz, 1H),
5.67 (s, 1H), 4.66~4.62 (m, 1H); *C NMR (150 MHz,
CDCly) 6: 167.5, 135.5, 133.2, 130.5, 127.8, 125.4, 121.5
(q, J=280.4 Hz), 111.4, 54.9 (q, J=33.2 Hz); "°F NMR
(376 MHz, CDCl;) 6: —73.27 (d, J=6.4 Hz); IR (KBr) v:
3427, 2925, 1654, 1534, 1461, 1263, 1199, 1150 cm ';
HRMS (ESI) caled for C;oH,CIF;N;ONa [M + Na]
300.0122, found 300.0107.

N-(1,1,1- =3 A 5 -2-55)-4- 58 % E(3h): 21 mg,
FEE 76%. AGER, mp. 116~117 “C; "H NMR (600
MHz, CDCls) 6: 7.80 (s, 1H), 7.73 (d, J=9.0 Hz, 2H),
7.46 (d, J=8.4 Hz, 2H), 5.66 (t, J=4.8 Hz, 1H), 4.66~
4.62 (m, 1H); *C NMR (150 MHz, CDCl;) J: 167.8,
139.7, 129.5, 129.4, 128.8, 121.6 (q, J=280.2 Hz), 111.5,
549 (q, J=33.3 Hz); ’F NMR (376 MHz, CDCl3) o:
—73.28 (d, J=6.0 Hz); IR (KBr) v: 3426, 3315, 2927,
1647, 1535, 1514, 1475, 1261, 1203, 1153 cm'; HRMS
(ESI) caled for C,H,CIFsN;ONa [M-+Na]™ 300.0122,
found 300.0109.

N'-(1,1,1- =54 5 -2-3%)-4- 122K FEBEAE(31): 20 mg,
FEE 62%. HMGEER, mp. 135~136 C; 'H NMR (600
MHz, CDCls) 6: 7.81 (s, 1H), 7.66~7.61 (m, 4H), 5.66 (t,
J=5.4 Hz, 1H), 4.65~4.61 (m, 1H); °C NMR (150 MHz,
CDCly) §: 167.9, 132.5, 129.8, 128.9, 128.2, 121.5 (q, J=
279.9 Hz), 111.4, 54.9 (q, J=33.3 Hz); ’F NMR (376
MHz, CDCl;) §: —73.30 (d, J=6.4 Hz); IR (KBr) v:
3428, 3313, 2964, 1648, 1539, 1513, 1474, 1261, 1203,
1153 cm™'; HRMS (ESI) calcd for CgH;BrF;N;ONa [M—+
Na]" 343.9617, found 343.9608.

N-(1,1,1- =3 FE-2-2%)-4- 5K FBEIF3)): 24 mg,
FEE 92%. HMGER, mp. 113~114 °C; "H NMR (600
MHz, CDCl;) 6: 7.85 (s, 1H), 7.83~7.80 (m, 2H), 7.16 (t,
J=9.0 Hz, 2H), 5.71 (t, J=4.8 Hz, 1H), 4.67~4.63 (m,
1H); “C NMR (150 MHz, CDCl;) d: 167.8, 165.7 (d, J=
2532 Hz), 129.9 (d, J=9.2 Hz), 127.2 (d, J=3.3 Hz),
121.6 (q, J=280.4 Hz), 116.4 (d, J=22.1 Hz), 111.5, 54.9
(q, J=33.3 Hz); "’F NMR (376 MHz, CDCl3) §: —73.28
(d, J=6.4 Hz), —105.44~—105.51 (m); IR (KBr) v:
3441, 3273, 2957, 1650, 1605, 1531, 1514, 1472, 1323,
1256, 1212, 1154 cm™'; HRMS (ESI) caled for CjoH-F,-
N;ONa [M+Na]" 284.0417, found 284.0411.

N=(1,1,1- = 550 A i -2-3 )-4- = 460 FF 24 25 F R (3 K):
26 mg, FEEFR 84%. AR, mp. 150~151 C; 'H
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NMR (600 MHz, CDCl;) 6: 7.92 (d, J=8.4 Hz, 2H),
7.78~7.76 (m, 3H), 5.62 (t, J=4.8 Hz, 1H), 4.66~4.62
(m, 1H); C NMR (150 MHz, CD;0D) J: 169.3, 137.3,
134.6 (q, J=32.4 Hz), 129.4, 126.6 (q, J=3.9 Hz), 125.2
(q, J=270.2 Hz), 123.6 (q, J=278.7 Hz), 113.6, 55.3 (q,
J=32.7 Hz); "’F NMR (376 MHz, CDCl;) §: —63.61 (s),
—73.27 (d, J=6.0 Hz); IR (KBr) v: 3441, 2928, 1650,
1538, 1514, 1460, 1331, 1261, 1215, 1133 cm'; HRMS
(ESI) caled for C;H,FeN;ONa [M+ Na] ™ 334.0386,
found 334.0371.

N=(1,1,1- =5 A 5-2-25)-2-ZE e ik (31): 24 mg, 7~
F 82%. AMEK, mp. 154~155 ‘C; '"H NMR (600
MHz, CDCl3) 6: 8.33 (s, 1H), 7.95~7.92 (m, 3H), 7.89 (d,
J=8.4 Hz, 1H), 7.81 (d, J=8.4 Hz, 1H), 7.61 (t, J=6.6
Hz, 1H), 7.57 (t, J=7.2 Hz, 1H), 5.71 (t, J=5.4 Hz, 1H),
4.71~4.67 (m, 1H); *C NMR (150 MHz, CDCly) o:
168.9, 135.5, 132.6, 129.2, 129.1, 128.6, 128.5, 128.1,
128.0, 127.4, 123.2, 121.6 (q, J=280.1 Hz), 111.6, 55.0 (q,
J=33.0 Hz); ’F NMR (376 MHz, CDCl;) 6: —61.08 (d,
J=6.4 Hz); IR (KBr) v: 3431, 2960, 1650, 1516, 1474,
1355, 1309, 1264, 1199, 1151 cm™'; HRMS (ESI) calcd for
C1sH,0F3sN;ONa [M+Na]" 316.0668, found 316.0653.

N'-(1,1,1- =56 4 1§ -2- 58 )-2- Bk iR HY I8 i (3m): 14
mg, 753 60%. HEFEA, mp. 126~127 C; '"H NMR
(600 MHz, CDCLy) 0: 7.97 (s, 1H), 7.52~7.51 (m, 1H),
7.26 (s, 1H), 6.57 (q, J=1.8 Hz, 1H), 5.57 (t, J=4.8 Hz,
1H), 4.66~4.62 (m, 1H); *C NMR (150 MHz, CDCl5) ¢:
159.1, 145.4, 145.3, 121.5 (q, J=280.2 Hz), 117.1, 112.7,
111.5, 55.0 (q, J=33.6 Hz); "’F NMR (376 MHz, CDCl,)
d: —73.35 (d, J=6.4 Hz); IR (KBr) v: 3439, 1649, 1516,
1309, 1259, 1199, 1149 cm™'; HRMS (ESI) calcd for
CsHF3N30,Na [M+Na]" 256.0304, found 256.0292.

N-(1,1,1- =3 N fi-2-2%)-7 T BEF3n): 14 mg, /=
£ 67%. AMEAK, mp. 106~108 ‘C; 'H NMR (600
MHz, CDCL) §: 7.17 (s, 1H), 5.37 (t, J=5.4 Hz, 1H),
4.56~4.52 (m, 1H), 2.46~2.39 (m, 1H), 1.23 (d, J=6.6
Hz, 3H), 1.20 (d, J=7.2 Hz, 3H); *C NMR (150 MHz,
CDCLy) 6: 178.0, 121.6 (q, J=280.2 Hz), 111.2, 54.8 (q,
J=33.0 Hz), 33.7, 19.5, 19.1; "F NMR (376 MHz,
CDCly) 6: —73.48 (d, J=6.4 Hz); IR (KBr) v: 3441,
2978, 2934, 1677, 1264, 1196, 1151 cm™'; HRMS (ESI)
caled for C;H,(F;N;ONa [M—|—Na]+ 232.0668, found
232.0660.

N=(1,1,1- =50 N i -2-55)- K¢ e e ik (30): 17 mg, 7=
K 76%. AMFEE, mp. 153~154 ‘C; 'H NMR (600
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MHz, CDCly) 6: 7.33 (s, 1H), 5.42 (d, J=4.8 Hz, 1H),
4.56~4.52 (m, 1H), 1.26 (s, 9H); *C NMR (150 MHz,
CDCly) 6: 179.5, 121.6 (q, J=279.9 Hz), 111.2, 54.8 (q,
J=33.0 Hz), 38.3, 27.2; "’F NMR (376 MHz, CDCl;) 6:
—73.48 (d, J=6.4 Hz); IR (KBr) v: 3368, 2969, 1662,
1524, 1192, 1154 cm™'; HRMS (ESI) calcd for CgHi,F3-
N;ONa [M+Na]" 246.0825, found 246.0831.

N=(1,1,1- =5 A ig-2-2%)- 28 O 2% ek (3p): 18 mg,
FEER 72%. AGEER, mp. 138~140 C; 'H NMR (600
MHz, CDCls) 8: 7.17 (s, 1H), 5.50~5.38 (m, 1H), 4.58~
4.52 (m, 1H), 2.19~2.14 (m, 1H), 1.91~1.81 (m, 4H),
1.70~1.67 (m, 1H), 1.53~1.46 (m, 2H), 1.30~1.21 (m,
3H); C NMR (150 MHz, CDCly) 6: 177.0, 121.6 (q, J=
280.4 Hz), 111.3, 54.8 (q, J=33.0 Hz), 43.4, 29.5, 29.2,
25.6, 25.6, 25.5; '’F NMR (376 MHz, CDCL;) 6: —73.46
(d, J=6.4 Hz); IR (KBr) v: 3441, 3357, 2938, 1678, 1262,
1196, 1150 cmfl; HRMS (ESI) calcd for CioH4F;N3;ONa
[M+Na]" 272.0981, found 272.0970.

N-(1,1,1- =5 A fif-2-3%)- 2K 2Bt E(3q): 20 mg, 7=
K 78%. A[EK, mp. 84~86 C; 'H NMR (600 MHz,
CDCly) 6: 7.38 (t, J=7.2 Hz, 2H), 7.33 (t, J=7.2 Hz, 1H),
727 (d, J=7.2 Hz, 2H), 7.14 (s, 1H), 5.44 (d, J=5.4 Hz,
1H), 4.52~4.48 (m, 1H), 3.66 (d, J=16.2 Hz, 1H), 3.63
(d, J=16.2 Hz, 1H); “C NMR (150 MHz, CDCL) ¢:
172.0, 132.9, 129.5, 129.4, 128.0, 121.5 (q, J=280.1 Hz),
111.5, 54.6 (q, J=33.3 Hz), 41.6; "F NMR (376 MHz,
CDCly) 0: —73.48 (d, J=6.4 Hz); IR (KBr) v: 3439,
2941, 1653, 1260, 1201, 1151 cm™'; HRMS (ESI) calcd
for C;;H,,F3N3ONa [M+Na]™ 280.0668, found 280.0665.

N=(1,1,1- =3 A NE-2-25)- H =M FQGr): 29 mg, 7~
K 90%. A, mp. 77~78 C; 'H NMR (600 MHz,
CDCLy) 8: 7.23 (s, 1H), 5.45 (t, J=4.8 Hz, 1H), 4.57~4.53
(m, 1H), 2.28~2.20 (m, 2H), 1.69~1.64 (m, 2H), 1.34~
1.26 (m, 16H), 0.88 (d, J=7.2 Hz, 3H); *C NMR (150
MHz, CDCLy) d: 174.3, 121.5 (q, J=280.1 Hz), 111.5, 54.8
(q, J=33.0 Hz), 34.3, 32.0, 29.7, 29.6, 29.5, 29.4, 29.3,
25.4,22.8, 14.2; '”F NMR (376 MHz, CDCl;) : —73.48
(d, J=4.1 Hz); IR (KBr) v: 3441, 2925, 1647, 1260, 1197,
1151 cm™'; HRMS (ESI) caled for CisHysF3N;ONa [M+
Na]" 344.1920, found 344.1905.
322 b T 8A R

£ 50 mL B[RRI, KIRIIA N-(1,1,1- =5 A
Ji&-2-25) K H L (3a) (50 mg, 0.2 mmol)Fl 3 mL HEE,
TEO C R I SR BR R (F S Sl e 7K F R )
W 0.4 mL, K UbVE S WAED T IR, 2 A
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(TLORII B, 5 e B 5E 4 S bR 220770, 2R)5, TR
SR AIIN 6 mL YRR ER AN, BiFE 10 min,
288 ZEEREHL(10 mL X 3). & IA A, HIEKRER
BT, ARG, HATHEVCAME) @ (4R
LB =4 113 BEE7Y N-(1,1,1- =5 A 1R F B5-2-7%)
FKHEME(7a) 36 mg, F°F 64%. FMEEK, mp. 88~
90 ‘C; 'H NMR (400 MHz, CDCl;) 6: 8.06 (s, 1H), 7.76
(d, J=7.2 Hz, 2H), 7.55 (t, J=6.0 Hz, 1H), 7.45 (t, J=17.2
Hz, 2H), 5.56 (s, 1H), 4.22~4.16 (m, 1H), 3.89 (s, 3H);
BC NMR (150 MHz, CDCls) d: 168.2, 165.6, 132.6, 131.8,
128.9, 127.1, 123.3 (q, J=279.9 Hz), 65.0 (q, J=29.1 Hz),
53.7; YF NMR (376 MHz, CDCly) 6: —72.72 (d, J=17.5
Hz); IR (KBr) v: 3290, 2971, 2901, 2272, 1752, 1651,
1522, 1473, 1265, 1224, 1120 cm™'; HRMS (ESI) calcd
for C;;H;;FsN,OsNa [M + Na] ©  299.0614, found
299.0612.

& Tb [1)-E BT R Ta.

N=(1,1,1- =504 R 7 fig-2- 3% )-2- FF 36 5K F L (7D):
30 mg, F7F 52%. LEJHCREA. 'TH NMR (400 MHz,
CDCLy) o: 7.52 (s, 1H), 7.43~7.32 (m, 2H), 7.28~7.20
(m, 2H), 5.54 (s, 1H), 4.24~4.17 (m, 1H), 3.91 (s, 3H),
2.43 (s, 3H); *C NMR (150 MHz, CDCl3) : 170.2, 165.4,
137.2, 1329, 131.5, 131.1, 127.2, 126.0, 1233 (q, J=
279.8 Hz), 64.9 (q, J=29.4 Hz), 53.7, 19.9; "°’F NMR (376
MHz, CDCly) §: —72.62 (d, J=7.5 Hz); IR (KBr) v:
3277, 3033, 2955, 1751, 1652, 1514, 1458, 1314, 1264,
1223, 1184, 1127 cm™'; HRMS (ESI) calcd for Cy,H;sFs-
N,0;Na [M+Na]* 313.0770, found 313.0775.

3 B #1 B (Supporting Information) & =11 'H
NMR, "*C NMR Al "°F NMR L i 50 5 5 i 1. i s
A RIAT DL G 9 AS T 9 3 (http://sioc-journal.cn/)_F T %k,
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