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Study on Allylation Reactions of Trifluoromethylated
Acylhydrazones with Allylsilanes or Allylboronates
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Abstract Allylation reactions of trifluoromethylated acylhydrazones with allyltrimethylsilane or pinacolyl allylboronate
were found to proceed smoothly in the presence of Lewis acid to afford a series of trifluoromethylated homoallylic
N-acylhydrazines with high yields. The results showed that the activity of pinacolyl allylboronate was higher than that of
allyltrimethylsilane in allylation of trifluoromethylated acylhydrazones.
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AR, T ISR AR 215, M AR RE TR
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1 &R511R
1.1 ZHAREBFESKRAE=RERRNERENR

VA

B, R THE=ZFAH 2.0 equiv.) ™ EE T,
A FEREA(1a, 1.0 equiv.) 54 A 3 = S RE KL (2a,
1.0 equiv. )N, GEHRKRIL, 1% MNAE 1,2- & Lkeh
[ 18 h J&, L 45%MIeR1G 3] 7 Hirr=4) 3a(E 1,
Entry 1). AT 545 3a 77 F, N K20k
ELHEAT THRAL(GE 1, Entries 2~6). WFFLRHA, =& HF R
TR (La) I P 2k = R A I (2a) A = AL 2k 4
FEIELN 130 L5 I, 3a (7P Fiem, Wik 85% (%
1, Entry 6). 285, TEMLAAMT, SHZRBAERIEAT T
H52(FK 1, Entries 7~~12). MK 1 w50, 245 & HF .

R1 BEALEY 3a BRI @

Table 1 Optimization of the reaction conditions for the synthe-
sis of compound 3a

Os_Ph OxPh
NH Lewis acid NH
N + TS Solvent, reflux HIN
ro” 2a e
1a 3a
Molar ratio of o Isolated
Entry la/Za/Lew1s Lewis acid Solvent yield/%
acid
1 1/1/1 BF;*OEt, DCE 45
2 1/1/1.5 BF;*OEt, DCE 53
3 1/1.5/1.5 BF;*OEt, DCE 62
4 1/2/1.5 BF;*OEt, DCE 75
5 1/2.5/1.5 BF;*OEt, DCE 79
6 1/3/1.5 BF;*OEt, DCE 85
7 1/3/1.5 BF;*OEt, CH,Cl, 65
8 1/3/1.5 BF;*OEt, CHCl; 68
9 1/3/1.5 BF;*OEt, CH;CN 0
10 1/3/1.5 BF;°OEt, EtOH 0
11 1/3/1.5 BF;*OEt, 1,4-Dioxane 0
12 1/3/1.5 BF;*OEt, THF 0
13 1/3/1.5 Ni(Cl0),*6H,0 DCE 0
14 1/3/1.5 Zn(OTH), DCE 0
15 1/3/1.5 Cu(OTY), DCE 0
16 1/3/1.5 In(OTf); DCE 0
17 1/3/1.5 In(OTf); CH;CN 80
18 1/3/0 — DCE 0

“All reactions were carried out by using 0.3 mmol of 1a, 0.9 mmol of 2, 0.45
mmol of Lewis acid, 5 mL of solvent, under reflux for 18 h.
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AT RIEFIES, 3a B~ R A FTK; UH K. Ol
L4-ZEANHENERIN, RNAGERAE. RE, H5
T A B B SR 5 SRR B, 7E Ni(ClO)e
6H,0. Cu(OTf),» Zn(OTf), 5% In(OTS); 24 )& i 5 Wiis
TAET, ZRNAE 1,2- RO EFIPEARRE R A (R 1,
Entries 13~16). {H&, XA In(OTh); /E AR, 1E
CIEHHIR, RN KA, 3a [P RaliE 80%(F 1,
Entry 17). T ZULHIMAE, 7EAUINES 2 BRI 15 LT,
R ANRE R AE(F 1, Entry 18). K, B8 5 Wie 78 [ 3
RN RER. 25 TR, AL A Y 3a i R B 2 A
AT = EEBE R (1a) M5 A 2k = F R R e (2a) F1 =364k
BRI BRI 1030 1.5, AN 1,2-2&
I3, JONL N TR

N T RBAZI N RPN IE N, T8 Rl e v,
AT, X EFAEE A B =5 BRI T T
gk GERB|TE 2. MR 2 W, KT 5 A IR )
oy LB U S S M E R ¥ S 7 S L VA D § I VR K
KEEM . 24 B JEAE FE IR 6 L A [B) AL, P i 77
T R AR T 7 NS R VAl IR 7/ B e s S i
(3b~3d, 3f~3h). fidn, 3-F A FFELEFD 4-FF K
T R T2 P = 360 HE SR IR, R S5 BT 43 s 0 TR S T
3¢ A1 3d HIP= R0 58 T5%F1 85%; T 2- FR 2% F It Ak
TE R =9 AR BERR, RS AT 3b =R HH
42%. WEFREE R, =50 LW 1 07 2R EEURIE
FL P O 12 S A — e B B, T AR
TE 5 PR b1 = 460 PR R IR Aok i, AN AR 2 ik v
TR AL, BREEG, &, 1)), =
FERERAEILF] 75%LL_E(3d~3e, 3h~3i, 3Kk); {HE 4HL
ARIE A BRI T 1 = LI, T34 3L R R AT
63%. 4 FH ZEME kAN A 07 BRI T B ) — 30 FR SE I 4
JERAIIE, N AR RENR]EAT, FE R A Tk 86% (3m~
30). HA, Y4 IEMY HE[3,2-b]BEWy -2- F R AT AR 1) = 41
F IR R NI, IS 22 BB A, 3p /=% R
B 57%. e, 5T R ) = 5 LRt
SONEFRIRENA . B FER B, 24 =0 SRR R P &2t R A
ROFEFIRIEN, N HEREIFIHEAT, H224 R ARH
FEmf, PR (3q~3s).

NT i —PRRZITENEEN, SURR T HAhs
SRR, AR = A A R e
DA P 2 = H AR SRR e 5 = U SR 1a PO,
SERORIL, WA S AR S A RN, (H A
W) 3a =R BEK, RAT 65%:; 1 Hofth 3 5 P Ak ik 51
HABER A . A FLAE AR B, M P i = A R ot
bl b3 = s 78 258 ek 0 0 1 v, X 5 SCHR TR — 2K
(Scheme 1),
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Table 2  Allylation reactions of trifluoromethylated acylhydrazones with allyltrimethylsilane

O R

O« _R
NH BF3*OEt, Y
NT O+ ANUSiMe; —— = pn M

‘ DCE, reflux
CFs) CF )\/\

1 2a 3
CHs
H4C CHj; OCHj3;
o o o Oyg ﬁ)@/
HnNH N Hn-NH Hn - NH
FsC)\/\ F3C)\/\ Fsc)\/\ FsC)\/\ )\/\ Fch
3a: 85% 3b: 42% 3c: 75% 3d: 85% 3e: 75%
3f:32%
cl Br
Cl F Br CF,
O ©) o OY@ Oﬁ/ o
an-NH NN NN Hn NN L
F3C)\/\ Fsc)\/\ Fac)\/\ F3C)\/\ F3C)\/\ F3C)\/\
3g: 82% 3h: 86% 3i:81% 3j: 72% 3k: 80% 31: 63%
] : s
o O 0 O\\ o A oM s\ I O@ 0 0
HN- Hn N Hn- N HNN HNm -
F3C)\/\ F3CJ\/\ F3c)\/\ Fsc)\/\ F3C)\/\ F3c)\/\ F3C)\/\
3m: 84% 3n: 86% 30: 84% 3p: 57% 3q: 72% 3r: 81% 3s:32%

¢ All reactions were carried out by using 0.3 mmol of 1, 0.9 mmol of 2, 0.45 mmol of BF3*OEt,, 5 mL of DCE, under reflux for 18 h. b1solated yield.

Os_Ph OYPh BF3+OEt,
N ZN\_-SiR! SO, OYR
R
o )‘ DCE, reflux CFs)\/\ _NH | O ) Et20+
*1a 2 2bR'=Cly, yield 0 3a )N| H PN B o
2¢ R' = Me,Cl, yield 65% FsC SiMes J Me—-Si':\
2d R' = (MeO)3, yield 0 1 2 FsC
O<_R s e
B 1 P8 R R 0 s i Ya el
Scheme 1 Substrate scope of allylsilanes HN/NH
e SRR A 52 50 25 AR 1, JRoAT AN = FSCJS\A\ -
SALTN ZLBRAE 06, P S I 54 71 = P A b o
. €301\, ,~ .
(1) [ SLATLEE T BE U Scheme 2 Fi7R: B 56, 1E =AM & H,0 ’ JN\/\ BFy Ot
BEVEFH T, =9 AL BEER 1 50 P9 = e 2 70l Me,SiOH FaC , N
TR T 5B e S s AL S 6; 285, 6
5 ZHEM-BR S 5 KAEMRNRERBAE 7, & B2 AR R L
Ja, 7 &KL WY 3, RS = H R Scheme 2  Proposed mechanism
(Me;SiOH) 4 fi%.
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EARAE = 50 T I JT 5 0 TR 6k = R R ek e IR
BRI EAS T RIS R, (A2 FIR RS WAEEDTT
TP s R A o R 0 T 2 = RT3 equiv.)
AL 2 B S R (1.5 equiv.), S B A 4425,
I Tt WA 97 T SRR AR R ) R R A R AR Y N T
UF MR ZRAZ SN, FRATTFH s P A 4K 5751 () £ 5 0 1 2
= FEREGEEAT AR RIS 1 A TR 2R R N A,
SR IR 3. R 3 AR, 1 =R ZBEAAAE R,
P R A (1) 55 0 TR A R AT OB I I R s Y 2%
7, R 18 h &, A 5%I1 3a AR 20 B
(1) I 26 At AR AR (2 5247 FRY 420 5 1) 2 ) B A I8 551 46
J5, 3a I R gt = 2 56%(3R 3, Entries 1, 2). #:3, X
R T HAMEE S Wi Zn(OTh),. Cu(OTf), Ml In(OT);
EENHZ RN F R (F 3, Entries 3~5). &R K,
In(OTh); IR BT, 7E 20 mol% In(OTh); F£7E F, #=
S FR LB M (1) 5 0 7 A A0 R A0 2 5 1 Z 165 v R 3
h J5, BREELL 90%MI/= 2155 3a. T RIEMFM T, &

3 U LA 0 T RS IR A 9 T Ak S

Table 3 Allylation of trifluoromethylated acylhydrazones with
allylboronates “*

R

o?, Oﬁﬁ
_NH Lewis acid
N| OANR = HN~
Fﬁ) RO = Bpinor Bk o0 T HC)\/Q§
1 4 3
Molar ratio of . Isolated
Entry R R?  1d/Lewis " Time/h 3 yield
. aci
acid /%
1° C¢Hs Bpin 1/3.0/1.5 BF;*OEt, 18 3a 5
2 CgHs Bpin 1/1.5/0.2 BF;*OEt, 22 3a 56
3 CeHs Bpin 1/1.50.2 Zn(OTf), 22 3a 26
4 CeH; Bpin  1/1.5/0.2 Cu(OTf), 22 3a 0
5 C¢H;s Bpin 1/1.5/0.2 In(OTf); 3 3a 90
6 p-MeC¢Hy; Bpin 1/1.5/0.2 In(OTf); 3 3d 82
7 p-MeOC¢H,Bpin  1/1.5/0.2 In(OTf); 3 3e 88
8 p-CIC¢Hy Bpin 1/1.5/0.2 In(OTf); 3 3h 83
9 p-FC¢Hy Bpin 1/1.5/0.2 In(OTf); 3 3i 59
10 m-BrCH, Bpin 1/1.502 In(OTf); 3 3j 67
11 p-CF;C¢H; Bpin  1/1.5/0.2 In(OTf); 3 31 96
12 2-Naphthyl Bpin 1/1.50.2 In(OTf); 3 3m 75
13 2-Furyl Bpin 1/1.5/0.2 In(OTf); 3 3m 81
14 Bithienyl Bpin 1/1.50.2 In(OTf); 3 3p 63
15 Bn Bpin  1/1.502 In(OTH; 3 3r 86
16 Isobutyl Bpin 1/1.5/0.2 In(OTf); 3 3s 64
17 CeHs BF:K 1/1.502 In(OTf); 3 3a 84

“ Reactions were carried out by using 0.3 mmol of 1, 0.45 mmol of 4, 0.06
mmol of Lewis acid, 5 mL of CH3CN, under reflux. "l,2—dichloroethane was
used as solvent.
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TR IR S 0 A S 0 T A I 1) 0 TR 2R S B
(3 3, Entries 6~16). &R ETW, M= FEEZES
755 DA SRS T A0 et P 04 ) A i ST B IR AT, 5F
HAESLAR B = R A3 T b=, & Nmrse, fl=
S TR R S 0 A 2 = R R R I S AR B, s P S
T AT R T2 1 1 i s T A AR AU I, R K46 T s I B
B]; % o B BR 1 FH Rk, bR R SR 1A 25 T AR N
TEAL (20 mol%); 17T EL s P 25 B i A0 A0 e 1 3 75 i 7k
HE(15 equiv.). —EE=YR R B, A, &
S BRI P4 3LRN Bs, 77 431 B SR 1) 63%F1 32%
FEr ] 96% 1 64%. IXLE S NG5 K, 75 =5 T B
i 0 PR SR A S R Y, s R S T T R 2 I L s 7R 22 —
FOLREREVETE S m. tHER 3 JBnT s, M AR TR =R
TR AE s T ZE AL TR, S ot B A 3R AT, FF DA
84% WA 2] T HFR/™¥) 3a(3k 3, Entry 17).

2 i

R EPTIR, IR TS IRIEA T, =5 25
i 5 T e = R R e S AT A A R R A 1) s 7
FAC IS, SRAF T — FR B = 60 Y EUA 1 v M T R T
R G, 2R SLBAT SRR AT L A g A
KRR WTAUEIRRY, AN, I 2R
SR 1 L AR PR 2 = PP SRR A 1 v S %
{7 B AR DR E 10 = 98 Y SR I A Dy = i B B,
AL T —ME RS A =9 T o SRR A A
VRGBT Tk, b T UL =P S BLER 1 o =5
BEA FURIHAE = 980 A S N B S

3 SERSY
3.1 UHF5EH

¥ BiG 3 PR i A1 BRUKER PT jxf790425AM 400
MHz/600 MHz BUAZHESEARACN &, PATAREIE i
U, TMS AR, 535 % F Bruker APEX 1T {8 B
A 8 55 1 [ B LR B G g, EST Y 4 a0l E A
T A SE A E , TR IE. SEBa v i AR 2
= A alihe. T ¥ 70 340 8 3k b v 7 2 28 A T 1.
3.2 S
321 ZATHEABRKRSHERA=ZFAEI AL
BB

fE 50 mL PRGNS, RO = 5 F Rt fr
(1a) (0.065 g, 0.3 mmol). 1,2- 5 Z.%¢(3 mL). =& AbHH
Z.5%(0.064 g, 0.45 mmol ) A A & — HAERESE(2) (103 g,
0.9 mmol), H RGP EL 18 h, #JE R (TLC)kl
SN 5TE 4. SR ) s AR 28 o I AN AN SR 7KV (S
mL)A KN, RN IRE R CBR CEEAHL(10 mL X 3),
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S AN, SICKMBREET 1, BRZWEAE T Z
TrVCaR M) @ M(CBR L) =5 @ 1177 32 EY) 3a.
[FIFE 7128 AL A1) 3b~3s.

N-(1-= 5 3T -3-0d-1-58) K F L (3a): 65.9 mg,
FEE AR, P2 85%. m.p. 96~97 COCHME!™™: 96~
97 ‘C); '"H NMR (400 MHz, CDCl;) d: 7.80 (s, 1H), 7.73
(d, J=6.8 Hz, 2H), 7.54 (t, J=7.2 Hz, 1H), 7.45 (t, J=8.0
Hz, 2H), 6.06~5.95 (m, 1H), 5.34 (d, J=6.0 Hz, 1H),
5.30 (s, 1H), 4.94 (d, J=6.0 Hz, 1H), 3.54~3.46 (m, 1H),
2.62 (d, J=14.8 Hz, 1H), 2.37~2.30 (m, 1H); *C NMR
(100 MHz, CDCl3) 8: 167.5, 132.4, 132.2, 128.9, 127.1,
1262 (q, Jer=279.0 Hz), 120.2, 60.85 (q, Je.r=26.0
Hz), 31.7 (q, Je.r=2.0 Hz); ’F NMR (376 MHz, CDCl,)
5. —75.48 (d, J=3.76 Hz).

N=(1- =5 F L T =305 1- 36 )-2- H 35 8 RV ik (3b):
67.0 mg, FIEREAE, P 82%. mp. 79~80 C(LHk
E1%: 79~80 C); 'H NMR (400 MHz, CDCly) ¢: 7.42
(s, 1H), 7.36~7.31 (m, 2H), 7.26~7.18 (m, 2H), 6.05~
5.95 (m, 1H), 5.33 (d, J=7.2 Hz, 1H), 5.30 (s, 1H), 4.91
(d, J=6.4 Hz, 1H), 3.56~3.48 (m, 1H), 2.62 (d, J=14.8
Hz, 1H), 2.43 (s, 3H), 2.39~2.31 (m, 1H); *C NMR (150
MHz, CDCl;) 0: 169.6, 137.0, 133.4, 132.1, 131.3, 130.8,
1272, 126.2 (q, Jor=280.5 Hz), 126.0, 120.3, 60.8 (q,
Jer=27.0 Hz), 31.7 (q, Jor=2.1 Hz), 19.8; ’F NMR
(376 MHz, CDCly) §: —75.30 (d, J=7.52 Hz).

N'-(1- =5 FF L T30 -1-38)-3- B L5 FR R (3e):
61.3 mg, FEREE, F=3% 75%. mp. 75~77 CCLHR
fE"%: 75~77 C); 'H NMR (600 MHz, CDCl;) J: 7.83
(d, J=6.0 Hz, 1H), 7.55 (s, 1H), 7.50 (d, J=7.2 Hz, 1H),
7.34~7.30 (m, 2H), 6.03~5.96 (m, 1H), 5.31 (d, J=10.2
Hz, 1H), 5.29 (s, 1H), 4.93 (d, J=6.0 Hz, 1H), 3.51~3.46
(m, 1H), 2.61 (d, J=14.4 Hz, 1H), 2.38 (s, 3H), 2.37~
231 (m, 1H); "C NMR (150 MHz, CDCly) d: 167.7,
138.8, 133.1, 132.3, 132.2, 128.7, 127.8, 126.2 (q, Jor=
280.5 Hz), 124.0, 120.1, 60.8 (q, Jor=27.0 Hz), 31.6 (q,
Jer=3.0 Hz), 21.4; F NMR (376 MHz, CDCl3) o: —
75.46 (d, Jep=3.76 Hz).

N=(1- = 3T -3-0-1-38 )-4- 1 325 22 F G ik (3d):
61.3 mg, FAFEMAE, =% 85%. m.p. 100~101 Tk
E1%: 100~101 °C); '"H NMR (600 MHz, CDCl;) &: 7.82
(s, 1H), 7.62 (d, J=7.8 Hz, 2H), 7.23 (d, J=10.2 Hz, 2H),
6.03~5.96 (m, 1H), 5.31 (d, J=10.2 Hz, 1H), 5.29 (s,
1H), 4.93 (d, J=7.8 Hz, 1H), 3.48 (s, 1H), 2.60 (d, J=
15.0 Hz, 1H), 2.39 (s, 3H), 2.37~2.31 (m, 1H); *C NMR
(100 MHz, CDCl3) 6: 67.5, 142.9, 132.2, 129.5, 129.4,
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127.0, 126.2 (q, Je.r=280.0 Hz), 120.2, 60.7 (q, Jor=
26.0 Hz), 31.6 (q, Jer=2.0 Hz), 21.6; ’F NMR (376
MHz, CDCl3) §: —75.68 (d, J=7.52 Hz).

N=(1- =50 F 5 T -3- 45 -1- 38 )-4- FF 40 35 25 A G Ak
(3e): 64.9 mg, FAEMA, =% 75%. m.p. 99~100 C
CCHRE!*: 99~100 °C); 'TH NMR (600 MHz, CDCl;) ¢:
7.74 (s, 1H), 7.70 (d, J=8.4 Hz, 2H), 6.93 (d, J=9.0 Hz,
2H), 6.03~5.96 (m, 1H), 5.31 (d, J=9.0 Hz, 1H), 5.29 (s,
1H), 4.93 (d, J=4.8 Hz, 1H), 3.85 (s, 3H), 3.51~3.45 (m,
1H), 2.60 (d, J=15.0 Hz, 1H), 2.37~2.31 (m, 1H); °C
NMR (150 MHz, CDCly) o: 167.2, 162.8, 132.3, 128.9,
126.2 (q, Jer=280.5 Hz), 124.5, 120.0, 114.1, 60.8 (q,
Jer=27.0 Hz), 55.5, 31.7 (q, Jer=1.5 Hz); ’F NMR
(376 MHz, CDCly) 0: —75.47 (d, J=17.52 Hz).

N-(1- = 580 36 T -3- 0 - 1- 3% )-2- &0 7% FH L ik (3):
38.0 mg, AEREA, #F 32%. mp. 82~83 C; 'H
NMR (600 MHz, CDCl;) 6: 7.84 (br, 1H), 7.63~7.61 (m,
1H), 7.43~7.38 (m, 2H), 7.35~7.32 (m, 1H), 6.04~5.97
(m, 1H), 5.34 (d, J=10.2 Hz, 2H), 5.31 (s, 1H), 4.94 (d,
J=6.0 Hz, 1H), 3.57~3.52 (m, 1H), 2.63 (d, J=14.4 Hz,
1H), 2.39~2.34 (m, 1H); *C NMR (150 MHz, CDCl5) ¢:
166.3, 132.6, 132.2, 132.1, 131.3, 130.6, 130.4, 127.3,
126.1 (q, Je.r=280.5 Hz), 120.4, 60.8 (q, Je.r=27.0 Hz),
31.6 (q, Jor=3.0 Hz); ’F NMR (376 MHz, CDCl;) ¢:
— 7548 (d, J=7.52 Hz); HRMS (ESI) calcd for
C,H,,CIFsN,ONa [M+Na]" 315.0482, found 315.0482.

N-(1-=5 5T 30 -1-30)-3- 8 BB (3g):
97.5 mg, AEAE, =F 82%. mp. 115~116 C; 'H
NMR (600 MHz, CDCl;) d: 7.85 (br, 1H), 7.73 (t, J=1.8
Hz, 1H), 7.59 (d, J=7.8 Hz, 1H), 7.51 (d, J=8.4 Hz, 1H),
7.38 (t, J=7.8 Hz, 1H), 6.02~5.95 (m, 1H), 5.32 (d, J=
9.6 Hz, 1H), 5.30 (s, 1H), 4.92 (d, J=6.0 Hz, 1H), 3.52~
3.46 (m, 1H), 2.62 (d, J=14.4 Hz, 1H), 2.37~2.31 (m,
1H); *C NMR (150 MHz, CDCl;) : 166.3, 135.2, 134.0,
132.4, 132.1, 130.3, 127.5, 126.1 (q, Jer=280.5 Hz),
125.1, 120.4, 60.7 (q, Jer=27.0 Hz), 31.6 (q, Jer=1.5
Hz); F NMR (376 MHz, CDCl;) 6: —75.46 (d, J=17.52
Hz); HRMS (ESI) caled for C;,H;,CIF;N,ONa [M+Na]*
315.0482, found 315.0486.

N=(1- =5 B L T -3- 05 - 1- 58 )-4- & 2K 7 B JF (3h):
102.2 mg, HEMFEE, =% 86%. mp. 114~115 C(X
BRGNS 114~115 °C); "H NMR (600 MHz, CDCl5) o:
7.74 (br, 1H), 7.67 (d, J=8.4 Hz, 2H), 7.42 (d, J=8.4 Hz,
2H), 6.02~5.95 (m, 1H), 5.33 (d, J=7.8 Hz, 1H), 5.31 (s,
1H), 4.92 (d, J=6.0 Hz, 1H), 3.51~3.46 (m, 1H), 2.62 (d,
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J=14.4 Hz, 1H), 2.37~2.31 (m, 1H); C NMR (150
MHz, CDCl;) 0: 166.6, 138.7, 132.1, 130.7, 129.2, 128.5,
126.2 (q, Jer=280.5 Hz), 120.3, 60.7 (q, Je.r=27.0 Hz),
31.6 (q, Jer=3.0 Hz); ’F NMR (376 MHz, CDCLy) ¢:
—75.46 (d, J=7.52 Hz).

N=(1- = 5 386 T -3- 0 -1- 38 )-4- 60 2K FF Ik JE (3i):
67.1 mg, FEBREE, F=3% 81%. mp. 81~82 C(LHk
fE1%: 81~82 °C); "H NMR (600 MHz, CDCl3) d: 7.75~
7.74 (m, 3H), 7.14 (t, J=8.4 Hz, 2H), 6.02~5.96 (m, 1H),
5.33 (d, J=8.4 Hz, 1H), 5.31 (s, 1H), 4.92 (d, J=6.0 Hz,
1H), 3.51~3.46 (m, 1H), 2.62 (d, J=15.0 Hz, 1H), 2.37~
2.31 (m, 1H); *C NMR (150 MHz, CDCl;) d: 166.6, 165.3
(d, Jer=252.0 Hz), 132.1, 129.5 (d, Jc.r=9.0 Hz), 128.5
(d, Jer=3.0 Hz), 126.2 (q, Jer=279.0 Hz), 120.3, 116.1
(d, Jer=21.0 Hz), 60.8 (q, Jo.r=27.0 Hz), 31.6 (q, Je.r=
3.0 Hz); "F NMR (376 MHz, CDCly) §: —75.49 (d, J=
7.52 Hz), —107.10~—107.17 (m).

N=(1- = 50 38 T -3- 0 -1-25)-3- 78 2K 7 I8 JDF (3)):
72.8 mg, FIEBEE, F=3% 72%. mp. 80~82 C(LHk
fE1; 80~82 °C); '"H NMR (600 MHz, CDCl) §: 7.88
(t, J=1.2 Hz,1H), 7.86 (d, J=6.0 Hz, 1H), 7.67~7.63 (m,
2H), 7.32 (t, J=7.8 Hz, 1H), 6.01~5.95 (m, 1H), 5.32 (d,
J=9.0 Hz, 1H), 5.30 (s, 1H), 491 (d, J=6.0 Hz, 1H),
3.51~3.46 (m, 1H), 2.62 (d, J=13.2 Hz, 1H), 2.37~2.31
(m, 1H); C NMR (150 MHz, CDCl3) §: 166.2, 135.3,
1342, 132.1, 130.5, 130.4, 126.1 (q, Jer=279.0 Hz),
125.5, 123.1, 120.3, 60.7 (q, Jer=27.0 Hz), 31.6 (q,
Jer=1.5Hz); "F NMR (376 MHz, CDCl3) §: —75.44 (d,
J=1.52 Hz).

N=(1- =5 B 2L T30 - 1- 28 )-4- 2K H Ik J9F (3K):
80.9 mg, AMEA, 7% 80%. mp. 130~131 C; 'H
NMR (600 MHz, CDCls) 6: 7.92 (br, 1H), 7.88 (t, J=1.2
Hz, 1H), 7.66~7.63 (m, 2H), 7.31 (t, J=7.8 Hz, 1H),
6.01~5.94 (m, 1H), 5.33 (d, J=1.2 Hz, 1H), 5.31~5.29
(m, 1H), 4.92 (d, J=6.6 Hz, 1H), 3.52~3.46 (m, 1H),
2.63~2.59 (m, 1H), 2.37~2.31 (m, 1H); *C NMR (150
MHz, CDCls) 6: 166.2, 135.3, 134.2, 132.1, 130.5, 130.4,
125.6, 126.3 (q, Jer=279.0 Hz), 123.1, 120.3, 60.7 (q,
Jer=27.0 Hz), 31.6 (q, Jor=1.5 Hz); ’F NMR (376
MHz, CDCl;) §: —75.46 (d, J=7.52 Hz); HRMS (ESI)
caled for Cy,H;,Br,F;N,ONa [M—|—Na]+ 358.9977, found
358.9976.

N-(1-Z= 5 HE T -3-0-1-38)-4- = 50 B 3 25 P
(3D): 61.7 mg, EEEE, 7% 63%. m.p. 87~89 CT(XL
BRAEY: 87~89 °C); 'H NMR (600 MHz, CDCLy) 8: 7.96
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(s, 1H), 7.84 (d, J=7.8 Hz, 2H), 7.71 (d, J=8.4 Hz, 2H),
6.02~5.95 (m, 1H), 5.33 (d, J=10.2 Hz, 1H), 5.31 (s,
1H), 4.95 (d, J=6.0 Hz, 1H), 3.54~3.48 (m, 1H), 2.63 (d,
J=14.4 Hz, 1H), 2.37~2.31 (m, 1H); *C NMR (150
MHz, CDCly) 6: 166.3, 135.6, 134.1 (q, Jer=31.5 Hz),
132.0, 127.6, 126.1 (q, Je.r=280.5 Hz), 126.0 (q, Jor=
4.5 Hz), 123.6 (q, Je.;=270.0 Hz), 120.4, 60.7 (q, Jor=
27.0 Hz), 31.6 (q, Jer=3.0 Hz); "F NMR (376 MHz,
CDCly) 6: —63.58 (d, J=3.76 Hz), —75.49 (d, J=3.76
Hz).

N-(1- =5 3T -3-0-1-35)-2-Z H B E3m): 77.7
mg, AME, 2% 84%. mp. 108~109 C; 'H NMR
(600 MHz, CDCl;) o: 8.23 (s, 1H), 8.05 (d, J=5.4 Hz,
1H), 7.87~7.84 (m, 3H), 7.76~7.74 (m, 1H), 7.58~7.51
(m, 2H), 6.05~5.98 (m, 1H), 5.32 (d, J=10.2 Hz, 1H),
5.30 (s, 1H), 5.01 (d, J=6.0 Hz, 1H), 3.57~3.52 (m, 1H),
2.63 (d, J=15.0 Hz,1H), 2.39~2.34 (m, 1H); *C NMR
(100 MHz, CDCl3) §: 167.7, 135.1, 132.6, 132.2, 129.4,
129.1, 128.8, 128.1, 127.9, 127.8, 127.1, 126.2 (q, Jer=
279.0 Hz), 123.2, 120.3, 60.8 (q, Je.r=27.0 Hz), 31.7 (q,
Jer=2.0 Hz); ’F NMR (376 MHz, CDCl3) 5: —75.36 (d,
J=3.76 Hz); HRMS (ESI) calcd for C;¢H;sF;N,ONa [M+
Na]" 331.1029, found 331.1031.

N-(1- =950 BB T -3- 45 -1- 2% )-2- W R FR B JBF - (3):
64.0 mg, FITREE, =% 86%. m.p. 65~67 ‘C(LHk
1% 65~67 “C); 'TH NMR (600 MHz, CDCl3) J 7.87 (d,
J=5.4 Hz, 1H), 7.47~7.46 (m, 1H), 7.15 (d, J=3.6 Hz,
1H), 6.52 (dd, J=3.6 Hz, 1.8 Hz, 1H), 6.03~5.96 (m,
1H), 5.32 (d, J=12.0 Hz, 1H), 5.30 (s, 1H), 4.81 (d, J=
6.6 Hz, 1H), 3.51~3.45 (m, 1H), 2.61 (d, J=15.0 Hz,
1H), 2.37~2.31 (m, 1H); *C NMR (150 MHz, CDCl;) §:
158.3, 146.3, 144.7, 132.1, 126.1 (q, Jer=279.0 Hz),
120.2, 115.5, 112.3, 60.9 (q, Je.r=27.0 Hz), 31.6 (q, Jor=
1.5 Hz); 'F NMR (376 MHz, CDCly) §: —75.68 (d, J=
7.52 Hz).

N-(1- =5 5T -3- 0 -1-38)-2- B Wy L (30):
66.6 mg, HGEE, P“F 84%. mp. 87~88 C; 'H
NMR (600 MHz, CDCLy) §: 7.61 (s, 1H), 7.44~7.52 (m,
2H), 7.12~7.09 (m, 1H), 6.03~5.96 (m, 1H), 5.32 (d, J=
9.6 Hz, 1H), 5.30 (s, 1H), 4.85 (d, J=5.4 Hz, 1H), 3.54~
3.48 (m, 1H), 2.61 (d, J=15.0 Hz, 1H), 2.36~~2.30 (m,
1H); *C NMR (150 MHz, CDCly) d: 162.2, 135.9, 132.2,
131.0, 128.9, 128.0, 126.2 (q, Jcr=280.5 Hz), 120.3, 60.8
(q, Je.r=27.0 Hz), 31.6 (q, Jer=3.0 Hz); "’F NMR (376
MHz, CDCly) §: —75.61 (d, J=7.52 Hz); HRMS (ESI)
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caled for C;oH;F;N,ONaS [M—i—Na]+ 287.0436, found
287.0431.

N=(1- =48 H 3 T =305 -1- 3k )-2-IgE Wy I [3,2-b] WEE Wy
HEEIF(3p): 54.8 mg, AGEIA, 7% 57%. m.p. 102~
103 “C; '"H NMR (600 MHz, CDCl3) 8: 7.79~7.65 (m,
2H), 7.57~7.55 (m, 1H), 7.29~7.27 (m, 1H), 6.03~5.96
(m, 1H), 5.33 (d, J=7.8 Hz, 1H), 5.31 (s, 1H), 4.89 (s,
1H), 3.56~3.50 (m, 1H), 2.62 (d, J=13.2 Hz, 1H), 2.37~
231 (m, 1H); “C NMR (150 MHz, CDCl;) ¢: 162.7,
142.6, 139.1, 136.9, 132.1, 131.4, 126.1 (q, Jer=279.0
Hz), 121.5, 120.2, 119.8, 60.7 (q, Jr=27.0 Hz), 31.6; '°F
NMR (376 MHz, CDCly) 6: —75.39 (d, J=7.52 Hz);
HRMS (ESI) caled for Cj,H;F;N,ONaS, [M—I—Nat]+
343.0157, found 343.0154.

N=(1- =5 B L T -3 - 1- 98— 2K U0t B8k (3q):
57.1 mg, AMGEE, 2% 72%. mp. 59~61 CCLHk
fE%%: 59~61 “C); 'H NMR (600 MHz, CDCL;) d: 7.20 (d,
J=6.6 Hz, 1H), 5.98~5.91 (m, 1H), 5.28 (d, J=7.8 Hz,
1H), 5.26 (s, 1H), 4.67 (d, J=6.0 Hz, 1H), 3.37~3.31 (m,
1H), 2.55 (d, J=14.4 Hz, 1H), 2.29~2.24 (m, 1H), 2.07~
2.03 (m, 1H). 1.82~1.78 (m, 4H), 1.69~1.67 (m, 1H),
1.48~1.41 (m, 2H), 1.28~1.20 (m, 3H); >C NMR (150
MHz, CDCLy) d: 175.8, 132.2, 126.2 (d, Jo.r=279.0 Hz),
120.1, 60.6 (q, Jer=27.0 Hz), 43.4, 31.6 (q, Jer=3.0
Hz), 29.4, 29.2, 25.7, 25.7, 25.6; ’F NMR (376 MHz,
CDCly) 6: —76.37 (d, J=7.52 Hz).

2-RHE-N-(1- =9 AT -3-J-1-55)- Z W JF3r):
66.1 mg, FEFEE, =% 81%. mp. 96~97 C(LHR
fE%%: 96~97 °C); '"H NMR (600 MHz, CDCl;) 6: 7.34 (t,
J=17.2 Hz, 2H), 7.29 (t, J=7.2 Hz, 1H), 7.26~7.15 (m,
3H), 5.93~5.86 (m, 1H), 5.23 (d, J=6.0 Hz, 1H), 5.21 (s,
1H), 4.65 (d, J=6.0 Hz, 1H), 3.52 (s, 2H), 3.39~3.33 (m,
1H), 2.52 (d, J=15.0 Hz, 1H), 2.26~2.20 (m, 1H); "*C
NMR (100 MHz, CDCl;) d: 170.7, 133.8, 132.1, 129.3,
129.1, 127.6, 126.0 (d, Jor=279.0 Hz), 120.1, 60.4 (q,
Jer=27.0 Hz), 41.8, 31.5 (q, Jor=3.0 Hz); ’F NMR
(376 MHz, CDCly) §: —75.58 (d, J=7.52 Hz).

2- L N-(1- = 0 A R T -3 - 1- 85 )~ TR Tk ok (3s):
21.5 mg, AMGEME, PF 32%. mp. 76~77 C; 'H
NMR (600 MHz, CDCL3) §: 7.20 (s, 1H), 5.98~5.91 (m,
1H), 5.28 (d, J=7.8 Hz, 1H), 5.26 (s, 1H), 4.66 (d, J=6.6
Hz, 1H), 3.38~3.24 (m, 1H), 2.56 (d, J=13.8 Hz, 1H),
2.35~2.24 (m, 2H), 1.16 (d, J=6.0 Hz, 3H), 1.15 (d, J=
6.0 Hz, 3H); °C NMR (150 MHz, CDCl5) §: 176.7, 132.2,
126.2 (d, J=279.0 Hz), 120.1, 60.5 (q, Jer=27.0 Hz),

Chin. J. Org. Chem. 2020, 40, 1689~1696

© 2020 Chinese Chemical Society & SIOC, CAS

33.6, 31.6 (q, Jer=1.5 Hz), 19.4, 19.1; F NMR (376
MHz, CDCly) §: —75.62 (d, J=7.52 Hz); HRMS (ESI)
caled for CoH;sF;N,ONa [M+Na]' 247.1029, found
247.1028.
322 = AT ABUR S5 AR AR SRARET BE 49 M5
A B R

75 50 mL BB, AR =50 F L BERF 1a
(0.065 g, 0.3 mmol). — % AR HH(0.034 g, 0.06 mmol).
A5 P LW R AR G 4 (0.076 g, 0.45 mmol) A1 ZfE(3
mL). KR E Y AR S B 3 h, TLC Kl ) 58
4. 1A OB I NAB AN G AL BN (S mL) K N,
SRJG FH T8 B8 2B (10 mL X 3), 4 WA WL, £TK
R TR, bR ZEHE AT RN [VCA MBS @ (&
B2 2. B8)=5 © 1150 B 197 3a (69.7 mg), AGREA, 7=
#90%. &4 3d~3e, 3h~3p, 3r, 3s & 85 1 [F 3a.

4B Bl (Supporting Information) 774 3a~3s () 'H
NMR, "°C NMR A1 ""F NMR BL K 5 43 5 i ). ik
FEEAT DL 3% AT 935 (http://sioc-journal.cn/) T %K.
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