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Simple Synthesis of Arylamines from Tetraynes via the
Hexadehydro-Diels-Alder Reaction
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Abstract Arylamines are widespread in natural products, pharmaceuticals and molecular materials, and are useful synthetic
building blocks. From a synthetic standpoint, the formation of C,;;—N bonds has been achieved by classical methods such as
nucleophilic aromatic substitution, electrophilic nitration/reduction, or the transition-metal-mediated arylation of amides. This
paper describes an efficient method for the synthesis of arylamines by the hexadehydro-Diels-Alder (HDDA) reaction of
tetraynes under catalyst-free condition. This process is achieved in the absence of metal catalyst, base or oxidant, and it does
not require the pre-installation of directing groups. This reaction exhibited an excellent regioselectivity, producing highly sub-
stituted fused yne-functionalized bicyclic compounds under mild conditions with good to excellent yields. All new products
were fully characterized by various spectroscopic techniques and high-resolution mass spectrometry. The molecular structure

of 3h was confirmed using single-crystal X-ray analyses.

Keywords arylamines; synthesis; C,r,i—N coupling; HDDA reaction

B REAk 05 AT AR ) i A7 AE T AR S PR T AN 2
Yok, W N REEZ . Jekl, folkZE4sR. c—N
RS AR [ N AR TR 5 e C—N B B B OEms, Jmid
C—N B I 2 05 [ B A A AL ) A 2 —.
SRS C—N BRI EE A S FE, 20
41 90 4FAX Hartwig! > fll Buchwald 255 J 15 [5] i i <7 b
J&& TARMEALIY) C—N ST R B 3 FK 2 2 Buchwald-
Hartwig %2 X AR SN, (HAL AL FIASTE B A% B0
IEEPE S XS BEFCAR AR | £ 1 A A A =
LA 20 T4 90 AEAR G IS, DA SR T ML

* E-mail: 1d-1@163.com

R 55 3L s 195 AR, HESD T B AL 7F
C—N ST AT I B AT, — e anigle, gk, g0
L BN C—N BRI ARIPGERE. ITFK
C—N BITE R & BORIE G T 0TI s, @it 75 i
TC 4 B AL BB Ak S 2 (i 9 51 Ay FIPL
Diels-Alder N i@ [4 4215 sexd #4275 Je itk
T RIRBE T A R SR 1S LA V2 B . I AR,
Hoye % U"V7E 3t 8 2 e 3K i gl BF 78 19 226 Atk b Tt 7
Diels-Alder JZ BT PR, 45 1% 27 1 s b7 F LAFTIK
7€ X, ¥ Z N hexadehydro-Diels-Alder (HDDA) % J¥.

Received September 20, 2014; revised October 15, 2014; published online November 7, 2014.
Project supported by the National Natural Science Foundation of China (No. 21272005).

K SRR EE 4 (No. 21272005) % BhI5 H .

724 http://sioc-journal.cn/

A ©2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 724~730



Chinese Journal of Organic Chemistry

ARTICLE

HDDA [ JT; T AR (P AR TR, 2 B 5% T LA
A 2R AN R R R, HEEh T 9T AR
J&. I, Lee i RH4LUATE SE 4L fy 0T U &AL L AE
HDDA M AUS IS T R 51 . HDDA W= (1)
R )R R R - B IR s s, 2 T 51k
T Er IR SEAZ OB E EE HE I N IR R A, RIS
WMER T EDD.

BAVE A L B Domimo S b7 7t S
LRIET RO K HDDA JniM, 7ExT
PULRIRALIY HDDA S BLff 2 e b At 5 v, FRA TR
EEH 22 A DU S R A AR S A% Cory— N A
N, = RG22 Re b 07 e AT AE .

1 GHR5TR
1.1 RNEHMHK

PURY) 2,2- = (5-XW 8 AR E-2,4- B R — 5=
PTG RN N,N-— BRI B s SO RS 71 R
ST [ E P R N A6 A AT T ARk, R R 1. &
HeHE 5 T VTN I B I52 (3R 1, Entries 1~5). K%
PEEUR I RIS IR, SRR IIRR T 2720 2 ik
PERERE=4 05, WG T ALY, IR 71%
(F 1, Entry 1). ZJERIEFINF, DRIHAREE m 2 A5 32
WA= 2 (7= )(2 1, Entry 3). 24 DMF Jyi& 7, HX
BT A5 NHERFZ 81%(% 1, Entry 4). 24/ DMSO A
TR, =308 2 PR K (3R 1, Entry 2), 25T DMSO #
Gy Oy RRRE S DU B R AR T B S N, %I TAERATIELE
o,

— UABAR SIS AR R VR A > K DMF #/E NI
FUEH, BEANRS T E S MeE. fEX DMF/H,0 ¥ 7]
BE b R B, FARFREL A 10 0 1 B RS B, 185
88% KL F5 =% (% 1, Entry 5). {HEHE Z /K5I AN HT
ARTERI R, RN IEA S AR, SRR ) ok
I, Breslow Z£57E 1980 451 R BL/KAZ i Diels-Alder
AT RE, Bk 5 XCH IR 2 S adEfh A At
XA GHAT T IR TR RS g4 L, 76
Diels-Alder B A I ZKELFL B ARPEE T, 7T LUK
BER AT, ST KBAIRERINIET], 1EIG7K KR B
BRI ESKERT, RECEREINR.

BRI T RPN AEIREE. 16 80 C41F T =M
B, R 14% 72, REREN 90 CHEERESE T
T1%HI7=2(F 1, Entry 7), #F— B8 EEE N 100 CH,
FPERME A 88%, ARLETHE 110 CH 2 RIgA N &R(E
1, Entry 8). #i7€ T S N 100 C & DMF/H,0 ¥
7, 15 S )5 S N IR2M(FR 1, Entry 9~12, 5)H,
o B B 12 h Ay B3 L TR SIS RR ) . 248 2% s A
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R VRIS A SR 2 AL

Table 1 Optimization of the anilines under catalyst-free amina-

F F /@
N
O O IPrO,C .O
(-
(/-

tion of tetraynes

/
@”‘K i-PrO,C O
—_—
I F

ipro,c  COPr L
Entry Solvent T¢/°C t/h Yield”/%
1 Toluene 100 12 71
2 DMSO 100 12 53
3 CH,CN 100 12 11
4 DMF 100 12 81
5 DMF/H,0 100 12 88
6 DMF/H,0 80 12 9
7 DMF/H,0 90 12 71
8 DMF/H,0 110 12 86
9 DMF/H,0 100 6 67
10 DMF/H,0 100 8 74
11 DMF/H,0 100 10 84
12 DMF/H,0 100 14 88

© 2015 Chinese Chemical Society & SIOC, CAS

“ 0l bath temperature. * Yield of the isolated product after flash column chro-
matography.

RINEAR At V79 DMF/H,0 (V : V=10 : DR E
WA, RMNIZEE 100 °C, RMNIHEY 12 h.
1.2 REKEYMERTEE

TEZRAT VU e A 5 IR A S B 1) e R S B 26 A
5L VY BRI ANAN [F) e S AE S S 3 G Bl DA
EMER VYBRAAFRR M — . 2. =i fEAI
T3 R AT IR BE, S R, e A IR N 38 g B A T
FEE(FR 2). TRAVY S A ok 25 AR v 75 R E AT SRR FE 1)
W FL - B = R R, TR PR A I ) 45 HL - R
PN EAR. YRR g E AR 7, R IRREE
13T B (U (3 2, Entries 13, 18). WUtk Ik oK i i
FEIRE AP R b sy, IRBRARIEH, Fe 2 IA ] 81%~
83% (3 2, Entry 18).

AN — . . =GR 5 e fe
VUi i 4= HDDA ZY AV [ ST 3845 — 0 — 205 i
AW, EEHET . Rl 2k R, =
T IESEAN I NG W A E R, R IIAX L i 17 e 22 e[ DY
AR, 1% HDDA S AN [F] 546 1R 55 G R I 1
JUREE, R A R BRSO 2,6- — 5 R R A
NIEDD, JREUE T 76%~82%H K I 723 (& 2, Entry
18). HIMFE HPUKRA) HDDA Ak 5o Skt DU B A7 iz ) s
WG HAT ARG BE A A 2 1t AN 25 2.
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Table 2 The synthesis of the multifunctionalized anilines from tetraynes

R R! RS R
| | | I DMF/H,0
+ NRZRRY ——— Y,
1 2 100°C, 12 h R
v I
1 R1
3
Entry Y R R? R® R* Product Yield”/%

1 C(COOEY), 4-MeCqH,4 H H n-Bu 3a 72
2 C(COOQi-Pr), 4-FCeH,4 H H n-Bu 3b 79
3 C(COOQi-Pr), Ph H H HC=CCH, 3c 81
4 C(COOi-Pr), Ph H Cyclopropyl 3d 74
5 C(COOQi-Pr), Ph H H C¢H4CH, 3e 80
6 C(COOEY), 4-MeCqH,4 H H 2,6-(i-Pr),CeH; 3f 76
7 C(COOQi-Pr), 4-FCeH,4 H H 2,6-(i-Pr),CeHs 3g 82
8 C(COOEY), Ph H H 2,6-Me,CgH; 3h 83
9 C(COOMe), 4-MeCqH,4 H Et Et 3i 82
10 C(COOQi-Pr), 4-CIC¢H, H Et Et 3j 85
11 C(COOQi-Pr), 4-FCeH,4 H Piperidin-1-yl 3k 81
12 C(COOE), 4-MeCqH,4 H Me Ph 31 85
13 TsN 4-FC¢H, H Me Ph 3m 76
14 C(COOQi-Pr), 4-FCeH,4 Me Me Ph 3n 88
15 C(COOMe), 4-CIC¢H, Me Me Ph 3o 82
16 C(COOQOEY), 4-MeOC4Hy n-Bu n-Bu n-Bu 3p 77
17 C(COOEY), Ph n-Bu n-Bu n-Bu 3q 85
18 TsN n-Bu n-Bu n-Bu n-Bu 3r 78

“ General conditions: substrate 1 (1.0 equiv) and amine (1.1 equiv) in 7 mL of DMF and 0.7 mL of H,O at 100 C for 12 h. ® Yield of the isolated product after flash

column chromatography.

1.3 RIHLIE

254 UL B 25 IR S A 5 Sk Y, AT A%
SN HIHLEE(Scheme 1) & =Dt f2: (1)JEPIIURAE N
PRI N E 71 HDDA JIFETE s A 44 A (2) A HLIE
e LT I R O F T SRR J R TR 44 B (3) R TR A
B Pk Tt B p-SUE T R R s
Itk 0 ik R E BN AR T, M MRS
TR AT BRI RS 25, RN B =) 3.

L H R I PR R i B R R AT A I R 3 AT
SAZF — =4, KT H 2R % 5 DY e ) ) S ATLER T A 4 |
. (0 FOR S D i) R RIS DMF A
TR H S UE SE 2R AR R IE TR A, AT RE SRR
F o H KRN, (H R & DU R
%, HETIEAE#— SR H.

2 Zhig

CAES R Z AR DU BONRY), ETEE R ML i
Ingil JeEA oA ORISR T A% 5
IARFN —S =% =ZHaMIiE k714K : HDDA
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Scheme 1 Possible reaction mechanism
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DRk PENE, N FTISRAC G IS ARt T — 2% 52
HRA R TLGHERER. a2 s+
BRAERIE, JERAGLEY) 3h (SRS 1), b
PREE R A7 T [ S M8 P o, CCDC 504 1024979.

C(33)
Cc(27) C(28) C(34)

cen e
c(22)

B 1 LG9 3h (b iALiiy

Figure 1 Molecular structure of compound 3h

3 SEEESs
31 X5

IXE%: VAT XT-4 BINH RAUE S0 e, g 4b
FeiE ] Nicole Avatar 360 {837 AR 27 4 1840
(KBr JEF); #ZHE3R 1% A Bruker Avance 300 HYAZ g1t
PRUEACI 52, CDCl3 NIEF, TMS RFR; 1553 30 i A
Agilent 6220 JRBELUNE, APCI L7, #ENTRER
FH 300~400 H.
32 WK

RGNS WSCHR[14]. 5 BERT A — A b
BR. £ 25 mL (1) Schlenk J B8 FRINN— 7€ Jit & PY R
¥)(1 mmol). (1.1 mmol), VEAN 7 mL DMF #{#£ 0.5 h
JEHEN 0.7 mL HyO, ZRJEI#E 100 °C, M 12 h. Jx
MR, A AR, A 30 mL H,O0, H 30 mL ZFfRZ
BEAEHUA HLZ 3 K. A HZ T K MgSO, T4 )5 28 FR 1K
B, BT PR SRR AR E N VCH EE)
V(LR CTR)=20  11itkE, 3 31m& ML=

S H IR JE -4- 5 B 2B -7-1E T R SR -1 H-Efi-
2203H)- 4. R LFE(3a): ABEE, 77F 72%. mp.
131~132 °C; 'H NMR (300 MHz, CDCly) 6: 7.56 (d, J=
8.1 Hz, 2H), 7.26~7.18 (m, 4H), 7.07 (d, J=7.8 Hz, 2H),
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6.48 (s, 1H), 4.28~4.21 (m, 4H), 3.81 (s, 2H), 3.55 (s,
1H), 3.43 (s, 2H), 3.18 (t, J=6.9 Hz, 2H), 2.41 (s, 3H),
233 (s, 3H), 1.66~1.59 (m, 2H), 1.47~1.39 (m, 2H),
1.29 (t, J=6.9 Hz, 6H), 0.96 (t, J=7.2 Hz, 3H); *C NMR
(75 MHz, CDCly) 6: 171.8, 144.6, 144.0, 143.9, 138.5,
137.3, 136.8, 130.9, 129.2, 128.9, 128.5, 122.4, 121.4,
109.5, 106.0, 93.4, 87.8, 61.9, 59.4, 43.3, 41.4, 37.8, 31.6,
21.5,21.3,20.3, 14.1, 14.0; IR (KBr) v: 3387, 2976, 2951,
1726, 1601, 1510, 1364, 1273, 1190, 1069, 1013, 812, 741
cm '; HRMS (APCI) caled for CisHy NO, [M+H]"
538.2952, found 538.2947.

506} A F -4 UK bR -7-1E T R B -1 H- i -
220H)- 4 R R A EEGEb): A EE A, 72K 79%.
m.p. 202~203 ‘C; '"H NMR (300 MHz, CDCLy) 6: 7.57
(d, J=6.0 Hz, 2H), 7.28~7.21 (m, 2H), 7.11 (t, J=7.2
Hz, 2H), 6.97 (t, J=7.2 Hz, 2H), 6.43 (s, 1H), 5.12~5.04
(m, 2H), 3.75 (s, 2H), 3.59 (s, 1H), 3.89 (s, 2H), 3.18 (t,
J=6.0 Hz, 2H), 1.66~1.59 (m, 2H), 1.47~1.40 (m, 2H),
1.26 (d, J=6.3 Hz, 12H), 0.96 (t, J=7.2 Hz, 3H); "°C
NMR (75 MHz, CDCl3) 6: 171.2, 163.8 (Jo.r=258.4 Hz),
163.6 (Jor=247.8 Hz), 1442, 137.4, 132.7, 132.6, 131.0,
130.9, 122.8, 115.6, 115.3, 114.7, 114.5, 109.3, 92.2, 87.8,
69.4, 59.3, 43.3, 41.2, 37.7, 31.6, 21.6, 20.3, 13.9; IR
(KBr) v: 3389, 2984, 2936, 1732, 1560, 1506, 1366, 1273,
1252, 1227, 1182, 1107, 1065, 878, 831, 750, 694 cm ';
HRMS (APCI) caled for C3sH3sF,NO, [M+H]574.2763,
found 574.2756.

5-ORFE-4-OR PR -T- O S HE-1H-E1-2,23H)- &
TR MEE@Ge): AMEAE, 7 81%. mp. 124~
125 “C; '"H NMR (300 MHz, CDCl;) d: 7.65 (d, J=6.9
Hz, 2H), 7.46~7.36 (m, 3H), 7.29~7.24 (m, 5H), 6.59 (s,
1H), 5.13~5.04 (m, 2H), 4.01 (s, 2H), 3.89 (s, 1H), 3.79
(s, 2H), 3.44 (s, 2H), 2.27 (s, 1H), 1.26 (d, J=6.0 Hz,
12H); *C NMR (75 MHz, CDCl) 0: 171.2, 144.8, 144.4,
142.6, 141.1, 131.1, 129.5, 128.2, 127.9, 127.5, 127.4,
1242, 123.8, 110.4, 107.5, 93.7, 88.2, 80.5, 72.0, 69.5,
59.5,41.3,47.8, 33.3, 21.6; IR (KBr) v: 3374, 3319, 3051,
2084, 1724, 1595, 1491, 1373, 1346, 1281, 1260, 1196,
1144, 1105, 1069, 835, 748, 683 cm'; HRMS (APCI)
caled for C34H34NO, [M+H]" 520.2482, found 520.2480.

S5-I HE AT LRI R - 1H-2-2,2(3H)- 2
TR RABEGA): [EEE, PE 74%. mp. 119~
120 ‘C; 'H NMR (300 MHz, CDCl3) d: 7.68 (d, J=6.9
Hz, 2H), 7.47~7.37 (m, 3H), 7.32~7.23 (m, 5H), 6.91 (s,
1H), 5.12~5.04 (m, 2H), 3.79 (s, 2H), 3.37 (s, 2H), 2.50
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(s, 1H), 1.26 (d, J=6.3 Hz, 12H), 1.16 (d, J=6.3 Hz, 1H),
0.75 (d, J=5.7 Hz, 2H), 0.57 (s, 2H); *C NMR (75 MHz,
CDCly) 6: 171.2, 144.7, 144.4, 144.1, 141.4, 131.0, 129.5,
128.2, 127.8, 127.4, 1272, 124.4, 122.8, 110.9, 106.6,
93.4, 88.4, 69.4, 59.4, 41.3, 37.7, 25.0, 21.6, 7.7; IR (KBr)
v: 3381, 3057, 2980, 1721, 1595, 1491, 1452, 1358, 1285,
1196, 1103, 1067, 910, 816, 758, 690, 525 cm™'; HRMS
(APCI) caled for Cy,HiNO, [M+H]" 522.2639, found
522.2635.

5-REE-4-K O EE TR R -1 H-H1-2,2(3H)- £ —
B — N EE Be): H A 4K, 2% 80%. mp. 132~
133 °C; 'H NMR (300 MHz, CDCL3) d: 7.57 (d, J=6.3
Hz, 2H), 7.41~7.34 (m, 7H), 7.33~7.27 (m, 7H), 6.58 (s,
1H), 5.13~5.04 (m, 2H), 4.41 (s, 2H), 3.80 (s, 2H), 3.46
(s, 2H), 1.26 (d, J=6.3 Hz, 12H); C NMR (75 MHz,
CDCly) d: 171.2, 144.9, 144.2, 143.8, 141.2, 138.6, 131.0,
129.4, 128.8, 128.2, 127.8, 127.8, 127.6, 127.4, 127.3,
124.4, 123.1, 109.9, 106.5, 93.5, 88.4, 69.4, 59.4, 48.0,
41.4, 379, 21.6; IR (KBr) v: 3387, 2980, 1726, 1593,
1493, 1373, 1277, 1103, 1055, 910, 752, 700 cm™'; HRMS
(APCI) caled for CyHisNO, [M+H]" 572.2795, found
572.2797.

5% H 2R F-4- (0 K 2R 3E)-7-[(2,6- - S I 2K 3L )
BHE-1H-¥-2,2(3H)- £ R — LR @3f): A Gk, 7
# 76%. m.p. 162~163 “C; '"H NMR (300 MHz, CDCl;)
8: 135 (d, J=17.5 Hz, 2H), 7.25~7.17 (m, 5H), 7.14~
7.06 (m, 4H), 6.02 (s, 1H), 5.00 (s, 1H), 4.32~4.25 (m,
4H), 3.87 (s, 2H), 3.61 (s, 2H), 3.21~3.12 (m, 2H), 2.34
(s, 3H), 2.32 (s, 3H), 1.3 (t, J=7.2 Hz, 6H), 1.18~1.13
(m, 12H); *C NMR (75 MHz, CDCly) d: 171.8, 147.4,
144.5, 144.3, 143.7, 138.1, 137.4, 136.8, 134.3, 131.0,
129.1, 128.9, 128.4, 127.7, 123.9, 122.2, 121.3, 111.1,
107.1, 110.9, 93.7, 87.5, 62.0, 59.7, 41.5, 37.9, 28.4, 24.6,
23.3, 14.1; IR (KBr) v: 3373, 3022, 2959, 1722, 1599,
1493, 1362, 1259, 1180, 1072, 864, 816, 606 cm™'; HRMS
(APCI) caled for CyHuNO, [M+H] ' 642.3578, found
642.3570.

5-5%F G R -4-Cof R SRR )-T-[(2,6- — R T AR EE)
FHE-1H-8-2,2GH)- £ R — # N s (3g): A [ 4k,
FEE 82%. m.p. 148~149 C; 'H NMR (300 MHz,
CDCLy) 0: 7.41~7.37 (m, 2H), 7.29~7.19 (m, 5H),
7.03~6.93 (m, 4H), 6.00 (s, 1H, Ar-H), 5.17~5.09 (m,
2H), 5.04 (s, 1H), 3.82 (s, 2H, CCH,), 3.59 (s, 2H, CCH,),
3.19~3.11 (m, 2H), 1.29 (d, J=5.7 Hz, 12H), 1.14 (dd,
J=6.9, 6.9 Hz, 12H); “C NMR (75 MHz, CDCl;) o:
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171.1, 163.8 (Jor=246.1 Hz), 163.7 (Jor=248.8 Hz),
147.4, 1445, 1439, 134.0, 132.8, 132.7, 130.9, 127.9,
124.0, 122.6, 115.5, 115.3, 114.6, 114.3, 110.7, 106.7,
92.5,87.5,69.5, 59.7, 41.3, 37.8, 28.4, 24.5,23.2, 21.6; IR
(KBr) v: 3389, 2970, 1709, 1603, 1578, 1466, 1354, 1157,
1105, 835, 752, 687 cm '; HRMS (APCI) caled for
C43HyFoNO, 678.3389 [M—+H]", found 678.3383

S5-I FE 4T LRI -T[(2,6- 7 H ORI R FE)-1H-H-
2,2(3H)-Z. R — ZEE((3h): AMEAE, =% 83%. m.p.
197~198 “C; "H NMR (300 MHz, CDCl;) 6: 7.49 (d, J=
7.2 Hz, 2H), 7.35~7.23 (m, 8H), 7.08 (d, J=6.3 Hz, 3H),
6.07 (s, 1H), 5.08 (s, 1H), 4.30~4.27 (m, 4H), 3.88 (s,
2H), 3.60 (s, 2H), 2.23 (s, 6H), 1.31 (t, J=6.9 Hz, 12H);
BC NMR (75 MHz, CDCly) d: 171.7, 144.7, 144.6, 142.2,
140.9, 137.2, 136.0, 131.1, 129.4, 128.7, 128.2, 127.7,
127.5,127.2, 126.4, 124.3, 123.2, 111.2, 107.2, 93.7, 88.2,
62.0,59.7, 41.4, 37.9, 18.4, 14.2; IR (KBr) v: 3372, 3030,
2980, 1711, 1605, 1491, 1362, 1304, 1248, 1188, 1070,
866, 756, 690 cm™'; HRMS (APCI) caled for C3,H3gNO,
558.2639 [M+H]", found 558.2633.

5-5F H 2 Fk -4- X6 F R Z B B T-[(VN- L L) R
HI-1H-Hi-2,2(3H)- £ — 1 — W E&(3i): ik, =%
82%. 'H NMR (300 MHz, CDCl3) d: 7.54 (d, J=7.8 Hz,
2H), 7.26 (s, 4H), 7.10 (s, 4H), 6.77 (s, 1H), 3.85 (s, 2H),
3.79 (s, 6H), 3.62 (s, 2H), 3.18 (d, J=6.0 Hz, 4H), 2.41 (s,
3H), 2.34 (s, 3H), 1.30~1.09 (m, 6H); *C NMR (75 MHz,
CDCly) 6: 172.3, 147.1, 144.7, 143.2, 138.1, 137.7, 136.8,
131.1, 130.3, 129.2, 128.9, 128.5, 121.0, 118.8, 109.9,
94.4,87.3,59.7, 53.1,45.5, 41.3, 40.5, 21.5, 21.3, 12.8; IR
(KBr) v: 3036, 2948, 1737, 1593, 1512, 1457, 1365, 1269,
1071, 814, 647 cm™'; HRMS (APCI) caled for C33H36NO,
[M-+H]" 510.2639, found 510.2633.

55 G IR Fk -4- X6 G LR FE-T-[(VN- L LR
BE-1H-8i-2,23H)- & . — 5 N BR3j): A Ak, 7=
# 85%. m.p. 150~151 ‘C; "H NMR (300 MHz, CDCly)
8:7.59 (d, J=6.9 Hz, 2H), 7.44 (s, 2H), 7.29 (s, 4H), 6.74
(s, 1H), 5.13~5.03 (m, 2H), 3.81 (s, 2H), 3.61 (s, 2H),
3.26 (s, 4H), 1.31 (s, 12H), 1.29~1.12 (m, 6H); °C NMR
(75 MHz, CDCly) 8: 171.5, 147.3, 145.5, 142.2, 139.4,
133.5, 133.2, 1322, 130.8, 130.7, 128.6, 128.0, 122.4,
118.4, 109.2, 93.4, 88.6, 69.0, 59.7, 45.6, 40.8, 40.3, 21.7,
12.5; IR (KBr) v: 3056, 2967, 2872, 1731, 1587, 1521,
1489, 1376, 1251, 1196, 1097, 827, 724, 652 cm”'; HRMS
(APCI) caled for C35H3sCLNO, [M+H]"™ 606.2172, found
606.2169.
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5 G R F -4- X B L bR -7 AR -1 H- B -
2203H)-4 R R ABEGK): AGEAE, 77E 81%.
m.p. 175~176 °C; '"H NMR (300 MHz, CDCl;) : 7.55 (t,
J=8.4 Hz, 2H), 7.27 (d, J=17.2 Hz, 2H), 7.07 (d, J=9.0
Hz, 2H), 6.95 (d, J=8.4 Hz, 2H), 6.73 (s, 1H), 5.11~5.03
(m, 2H), 3.72 (s, 2H), 3.56 (s, 2H), 3.01 (s, 4H), 1.71 (s,
4H), 1.58 (s, 2H), 1.26 (d, J=6.0 Hz, 12H); *C NMR (75
MHz, CDCly) o: 171.2, 163.9 (Jor=246.5 Hz), 163.8
(Jer=247.3 Hz), 150.1, 144.8, 142.9, 133.0, 132.9, 131.0,
130.9, 117.3, 115.7, 115.4, 114.8, 114.5, 93.3, 87.3, 69.3,
60.0, 51.9, 40.9, 39.8, 26.3, 24.3, 21.6; IR (KBr) v: 3027,
2956, 1726, 1602, 1506, 1365, 1256, 1168, 1057, 837, 741
cm '; HRMS (APCI) caled for C;;H77F,N,0 [M+H]"
586.2763, found 586.2757.

5-5%F FH R JE-4- 300 FHOR 2 e d-7-[(N- P R -N-2R ) 2
F-1H-B-2,23H)- 2. B — .l @)): AMGEIE, =%
85%. m.p. 91~92 ‘C; 'H NMR (300 MHz, CDCl3) o:
7.56 (d, J=8.1 Hz, 2H), 7.30~7.20 (m, 6H), 7.10 (t, J=
7.5 Hz, 2H), 6.86~6.77 (m, 3H), 4.23~4.16 (m, 4H), 3.81
(s, 2H), 3.33 (s, 3H), 3.29 (s, 2H), 2.41 (s, 3H), 2.35 (s,
3H), 1.24 (t, J=6.9 Hz, 6H); °C NMR (75 MHz, CDCl;):
5 171.6, 148.3, 145.5, 144.2, 144.2, 138.2, 137.4, 137.2,
134.6, 131.4, 131.3, 129.1, 129.1, 128.9, 128.7, 124.7,
120.7, 119.2, 116.3, 95.7, 86.8, 61.8, 59.5, 41.2, 40.0, 39.6,
21.6, 21.3, 14.1; IR (KBr) v: 3022, 2980, 1728, 1587,
1497, 1476, 1364, 1279, 1248, 1180, 1157, 1107, 1070,
860, 814, 750, 692 cm~'; HRMS (APCI) caled for
CasH3sNO, [M+H]" 572.2795, found 572.2789.

6- XoF F AR T - 7- 0 G £ ok - V- Y i - - 2 D -2 56
FH SR B 0L I S M| R Ik -4- 2 (Bm): AL BB 4K, P23 76%.
m.p. 192~193 “C; 'H NMR (300 MHz, CDCl;) J: 7.61
(d, J=8.4 Hz, 2H), 7.58~7.54 (m, 2H), 7.31~7.22 (m,
6H), 7.12 (t, J=8.7 Hz, 2H), 7.02 (t, J=8.4 Hz, 4H), 6.82
(d, J=8.4 Hz, 2H), 4.71 (s, 2H), 4.07 (s, 2H), 2.31 (s, 3H),
2.42 (s, 3H); >C NMR (75 MHz, CDCl;) J: 163.6 (Jer=
245.6 Hz), 147.8, 144.1, 143.9, 143.6, 141.4, 133.5, 133.2,
133.1, 130.9, 130.8, 129.8, 129.4, 128.8, 127.7, 122.0,
119.8, 115.8, 115.1, 114.9, 110.4, 94.9, 85.5, 54.4, 53.8,
40.8, 21.5; IR (KBr) v: 3061, 2953, 1605, 1508, 1495,
1373, 1342, 1217, 1167, 1098, 1055, 839, 667 cm '
HRMS (APCI) caled for CsHxF.N,0,S [M + H] "
591.1912, found 591.1909.

50 FRAR FE-4- X SR £ T -7 [(N- P B -N-2R ) 2
B ]-1H-8i-2,23H)- & — 8 — F N E@Gn): A&k, 7=
% 88%. m.p. 128~129 C; 'H NMR (300 MHz, CDCl)
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8:7.61~7.59 (m, 2H), 7.34~7.20 (m, 4H), 7.11 (t, J=9.0
Hz, 2H), 7.00 (t, J=8.4 Hz, 3H), 6.86~6.78 (m, 3H),
5.07~4.99 (m, 2H), 3.74 (s, 2H), 3.32 (s, 3H), 3.24 (s,
3H), 1.20 (dd, J=6.3, 6.3 Hz, 12H); *C NMR (75 MHz,
CDCly) d: 171.1, 164.0 (Jor=247.1 Hz), 148.3, 145.7,
144.6, 143.4, 135.0, 133.2, 133.1, 131.0, 130.9, 129.2,
124.4, 119.5, 116.6, 115.8, 115.5, 115.0, 114.7, 94.5, 86.8,
69.3, 59.5, 41.0, 40.0, 39.6, 21.6; IR (KBr) v: 2984, 2936,
2897, 1732, 1599, 1506, 1366, 1273, 1227, 1182, 1107,
1065, 878, 831, 750, 694 cm™!; HRMS (APCI) calcd for
C3sH3oF,NO, [M+H]' 608.2608, found 608.2602.

555 IR I -4 EK 2R FE-T-[(V-F JE-N-2R ) &
F-1H-B-2,23H)- 2 — 1 — W5 (30): AMEM, 77K
82%. m.p. 111~112 “C; "H NMR (300 MHz, CDCL;) ¢:
7.55 (d, J=9.0 Hz, 2H), 7.38 (d, J=8.7 Hz, 2H), 7.28~
7.22 (m, 7H), 7.04 (s, 1H), 6.79 (d, J=7.8 Hz, 2H), 3.78
(s, 2H), 3.73 (s, 6H), 3.34 (s, 3H), 3.24 (s, 2H); *C NMR
(75 MHz, CDCly) &: 171.9, 148.1, 145.6, 144.8, 143.3,
138.6, 134.5, 134.2, 133.6, 132.6, 132.5, 130.6, 129.2,
128.7, 128.1, 123.9, 121.9, 120.0, 117.2, 113.5, 113.0,
112.6, 94.6, 88.0, 59.4, 53.1, 41.2, 40.2, 39.8; IR (KBr) v:
3028, 2933, 1735, 1593, 1492, 1361, 1250, 1013, 829, 752
cmfl; HRMS (APCI) caled for C33HpCILNO, [M—l—H]+
584.1390, found 584.1389.

5= AR R ik -4- 06 FH AR BBk -7-[(V,N- 7T %)
R 1H-E-2,20H)- 4 — R — LFs3p): HEamik, =
# 77%. "H NMR (300 MHz, CDCl;) d: 7.58 (d, J=6.3
Hz, 2H), 7.26 (d, J=8.1 Hz, 2H), 6.97~6.95 (d, J=6.6
Hz, 2H), 6.79 (d, J=8.1 Hz, 2H), 6.75 (s, 1H), 4.21 (d, J=
7.2 Hz, 4H), 3.85 (s, 3H), 3.78 (s, 3H), 3.76 (s, 2H), 3.58
(s, 2H), 3.10 (d, J=6.6 Hz, 4H), 2.41 (d, J=5.1 Hz, 4H),
1.47~1.36 (m, 4H), 1.27 (t, J=7.2 Hz, 4H), 0.90 (t, J=
6.9 Hz, 6H); *C NMR (75 MHz, CDCl;) §: 171.4, 159.1,
158.9, 147.4, 144.9, 142.8, 133.6, 132.8, 132.3, 130.3,
118.7, 116.3, 113.8, 113.0, 110.1, 94.3, 86.7, 61.9, 59.9,
55.1, 52.0, 41.1, 40.4, 29.8, 20.3, 14.2, 14.1; IR (KBr) v:
3042, 2967, 1728, 16047, 1509, 1466, 1283, 1251, 1172,
1068, 831, 672 cm '; HRMS (APCI) caled for C30H4sNOg
[M+H]" 625.3555, found 626.3473.

S5-I -4-TK LR FE-T-[(NN- T J) R FE - 1H- 8-
220H)-2 1 . ZHEE(3q): EOWAE, 7R 85%; 'H
NMR (300 MHz, CDCly) 6: 7.64 (d, J=7.2 Hz, 2H),
7.46~7.36 (m, 4H), 7.31~7.24 (m, 4H), 6.50 (s, 1H),
4.29~4.22 (m, 4H), 3.82 (s, 2H), 3.44 (s, 2H), 3.22~3.18
(m, 4H), 1.67~1.59 (m, 4H), 1.29 (t, J=6.9 Hz, 6H), 0.96
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(t, J=7.2 Hz, 6H); °C NMR (75 MHz, CDCL;) J: 171.7,
147.7, 145.1, 143.5, 141.0, 131.1, 130.7, 129.4, 128.1,
127.8, 127.5, 127.2, 124.1, 118.9, 109.6, 94.3, 88.1, 61.8,
59.4, 51.8, 41.4, 40.5, 29.6, 21.0, 20.3, 14.0; IR (KBr) v:
3048, 2961, 1732, 1587, 1465, 1361, 1243, 1179, 1071,
863, 752 cm '; HRMS (APCI) caled for C3HiNOg [M+
H]" 626.3476, found 626.3473.

N,N,6- =T F-7-(1- bR 3 )-2- X R 2R A I A2 S P e
WR-4-f%3r): B EBIA, 725 78%; '"H NMR (300 MHz,
CDCly) 6: 7.75 (d, J=8.1 Hz, 2H), 7.28 (d, J=7.8 Hz,
2H), 6.50 (s, 1H), 4.58 (s, 2H), 4.52 (s, 2H), 2.97 (t, J=6.6
Hz, 2H), 2.63 (t, J=6.6 Hz, 2H), 2.43 (d, J=6.0 Hz, 2H),
2.39 (s, 3H), 1.58~1.42 (m, 6H), 1.35~1.19 (m, 10H),
0.97~0.83 (m, 12H); “C NMR (75 MHz, CDCLy) ¢:
1453, 1452, 143.5, 140.4, 133.7, 129.8, 127.6, 124.7,
118.2, 109.9, 96.5, 76.3, 54.4, 54.3, 52.0, 34.3, 33.0, 31.0,
29.6, 22.6, 22.0, 21.5, 20.2, 19.3, 14.0, 14.0, 13.7; IR
(KBr) v: 2957, 2930, 1601, 1489, 1458, 1352, 1165, 1098,
1063, 814, 669 cm '; HRMS (APCI) caled for Cs3Hyo-
N,O,S [M+H]" 537.3487, found 537.3492.

4 BT KL (Supporting Information) =4 A% R AL |
WIS G A EY) 3h (SRR E . IX LeRA R AT DL A 9%
AT 353 (http://sioc-journal.cn/)_F %K.
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