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Copper Nanoparticles Catalyzed Three-Component Coupling of
Alkyne, Dihalomethane and Amine for the Synthesis of Pro-
pargylic Amine
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Abstract A copper nanoparticles-catalyzed three-component coupling reaction of alkyne, dihalomethane, and amine (AHA
coupling) was reported for the synthesis of propargylic amine. The catalytic AHA coupling reaction was carried out under mild
conditions with dihalomethane as substrate and solvent, and good to excellent yields were also achieved. Furthermore, the
nanoparticle catalyst could be recovered and reused effectively, and no obvious reduction on catalytic activity was observed
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BRI A R . T DRI A, A TAEREER
AR BLZEAET, R K BURL(Cu NPs)IE AL
fEAZ AHA BRI, FFAEH = & b/ E A R B Al
ME— A, WIEEAE A9 I B 2% A S8 I Fl, S AL 7 1,
AT IERA R, SEILR B 2R (k.

1 GR5TR

1.1 HEUEHRTFE
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TRt (3a) ) = A o AR IS R AR S B, 38 I i
FE Bl IEFISERIEIE, FHEREAYOREREN AHA &R
R A LR, iR s Rk 1 Fs.

5, YR 5 mol% Cu NPs 1E AL, — &Mk
YENTEF, 60 CF RN 24 h, L 28%)7= 155 =4 2
B~ RN 4a. _FIRSE LR, Cu NPs 1E AL
ATV IR 2k . R H e NEIEE K AHA
IR L, {H R N 2 A5 (3K 1, Entry 1).

2 8B [N R A B AR 2 equiv. FIERR, FTbA
AW E R AR R I — 58 & 1 Sk D Bl B =
AL RN R, W R, DO &
JPFEER, HgE B K 1 9 Entries 2, 4~7. B0
1 equiv.[IEHLEEUT Na,CO;, K,CO; Fl Cs,COs i KL,
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Table 1 Copper nanoparticals catalyzed AHA reaction of 1a,
2a and 3a

| | Cat., base Q%\
+ O + CHCl, ———— N
N Solvent, 60 °C Q
H

2a 3a 4a

Entry Cat. (mol%) Base (equiv.) Solvent Yield®/%

1 Cu NPs (5) None CH,Cl, 28
2 CuNPs(5) Cs,CO; (1) CH,CL 91
3 None Cs,CO;3 (1) CH,Cl, NR¢
4 CuNPs(5) Na,CO; (1) CH,CL, 34
5  CuNPs(5) K,CO; (1) CH,Cl, 86
6  CuNPs(5) TMEDA (1) CH,Cl, 77
7 CuNPs (5) DBU (1) CH)CL 76
8  CuNPs(5) Cs,CO; (2) CH,CL 93
9  CuNPs(5) Cs,CO; (0.5) CH,Cl, 65
10 CuNPs (10) Cs,CO; (1) CH,CL 92
11 CuNPs(1) Cs,CO; (1) CH,CL 70
12 CuNPs (5) Cs,CO;5 (1)  Acetonitrile 65
13 CuNPs (5) Cs,CO;5 (1) Toluene 68
14 CuNPs (5) Cs,CO; (1) CH,CL 63¢
15 CuNPs(5) Cs,CO5 (1) CH,Cl, 93/
16 CuNPs (5) Cs,CO; (1) CH,CL 922
17 zﬁlﬁp‘ie(l Ss)upported Cs,COs (1)  CH,Cly 86
18 ifil;‘;igzned Cs,COs (1)  CH,Cly 83
Activated-carbon
19  supported Cu Cs,CO; (1) CH,Cl, 50

NPs (5)

© 2015 Chinese Chemical Society & SIOC, CAS

“ Molar ratio of phenylacetylene to piperidine is 1 : 1.2, 2 mL of CH,Cl, as
substrate and solvent, stirred in a sealed tube at 60 C. ° Isolated yields. ¢ No
reaction. ¢ Molar ratio of phenylacetylene to CH,Cl, is 1 : 1.1. ¢ Reaction was
carried out at 50 “C./Reaction was carried out at 70 ‘C. ¢ Reaction was car-
ried out at 80 C.

I Na,CO; B F= 2 42 5 2] 34%, M K,CO; Fl
Cs,CO; Jar= R R A RZERE, 7 IEH] 86%H 91%; [F
B FRATTIE S NG WL % S, oAl 1
equiv.ffl DABCO 1 DBU i, RIL= R WA I &1
w1, AR 77%8 76%.

ERgE R, Mo N SR K,COs Al
Cs,CO; B, BB1F BN E = ORI R B= 9, I ELR P ik
5, RO E. Hd L Cs,COs VE BRI, 1% 5 B
RAGIA B .

A It B B 4T T % %25(3R 1, Entries 8, 9),
SRR LRSI RE, A 1 equiv. $ME| 2
equiv. i, =B IA AR B B AR BRI 1
equiv.FFIKE] 0.5 equiv.if, Z M2 H FE R 91% K
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8 FPEE 65%, BEHIARA HC H 2 3% v ik
17, AN LS & 1IHR CAGRAIE S B AT (3R 1, Entry
2 vs. Entry 9). &R 1 equiv.H Cs,CO; 72 LLER
HIEM.

EAFE R A N SCHR[20~ 231/ iE T %01, Har
£ AHA IR, B RUENRER, A
R [F] I ) FH AR A B — I8 71, 3 ZIUI N LBV FRIEAT
Fik%, W WA DMSO. DMF. Zfi54%; &8 —a kK
AR T RBLEAT. X TCEEGIN T B 5 ek, B
R THRRMCE, NIEAERA R T A ZE M. 15 3C
BRIRIE S5 FAR S, MHTIRSEIR 45 HmT UG H, 7EFRATHR
TE M) Cu NPs AL AHA [, wTDUg A — SR e ]
IR SR AR 711

SRR L, BT & . .
FAENTEFFIARFRBR(FE 1, Entries 2, 12, 13). £HE
B SRR RV R S SR B i, P et 1M
R CHERH 2R, R R MABREHT, (HRH 65%F
68%I1 =R, _FiRGE BULHZ Cu NPs LA RPAT
BNV, g T SRR e T A R T s B
17, HASFES R R PIRR e, &P eiE R s
FH {58 i Ak 350 B Ay A

EARFEAAE HIJE, KiZ Cu NPs {144 R ATk
2114 TE 1 CuCl i fh A 5 A0 17 B2 L A, STk A R
CuClEAMEAT, 2 H =& R el s —ia iy, R
133 0% B =4, 1A A R S0 e/ o B
— T, 1921 92% MR IZ =), &R T 1% Cu NPs fi#fh
P R [ 2 Ak

XTS5 S BEREAT 52, 4 a1 % R AR R AE
50, 60, 70 F1180 CHJ M=% (% 1, Entries 2, 14~
16). &5 R W T =y B i i e AR k1% I LI R AT, R
R A 60 CHE, =K E] 91%, i FFKH]
50 CHF, P IORIEME, MR 60 C4kalig hns|
70,80 CHJ, JNir=Zau& Hghn, (HIE &R /.

RIS, 224k A £ R K ORGSR A T A
(% 1, Entries 17~19). HH DU 712, Cu NPs F1 %
HEEL Cu NPs IR ELF, (HIFMKT Cu NPs;
T PR 138 Cu NPs S 5 W F0 4 A0 25 R e 22,

BRIk Ah, PAART2AF(EE 1, Entry 2)% He 4w i
WFHNFEAT T VPO, Fgh Rk 2 firs.

B, FEE TN IB REJEN Ag 2h % Ag NPs fE
TP % AHA [ M(3 2, Entries 1, 2). 4551 % W,
&R Ag HAREMEAIZ R BIHELT, LL 70%76 45 7 215
BB, AR H R IR Bl o B = B e AR, 7
YA —.

Zn EhBINEF PN T Wi, EF AR Zn 2h
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#£2 HeSRMELFIEIT 1a, 2a Fl 3a () AHA K ¢
Table 2 AHA reaction of 1a, 2a and 3a catalyzed by other met-
al catalysts

O Cat., base Q%\
* CH2C'2 Solvent, 60 °C <N >

4a

Entry  Cat. (mol%) Base (equiv.) Solvent Yield®/%

1 Agl(5) Cs,COs (1)  CHClL, 72
2 AgNPs(5) Cs,COs (1)  CHClL, 67
3 Zn(OAc), (5) Cs,COs (1)  CHCL, 71
4 ZnBr, (5) Cs,COs (1)  CHClL, 72
5 ZnCl (5) Cs,COs (1)  CH)Cl, 84
6 AICL (5) Cs,COs (1)  CHClL, 78
7 CoCl, (5) Cs,COs (1)  CHClL, 62

© 2015 Chinese Chemical Society & SIOC, CAS

“ Molar ratio of phenylacetylene to piperidine is 1 : 1.2, 2 mL of CH,Cl, as
substrate and solvent, stirred in a sealed tube at 60 C. b Isolated yields.

WEEHEILES . By FE =2 BEERNI(AS B0 AT
(Rl E, %500 Zn 540 0T B fE A0 9 BT AHA AR S AT
SEEGUEH, Zn 2R THIGKEURL AN AHA S
ORI — R AT RN T =R zZn
Zn(OAc),, ZnBr, fl ZnCl,, #FEEIRLT AL AHA SN
4T (R 2, Entries 3~5). H AL ZnClL R T, AL
FEEAGIL T 84%. (AfHEE M, ELL ZnCl, fE N
FUF, JCRF S SONIEF N P ) A Ad
HRDAZBEAT A T A 3, A 2 L IR UE A R H
Tk, B, R ROKBEAR. AT H R F, v
R RTWMEE K, B zn SR AR, F
REAAEROR. M Cu NPs ALK M, 7 DAE B2
T 7 Hr 4l CHLCl, o7 HEAT T4

[FI %458 T AICl;, CoCly fENMEALTIXT AHA J M
TEAROR, R IL AR RE M 112 s B R HEA T

CEOR R 2GR, I OB ST I, R
AEERIEA A BUAUGUT BL 5 mol% Cu NPs AfiEfL
7, 1 equiv. Cs,CO; ABH, — 5 H e N P FIME— 771,
60 ‘CJ ¥ 24 h.
1.2 RMENMHAR

MR A i s 25, e e by T A HAR I,
Bl &R T — R BAAFRBARIE R A, Wk 3 B
7N,

B3 3 W40, 5 mol% Cu NPs /ERALF, 1 equiv.
Cs,COs Mk, — i e ARy, AR fh
Ji i FR e AR e R A = 2H 20 A s I AR AR . PR
Jl =, DA - B AR R 2o .k F - SRR R o
OWE. BEEERTE g R AR RIS, #
A PAIRRFE 2 A R 2R R R AR = 2 B R MY

M3 TTLUE H: AR 1Ak R T ER BRI &2 .
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Table 3 Substrates scale study on Cu NPs-catalyzed AHA cou- Entry Alkyne — 4 Yield/%
pling reaction
5 mol% Cu NPs ( > _ O .
|‘| R2 R2 Y 1 equiv. Cs,C0; R'——\ ) 16 Br T N p 96 (96
*UONT XX N—R H
e N CH,X,, 60 °C, 24 h R2/ L J
1 2 4 —
17 Br = 4q 93
ntry Alkyne Amine 4 Yield”/%
el = L a s
= L) w s "
H 19 Br@—: j 4s 76
N
2 < >—: L J 4 87 (92°
H b ©2) 20 BrAQ{ /LNJ\ 4t 40
H
s (= (S o« we
H 21 m@—: O 4u 96 (97°)
(0] N
4 @—: [ j 4d 83 (899 H
N
22 Cl = L J 4 93
5 @—: )\HJ\ de 58 (87°) C N Y
A nad Y= L w a
_ ¢ H
6 OT N 4 860919 J\
H 24 ¢l = /LN 4x 53
H
7 @—: LNJ 4g 82
H 25 7N Q 4y 45
8 @—: Q 4n 88 H
H
0 26 @—: R’NH,* NR*
9 —< >—: [ 4i 78
Nj “Molar ratio of phenylacetylene to piperidine is 1 : 1.2, 2 mL of CH,Cl, as
solvent and substrate. ® Isolated yields. “ CH,Br, was used instead of CH,Cl,.
10 @E )\HJ\ 4j 43 ¢R3=Ph, Bn, i-Pr. ¢ No reaction.
[ e R'=Ph I, 5 5ARF 1) AR RPN )
11 HﬁO@{ (Nj 4K 94 (94°) Y& MRS (R 3, Entries 1~5), ATKM: XS,
H AR 1R 7N AL 1E AL i e DL S BB ) — £k i 2 LT
FIEY, FobR = 8w, W T8 AT R
I — L a4 s e, SLR B A E 759% A L, 124 A R Bk
H TR AR, RS REE N, AT, g EECORK
REBAAT T Z SR EAT
13 HsCO — () 4m 92 ST 3 5% T 2 I8 [ 3 SN (3
3 N SEOG BT 6 ION FIE NP (3R 3, Entry 26).
o TR BTG BRI Wi, 1257 AR E IR
oo =[] @ s v, AR AL IBRAL T, ARG
N ARG AHA JRBL. 35 H N SCRRRIE 145 SR — 5
).
15 HsCO = 4 60 X N \
: <> )ml\ ° IR, N UL FF A% S bk 1 TR R
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(# 3, Entries 1, 6, 11, 16, 21, 25). 4EARIE 25 (I HUL
IR T CHyy OCH), H IR - F-H (i

Chin. J. Org. Chem. 2015, 35, 827~834



Chinese Journal of Organic Chemistry

v Cl), X RMFEMERAK, #A3 BB m =2, o Wy
?ﬁ%@mhﬁ%&%;ﬁ%ﬁ%Lﬂ@ﬁ%E%%
W R A = A EER S, (IR, HA 45%.

e, 5T AN F I B RE T T SR IR R
I IR H AR SR B VB v R A T A
TARFBEAE R T 5 A R AR — B, (EX
Y MER LR, W1 R, JE ML, FA bR T
& ()77 250 5 (3R 3, Entry 5). W REJR RS, [N IIFER L
AERG R, Wt M AT, BRI N AR
W%,:@%ﬁ%ﬁ%:i%ﬁ,ﬁ:ﬁ%ﬁﬁﬁm%
mm, TEK, B A
1.3 Cu NPs #1£H) AHA BELHLIERR

XFF Cu NPs flE{L I AHA fERA R, N T HF Rk
ZHPEIEEYR, ERAETHERT NSRS T
WAL AW, ERAFIET Cu NPs [T 2R P51
R R, FRATE AR B2 (5 mol% Cu NPs, 1
equiv. Cs,COs, 2 mL CH,CL), #it T — AN 8 szial?,
R 4 fs.

F 4 CuNPs flEILIT AHA BB B #0043 B sz ¢

Table 4 Hot-separation experiment on Cu NPs-catalyzed AHA
coupling reaction.

Cat base < > \
+ CH.CI N
éj O 2% "Soivent, 60 °C ( >

4a
Entry Reaction time/h Yield”/%
0 24 91
| 12 43
24 45

“Molar ratio of phenylacetylene to piperidine is 1 : 1.2, 2 mL CH,Cl, as sol-
vent; " Isolated yields

BATVRIR AT T 2 ASPATIRAL, 735 HARS 8 0
1, H o5 xR, BN 24 h 132 91% [k
P4, T 15 B, ERM 12 h 5, RNk,
HURERTIN BT 3% R i r= A i, K HAR R )
] A (B0 955 e A4 R RN B 7E B R 3 T BEBR, 7E IR b
01 equiv. A, 60 C F4REFE N, 12 h etz R
B AS%HIR AR =Y K. e RT W SRR e
REARAAR, [ NFEAF LSBT, MG LiRSLIGas 3,
ATHENZ AHA SIS 4 S A AE AR G A IURL ) 2 T
1.4 Cu NPs fELFIBEIFERERIF MR

I FR A B SEL, FRATIE B T 2 A R B B 2
RAEAER G BR T, %53z, AT Cu
NPs. FEfRfi# Cu NPs. AL f1E Cu NPs ##E4L7
PRI T 552, TERBA R Z&AH(S mol% NPs, 1
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equiv. Cs,COs, 2 mL () (b )T, IERE L0 NE
e ST E Y, I RIE AR
HEAL SN BIBR P = WD) 2. TR 4 R AR 5 B,
£S5 GGG FILE AHA IR Hh 98 56 A ¢

Table 5 Recyclability of Cu NPs catalyst in AHA coupling
reaction

O + CHyCl _Cat, base < > \N
Solvent, 60 °C < >

4a

Catalyst Run1 Run2 Run3 Run4 Run5
Cu NPS 89% 87% 83% 82% 83%
Silica gel supported Cu NPs”?  86% 73% 70% — —
Si0, supported Cu NPs” 86% 79% 13% — —

© 2015 Chinese Chemical Society & SIOC, CAS

“ Molar ratio of phenylacetylene to piperidine is 1 : 1.2, 2 mL CH,Cl, as
solvent, 2 mmol scale reaction. ” The loading amount of Cu NPs on support is
10 wt%.

n% 5 FiR, BB Cu NPs AU HEMEAL R
Uy, EEAEREJTIH, BN T 5 AEH G, RARFR
FRE B A AL TS 1

(R T P b A B R AR A R O fee AL B BR e, E
TN, B — A IR 5 PR Fh A7 8L R AR AR SR R TR BRI
m A EYE; (BEd =R IE G, MARNEE KA T
BRI TR, Pr=2 NI,

B RSN, AN Cu NPs ZEEALEe . & 4t
[l = 2 AR B S AN A 2 2 e, TR 83 22 VR G 34
FIH, HERAERS LREF B AL TS M, P25 SEBL T (4077
PEAFIF. MR R Cu NPs HARk B —Him
PTG AP RE IR

2 #ig

L Cu NPs NHEALH, Cs,COs bR, — A HEEiK

R, ENSEIL T b TR e i = IR N

AL, SRR —MRAPOKBRLAEL R AHA (5

MK Z, AL MEEAL B R — R BRI AL &1,
FFSEHL T AT AT RAE AR .

5 HATEATF R SCHRATEE, % AHA ONAK R A

A NEUMR AL, SR AR R, KR

Aol B ARG R, RN PR AT,

SRS JRIE SRR =, A ROBAR R BL S

Vﬁ&%&mﬂ JE AR ERTT AR, e Y e VA TR A 5
S0, 5T SB[ SOR .

3 SCIOERSY
3.1 5

SRR BB T AR EZEAE, B
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R

A 25 AR N Hrai. 'TH NMR AT °C NMR {#
Bruker AVANCE 300 /& Bruker AVANCE III 400 MHz
RO G IR 22 .

3.2 BUFIEMKITRIAIH

Z2 CHR[28] &, BAGRMRYT, £ 250 mL =
FH AR I 200 mg Cu(OAc),*2H,0 (1 mmol), &
7K 100 mL, 250 mg PVP(E Z @i belill, il 24, 7
B9y 58000), HIEFEHIE 40 C, HifE 10 min /5,
i) = F3HR A 883 0 113 mg NaBH, (3 mmol), 168 mg
KOH (3 mmol)Al 250 mg PVP fI7K¥ K 100 mL, 7£ 15
min WIEINGERE. RERFFE 40 C, M 2 h A4, 15
1B N JE R R EN I, SR AT DA SR BT Bk
AMRFEAGTIEA B, 2077 #(6500 r/min, 2 min), AL
SRR AR AR, O RE AN R R IR G 288K
M TR =R, 80 CHA T 5h, 5B
A 52 mg, % 81%.

3.3 CuHeRER LAY AHA & B2

RS T, MEE P RIRIIAZE 2822 mg,
0.2 mmol). /NEMIE(20 mg, 0.24 mmol)- 4 44K k(0.7
mg, 0.01 mmol). FXRER%(65 mg, 0.2 mmol)Fl — & i (2
mL), 60 C F#it#E 24 h, TLC A, MM EER, MRS
Yy B AR PR R AE JE M (R e O FR SR, Vv V=5
1). BRI 4a, 775 91%.

1-(3- IR FE2-JR A )~ UR WE (4a): 77 91%. IRIE (T
#ifA; "H NMR (300 MHz, CDCls) 6: 7.47~7.39 (m, 2H),
7.30~7.27 (m, 3H), 3.48 (s, 2H), 2.57 (s, 4H), 1.66~1.61
(m, 2H), 1.53~1.37 (m, 2H); *C NMR (75 MHz, CDCl,)
5:132.9, 129.9, 129.3, 124.8, 86.5, 86.4, 54.9, 49.8, 27.4,
25.2.

N,N- 0 5:-N-3- R - 2- B T 25 ) i< (4b): 7228 87%.
WA, 'TH NMR (300 MHz, CDCly) d: 7.45~7.37
(m, 2H), 7.33~7.27 (m, 3H), 3.64 (s, 2H), 2.63 (q, J=7.2
Hz, 4H), 1.12 (t, J=7.2 Hz, 6H); >C NMR (75 MHz,
CDCly) ¢6: 133.1, 129.6, 129.3, 124.8, 85.4, 85.8, 48.7,
42.9, 14.0.

1-(3-ZRFE-2-F TR 38 ) - DU UL % (de): TR 92%. 1k
H A, 'TH NMR (300 MHz, CDCl3) 6: 7.45~7.40 (m,
2H), 7.33~7.24 (m, 3H), 3.63 (s, 2H), 2.79~2.65 (m,
4H), 1.94~1.70 (m, 4H); *C NMR (75 MHz, CDCl,) §:
133.1, 129.6, 129.3, 124.7, 86.8, 85.8, 54.1, 45.2, 25.2.

4-(3-F 2B R L) - HERR (4d)>: PR 83%. IR
A, 'H NMR (300 MHz, CDCly) 6: 7.46~7.41
(m, 2H), 7.32~7.26 (m, 3H), 3.76 (t, J=4.6 Hz, 4H), 3.50
(s, 2H), 2.64 (t, J=4.6 Hz, 4H); *C NMR (75 MHz,
CDCly) d: 133.1, 129.6, 129.3, 124.7, 83.5, 82.3, 68.3,

832 http://sioc-journal.cn/
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53.1,49.8.

N,N- 5 T 5L -N-(3- 2K JE - 2- Je T 2k ) Jiz (de): 7= 2%
58%. WEMWA; "TH NMR (300 MHz, CDCLy) : 7.48~
7.33 (m, 2H), 7.31~7.22 (m, 3H), 3.66 (s, 2H), 3.26 (dt,
J=12.9, 6.5 Hz, 2H), 1.15 (d, J=6.5 Hz, 12H); °C NMR
(75 MHz, CDCly) 6: 133.1, 129.6, 129.3, 124.7, 89.3, 82.5,
48.5,34.0, 20.0.

1-(3-5%F F 2 O Jie -2 Joh P 2 ) - IR WE (4€): 2 % 86%.
YA, "H NMR (300 MHz, CDCI3) d: 7.33 (d, J=
8.1 Hz, 2H), 7.10 (d, J=8.0 Hz, 2H), 3.46 (s, 2H), 2.56 (br
s, 4H), 2.33 (s, 3H), 1.67~1.61 (m, 4H), 1.53~1.37 (m,
2H); *C NMR (75 MHz, CDCl;) d: 139.3, 133.0, 130.3,
121.7, 86.4, 85.7, 54.9,49.9, 27.4,25.4,22.8.

N,N-— . 5:-N-(3- X F L 2R D -2- B P 2k ) i (4g): 77
K 82%. WFHOIAR; 'TH NMR (300 MHz, CDCL3) d: 7.34
(d, J=10.7 Hz, 2H), 7.10 (d, J=7.9 Hz, 2H), 3.64 (s, 2H),
2.63 (q, J=7.2 Hz, 4H), 2.34 (s, 3H), 1.12 (t, J=7.2 Hz,
6H); *C NMR (75 MHz, CDCl;) d: 139.3, 133.0, 130.4,
121.7, 86.4, 84.9, 48.7,42.9, 22.8, 14.0.

1-(3- 5% P2 2R R -2 o T 8 )~ DO &L 1% (4h): 7= 26
88%. W E(AK; '"H NMR (300 MHz, CDCly) &: 7.32
(d, J=8.0 Hz, 2H), 7.09 (d, J=7.9 Hz, 2H), 3.62 (s, 2H),
2.68 (d, J=5.4 Hz, 4H), 2.33 (s, 3H), 1.88~1.79 (m, 4H);
C NMR (75 MHz, CDCl;) d: 139.3, 132.9, 130.3, 121.6,
86.4, 85.0, 54.0,45.2,25.4,22.8.

4-(3-XF FHBE IR BE-2- B Y L) - M HER (41): T7ZE 78%.
WA, "H NMR (300 MHz, CDCly) 6: 7.33 (d, J=
8.0 Hz, 2H), 7.11 (d, J=7.9 Hz, 2H), 3.79 (t, J=4.6 Hz,
4H), 3.51 (s, 2H), 2.66 (t, J=4.6 Hz, 4H) 2.33 (s, 3H); "°C
NMR (75 MHz, CDCly) 6: 139.6, 132.9, 130.0, 121.9,
86.6, 85.0, 67.5, 54.0, 48.4, 22.8.

N,N- 53 A B -N-(3- o F Bk O i -2- e 7 56 ) J#2 (4):
PR 43%. W E A, "H NMR (300 MHz, CDCLy) 4t
7.29 (d, J=8.1 Hz, 2H), 7.09 (d, J=7.9 Hz, 2H), 3.66 (s,
2H), 3.28 (dt, J=12.9, 6.5 Hz, 2H), 2.33 (s, 3H), 1.16 (d,
J=6.5 Hz, 12H); C NMR (75 MHz, CDCl;) J: 139.4,
133.0, 130.3, 121.7, 89.3, 82.6, 48.6, 34.5, 22.8, 20.1.

1-(3-XF H A IR FE-2- B N 2 ) - WRE (4K): 7™ 2R 94%.
WA, "H NMR (300 MHz, CDCly) 6: 7.36 (d, J=
8.7 Hz, 2H), 6.81 (d, J=8.8 Hz, 2H), 3.79 (s, 3H), 3.44 (s,
2H), 2.55 (s, 4H), 1.72~1.57 (m, 4H), 1.54~1.35 (m,
2H); *C NMR (75 MHz, CDCl;) d: 160.7, 134.5, 116.8,
115.5,86.1, 84.9, 56.6, 54.9, 49.8,27.4, 25.2.

N,N- " £ K= -N-(3-XoF A O 0k -2 e 7 6 ) Jz (41):
PR 85%. R E ik, "H NMR (300 MHz, CDCL;) 4t
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7.36 (d, J=8.8 Hz, 2H), 6.82 (d, J=8.8 Hz, 2H), 3.80 (s,
3H), 3.62 (s, 2H), 2.62 (q, J=7.2 Hz, 4H), 1.11 (t, J=7.2
Hz, 6H); °C NMR (75 MHz, CDCl;) §: 160.7, 134.5,
116.8, 115.2, 86.0, 84.2, 56.6, 48.5,42.9, 13.9.

1-(3-5%F FAR R 2R Ik 2 - e R 28 ) - DU ML 6 (4m): 772 3R
92%. W AifA; "TH NMR (300 MHz, CDCl;) : 7.36
(d, J=8.7 Hz, 2H), 6.82 (d, J=8.8 Hz, 2H), 3.80 (s, 3H),
3.60 (s, 2H), 2.74~2.63 (m, 4H), 1.87~1.80 (m, 4H); "°C
NMR (75 MHz, CDCly) d: 160.7, 134.5, 116.8, 115.2,
85.5, 85.3,56.6, 54.1,45.3,25.2.

4-(3-%f H B i 2R -2 R D ) N IR R (4m): 7R R
85%. WA, '"H NMR (300 MHz, CDCl;) d: 7.38
(d, J=8.7 Hz, 2H), 6.84 (d, J=8.8 Hz, 2H), 3.82 (s, 3H),
3.78 (t, J=4.7 Hz, 4H), 3.50 (s, 2H), 2.65 ((t, J=4.6 Hz,
4H); CNMR (75 MHz, CDCl;) 6: 160.7, 134.4, 116.4,
114.9, 86.8, 83.9, 68.3, 56.6, 53.9, 49.4.

N,N- 5 T Fk -N-(3-xof FF A 26 R Ok -2- b 7 6 ) Ji
(40): 2 60%. ¥ @AW AR, 'TH NMR (300 MHz,
CDCly) d: 7.37 (d, J=8.7 Hz, 2H), 6.82 (d, J=8.8 Hz,
2H), 3.82 (s, 3H), 3.66 (s, 2H), 3.27 (dt, J=12.9, 6.5 Hz,
2H), 1.14 (d, J=6.5 Hz, 12H); *CNMR (75 MHz, CDCl,)
9: 160.7, 134.5, 116.8, 115.2, 89.2, 82.3, 56.6. 48.3, 34.4,
20.1.

1-(3- X VR AR FE-2- B P ) - IR IE (4p): 722 96%. ¥R
F AWK, "TH NMR (300 MHz, CDCLy) 0: 7.42 (d, J=8.4
Hz, 2H), 7.28 (d, J=8.4 Hz, 2H), 3.45 (s, 2H), 2.55 (s,
4H), 1.71~1.56 (m, 4H), 1.51~1.35 (m, 2H); “C NMR
(75 MHz, CDCly) 0: 132.9, 131.1, 121.5, 121.2, 85.9, 83.6,
53.1,48.1,25.5,23.7.

N,N- " . 3:-N-B- IR ZFE - 2- e R o) e (4q): 72 R
93%. Wk E A, H NMR (400 MHz, CDCLy) 6: 7.43 (d,
J=8.4 Hz, 2H), 7.28 (d, J=8.2 Hz, 2H), 3.63 (s, 2H), 2.62
(q, J=7.2 Hz, 4H), 1.11 (t, J=7.2 Hz, 6H); °*C NMR (100
MHz, CDCLy) d: 133.2, 131.5, 122.3, 122.1, 85.7, 83.9,
47.3,41.5,12.6.

1-(3-RHR AR EE-2- B Py )~ DY ZE % (4r): 728 95%.
WA, "H NMR (300 MHz, CDCly) 6: 7.42 (d, J=
8.5 Hz, 2H), 7.28 (d, J=8.6 Hz, 2H), 3.60 (s, 2H), 2.69 (t,
J=6.8 Hz, 3.4 Hz, 4H), 1.92~1.74 (m, 4H); *C NMR (75
MHz, CDCly) d: 132.8, 131.1, 121.8, 121.7, 86.1, 83.1,
52.3,43.4,23.4.

4-(3- 0 PR IR FL -2 B R 2R ) N HE Ik (4s): TR 3R 76%.
W (A "TH NMR (400 MHz, CDCLy) 6: 7.44 (d, J=8
Hz, 2H), 7.29 (d, J=8 Hz, 2H), 3.78 (t, J=4 Hz, 4H), 3.50
(s, 2H), 2.65 (t, J=4 Hz, 4H); “C NMR (100 MHz,
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CDCly) d: 133.2, 131.6, 122.5, 121.9, 85.2, 84.6, 66.9,
52.4,48.1.

N,N- 5 TR B -N-(3- R IR 2R JE-2- e TR 6 ) iz (4¢): 7=
K 40%. WHE A, "H NMR (300 MHz, CDCly) 6: 7.42
(d, J=8.4 Hz, 2H), 7.25 (d, J=8.1 Hz, 2H), 3.69 (s, 2H),
3.38~3.23 (m, 2H), 1.16 (d, J=6.8 Hz, 12H); *C NMR
(75 MHz, CDCly) 6: 132.5, 131.1, 123.0, 121.6, 89.3, 82.5,
48.5,34.2,20.2.

1-(3-XT SR FE-2- B P 25 ) - DR IE (4u): 722 96%. ¥k
AR, "TH NMR (300 MHz, CDCLy) 0: 7.34 (d, J=8.5
Hz, 2H), 7.25 (d, J=8.5 Hz, 2H), 3.44 (s, 2H), 2.54 (s,
4H), 1.66~1.59 (m, 4H), 1.48~142 (m, 4H); *C NMR
(75 MHz, CDCly) d: 133.6, 132.6, 128.12, 121.4, 85.8,
83.4,53.2,48.1,25.5,23.5.

N,N- 2.5 -N-(3- X G AR I -2- W T JE ) e (dv): 72
93%. Wk (i4A; "H NMR (300 MHz, CDCl;) o: 7.34
(d, J=8.5 Hz, 2H), 7.25 (d, J=8.3 Hz, 2H), 3.62 (s, 2H),
2.61 (q, J=7.2 Hz, 4H), 1.11 (t, J=7.2 Hz, 6H); *C NMR
(75 MHz, CDCly) 6: 133.5, 132.5, 128.2, 121.4, 85.1, 83.5,
46.9,41.1,12.2.

1-(3- 5% G0 2K 2 -2- B T 2 )~ DY S Ik i (dw): 7=
91%. Wk iA; "H NMR (300 MHz, CDCl;) ¢: 7.34
(d, J=8.5 Hz, 2H), 7.25 (d, J=8.5 Hz, 2H), 3.60 (s, 2H),
2.68 (t, J=6.8 Hz, 4H), 1.91~1.73 (m, 4H); °C NMR (75
MHz, CDCly) d: 133.6, 132.6, 128.2, 121.3, 86.0, 82.9,
52.4,43.5,23.4.

N,N- 5 TN 2k -N-(3- 0 SR Jk -2- R S ) iz (4x):
FEER 53%. WREEHA; 'TH NMR (300 MHz, CDCls) o:
7.32 (d, J=8.6 Hz, 2H), 7.25 (d, J=6.8 Hz, 2H), 3.67 (s,
2H), 3.38~3.20 (m, 2H), 1.16 (d, J=6.5 Hz, 12H); °C
NMR (75 MHz, CDCL) &: 133.4, 132.3, 128.2, 121.7,
89.2, 82.3,48.4, 34.1, 20.1.

1-(Q2-PEbRIL)-IRIE (dy): =R 45%. RO 'H
NMR (300 MHz, CDCl3) &: 3.19 (s, 2H), 2.46 (t, J=6.8
Hz, 4H), 2.15 (t, J=7.1 Hz, 2H), 1.65~1.38 (m, 10H),
1.16 (t, J=8.1 Hz, 3H); *C NMR (75 MHz, CDCl;) §:
85.2,76.1,54.9,49.8,30.9,27.3,25.0,21.9, 18.6, 13.5.

4 Bh 44 (Supporting Information) {5 H 4% & Al
A 410 "HNMR, PC NMR ¥ . X bR nT DL 6 2
AT 9354 (http://sioc-journal.cn/)_E %k,
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