Chinese Journal of Organic Chemistry

R WAL F oo

o-BEFRFEBRAEE AR a-BEBE LAWK

K B HEE - B SR ARAN
GRIAE SO 2ERE BB AR R B A TR WL 3ERH 441053)

Vil

WE G 7L RSB T o T T RETREE S 07 & R SR IR L. 277 5 ) JEURHET B 5 4%, RORLZR AR A,
A BRI RYE VERE BRI A E, DU (7 R8T — RIVEEN o @ BEHRUEY. FEERE, 27k
EEM TS ZE O o5 FRREE UL L B RORZ R, B2 o- 2 2R A S AT EAL.

K o-FIENG, o- T T RETR IS, 07 A0 SRIZIUR

Application of a-Cyanohydrin Methanesulfonates for the
Synthesis of a-Aminonitriles
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Abstract An efficient synthesis of a-aminonitriles via nucleophilic substitution of a-cyanohydrin methanesulfonates with
aromatic amines was developed. This transition metal-free protocol has the advantages of cheap and easily available starting
materials, broad substrate scope, excellent functional group compatibility, and very mild and simple operations. Furthermore,
this strategy could also be applicable to quaternary a-cyanohydrin methanesulfonates and various nitrogen nucleophiles. A
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range of derivatives were readily obtained through subsequent elaboration of a-aminonitriles.
Keywords o-aminonitrle; a-cyanohydrin methanesulfonate; aromatic amine; nucleophilic substitution
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Figure 1 Representative biologically important a-aminonitriles

(a) Strecker reaction
o CN
Catalyst
1R2 i
RJ\H + NHR'R + Cyanide source R)\NR1R2
Cyanide source: HCN, TMSCN, (EtO),P(O)CN, Bu3SnCN, Et,AICN, MeCOCN, CNCOOEt, etc.

Catalyst: La(OiPr)s, InCls, BiCls, NiCl,, RuCls, Cu(OTf),, KSFg, I,, etc.

(b) a-Cyanation of amines

Ar Cyanide source
2 Metal or Oxidant nd A N ><
R\N/kH + X-CN R%N o Ph™ "CN NC™ "CN o~ “cN
||? 1 ¢ KCN j\ TMSCN
NaCN Ph CN KSCN
R2R3 R2 R3
EtzN, CH;CN

R1028\NXH +  TMSCN —73Y0 L RIS, X

L 40 ~ 60 °C N CN

R'O,S i 4I
-HF 12\/)\3 MSCN

(c) Reductive cyanation of amides

] JL'TI/Ra . TMSCN Red::tant R1J\N’R3
R? o iMe3 R2
via R1+\N/R3
R2
(d) Titanium-catalyzed direct amination of cyanohydrin with amines
OH , Ti(O'Pr); (10 mol%) R2\NH
R!” "CN v RNA, toluene, 40 °C RT”OCN

(e) This work: synthesis of a-aminonitriles via nucleophilic substitution of a-cyano electrophiles with aniline

OMs H K,CO4 R1‘N’ R2
N
arT>en 1N-R2
R ROR toluene, r.t. Ar/}\CN
R =H or Me R
R' = aryl or heteroaryl
R2 = H or alkyl

BR1 e BRI G G TE

Scheme 1 Strategies for the construction of a-aminonitriles
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R T2 2 A m U F IR SR HON, = H S E R
FE(TMSCN), FACRERE — 2. B5((EtO),P(0)CN)™), =
TREULE (BusSnCN)O . — Z B E AR (ELAICN) Y,
LB F (MeCOCN)PI I R 4.5 (CNCOOEY 1%, Bk
i 4 JE AL A& R [La(Oi-Pr)s« InClz+ BiClz. CoCly.
NiCl,+ RuCls F Cu(OTH)]4M, &Rl HLAEAL . 2%
Zy Wis(EN)I2), FL 28 s R U ET BE 4 T Strecker X
[i(Scheme 1, a). #% T Strecker XN, & &AM EWIN
Co—H FIEM MRS a-ZIEERAA Y1) 2
T EUA 1% NI T A R B U 6 R T S
Ej(Scheme 1, b). 2015 4, Ofial )18 T —FlH IH
J5 T FUER B (KSCN), U AE AR I 2T B A7 7E R
5 KSCN BAAMN a-FEAL RN, BT o= HENE~
). 2021 4, Loh SRS T Hf ik M- AT i) C—
H FIE RN, T4 mAEFI & P T -2 3
1 24 (Scheme 1, b). LAk, Mk (1430 J5 FUEAY,
RN RS a-ZEBE R EEFRD, — R
Hl 3 3 4 JE AL AR R B IrCI(CO)(PPha),[15e-1541 nI5[150],
Mo(CO)!'%), Fel,!'3, Ti(Oi-Pr) '™, 8 E 44 R U1 NaH/
Nall>IH] KO#-BulSUEREEFH T B, SAEH T o-
RIEME M B Y)(Scheme 1, ¢). PLE=Fh a-FIEMEHI A
BT 8 T B 5 B B SR SRR
AR A AR R, —EFERE LIRS T H 21
R, Bk, RS —F R B R SRR JFR
Gy BSOS B 4 T v AR e R B

2020 4, Liu BRAEHIOHGE Tl & B a-
M 5 R AR RN, 12 S LR B T R 47 PR JER s FH vk
MERARZME, GRT — &Y a2 EELLEGY. =
HENE, SRNAEF A FIER TR T H55r
X i £ 1 (Scheme 1, d). 3Tk, FRATE A8 AE i
o= TR SR RIATT AR AR v G B R 7, e e FH e
&R TG AL M, AT A 52 IV A % B 0 7 SR o AL, & S
BRI SE T, DAASRTS — S B I A W 2 3 M 1) o- 28 55
. ARYE DL BRSO AR, R a-FEERT AV N A
I, FEREAE NERART, BRI R R A SRR B R
7, REJER B ORI R - S A A . EE R,
3 ] K At ) RS A% AR R 12 5 A B R (A
I IR A BRI SE), & — RYIEEN) o057 HENE
FAA W) (Scheme 1, e).

1 &R5ie
11 REFHHTHE
B, UL o-TURE F BER B (1) M 955 LU, KR

2a {ERSRIZRT, SAEE A, IR, £
ZAGHF EIRBERE 12 h, S ANERE, 2R
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SN BEIRANEEAT, LL 23% U219 2 H AR =) 2- 2K 2-
2-(FEK) 2 HE(3aa)(# 1, Entry 1), BEIRIZON IR
AR, (H o-FEE H BEERER VS A L o- IR & T
%, %R N AEAE AT iR M FHHT. 8T
RTINS, — S VAR Tz
N AN R BRI, OSSR B R
(% 1, Entries 2, 3). 4B B K (1) 57 oA B AR I 55 IS,
RLRELL 69% U #1521 774 3aa(3 1, Entry 4); Mif#
FHAERR PRI 77 H 2RI, s SRR IS BEAR T 57 I (73 %,
# 1, Entry 5), RUIAEFIMXT 12N RN, T8
e MR s RN AR PR A R R 2 e SR RE IR EAT . X
LT S Ma K R A2 VS A R, 24 DL IS VRV 7
WS B R B ARBBIRY), RNV SCRWIET 2. FE,
TR DA FF SRV 77125 ST s N PRI 2. 4 P el e e 55
] CsOAc Fl NaHCO; B, SR 53 T £ (30%F1
54%, # 1, Entries 6, 7); T FHBRPEESRT] KoCOs B, =
NERELL 84% WS #1452 H #57*¥) 3aa(K 1, Entry 8); 4k
SR Ao S S v s 2 =1l e A O S
NaOH I LiOsBu EHRET, S Nl Sk R B (30% M1
23%, 3% 1, Entries 9, 10). AMRIIR, %N AEBA BT
FAF T RRRIRAIEAT, RICRERRIAS] 70%(F 1, Entry
11), E&2 S5 H AN SR AR ISR I8 &, 3R B2 R B Ak
FINNIE 2458 FEAR U KoCOs BENE =9 2R Fid f2. &
IR AR, AT AN IA B R SOR, EREE
Z 5 RMNKR, BRAHE RPN 1a 5 2a 1)
IR RN 102, 2 equiv.BRERFIVEDR, 7EF A IG5

&1 AR

Table 1 Optimization of reaction conditions

OMs NH, /©
HN
CN , _ Base
Solvent, r.t., 12 h CN

1a 2a 3aa
Entry Base Solvent Yield®/%
1 LiOH CH;CN 23
2 LiOH Acetone 41
3 LiOH EtOAc 55
4 LiOH i-PrOH 69
5 LiOH Toluene 73
6 CsOAc Toluene 30
7 NaHCO;3 Toluene 54
8 K2COs Toluene 84
9 NaOH Toluene 30
10 LiOz-Bu Toluene 23
11 — Toluene 70

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), base (0.2 mmol) in
solvent (0.5 mL), r.t., 12 h. ? The yield was determined by crude 'H NMR
using 2-methylnaphthalene as internal standard.
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R SR, SIRAE RN 12 h
1.2 REEYHARE

7 EIR A R N AR T, X a-BUEE H R R Fis A5 7
Jie S A% BUA R L R JEE 03 FE 3R 47 T W 7T, SR 45 SR L
R 2. ELBRT RIS FHUIE R T R A
)RS 12 AR R RS P ) . SRIR &8 R B, oK
W EAEATATHR TR Z % ML RE DL 83% 17 BS 3 15
F HArr=W) 3aa, HMEZEY 1a B =1 2 5 mmol, %
LS HEA A SZ 500, RE1FE] 0.83 g [117=%) 3aa, /=
K Eh 80%(K 2). TR RIS AL ik H 1 24 4] (OMe,
Me, OCF3)if &My i 1% F1(F, Cl, Br, CFs), %X MNAK &R
HRIE T AEE TS, JERE LLER 0 IR B
FIFHN T o-R NG S 3ab~3ah (54%~98%), JU
HOR IR B8 =R AN, iR e 2.
Bb Ak, SRR RIS 1 oL 205006t s I PRS2t 4R 4 /S, #
e LMRIF 1 4> B A5 2] B bR 729 3ai~3al (79%~
92%). EAERIIR, HRIF T HURIE ) 25 (8] 350N % %
LR R, RIS R R A 75 25 ARSI, 1%

SN B REMAANEAT, RS2 2RI 1) AR5 A BEAR X 4%
/NPT RSB RT FR R, 12 LTS RE 233l DA 85% 1 72% 1]
W AS SRR (1) 724 3am A1 3an. (B ZEFR A0 &4 A
BELAR R AT JE2v) AR (2w) I, 1% SN 3 T EHEAT,
X e A% S S BB A ) T Sn2 AR, A% A LY 2 Nz S
WK, ZNAIE TR 05, R 3 AR
WE AN 8- S Ik pE DA SR SR 15 2 H AR =4 3a0 A 3ap
(30%, 57%). HEEERZE, 2RI R AR — 2%
WL TR E T, X Tt BRI ) S B
PE. G0 N-FIESR G N- 2 EZR G AN N-S TR 2 2R B 0
Tz AR R, BELAH S R UL B B eR 18 B o- 2
/15 3aq~3as (58%~73%). XM B i Mt 32 47 fH
AL NI G E S0 N v A SR e b | S A 3
W2 BFAK. & ANXBFE, NN-"FKE 2 QoA
1,2,3,4-DYSrEmkQu) B B H TiZ R B, H 58 DL
FRISF ) 3at 1 3au (62%, 71%), HEAERNE, 4
THEIRY) 2¢ AR BRI, BRI, A A BE
BRI R B (2x) AN & R Qy) ANiEH T 1% R .

K2 FIEHENEDEHE

Table 2 Scope of anilines

H L R?
)O\MS N Nege K,CO3 RL AN
1N _—
P~ cN T R@/
= toluene, r.t., 12 h Ph)\CN
1a 2 3
cl
HN
HN HN kﬁﬂ\ HN HN e 'ﬁ\'\
Ph” CN
Ph™ CN Ph)\CN Ph” O CN Ph)\CN Ph)\CN PR™ CN
3aa, 83% (80%") 3ab, 68% 3ac, 54% 3ad, 98% 3ae, 77% 3af, 80% 3ag, 81%

Br

Me F cl
g o .0 o 0" J
HN SN
HN HN HN HN
)\ HN HN )\
Ph™ CN Ph)\CN Ph)\ Ph)\CN Ph)\CN Ph)\CN Ph)\CN Ph™ "CN

CN

3ah, 72% 3ai, 99% 3aj, 79%

3ak, 92%

3al, 81% 3am, 85% 3an, 72% 3ao, 30%

I\
Ph._CN
N O O -3 "0 O
N Me)l\ Et\)N\ 'Pr\)N\ N N "
on )\CN Ph” “CN Ph” “CN Ph” “CN () Ph)\CN )\CN

3aq, 73% 3ar, 65%

3ap, 57%

3as, 58%

3at, 62%° 3au, 71%

NH, NH, H
G L OO G 5w O
Bu N
Br N
2v 2w 2x 2y 2z 2

a'

@ Reaction conditions: 1a (0.2 mmol), 2 (0.4 mmol), K,COs (0.4 mmol), in toluene (1 mL), r.t., 12 h; isolated yield. ® Large-scale reaction, 1a (5.0 mmol), 2a (10

mmol). € 1a (0.4 mmol), 2t (0.2 mmol).
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NT SRR AT R, 2Rz R IR
SN T R e, LI 2 S A% P B 55 ) R TR i (22) LR
& (2aN) FEANIE FHTAZ B, %o AR s fie e A4 2 IR 7
AEHATH.

AR s XS A [ 1) 75 B e R 0 T AR G e Ak
T, BT, B TRE o FUEE RS R U
RI(ER 3). B NEFERE, URMXALE K2 (Cl, Br)
ol BRI L I 1 (CFL) I, 12 AR REIAHEAT, FHaE LA
P o B SR A AR R o- 2 BE S 3ba~3da (69%~
87%). (EAFERMIAZ, 2RI A0 AL B BUARIE I X Je B
TRCI ELEL/N, AL SRR IR HL SR A 1e~1i
HBREAR U M e 28 Z N, Hfe LA R R UL E R 43 31
o-75 3 3ea~3ia (59%~86%), BIf &40 & IR KL
PR HARATT 1§ tHAEDL 74%1)7r ESCRAS 224 3ja. 8
PRI, PRI 2,6 AL & A BUREER (In, 10), FOK
(1023 (B A7 LA A5 SR A A R AR M AT, TEVEAS 20 AH M
(1) o-ZFENE =4, X A0 2 I XHZ % B SN A 35k
AT SR A BN, A NI, 1% AR R 3458
TEEHRP LN o-FEF LR, KY 1-82E-1-4-=
R R AR 3 2,3 ) R R K (1K) 55 % e R IR b & A= B
IR, PL 40% MR 58] H AR 3ka; 4283 E&
T R R T P A SR R IR L N, % B R R

IREFHLEZS, 70 LL 47%H0 42% U R 15 31 & Z= i ot
B o-ZFEE 31a A1 3ma, AR EE T a-BHREEFZME
VIIE RS, R AR T R a- BN AR,
WHESE Strecker [N EIRIF RN TS, IR, %Ak
RARAEH T E T 1-508E-1-05 58 OB IR S (1p,
1q), X RE5 R E G MR 2, Jeelgit—
AL IZ AR ZR, DL S 2 O ) o- B R
BRI s 1. B, IR D e 1 U PR T e s e ) T
SEAZIHUAR IR S, AR ISR 1) FURE R R B e 52K
J& J N 19 2 B AR =4, 5 RE R R, #D
T AT A IR IR BE, BT A2 BT HR e 1 e sl U
PP T8 TG AF 8 T 05 B R 1 5 A B S e, 2 TR Az L%
K, BHAS T SRR B AT, X AE— e FE R BRI
TR,

RNT PR ZINEN IR, SRRz
SN T HE F R R (Scheme 2). BB, &R
RARFIWE . TR R AN & I B B 703 F % ) B &R,
M, N-FEREFHEBRM N-EREPTERES o5
TR R I S AT B MUAIBEAT, 737 BA 71%, 48%F1 50%
I BICRBEN T o- 5 BEERAEY). IXERAREE -
F & TIEERIHE, JEE R E 2 & 50
P F% N

K3 o-HE RN ARG «

Table 3 Scope of a-cyanohydrin methanesulfonates

OMs
N oN HoN
R1_: R2 +
=
1 2

a

e

K,COs
= N

toluene, r.t., 12 h R1—:<>/R’2\CN
pZ

3

e

F HN/@ F HN F HN
CN CN

NOEEENG
J@ACN @*m @ACN D/LCN Q/L J@/L
Cl Br FsC MeO Cl Br

3ga, 70%

3ba, 87% 3ca, 85% 3da, 69% 3ea, 59% 3fa, 71%
e g Q) g Q) g
F HN Br HN HN HN HN
CN Br
CN CN
on J@ﬁw J@)&SN )@)ﬁ
Br F F3C O,N Ms
3ha, 86% 3ia, 77% 3ja, 74% 3ka, 40% 3la, 47% 3ma, 42%
Br OMs  Cl OMs OMs OMs mso_
CN
cl MeO
1n 10 1p 1q 1r
9 Reaction conditions: 1 (0.2 mmol), 2a (0.4 mmol), K»,CO; (0.4 mmol), in toluene (1 mL), r.t., 12 h; isolated yield.
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Ph. _NH;
PhNHNH; )N\
Ph” “CN
4,71%
om NHPh Ph
S
K,CO3 Ph)\COOH Ph\NJ\COOH
CN
toulene
rt, 12h Ph” “CN
1a 5, 48%, 2:1 dr
Oj/OEt
Ph OEt
PhHN \)N:\[f
0
Ph” “CN
6, 50%

BR 2 FORA o 5 BRI IR 1 S
Scheme 2 Reaction between nitrogen nucleophiles and a-cya-
nohydrin methanesulfonates

1.3 FTER

BT BN EH 5 TATE R A
FIEE R, I E BT BB a-75 B 2R AL
EWIATEAL. P2 3aa TEIRERBR IMAFATE TR 4 KA
KRS BIM B E LR 7 (Scheme 3, a). H#lATZ, 7T
S HIEERER(TMSCAE(E T 3aa iLfERE— B R, DA
54% = RS54 8 (Scheme 3, a). [FINHAF IR =4
W ZARBAT AT AR, 3aq TEXUEUKRIBRER R AF1E TR
KRB, BELA 777%™ 2845 2IAH LRIt i AL =4 9
(Scheme 3, b). ItAb, ZR7E BB (= H 2k ) = AL
(NaHMDS)fA7E R R4 Co R RIEAb N, BHR ) 2, %
F1FBMRL B TR E a-Z NG =10, UL 43%11 7= %43 3
T A=) 10 (Scheme 3, b), X EES a-ZIEHE 3aq )
A7 L DA K Bt B ) 5 FE AT %, % T R BE R 94
IEAEEAT .

2 Zhig
AHFFFIF a- S0 HREERTE 5 7% 5 e (1) S5 R B

HN : TMSCI, CH30H

CO,Me 0°tort,24h

8, 54% yield

we

NaHMDS (1.1 equiv.)
BnBr (1.1 equiv.)

(b)
toluene, 0°Ctor.t, 12 h

10, 43% yield

B 3

HN/© 6 mol/L HCI

3aa, 0.2 mmol

N :

NH

©)\CN DMSO, 0°C to r.t.,12h©)\[( 2
0

3aq, 0.2 mmol

PP

SR, % T — RINEER o- @R EY). %N
REFETC I & JB A AE T Sl etk BT H/ NS
SEEERT AR AT, ELAT A Y JEORH R 5 15,
BAERIE, SMEAHRA, BARGE EdE EAE
BERGRAYVE. HWHRERE, ZI ST O o
W PR R R I 0 A AN I SOBIRICR EAh, IEE M THE
ORI R IR, M5 1% AREK
N o-BENEFAE Y EE G R ITE.

3 SRRy

31 X5

'H NMR, *C NMR # F NMR 7E Bruker Ascend™
400 FERESEARAC EDE, PUTARE R R), TMS N
W bR; EST 10 #5015 1 e 2O ) Y AH i/ DY AR AT %
AT I 1) AN 5 . I SEIT R R AR 35 9 43 B 4l B
th2gali, RAGMEBEMET. G o- 50 ERERY)
P12 W SR J7 v &

32 ZWHE
321  o-#BEF F AL ER BE 49 A A%

S CHER(17], DU RIS mmol) I F 5] Ji %
R, BEfE N 30 mL —H S H(DMSO) AT HoO iR
BV 2 Vv=5 1), ZEMA TMSCN (7 mmol), %
MAEER N7, H#E)ZEARETLO) WM N, F5JE R
WAETE G, H IR CBRiEATEEE, A WA FH oK 6m B AN
T, LAWY, B oA RN R O R
WEhAH, @A ENT AR R o-F R A Y. BRI
o-FIE (3 mmol) Ji N\ 2 B JE B, A = 2. 1%(0.84
mL, 6 mmol)fl 6 mL & FHi(DCM), 7£—20 C FZ%
5% 0 SR 500(0.35 mL, 4.5 mmol), B 5 {RERZiR B
B2 h, RS JEMA 5 mL H,0, F§ DCM %8,
WA TCK RN T8, BE2WYe )5, AAHEEA R
CER N B, Ik E AT BIAH B o- R F

W

OH

CN 1,4-dioxane, 95 °C, 4 h
O

7, 67% yield

e

K>CO3 (1.5 equiv.)
H,0, (5 equiv.)

9, 77% yield

Scheme 3  Synthetic application
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TR s 1.
322 o-REME RS S

H A DR TR 9 8 mL AR B8 S N7 I Hh AR v
N a-FUEE F#EZER(1, 0.2 mmol). 75 & (2, 0.4 mmol).
BREREH (0.4 mmol)Fl | mL MJF 2K, i EfF/REERT
12 he REEHE, I ERUE R AL BT
FEMIGRE ENTVCR M) @ V(LR LBE)=40 1 1~30 :
1157 8 51328 bt &4 3.

-SRI D(WEI) 2 (Baa)'S T (0 iE B IR [EH
1, 722 83%. m.p. 68.5~70.4 ‘C; 'H NMR (400 MHz,
Chloroform-d) d: 7.66~7.60 (m, 2H), 7.52~7.43 (m, 3H),
7.35~7.27 (m, 2H), 6.94 (t, J=7.4 Hz, 1H), 6.81 (d, J=
7.9 Hz, 2H), 5.46 (d, J=8.3 Hz, 1H), 4.07 (d, J=8.4 Hz,
1H); 3C NMR (101 MHz, Chloroform-d) 6: 144.7, 134.0,
129.6, 129.6, 129.4, 127.3, 120.3, 1182, 114.2, 50.3;
HRMS (DART-TOF) caled for CiHpisN, [M + H] "
209.1073, found 209.1078.

2-((4- FH AR L 2R I ) &L )-2-FR 3 2 fif (Bab)!' ) Rt
HERBAE, 722 68%. 'H NMR (400 MHz, Chloroform-d)
5: 7.61~7.54 (m, 2H), 7.42 (td, J=4.9, 4.3, 2.6 Hz, 3H),
6.86~6.79 (m, 2H), 6.79~6.68 (m, 2H), 5.32 (d, J=8.6
Hz, 1H), 3.85~3.78 (m, 1H), 3.75 (s, 3H); 3C NMR (101
MHz, Chloroform-d) &: 154.1, 138.6, 134.2, 129.5, 129.3,
127.3, 118.5, 116.3, 115.0, 55.7, 51.6; HRMS (DART-
TOF) caled for Ci;sH;sN,O [M+H]" 239.1179, found
239.1183.

2-((4-F B OR IR S 58 )-2- 2R 3 2 (Bac)'): o faiF
B IR A, 773 54%. m.p. 100.5~102.3 ‘C; '"H NMR
(400 MHz, Chloroform-d) ¢: 7.57 (dd, J=7.3, 2.3 Hz, 2H),
7.48~7.36 (m, 3H), 7.06 (d, J=8.1 Hz, 2H), 6.71~6.64
(m, 2H), 5.37 (d, J=8.5 Hz, 1H), 3.91 (d, J=8.7 Hz, 1H),
2.27 (s, 3H); 3C NMR (101 MHz, Chloroform-d) 6: 142.4,
134.2, 130.1, 129.7, 129.5, 129.3, 127.3, 118.4, 114.5,
50.7, 20.5; HRMS (DART-TOF) calcd for CisH 5N, [M—+
H]" 223.1230, found 223.1231.

2-((4- = AR R R ) S B )-2- R Bk 2 5 (3ad): ik
HOE A, 2% 98%. m.p. 71.2~72.6 °C; 'H NMR (400
MHz, Chloroform-d) d: 7.60~7.54 (m, 2H), 7.48~7.42
(m, 3H), 7.12 (d, J=8.4 Hz, 2H), 6.74 (d, J=8.6 Hz, 2H),
538 (d, J=8.2 Hz, 1H), 4.17 (d, J=8.3 Hz, 1H); *C
NMR (101 MHz, Chloroform-d) 6: 143.4, 142.5 (q, J=2.1
Hz), 133.5, 129.7, 129.5, 127.2, 122.7, 120.6 (q, J=256.1
Hz), 117.9, 114.8, 50.3; 'F NMR (101 MHz, Chloro-
form-d) J: —58.3; HRMS (DART-TOF) caled for CisHji-
F3N,;NaO [M+Na]" 315.0716, found 315.0691.
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2-((4- SR B ) 2 £5)-2- 2 2 iE (Bae): L& W] i
REAER, F2Z 77%. mp. 59.6~60.8 ‘C; 'H NMR (400
MHz, Chloroform-d) J: 7.61~7.55 (m, 2H), 7.44 (p, J=
3.9, 3.3 Hz, 3H), 6.96 (t, J=8.6 Hz, 2H), 6.72 (dd, /=8.9,
4.3 Hz, 2H), 5.35 (d, J=8.6 Hz, 1H), 3.97 (d, /=38.7 Hz,
1H); 3C NMR (101 MHz, Chloroform-d) 6: 157.4 (d, J=
238.6 Hz), 141.0 (d, J=2.3 Hz), 133.8, 129.6, 129.4,
127.3, 118.2, 116.2 (d, J=22.8 Hz), 115.7 (d, J=17.7 Hz),
51.0; 'F NMR (101 MHz, Chloroform-d) §: —124.0;
HRMS (DART-TOF) caled for C;sH; FKN, [M+K]"*
265.0538, found 265.0548.

2-((4-F A B L )-2- KA 2 JiF (3an!': TEthiE B
SR, P25 80%. mup. 76.4~77.9 C; 'H NMR (400
MHz, Chloroform-d) o: 7.55 (dt, J=5.6, 2.6 Hz, 2H), 7.43
(dt, J=5.1, 2.5 Hz, 3H), 7.19 (dd, J=8.9, 2.6 Hz, 2H),
6.67 (dd, J=28.9, 2.6 Hz, 2H), 5.36 (dd, J=8.5, 2.5 Hz,
1H), 4.10 (d, J=8.5 Hz, 1H); 3C NMR (101 MHz, Chlo-
roform-d) &: 143.3, 133.5, 129.7, 129.5, 129.4, 127.3,
125.1, 118.0, 115.4, 50.3; HRMS (DART-TOF) calcd for
C1sH»CIN, [M+H]" 243.0684, found 243.0691.

2-((4-1R A HE) A Jh)-2- TR 5k O (3ag)!'®): Tothi& W
eoR A, 5% 81%. mp. 99.2~101.6 ‘C; 'H NMR
(400 MHz, Chloroform-d) J: 7.59~7.52 (m, 2H), 7.44 (dd,
J=5.1, 2.0 Hz, 3H), 7.37~7.31 (m, 2H), 6.67~6.60 (m,
2H), 5.36 (d, J/=8.3 Hz, 1H), 4.11 (d, J=8.4 Hz, 1H); 13C
NMR (101 MHz, Chloroform-d) J: 143.7, 133.5, 132.4,
129.7, 129.5, 127.2, 117.9, 115.8, 112.3, 50.2; HRMS
(DART-TOF) calcd for CisH,BrN, [M+H]™ 287.0178,
found 287.0162.

2-((4- =5 R R IR ) S B8 )-2- R JE 2 Ji (3ah): s
B EIRE A, 72 72%. mp. 107.0~109.5 C; 'H
NMR (400 MHz, Chloroform-d) d: 7.59 (dd, J=6.9, 2.6
Hz, 2H), 7.52 (d, J=8.3 Hz, 2H), 7.49~7.43 (m, 3H),
6.80 (d, J=8.3 Hz, 2H), 5.47 (d, J=17.9 Hz, 1H), 4.37 (d,
J=17.9 Hz, 1H); 3C NMR (101 MHz, Chloroform-d) J:
147.1, 133.1, 129.9, 129.5, 127.2, 127.0 (q, J=3.9 Hz),
124.5 (q, J=270.9 Hz), 122.0 (q, J=33.2 Hz), 117.5,
113.4, 49.7; YF NMR (101 MHz, Chloroform-d) ¢:
—61.5; HRMS (DART-TOF) calcd for C;sH;FsN;Na
[M+Na]" 299.0767, found 299.0773.

2-((3-FH LRI ) B JE)-2- K 2 )6 (3ai): BB
sRE AR, 723 99%. m.p. 95.5~97.2 “C; 'H NMR (400
MHz, Chloroform-d) o: 7.57 (dd, J=7.2, 2.4 Hz, 2H),
7.46~7.40 (m, 3H), 7.14 (t, J/=7.7 Hz, 1H), 6.71 (d, J=
7.5 Hz, 1H), 6.57 (d, J=28.7 Hz, 2H), 5.39 (d, /=8.4 Hz,
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1H), 3.97 (d, J=8.5 Hz, 1H), 2.31 (s, 3H); 3C NMR (101
MHz, Chloroform-d) &: 144.8, 139.5, 134.1, 129.5, 129.5,
129.4,127.3, 121.2, 118.4, 115.0, 111.3, 50.3, 21.7; HRMS
(DART-TOF) caled for CisHisN, [M+H]" 223.1230,
found 223.1232.

2-((3- T AR EL) B HL)-2- 7K 2 i (3aj): To 3% B
ARE AR, 7223 79%. m.p. 87.1~88.7 ‘C; 'H NMR (400
MHz, Chloroform-d) ¢: 7.61~7.55 (m, 2H), 7.51~7.42
(m, 3H), 7.27~7.15 (m, 1H), 6.58 (td, J=8.4, 2.4 Hz,
1H), 6.53 (dd, J=8.1, 2.3 Hz, 1H), 6.47 (dt, J=10.9, 2.4
Hz, 1H), 5.38 (d, J=8.2 Hz, 1H), 4.17 (d, J=8.2 Hz, 1H);
13C NMR (101 MHz, Chloroform-d) d: 163.9 (d, J=244.9
Hz), 146.4 (d, J=10.4 Hz), 133.5, 130.9 (d, J=10.0 Hz),
129.8, 129.5, 127.3, 117.9, 109.7 (d, J=2.6 Hz), 106.9 (d,
J=21.4 Hz), 101.4 (d, J=25.8 Hz), 50.0; '°F NMR (101
MHz, Chloroform-d) 6: —111.6; HRMS (DART-TOF)
caled for C14H2FN, [M+H]" 227.0979, found 227.0977.

2-((B-F R Z AL )-2- K2 2[5 (3ak): T thiF B &
AREAER, 7223 92%. m.p. 76.5~78.1 ‘C; 'H NMR (400
MHz, Chloroform-d) d: 7.61~7.54 (m, 2H), 7.51~7.43
(m, 3H), 7.18 (t, J=8.1 Hz, 1H), 6.86 (dd, J=8.0, 1.9 Hz,
1H), 6.76 (d, J=2.2 Hz, 1H), 6.63 (dd, J=8.2, 2.4 Hz,
1H), 5.39 (d, J=8.3 Hz, 1H), 4.13 (d, J=8.2 Hz, 1H); 1*C
NMR (101 MHz, Chloroform-d) J: 145.8, 135.3, 133.4,
130.6, 129.8, 129.5, 127.3, 120.3, 117.8, 114.2, 112.2,
50.0; HRMS (DART-TOF) calcd for Ci4H,CIN, [M+H]"
243.0684, found 243.0710.

2-((B-TR A F) & HE)-2- K 5 2 (3al): Jo (0 iF B &
AREAER, 7723 81%. m.p. 96.4~97.6 ‘C; 'H NMR (400
MHz, Chloroform-d) d: 7.57 (dq, J=5.3, 3.3, 2.9 Hz, 2H),
7.53~7.43 (m, 3H), 7.12 (t, J=8.0 Hz, 1H), 7.04~6.98
(m, 1H), 6.92 (t, J=2.1 Hz, 1H), 6.68 (dd, J=8.2, 2.4 Hz,
1H), 5.38 (d, J=8.2 Hz, 1H), 4.11 (d, J=8.3 Hz, 1H); 13C
NMR (101 MHz, Chloroform-d) J: 145.9, 133.4, 130.9,
129.8, 129.5, 127.3, 123.4, 123.2, 117.8, 117.1, 112.6,
50.0; HRMS (DART-TOF) calcd for C4H;,BrN, [M+H]"
287.0178, found 287.0173.

2-((2- F AR B 2R 38 ) (2 ) -2- 2K 3 2 i (Bam) 1) 4
HARTBAA, 7% 85%. 'H NMR (400 MHz, Chloroform-d)
5:7.61 (d, J=7.0 Hz, 2H), 7.44 (d, J=6.8 Hz, 3H), 6.97~
6.89 (m, 1H), 6.89~6.78 (m, 3H), 5.44 (d, J=8.4 Hz,
1H), 4.67 (d, J=8.5 Hz, 1H), 3.82 (s, 3H); 3C NMR (101
MHz, Chloroform-d) d: 147.5, 134.6, 134.2, 129.5, 129.3,
127.3,121.3, 119.7, 118.3, 111.7, 110.1, 55.5, 49.9; HRMS
(DART-TOF) caled for CisH;sN,O [M+H]" 239.1179,
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found 239.1180.

2-(2- AL ) S H6)-2- 0 2L (3am): 2 €4 4R
Wifk, 773 72%. 'H NMR (400 MHz, Chloroform-d) o:
7.57~7.50 (m, 2H), 7.43~7.31 (m, 3H), 7.12 (td, J=7.6,
1.5 Hz, 1H), 7.05 (d, J=7.3 Hz, 1H), 6.76 (t, J=7.2 Hz,
2H), 5.36 (d, J=7.4 Hz, 1H), 3.80 (d, J=7.8 Hz, 1H), 2.06
(s, 3H); C NMR (101 MHz, Chloroform-d) J: 142.8,
1342, 130.7, 129.6, 129.4, 127.4, 127.3, 123.6, 120.0,
118.4, 111.6, 50.1, 17.5; HRMS (DART-TOF) calcd for
CisHisNy [M+H]" 223.1230, found 223.1229.

2-((3-ME R R ) 2 Jik )-2- K - 2 (3a0): 1 €0 [] 4k,
P23 30%. m.p. 116.0~117.3 ‘C; 'H NMR (400 MHz,
Chloroform-d) 6: 8.12 (d, J=2.9 Hz, 1H), 8.07 (d, J=4.7
Hz, 1H), 7.59~7.50 (m, 2H), 7.40 (d, J=6.2 Hz, 3H),
7.13 (dd, J=8.3, 4.7 Hz, 1H), 7.02 (dd, J=8.5, 2.8 Hz,
1H), 5.37 (d, J=8.0 Hz, 1H), 4.32 (d, J=8.2 Hz, 1H); 13C
NMR (101 MHz, Chloroform-d) d: 141.4, 140.9, 137.2,
1332, 129.8, 129.5, 127.2, 123.9, 120.3, 117.6, 49.8;
HRMS (DART-TOF) caled for C;3HN; [M + H] '
210.1026, found 210.1030.

2-((8-ME bk I ) B 5k )-2- R Bk 2 M (3ap): AR B R
&, P23 57%. "H NMR (400 MHz, Chloroform-d) J: 8.70
(dd, J=4.2, 1.7 Hz, 1H), 8.09 (dd, J=8.3, 1.7 Hz, 1H),
7.67 (dd, J=7.6, 2.0 Hz, 2H), 7.50~7.42 (m, 4H), 7.39
(dd, J=8.3, 4.2 Hz, 1H), 7.28~7.21 (m, 1H), 6.92 (d, J=
7.6 Hz, 1H), 6.67 (d, J=8.0 Hz, 1H), 5.65 (d, J/=8.0 Hz,
1H); *C NMR (101 MHz, Chloroform-d) 6: 147.7, 141.4,
138.4, 136.2, 133.9, 129.5, 129.4, 128.6, 127.4, 127.3,
121.8, 118.0, 117.3, 107.0, 49.6; HRMS (DART-TOF)
caled for Ci7H14N; [M+H]" 260.1182, found 260.1184.

2-(F AR ORI E JR)-2- K0 5 Baq): 3 iRl
&, 7% 73%. '"H NMR (400 MHz, Chloroform-d) ¢:
7.59~7.52 (m, 2H), 7.42 (q, J=7.7, 7.0 Hz, 3H), 7.38~
7.29 (m, 2H), 7.03 (d, J=8.1 Hz, 2H), 6.98 (t, J=7.3 Hz,
1H), 5.85 (s, 1H), 2.74 (s, 3H); 3C NMR (101 MHz,
Chloroform-d) 6: 149.2, 133.5, 129.5, 129.1, 129.1, 127.2,
121.2, 116.7, 116.2, 58.6, 34.6; HRMS (DART-TOF) calcd
for C1sHisNy [M+H]" 223.1230, found 223.1233.

2-(LFHE ORI F F)-2- K L (3ar): B ORI
&, 7% 65%. 'H NMR (400 MHz, Chloroform-d) ¢:
7.59~7.53 (m, 2H), 7.45~7.37 (m, 3H), 7.35~7.28 (m,
2H), 7.02 (dt, J=7.0, 1.1 Hz, 2H), 7.00~6.94 (m, 1H),
5.69 (s, 1H), 3.33 (dq, J=14.0, 7.0 Hz, 1H), 3.19 (dq, J=
14.4, 7.2 Hz, 1H), 1.08 (t, J=7.1 Hz, 3H); '3C NMR (101
MHz, Chloroform-d) d: 147.0, 133.8, 129.4, 129.0, 129.0,
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1273, 121.5, 1184, 117.2, 583, 42.9, 13.0; HRMS
(DART-TOF) calcd for C;sHigNNa [M+Na]™ 259.1206,
found 259.1199.

2-(FF AR (R IR R AL )-2- 2K 3k 2. )15 (3as): A ELEAE,
FEE 58%. mp. 54.0~55.2 ‘C; 'H NMR (400 MHz,
Chloroform-d) ¢: 7.50~7.45 (m, 2H), 7.38~7.29 (m, 3H),
7.21~7.16 (m, 2H), 6.99~6.94 (m, 2H), 6.92 (t, J=7.3
Hz, 1H), 5.61 (s, 1H), 4.01 (p, J=6.6 Hz, 1H), 1.33 (d, J=
6.5 Hz, 3H), 1.23 (d, J=6.6 Hz, 3H); '*C NMR (101 MHz,
Chloroform-d) 0: 145.8, 134.6, 128.8, 128.8, 128.5, 127.0,
122.0, 121.2, 118.6, 53.2, 51.2, 22.3, 20.0; HRMS (DART-
TOF) caled for Ci7HioN, [M+H]" 251.1543, found
251.1546.

2,2'-(LHE-1,2- (R IR ) WK L) (3at): H
EAR, 773 62%. m.p. 200.0~201.8 C; 'H NMR (400
MHz, Chloroform-d) 6. 7.49~7.44 (m, 4H), 7.43~7.38
(m, 6H), 7.09 (t, J=7.7 Hz, 4H), 6.87 (t, J=7.3 Hz, 2H),
6.53 (d, J=8.1 Hz, 4H), 5.55 (s, 2H), 3.15~3.04 (m, 2H),
2.97~2.84 (m, 2H); '*C NMR (101 MHz, Chloroform-d)
5: 146.8, 133.3, 129.6, 129.4, 129.2, 127.8, 121.8, 117.5,
116.5, 58.7, 45.5; HRMS (DART-TOF) calcd for C3Hay-
NyNa [M+Na]" 465.2050, found 465.2061.

2-(3,4- “EMEMR-12H) #E)-2- K 3 45 3au): A
A, P2% 71%. mp. 76.5~77.8 ‘C; 'H NMR (400
MHz, Chloroform-d) d: 7.54 (dd, J=7.6, 1.9 Hz, 2H),
7.47~7.37 (m, 3H), 7.12 (td, J=7.8, 1.7 Hz, 1H), 7.06
(dd, J=7.4, 1.6 Hz, 1H), 6.82 (d, J=8.2 Hz, 1H), 6.79 (td,
J=7.3, 1.0 Hz, 1H), 6.00 (s, 1H), 3.12 (ddd, J=12.1, 8.0,
4.4 Hz, 1H), 3.05~2.97 (m, 1H), 2.84 (ddd, J=14.7, 8.4,
5.8 Hz, 1H), 2.73 (dt, J=16.0, 5.9 Hz, 1H), 2.01~1.84
(m, 2H); C NMR (101 MHz, Chloroform-d) 6: 143.8,
1332, 129.8, 129.2, 129.0, 127.3, 127.1, 125.4, 119.3,
116.7, 112.2, 55.0, 45.1, 27.7, 22.1; HRMS (DART-TOF)
caled for C7H 7N, [M+H]" 249.1386, found 249.1389.

2-(4-F K IE)-2-(CR R ) Z W5 (3ba): TC % B IR
il 4, P23 87%. m.p. 109.8~111.1 ‘C; 'H NMR (400
MHz, Chloroform-d) d: 7.57~7.51 (m, 2H), 7.46~7.39
(m, 2H), 7.31~7.23 (m, 2H), 6.96~6.87 (m, 1H), 6.79~
6.73 (m, 2H), 5.41 (d, J=8.6 Hz, 1H), 4.04 (d, J=8.7 Hz,
1H); 3C NMR (101 MHz, Chloroform-d) &: 144.4, 135.6,
132.4, 129.6, 129.6, 128.6, 120.6, 117.8, 114.3, 49.7;
HRMS (DART-TOF) caled for Ci4H;2CIN, [M+H] "
243.0684, found 243.0689.

2-(4-TR R FE)-2-CEREFE) 2 (Bea): i W] IR
44, 2% 85%. m.p. 92.0~93.9 C; 'H NMR (400
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MHz, Chloroform-d) J: 7.59 (d, J=8.3 Hz, 2H), 7.48 (d,
J=8.2 Hz, 2H), 7.27 (t, J=7.9 Hz, 2H), 691 (t, J=7.4
Hz, 1H), 6.76 (d, J/=8.0 Hz, 2H), 5.40 (d, /=8.6 Hz, 1H),
4.04 (d, J=8.7 Hz, 1H); *C NMR (101 MHz, Chloro-
form-d) J: 144.4, 133.0, 132.5, 129.6, 128.9, 123.8, 120.6,
117.8, 114.3, 49.7; HRMS (DART-TOF) calcd for CsH»-
BrN, [M+H]" 287.0178, found 287.0176.

2-(4- =G RN AL )-2-CR 2 8) 2 5 (3da): Lt id
B SR A, 722 69%. m.p. 96.5~98.4 C; 'H NMR
(400 MHz, Chloroform-d) ¢: 7.78~7.68 (m, 4H), 7.32~
7.23 (m, 2H), 6.93 (t, J=7.4 Hz, 1H), 6.76 (d, /=8.0 Hz,
2H), 5.51 (d, J=8.8 Hz, 1H), 4.11 (d, J=8.8 Hz, 1H); '3C
NMR (101 MHz, Chloroform-d) J: 144.2, 137.8, 131.8 (q,
J=32.9 Hz), 129.7, 127.7, 126.3 (q, J/=3.8 Hz), 123.7 (q,
J=272.4 Hz), 120.8, 117.6, 114.4, 49.9; YF NMR (101
MHz, Chloroform-d) J: — 62.8; HRMS (DART-TOF)
caled for CysH;;FsNoNa [M + Na]® 299.0767, found
299.0770.

2-(2-F-4- A B R ) -2-(CR U 2 ) 2 5 (Bea): LR
% I SR A, 722 59%. m.p. 95.0~96.5 ‘C; 'H NMR
(400 MHz, Chloroform-d) ¢: 7.51 (t, J=8.6 Hz, 1H),
7.31~7.23 (m, 2H), 6.90 (t, J=7.4 Hz, 1H), 6.81~6.73
(m, 3H), 6.70 (dd, J=11.9, 2.5 Hz, 1H), 5.53 (d, J=238.3
Hz, 1H), 4.01 (d, J=8.4 Hz, 1H), 3.82 (s, 3H); 3*C NMR
(101 MHz, Chloroform-d) ¢: 162.1 (d, J=3.2 Hz), 160.9
(d, J=263.8 Hz), 144.5, 129.6, 129.5, 120.4, 117.9, 114.3,
113.6 (d, J/=14.3 Hz), 110.6 (d, J/=2.9 Hz), 102.5 (d, J=
24.5 Hz), 55.8, 44.4 (d, J/=3.7 Hz); '°F NMR (101 MHz,
Chloroform-d) 6: —115.2; HRMS (DART-TOF) caled for
CisHisFN,O [M-+H]" 257.1085, found 257.1090.

2-(2-F-4- A A I )-2-(RHE L) 45 3fa): TLtAE M
sRE AR, P23 71%. m.p. 79.5~81.2 “C; 'H NMR (400
MHz, Chloroform-d) J: 7.55 (t, J=8.0 Hz, 1H), 7.26 (t,
J=1.9 Hz, 2H), 7.24~7.15 (m, 2H), 6.91 (t, J/=7.4 Hz,
1H), 6.76 (d, J/=8.0 Hz, 2H), 5.57 (d, J=8.7 Hz, 1H), 4.08
(d, J=8.7 Hz, 1H); *C NMR (101 MHz, Chloroform-d) ¢:
159.9 (d, J=253.7 Hz), 144.2, 1369 (d, J=10.3 Hz),
129.7 (d, J=3.5 Hz), 129.7, 125.5 (d, J=3.9 Hz), 120.8,
120.5 (d, J=13.7 Hz), 117.3, 117.2 (d, J=24.3 Hz), 114.5,
44.4 (d, J=3.6 Hz); ’F NMR (101 MHz, Chloroform-d) J:
— 114.4; HRMS (DART-TOF) calcd for C;sH;;CIFN;
[M+H]" 261.0589, found 261.0592.

2-(2-F-4-TR AR TR )-2-(R A KL O M (3ga): L HIEY]
sRE AR, P25 70%. m.p. 87.6~89.2 C; 'H NMR (400
MHz, Chloroform-d) d: 7.75 (dd, J=6.4, 2.5 Hz, 1H), 7.53
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(ddd, J=38.0, 4.6, 2.5 Hz, 1H), 7.27 (t, J=7.8 Hz, 2H),
7.05 (t, J=9.1 Hz, 1H), 6.92 (t, J=7.4 Hz, 1H), 6.76 (d,
J=17.9 Hz, 2H), 5.56 (d, /=8.7 Hz, 1H), 4.08 (d, /=38.7
Hz, 1H); '*C NMR (101 MHz, Chloroform-d) J: 159.1 (d,
J=251.0 Hz), 144.1, 134.6 (d, J/=8.3 Hz), 131.8 (d, J=
2.8 Hz), 129.7, 123.8 (d, J=14.9 Hz), 120.9, 118.2 (d, J=
22.5 Hz), 117.5 (d, J=3.6 Hz), 117.1, 114.5, 44.4 (d, J=
3.9 Hz); '"F NMR (101 MHz, Chloroform-d) §: —118.9;
HRMS (DART-TOF) caled for C;sH;;BrFN, [M+H]"
305.0084, found 305.0081.
2-(2-F-5- TR A HE)-2-(R R AL 45 (3ha): 155 0[]
1, PEE 86%. m.p. 65.2~67.3 ‘C; 'H NMR (400 MHz,
Chloroform-d) ¢: 7.47 (t, J=7.9 Hz, 1H), 7.40~7.31 (m,
2H), 7.25 (t, J=7.8 Hz, 2H), 6.90 (t, J=7.5 Hz, 1H), 6.75
(d, J=8.0 Hz, 2H), 5.55 (s, 1H), 4.06 (s, 1H); 3C NMR
(101 MHz, Chloroform-d) o: 159.9 (d, J=254.8 Hz),
144.2, 130.0 (d, J/=3.3 Hz), 129.7, 128.5 (d, /=3.8 Hz),
124.5 (d, J/=9.4 Hz), 121.0 (d, J/=13.7 Hz), 120.8, 120.1
(d, J=24.0 Hz), 117.2, 114.5, 44.5 (d, J=3.7 Hz); °F
NMR (101 MHz, Chloroform-d) ¢: — 108.7; HRMS
(DART-TOF) caled for CisHyBrFN, [M+H]" 305.0084,
found 305.0086.
2-(2-9-3-1R AR IE)-2-CR & JL) W (Bia): & B £ [
1, PEE 77%. mp. 79.6~80.8 ‘C; 'H NMR (400 MHz,
Chloroform-d) ¢: 7.63 (t, J=7.4 Hz, 1H), 7.57 (t, J=7.2
Hz, 1H), 7.27 (t, J=17.8 Hz, 2H), 7.12 (t, J=8.0 Hz, 1H),
6.91 (t, J=7.4 Hz, 1H), 6.77 (d, J=8.0 Hz, 2H), 5.61 (d,
J=8.6 Hz, 1H), 4.09 (d, J/=8.8 Hz, 1H); 3*C NMR (101
MHz, Chloroform-d) J: 156.7 (d, J=250.7 Hz), 144.2,
135.2, 129.7, 128.0 (d, /=2.2 Hz), 125.9 (d, J=4.7 Hz),
123.3 (d, J=14.6 Hz), 120.8, 117.2, 114.5, 110.2 (d, J=
20.6 Hz), 44.9 (d, J/=3.8 Hz); '°F NMR (101 MHz, Chlo-
roform-d) J: — 110.3; HRMS (DART-TOF) caled for
CisHiBrFN; [M+H]" 305.0084, found 305.0084.
2-(2-VR-4-5 A I )-2-(R A L) 5 Bja): Lt E M
seREAR, P2 74%. mp. 105.0~106.8 C; 'H NMR
(400 MHz, Chloroform-d) ¢: 7.73 (dd, J=28.7, 5.6 Hz, 1H),
7.40 (dd, J=38.0, 2.7 Hz, 1H), 7.27 (t, J=7.9 Hz, 2H), 7.13
(td, J=8.2, 2.6 Hz, 1H), 6.91 (t, J/=7.4 Hz, 1H), 6.76 (d,
J=1.9 Hz, 2H), 5.66 (d, /=8.0 Hz, 1H), 4.03 (d, /=38.1
Hz, 1H); *C NMR (101 MHz, Chloroform-d) 6: 162.9 (d,
J=254.6 Hz), 144.4, 130.4 (d, /=9.0 Hz), 129.6, 129.6 (d,
J=3.7 Hz), 124.0 (d, J=9.7 Hz), 121.3 (d, J=24.8 Hz),
120.7, 117.7, 115.6 (d, J=21.4 Hz), 114.3, 49.8; °F NMR
(101 MHz, Chloroform-d) 6: —108.7; HRMS (DART-
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TOF) caled for C;sH;BrEN, [M+H]" 305.0084, found
305.0084.

2- IR HE-2-(4- =9 B ORI TN i (Bka): I ([
&, 77% 40%. m.p. 123.5~124.8 ‘C; 'H NMR (400
MHz, Chloroform-d) J: 7.76 (d, J=8.2 Hz, 2H), 7.67 (d,
J=8.2 Hz, 2H), 7.13 (t, J=7.7 Hz, 2H), 6.83 (t, J=7.4
Hz, 1H), 6.51 (d, J=38.1 Hz, 2H), 4.34 (s, 1H), 1.95 (s,
3H); ¥C NMR (101 MHz, Chloroform-d) 6: 144.0, 142.9,
131.0 (q, J=32.7 Hz), 129.2, 126.4 (q, J=3.8 Hz), 125.5,
123.8 (q, J=272.2 Hz), 120.4, 120.1, 115.8, 56.9, 33.3; I°F
NMR (101 MHz, Chloroform-d) J: — 62.66; HRMS
(DART-TOF) caled for CicHiaF3N; [M+H]" 291.1104,
found 291.1106.

2RI L 2-(4- T FE R IE) U (Bla): VR B (LA,
FE% 47%. '"H NMR (400 MHz, Chloroform-d) §: 8.23~
8.16 (m, 2H), 7.76 (d, J=8.5 Hz, 2H), 7.11~7.02 (m, 2H),
6.77 (t, J=7.4 Hz, 1H), 6.42 (d, J=17.9 Hz, 2H), 4.32 (s,
1H), 1.90 (s, 3H); '*C NMR (101 MHz, Chloroform-d) ¢:
147.1, 146.0, 141.6, 128.2, 125.2, 123.6, 119.6, 118.6,
114.7, 55.7, 32.1; HRMS (DART-TOF) caled for
CisH1uN;0, [M+H]" 268.1081, found 268.1085.

2- TR LG FE-2-(4- IR R R L) U S (3ma): W3
Wifk, 773 42%. '"H NMR (400 MHz, Chloroform-d) o:
7.92 (d, J=8.2 Hz, 2H), 7.78 (d, J=38.2 Hz, 2H), 7.07 (t,
J=1.7 Hz, 2H), 6.77 (t, J=7.4 Hz, 1H), 6.43 (d, J=28.3
Hz, 2H), 4.34 (s, 1H), 3.01 (s, 3H), 1.89 (s, 3H); 3C NMR
(101 MHz, Chloroform-d) o: 146.2, 142.7, 141.0, 129.2,
128.5, 126.2, 120.6, 119.8, 115.7, 56.8, 44.4, 33.2; HRMS
(DART-TOF) calcd for CisH17N20,S [M+H]" 301.1005,
found 301.1010.

2-ZRFE2-(1-ZK L) 2 B5 (4): AFEE, P2 T1%.
"H NMR (400 MHz, Chloroform-d) &: 7.52~7.46 (m, 2H),
7.44~7.33 (m, 3H), 7.33~7.23 (m, 2H), 7.17~7.08 (m,
2H), 7.03~6.90 (m, 1H), 5.83 (s, 1H), 3.32 (s, 2H); 13C
NMR (101 MHz, Chloroform-d) J 149.6, 132.4, 129.4,
129.4, 129.2, 127.8, 122.1, 116.3, 115.9, 61.2; HRMS
(DART-TOF) caled for Ci4HisN; [M+H] " 224.1182,
found 224.1184.

2-((BUIE R L) (R HL) B HE)-2- K LIR(5): IR
BIRAR, 772 48%, 2 1 dr. '"H NMR (400 MHz, Chlo-
roform-d) 6: 7.79~7.69 (m, 2H), 7.47 (t, J=7.8 Hz, 3H),
7.24 (d, J=16.1 Hz, 5H), 7.13 (t, J=17.6 Hz, 2H), 7.07 (d,
J=17.1 Hz, 1H), 6.97 (d, J=17.5 Hz, 2H), 5.38 (s, 1H), 5.16
(s, 1H); 3C NMR (101 MHz, Chloroform-d) J: 177.4,
144.4, 134.6, 133.1, 129.8, 129.5, 129.1, 128.8, 128.6,
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128.5, 128.4, 125.8, 125.7, 116.3, 69.5, 56.4; 'H NMR
(400 MHz, Chloroform-d) ¢: 7.40 (d, J=7.1 Hz, 2H),
7.27~7.14 (m, 8H), 7.03 (t, J=7.7 Hz, 2H), 6.88 (t, J=
7.4 Hz, 1H), 6.81 (d, J=8.0 Hz, 2H), 5.56 (s, 1H), 5.44 (s,
1H); 3C NMR (101 MHz, Chloroform-d) 6: 175.5, 144.4,
134.6, 133.1, 129.8, 129.5, 129.1, 128.8, 128.6, 128.5,
128.4, 125.7, 125.7, 116.3, 69.5, 56.4; HRMS (DART-
TOF) caled for CoHioN,O, [M+H]" 343.1441, found
343.1440.

N-(RUIE (R 38 1 58 -N- 2R B H 2R 2.1 (6): Ltz
B, 72 50%. '"H NMR (400 MHz, Chloroform-d) o:
7.71~7.45 (m, 2H), 7.46~7.36 (m, 3H), 7.30 (t, J=7.9
Hz, 2H), 6.96 (dd, J/=17.7, 7.8 Hz, 3H), 5.88 (s, 1H), 4.10
(q, J=7.1 Hz, 2H), 4.04~3.89 (m, 2H), 1.18 (t, J=7.1
Hz, 3H); *C NMR (101 MHz, Chloroform-d) 6: 169.9,
146.9, 132.7, 129.5, 129.3, 129.1, 127.7, 121.5, 116.6,
116.5,61.2,57.0, 51.3 14.1; HRMS (DART-TOF) calcd for
CisHioN,O, [M+H]" 295.1441, found 295.1447.

N-FRERHER(T): AGREE, 7% 67%. mp.
172.2~173.5 C; 'H NMR (400 MHz, Chloroform-d) J:
12.45 (s, 1H), 7.52 (d, J=17.5 Hz, 2H), 7.35 (t, J=7.4 Hz,
2H), 7.28 (d, J=7.2 Hz, 1H), 7.03 (t, J=7.7 Hz, 2H), 6.67
(d, J/=8.0 Hz, 2H), 6.54 (t, J=7.3 Hz, 1H), 5.10 (s, 1H);
3C NMR (101 MHz, Chloroform-d) J: 173.4, 147.4,
139.0, 129.2, 128.9, 128.2, 128.0, 117.1, 113.6, 60.3;
HRMS (DART-TOF) caled for Ci;4H14NO, [M + H] "
228.1019, found 228.1019.

2- KB IR 2- 2RI R O TR(8): e HPIRBAE, 77
% 54%. '"H NMR (400 MHz, Chloroform-d) 6: 7.25~7.13
(m, 7H), 6.79 (d, J=7.8 Hz, 3H), 6.42 (d, J=61.5 Hz,
2H), 5.31 (s, 1H), 2.59 (s, 3H); 3C NMR (101 MHz,
Chloroform-d) d: 172.3, 146.0, 137.6, 129.2, 128.9, 128.3,
127.2, 118.1, 113.43, 60.8, 52.8; HRMS (DART-TOF)
caled for CisHisNO, [M+H]" 242.1176, found 242.1174.

2-(FAECREL) Ik )-2- Ik LW IE(9): B EL IR
&, P23 77%. 'H NMR (400 MHz, Chloroform-d) o:
7.25~7.13 (m, 7H), 6.79 (d, J/=7.8 Hz, 3H), 6.42 (d, J=
61.5 Hz, 2H), 5.31 (s, 1H), 2.59 (s, 3H); 3C NMR (101
MHz, Chloroform-d) d: 174.2, 150.0, 135.4, 129.4, 129.1,
128.6, 128.1, 119.2, 114.9, 69.5, 35.3; HRMS (DART-
TOF) caled for Ci5sH;sN;NaO [M+Na]" 263.1155, found
263.1164.

N-"REE-N-FUEZR I (10): B EPIRIBAR, 72 43%.
"H NMR (400 MHz, Chloroform-d) J: 7.26~7.19 (m, 2H),
7.15 (dq, J/=6.9, 2.3, 1.6 Hz, 5H), 6.67 (d, J=8.2 Hz, 2H),
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6.62 (q, J=8.6, 7.8 Hz, 1H), 4.45 (s, 2H), 2.93 (s, 3H); 13C
NMR (101 MHz, Chloroform-d) &: 149.8, 139.1, 129.3,
128.6, 126.9, 126.8, 116.6, 112.4, 56.7, 38.5; HRMS
(DART-TOF) caled for CisHiN [M+H]™ 198.1277,
found 198.1278.

4 BIA1 Bl (Supporting Information) FrHLAYIN 'H
NMR, *C NMR 1 '°F NMR 3 . ix 2eppphn] DL 8% A
AF] WX 3k (http://sioc-journal.cn/) b F %,
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