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Synthesis of Alkylated Amides and Amines by Cu(OTf),-Catalyzed
N-Alkylation of Nitriles and Amines with Alcohols

Li, Bo”
Su, Chenliang

Ma, Xiantao®”

Xiao, Yinglin®
*,a,b

Yu, Xiaochun**
Xu, Qing™**?

(“SZU-NUS Collaborative Innovation Center for Optoelectronic Science & Technology, Key Laboratory of Optoelectronic

Devices and Systems of Ministry of Education and Guangdong Province, College of Optoelectronic Engineering,
Shenzhen University, Shenzhen 518060)
(¢ College of Chemistry and Materials Engineering, Wenzhou University, Wenzhou 325035)

Abstract An efficient method for synthesis of the useful N-alkyl amides is achieved by a low loading Cu(OTf),-catalyzed
Ritter reaction of nitriles with secondary alcohols and some primary alcohols. The same method can be extended to dehydra-
tive N-alkylation of anilines with secondary alcohols to obtain N-alkylated anilines.

Keywords Alcohols; N-Alkylation; Amides; Amines; Copper Catalysis; Nitriles; Ritter Reaction

N-Hot J2 AR P Ik fi DA B Jie 68 K | V2 AFAE T R AR~
Y. B U PR TE 2 A s,
SR AL A B BN IR SR G s N-Joe ik B
g LA R e i e B ik — B BATRH R R T —
B i < R A S T AT A RS R, A
[Rh]. [Ru]+ [Ir]s [Pd]. [Mn]bARe[CulfifbiI#E 2 SR
B R S 1 SR A I S T T i TV fie LA 2 i 1)
7K N-BEdEAk 77 (Scheme 1A T ¥R R A7 A8 W ik
JERT el T N R 7R s, B e iR M il i X ey
E SIS R K N-Ge S R R T I Ak
i (IS0 & T2 BT R B AT A i & R,

Ho G SEEM Ritter JMNAEA AR N-Fi5E BRI
ik —PBL SR, AR8EH Ritter N — B EAE K
KI5 ) Bronsted FR(UIVRERIR) (L1 T AT, BRHhPR
#7 Ritter M) 2 BAPL BEJS, SRS FER Lewis
% . Bronsted [ LA K S ] (A % 48 FH SR A 12 B Ak J
NEFEAT PLEGHE Ritter W f5l4n: TFOH Y, 2,4- %
G O TENHCT | BF;e0EL® . Bi(OTH),!™ .

FeClyo6H,0 1, LI Ca(OTH, . In(OTF )™, fififiz
P AR Onoolaks B AR I Sy v A DA B A S AR,
B AEAE AL B 25 (10~94 mol%)!oc ™0k 04768l fiefy,
% N A1 2 o AN ST ==L 27 357
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IS5 410y B A e AR AN O S0 et DRI, AP
W R — P E R O A . N-BURBE G 7. L
AT AR, JRATRIL Cu AL AT DA R AR
Sl mEmERE . B DL A R K B R A SR, SRR
H bl At 4 J B AT B AL S BT SR A B R
HRETE®A Cu EALIIESEE Ritter RMARIED. 3T
Cu fEAFIRIEZ IS, AT Cu I 5B Ritter
REAARE. ARSCHEFL T Cu NS — i DL &
—LBAAEE Ritter )R, FF AKX — R RI S
BERI 7K N-Fe Al sORE, 193] 7 — R4 N-pedk AL
Pl e LK e =, I AL R AR (2. mol%) 74
12 K 4 (Scheme 1B).

(A) TM-catalyzed N-alkylation of amines, sulfinamides,
and sulfonamides with primary alcohols

Ar—NH,

Ar
LN
cat. [TM], under air H R!
2
1/\OH R SONHZ RZOS\ —
R cat. [TM], under air H R
R2S0,NH, REO,S. .
cat. [TM], under air N R
[TM] = Rh, Ru, I, Pd, Cu, Mn, etc.
(B) This work
0 R
X R—oN XA
RV OR2 [¢ N R "N "R?
u(OTF ), (2 Mol%) N
RZ
oH R3—NH; R
1 2 N7 OR!
R “RZ  Cu(OTf), (2 mol%) N

B 1 ARG Bl N-be = It e A e 1) 7 12
Scheme 1 Methods for catalytic synthesis of various N-alky-
lated amides and amines from alcohols.

1 &R511R

B4, BAMER Cu(OAc), FHEAb 7B xt — %% Iz
(1a)5 Z MG Q)RR ST T 26 fF Ik, aisk 1 Fiow,
PL 10 mol% Cu(OAc), AMELF, K K H EE(1a, 1.0
mmol) M ZJi§(2, 0.5 mL, BEAE SRR AR A I N
FVE B SARY P INAE] 120 CRM 12 h, HE K
B PRI AE (R 1, Entry 1), #2355 Cu LT3
170mise, R ILZ41EF Lewis BR PEEL SR Cu(TFA), /5 A
IS, B S%MITRI =Y N-—2K 3t 2 B (3a) 4 i,
[ S AR A 1 K R B = A0k da (1) 4 i (Entry 2). 244
A Lewis BRVEFEGRIK CuClL I, S A R T~
Y1 3a [PERPER AT LIS 0] B3R S (Entry 3). 4
Cu(OTH), 1E RTINS, KBin L5454k, JEHE—
A R TR =) 3a (> 99%3EFR 1) (Entry 4). 4k
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SRk e M) Cu AR, FEARAR BITEAR I AL 2 A0
%M (Entries 5~6). X Cu(OTH), K E#HITHL, K
DUAT CABFARE] 2 mol% i AN SE M J B ) A4 23 Fie 8
(Entry 7). X8 #— 8 = U R Sh k1T T 82 [
Zn(OTH), Fl In(OTH)], K ILIHASREAF BT 4T (1 %% 4k 2 A0
e FEVE(Entries 8, 9). Ik, 1% Cu(OTH), A LML
. ¥ Cu(OTH, I B — P B KE] 1 mol%, KN
RN B 2R B (Entry 10). 53 4050 SR IR
I FHEREAT T ik, KRR SR E S 2R 1)
FH & B F A F(Entries 11, 12). Bl =2l (1a) 5
IE Q@)W N Tl 26 R BAARY. Cu(OTH), (2
mol%). 120 ‘CI 12 h, AJLL 88%[I4r B UKL —ik
PRI HLAS 2] N-— 2K H 2 2T (3a) (Entry 7).
1 CuffbofiEE =R HEER Ritter A& AR/ ¢

Table 1 Condition screening for Cu-catalyzed Ritter reaction of
acetonitrile with benzhydrol

OH cat. [Cu] G Ph Ph._O._Ph
Ph)\Ph+ MZCN Nz, 12h Me)LN)\Ph < \Fg E\ >

1a

Entry [Cu] (mol%) 7/C Yield/% of3a  Yield®“/% of 4a

1 Cu(OAc), (10) 120 0 0
2 Cu(TFA), (10) 120 8 92
3 CuCl, (10) 120 78 0
4 Cu(OTH,(10) 120  >99 (89) 0
5 CuBr (10) 120 53 39
6 Cul (10) 120 0 5
7 Cu(OTH,(2) 120 >99(88) 0
8 Zn(OTH,(2) 120 5 87
9 In(OT);(2) 120 20 78
10 Cu(OTfH,(1) 120 59 39
11 Cu(OTf,(2) 100 75 21
127 Cu(OTH),(2) 100 14 83

© 2017 Chinese Chemical Society & SIOC, CAS

¢ Unless otherwise noted, the mixture of 1a (1.0 mmol), 2 (0.50 mL) and Cu
catalyst (mol% based on 1a) was sealed under N, heated for 12 h, and moni-
tored by TLC and/or GC-MS. * GC yields (isolated yield in parenthesis) based
on la. © 4a was isolated and then confirmed by GC-MS and NMR analysis.
1.0 equiv. MeCN.

B UL BB B2 1, Entry TV T 2855 —
N — LB Ritter )V, S5 5RANFR 2 Pros. ik =
75 5 R AR IA b A A ORI SR W T AR,
X ML RIS AN, #nT LUBR) 5 208 R A2 OBz, LA
75 U R A5 2 T4 3a~3d (3 2, Entries 1~4). %}
T 1R 2R 1e A1 1f, A e LA AR P15 2 T
W) 3e~3f (Entries 5~6). X T{HEE, W1-FEE 1g FPAIEERE
1h, TEARAESCAETT R AR H) D & 1 T =) A 5t 2
£ 10 mol% Cu(OTf), WM FAE 130 ‘C/M 12 h, tH
AJ DAAS B AU 1) T 29 3g~3h (Entries 7, 8).
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F£2 Cu(OTH, Ak 2.5 SEE Ritter KN
Table 2 Cu(OTf),-catalyzed Ritter reaction of acetonitrile with
alcohols

]
OH Cu(OTH), (2 mol%) j\ )R\
1 2 + MeCN Me” “N” “R2
R" R ) N,, 120°C, 12 h H
1 3
Entry 1 3 Yield®/%
O Ph
OH
NN
1 PR ph & "N"ph 88
1a 3a
OH j\ Ph
Ph Me N
2 H 89
Me Me
1b 3b
OH O Ph Me
Ph Me)J\N
3 H 92
Me
1c 3c
cl

N
@}
a E%
@}
<
@
)=o
[o.e]
S

3d
O Me
OH )\
5 Ph)\Me Me H Ph 59
1e 3e
OH )O]\ Me
Cl Cl
1f 3f
(0]
PN
7¢ Ph™ "OH Me)J\N/\Ph 46
19 H
3g
x
Ve
g Ph OH Me” “N"Aph 4
1h H
3h

“ The mixture of 1 (1.0 mmol) and Cu(OTf), (2 mol% based on 1) in 2 (0.5
mL) was sealed under N, in a Schlenk tube, heated at 120 ‘C for 12 h, and
monitored by TLC and/or GC-MS. ® Isolated yield based on 1. ¢ Cu(OTf), (10
mol%), 130 C.

RIS R Ritter SOV, FATTL K HIEE
(1a) 52K 2 i (Sa) AR S S0 [ R 26 A 04T 1 i ke .
B, BLHZRO0.5 mLyAEA. BARPT, KRR
(1a, 1.0 mmol) 52K Z}i§(5a, 1.0 mmol, 1.0 equiv.)7E
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Cu(OT1), (2 mol%)MEAL T 120 “C /8 12 h, AJ153] 85%
GC YT E T4 6a (£ 3, Entry 1). #t—5fikHk2
E(Sa) M HE K, UK CHEGa)HEN 2.0 equiv.if,
THAF=%) 6a F) 4> B R =, 15 76% (Entries 2.,3). #%
H, AR ZHERI RN 2.0 equiv. i S NS FFIHEAT T ik
(Entries 4~7), &R KIRPIIE 1,4- " NHAERER
I, T 6a )5y BSWCRE fem, ik 82% (Entry 7).
R3 CufbRONEE R EEN Ritter KA/

Table 3 Condition modification for Cu-catalyzed Ritter reaction
of benzyl cyanide with benzhydrol

Cu(OTf),

OH o Ph
(2 mol%) )\
PO —  ~ » Ph
Ph)\Ph * Ph CN solvent, N, \)J\H Ph
5
1a a 120°C, 12 h 6a
Entry 5a/equiv. Solvent Yield”/%
1 1.0 Toluene 85¢
2 2.0 Toluene 96 (76)°
3 5.0 Toluene 82¢
4 2.0 DMF 0
5 2.0 DMSO 0
6 2.0 CH;NO, 0
7 2.0 1,4-Dioxane 97 (82)

© 2017 Chinese Chemical Society & SIOC, CAS

“ The mixture of 1a (1.0 mmol), 5a and Cu(OTf), (2 mol% based on 1a) in a
solvent (0.5 mL) was sealed under N, in a Schlenk tube, heated at 120 C for
12 h, and monitored by TLC and/or GC-MS. * GC yields (isolated yield in
parenthesis) based on la. © Small amounts of byproducts derived from the
Friedal-Crafts alkylation reaction of 1a and toluene was observed.

B DL et e N AR 3, Entry Y TR MIES 5
TR (1a)[ Ritter [, 45BN 4 Fis. BURE
JiE AR5 ISR 45 21 U =4 6b~6d(3% 4, Entries 1~
4); SMBERERURINIE, SIS R AR, R
AR S5, #80T DL BLECA L5 W 2245 2 Tl 3H 7= )
6e~6h, 1 BCA M 2 At & =4 1) A i (Entries 5~ 8);
T SRR AL ) 05 F I, 5 B Ak E T EUR
F MR T BRI B AT 7 B A BAR S, AR AT DA DL R A%
BT USRS 2T =4 6i~6p (Entries 9~16).

LAt Cu(OTh), AN 5 B 1) Ritter 2 A5 7] LR JE
B 55 e SRR N-Re b [ B, ansk 5 B, 25 FhEL
AR 0 e 55 AR 1) 2% R e e 97 5 T DA LA A 25 B AR 55
FIUSCRAF B =) 8a~8e (Entries 1~5). XfF 1-Z%5k
SRR N, [FIRE e 1 3 TR 2R CR T =
8f (Entry 6).

X F A Cufi 4k Ritter SN JIFE, BATUL 2K 3L
H I (1a) 5 21 (22) AR 5 5210 5 5 s SRS, 4
# 6 FiR, MEEZE TR, & EFY) DL (4a) N
F, HEEWN R D U= 3a A GER 6, Entry 1);
B ORI P BT, T 3a BRI Y
hn, TR 4a 8 N ZE K /> (Entries 2~4), Vi 4a 0]
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4 Cu(OThH, AL FIFH Ritter S5 ¢
Table 4 Cu(OTf),-catalyzed Ritter reaction of nitriles

‘4 Cu(OTf), (2 mol%) g
oo+ R—ON 2 - A e
, Ph dioxane, Ny, 120 °C, 12 h H
a 6
Entry 5 6 Yield®/% | Entry 5 6 Yield”/%
T r
- Ph
1 Ph™ CN Ay e 82 9 PhCN  Si Ph” N7 Ph 85
ba H H
6a 6i
Ph O Ph
CN o
©\/\ )\Ph MEQCN N)\Ph
2 F N 85 10 H 90
F
5 Me
Sb 6b g 6j
cl o O Ph
3 cl N7 ~Ph 81 11 H 87
5 H Me
© 6c Sk 6k
Br o P O Ph
4 Br N” >Ph 78 12 H 86
H
51 M
5d 6d eO 6l
O Ph
o) )T CN
Me._~ N7 >Ph
5 CN Me/\)L” Ph 84 13 ©:<:| H 61
5e Cl
6e 5m
6m
S cl cl
6 Cl CN \)J\N Ph 79 14 H Ph 84
5f H ¢l
6f 5n 6n
o )P\h CN l‘ O Ph
MeO\/\
7 CN Mo 74 15 NP 54
5g H
69 50 60
O Ph CN o) )P\h
DsCN N)\Ph N7 “Ph
8 H 79 16 H 78
5h
6h

“ The mixture of 1a (1.0 mmol), 2 (2.0 mmol, 2.0 equiv.) and Cu(OTf), (2 mol% based on 1a) in dioxane (0.5 mL) was sealed under N, in a Schlenk tube, heated at

120 °C for 12 h, and monitored by TLC and/or GC-MS. ” Isolated yield based on 1a.

ReiZ DAL 3a; MR TR E] 120 CHE, RN E—ik
PEPEHAE TN =4 3a, TilE 4a W 5EA K. IXLLsh
UL, B da v DUR 2 5 HO7E Nk &Rk, JEHE
1E Cu(OTH), FIEAL T 1T LS 5 IR N AL N TR 3a.

Nk SR 4a 75 OB AE S AR, FRATD

Chin. J. Org. Chem. 2017, 37, 2034~2043

KelE da MSNIRO BT R, IR B RS 2 HT T B
B3 T HIAC. SR CARE 4a AR RS ZIETEARHESRAE T
JNE, 40 Bq. 1 7S AT LA A 7 A A BT ) 3a
(D EYCR 92%). L SR, BEASBOAT ARy R
WIHE S AE R, 3B W] DA R TR 2 5 s B 2B R H b

© 2017 Chinese Chemical Society & SIOC, CAS
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K5 Cu(OTH, AT F5 A — ZREERI MK N-K 54k S R
Table 5 Cu(OTf),-catalyzed N-alkylation of anilines with secondary alcohols
R3
j)\H RO NH Cu(OTf), (2 mol%) HN™
2 + - 2
RT R dioxane, Ny, 120 °C, 12 h R1)\R2
1 7 8
NO; cl _Ph _Ph Ph
HN HN™ Me -
Ph” “Ph " " Ph Ph Ph™ Me
Ph” “Ph
8a: 74% Ph™Ph Me .
8b: 68% 8c: 76%” 8d: 64%" 8e: 64%" 8f. 55%

“ Unless otherwise noted, the mixture of 1a (1.0 mmol), 7 (1.5 mmol), and Cu(OTf), (2 mol% based on 1) in dioxane (0.5 mL) was sealed under N, in a Schlenk tube,
heated at 120 °C for 12 h, and monitored by TLC and/or GC-MS. Isolated yield based on 1a.? 150 °C.

K6 I Cu AL ZIEM AR EE Ritter S5 2R ¢
Table 6 Temperature effect on Cu-catalyzed Ritter reaction of
acetonitrile with benzhydrol

OH Cu(OTH), (2 mol%)

Ph” “ph * MeCN

1a ) Ny, 12 h
j\ j’\h Ph._O._Ph
A Ph Ph
3a 4a
Entry 7/°C Yield”/% of 3a Yield®/% of 4a

1 30 2 54

2 50 13 67

3 80 51 42

4 100 75 21

5 120 >99 0
“See Entry 7 in Table 1 for similar conditions. * GC yields based on 1a.
B = 4.

ph )P\h Cu(OTf), (2 mol%)
+ MeCN
Ph™ 0" "Ph N, 120 °C, 12 h
4a
o} Ph
1
Me N Ph M
H

3a, 92% isolated yield

BT UL EMSitas R, AT R REE i T
B [ B2 JIFE(Scheme 2). B 4G, £ Cu(OTh), FIEAL T,
BE 1 RAESDTIRIIBKEME SN, FCONEE 4. 1X&—
AMPN, BRS8N n] DR P & £ (58 6, Entry
D, HEETREE K AR A S Mgt T, &
Cu(OTh), AL T, Bk 4 A T80 S B R 30 H B 1E 15 1
A, 4k 5 R AR N (path a), #4546 vHiEA 9
OG0 It —5 R A K G VA B I & P2 3 80 6. R
1M, TR =R AT DO 2 b & 0 T = 3 58 6
A%, PRIt AEE RS 1 4F Cu(OTH), 14k A iy 1IE B

2038 http://sioc-journal.cn/
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Tk, EESHERA R R (path b). HRAEY
BT SR aG a5 5, 220 Tk b (144 4 T8 B — 20 IR L3R BE 1R,
Z R (path a) B2 SN 1) 2 B AR T BEAI I BB K
A M (path b) A2 IR B M 4. KT Cu(OTH), fEfk
5 R R BERI K N-HE SR Ak s B LR, BATTHR
BT TP IR ZR. BT 16 OB AA 22 Hh A 0N 21 ik
A da FOAERRY, DRIUL, P55 R 00 SR TT B2 14 R path
b HINLEEHEAT H)(Scheme 2), RIS ZEHRfEAL T AL
NBRIE BT, AR5 SR A O, R PR AT RE A BT )
SEAEMEE T RO, BT DA % A Tk 1 1) S 852 2140
ill (path a).

X
1 R? 1 1
OH R! R R'._O__R
T cuom: By s cuom,——= T T
2 fast 2 2
>R R?2 R
R . R2 H,0
path a 4
path b | Loy R3CN
slow Cu(OTf),
R1
N
R3C=N +< e
R2
o, 8T
R—CEN— | — g "NOR?
R2 H
HO 9 3,6

B2 Cu(OTh), HEALNE S Ritter 2R AJ RSB #% 42
Scheme 2 Possible reaction paths for Cu(OTf),-catalyzed Ritter
reaction of nitriles with alcohols

2 i

FATRE T —Fh Cu(OTH), AL 5 W7 Ritter S b
GEREM, RMNAE 2 mol% Cu(OTh), 1L R, BL 55~
90% i Z 1] AAS 2| — R 51 N-be BBt =4, 1% 779507 LA
P R 30 05 e A0 — RIE AR N-Hed Al SR, HLIRF 5T
W, KON SRR U (A SRS P R A N A
B H B0 IR 3 B B AR

Chin. J. Org. Chem. 2017, 37, 2034~2043



Chinese Journal of Organic Chemistry

ARTICLE

3 X
3.1 UEFE5HF

18 FH )2 (38 (TLC) Fl/8k S5 (3 (GC-MS) B AR R
BRIV (HSGF254 = Rh, AT R 3K 254, 365
nm). '"H NMR, *C NMR H] Bruker advance III AV500 %!
HRESEIROGN 52, ] CDCly {E ATARTE R, K4 H 5
i MS (EI)A Shimadzu GC-MS-QP2010 Ji5E; &4 Hi
& HRMS (ESI){# f§ Bruker microOTOF-Q II Jll%E. # )2
FrE I 300~400 HAEER. Fra il 175 2
A, REHE—Lalith. B AR R 73 S p ol ar
13, WEESAE, HEfH.

3.2 ZWHE
3.2.1 Cu(OTh), T TH 5B 49 Ritter R

ZALRYR, W10 mL 1) Schlenk 2 N AR KN
A 2K (1a) (184.0 mg, 1 mmol). ZJi 2 (395 mg, 0.5
mL)F1 Cu(OTf), (7.2 mg, 2 mol%), JNEEE T 120 Cih
W En#GiEFE R B, B TLC fI/8k GC-MS BREF B, £f
R GEAE, ¥ SR T, AR B (SR B/ A
fif =0/100~1/1)18 N- 2K H X 4 BEE (3a). o [H 14,
m.p. 146~147 C(CCHRMES! 147~149 C); 'H NMR
(500 MHz, CDCly) d: 7.35~7.32 (m, 4H), 7.28 (d, J=7.5
Hz, 2H), 7.24 (d, J=7.0 Hz, 4H), 6.25 (d, J=8.0 Hz, 1H),
6.05 (d, J=7.0 Hz, 1H), 2.07 (s, 3H); °C NMR (125.4
MHz, CDCly) 0: 169.1, 141.5, 128.7, 127.5, 127.4, 57.0,
23.4; MS (EI) m/z (%): 225 (100, M"), 207 (2), 182 (56),
165 (40), 152 (9), 148 (19), 106 (57), 77 (19)™".

N-(4- 1 25 % W L) B 1% (3b): 6 8 [ A&, mup.
126~127 COCERE!Y 126~128 “C); 'H NMR (500
MHz, CDCly) 8: 7.33~7.30 (m, 2H), 7.27~7.10 (m, 3H),
7.21~7.09 (m, 4H), 6.21 (d, J=8.0 Hz, 1H), 6.10 (d, J=
7.5 Hz, 1H), 2.33 (s, 3H), 2.04 (s, 3H); °C NMR (125.4
MHz, CDCl;) 0: 169.0, 141.7, 138.6, 137.2, 129.4, 128.6,
127.4, 127.3, 56.8, 23.4, 21.1; MS (EI) m/z (%): 239 (100,
M"), 224 (7), 196 (42), 182 (39), 165 (43), 152 (4), 148
(4), 120 (26), 104 (31), 91 (9), 83 (39), 77 (11).

N-(2-F 5 R IR ) Bk % (Be): Bt [l 4, mup.
133~134 ‘CCCHAE"™ 130~132 C); 'H NMR (500
MHz, CDCl;) d: 7.33~7.30 (m, 2H), 7.27~7.24 (m, 1H),
7.20~7.17 (m, 5H), 7.11~7.09 (m, 1H), 6.41 (d, J=8.0
Hz, 1H), 5.96 (d, J=7.5 Hz, 1H), 2.30 (s, 3H), 2.06 (s,
3H); *C NMR (125.4 MHz, CDCl5) 6: 168.8, 141.1, 139.5,
136.4, 130.9, 128.6, 127.6, 127.44, 127.40, 126.6, 126.2,
54.0, 23.3, 19.5; MS (EI) m/z (%): 239 (66, M"), 224 (6),
196 (23), 180 (100), 165 (35), 152 (4), 120 (16), 104 (24),

Chin. J. Org. Chem. 2017, 37, 2034~2043
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91 (9), 83 (10), 77 (12).

N-(4,4- " F R ) B (3d): L E Ak, mop.
155~156 C(CCHk{E" 160~162 C); 'H NMR (500
MHz, CDCly) 8: 7.30 (d, J=8.5 Hz, 4H), 7.13 (d, J=8.5
Hz, 4H), 6.17 (d, J=8.0 Hz, 1H), 6.06 (d, J=7.5 Hz, 1H),
2.06 (s, 3H); *C NMR (125.4 MHz, CDCly) &: 169.1,
139.5, 133.6, 128.9, 128.7, 55.9, 23.3; MS (EI) m/z (%):
293 (100, M™), 258 (14), 250 (52), 235 (14), 216 (61), 199
(60), 182 (18), 165 (37), 138 (84), 111 (14), 102 (7), 83
(11), 77(12).

N-(1- % .38 B e (3e): K E AR, mp. 72~
73 C(CHkEe 74~76 ‘C); 'H NMR (500 MHz,
CDCly) 8: 7.36~7.25 (m, 5H), 5.85 (b, 1H), 5.15~5.09
(m, 1H), 1.98 (s, 3H), 1.49 (d, J=7.0 Hz, 3H); *C NMR
(125.4 MHz, CDCLy) 6: 169.1, 143.2, 128.7, 127.4, 126.2,
48.8,23.5,21.7; MS (EI) m/z (%): 163 (49, M"), 148 (29),
120 (35), 106 (100), 79 (21), 77 (20).

N-(1-(4-5 K .28 LB (30): T EE, mp. 97~
98 C(CHRMET 96~98 °C); 'H NMR (500 MHz,
CDCl3) 6: 7.31~7.23 (m, 4H), 5.90 (b, 1H), 5.10~5.05
(m, 1H), 1.97 (s, 3H), 1.45 (d, J=7.0 Hz, 3H); *C NMR
(125.4 MHz, CDCl) 6: 169.2, 141.8, 133.0, 128.8, 127.6,
48.2,23.4,21.7; MS (EI) m/z (%): 197 (38, M"), 182 (28),
140 (100), 120 (9), 113 (9), 103 (18), 77 (13).

N-FEE B (3g): TotafilE, mp. 60~61 C(CCHR
% 61~62 C); '"H NMR (500 MHz, CDCLy) 0: 7.42~
7.21 (m, 5H), 5.85 (b, 1H), 4.43 (d, J=5.5 Hz, 2H), 2.02
(s, 3H); °C NMR (125.4 MHz, CDCl;) d: 169.9, 138.2,
128.7, 127.9, 127.6, 43.8, 23.3; MS (EI) m/z (%): 149 (18,
M™), 148 (100), 147 (62), 106 (84), 91 (24), 77 (6).

N-FAEEE 2. % (3h) ) {4k, mp. 87~88 C;
'H NMR (500 MHz, CDCl3) § 7.44~7.19 (m, 7H), 6.52
(d, J=16.0 Hz, 1H), 6.19 (dt, J=16.0, 6.5 Hz, 1H), 5.65
(s, 1H), 4.08~3.98 (m, 2H), 2.03 (s, 3H); °C NMR (125.4
MHz, CDCLy) 8: 136.5, 132.3, 128.6, 127.8, 126.4, 125.5,
41.7, 23.3; MS (EI) m/z (%): 175 (25, M), 174 (31), 133
(31), 132 (100), 131 (55), 116 (42), 115 (50), 114 (25), 84
(36), 60 (5).

TR HL R (4a): LA, mp. 107~108 C(CCHR
#12107.5~110 °C); 'H NMR (500 MHz, CDCls) J: 7.36
(d, J=17.5 Hz, 8H), 7.30 (t, J=7.5 Hz, 8H), 7.24 (t, J=7.5
Hz, 4H), 5.40 (s, 2H); °*C NMR (125.4 MHz, CDCl) §:
142.3, 128.4, 127.5, 127.3, 80.1; MS (EI) m/z (%): 350
(0.7, M"), 207 (20), 183 (85), 168 (90), 165 (63), 152 (28),
106 (53), 105 (100), 91 (39), 77 (32).
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322 Cu(OTh), AL TF 5 — B9 Ritter B

ZAMYF, W 10 mL ) Schlenk S N AR N
AN ZHIE(1a) (184.0 mg, 1 mmol). % ZJiE5(5a) (234.0
mg, 2.0 mmol)f! Cu(OTY), (7.2 mg, 2 mol%), MNEEE T
120 “Cimyg _Bhnsidise M. A TLC F1/8 GC-MS BRER
RN, FERBLSEA G, FERET, HFENTS BN LR
L)/ VA R =0/100~1/1], 15 N- 2K H 3283
2. (6a), CEE M. mp. 138~139 °C (kA
138~140 °C); '"H NMR (500 MHz, CDCl3) 6: 7.38~7.35
(m, 2H), 7.32~7.27 (m, 7H), 7.25~7.22 (m, 2H), 7.08 (d,
J=17.0 Hz, 4H), 6.24 (d, J=8.5 Hz, 1H), 5.99 (d, J=8.5
Hz, 1H), 3.65 (s, 2H); *C NMR (125.4 MHz, CDCl;) ¢:
170.0, 141.4, 134.8, 129.4, 129.1, 128.6, 127.5, 127.4,
127.2, 56.8, 43.9; MS (EI) m/z (%): 301 (43, M™), 209 (3),
182 (7), 167 (100), 152 (12), 106 (5), 91 (9), 77 (3).

N- 2K F 2 2-(2- 9 K 38 ) 4 Wk iz (6b): G (0 3] 44,
m.p. 118~119 °C; 'H NMR (500 MHz, CDCL3) : 7.33~
7.28 (m, 8H), 7.15~7.08 (m, 6H), 6.23 (d, J=8.0 Hz,
1H), 6.10 (d, J=7.5 Hz, 1H), 3.67 (s, 2H); *C NMR
(125.4 MHz, CDCls) 6: 168.9, 161.0 (d, Jo—r=245 Hz),
141.4, 131.7 (d, Jo—r=3.8 Hz), 129.3 (d, Jo—=7.2 Hz),
128.7, 127.5, 127.3, 124.6 (d, Jo—r=3.8 Hz), 122.1 (d,
Je—=15.0 Hz), 115.6 (d, Jo—s=21.3 Hz), 57.0, 37.0 (d,
Je—r=2.5 Hz); MS (EI) m/z (%): 319 (27, M"), 182 (7),
167 (100), 152 (13), 109 (11), 106 (8), 104 (7), 83 (6), 77
(6). HRMS calcd for C,H;sFNO (M+H)+: 320.1445,
found 320.1444.

N- 2K 36 2-(4- R 2K 2L ) B % (6¢): TG £ 8] 44k,
m.p. 157~158 CCCHME" 49~50 C); 'H NMR (500
MHz, CDCl;) d: 7.31~7.25 (m, 8H), 7.21 (d, J=8.0 Hz,
2H), 7.11 (d, J=7.0 Hz, 4H), 6.23 (d, J=8.5 Hz, 1H), 6.01
(d, J=7.5 Hz, 1H), 3.59 (s, 2H); °C NMR (125.4 MHz,
CDCly) d: 169.4, 141.3, 133.4, 133.2, 130.7, 129.2, 128.7,
127.6, 127.3, 57.0, 43.0; MS (EI) m/z (%): 335 (25, M),
182 (5), 167 (100), 152 (12), 125 (6), 104 (5), 89 (3), 77
A3).

N-T 28 H B -2-(4- 1R 2K ) Z i (6d)1: TG (a4,
m.p. 175~176 “C; H NMR (500 MHz, CDCl;) d: 7.48~
7.46 (m, 2H), 7.31~7.25 (m, 6H), 7.15 (d, J=8.0 Hz,
2H), 7.11 (d, J=7.0 Hz, 4H), 6.23 (d, J=8.0 Hz, 1H), 6.01
(d, J=8.0 Hz, 1H), 3.58 (s, 2H); °*C NMR (125.4 MHz,
CDCly) 6: 169.2, 141.2, 133.7, 132.1, 131.0, 128.7, 127.6,
127.3, 121.4, 57.0, 43.1; MS (EI) m/z (%): 379 (14, M),
182 (5), 167 (100), 152 (15), 104 (8), 90 (7), 77 (7).

N- 2K FF L OE TR I % (6e): SO fE4A, mp. 114~
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115 ‘COCErfE!™ 115~117 C); '"H NMR (500 MHz,
CDCly) 6: 7.33~7.20 (m, 10H), 6.26 (d, J=8.0 Hz, 1H),
6.08 (d, J=7.5 Hz, 1H), 2.25 (t, J=7.5 Hz, 2H), 1.66~
1.61 (m, 2H), 1.39~1.61 (m, 2H), 0.91 (t, J=7.5 Hz, 3H);
C NMR (125.4 MHz, CDCly) d: 172.1, 141.7, 128.6,
127.4, 56.8, 36.5, 27.8, 22.4, 13.8; MS (EI) m/z (%): 267
(76, M), 225 (8), 182 (35), 167 (100), 152 (14), 106 (35),
77 (13).

N-" KR 2- A Bk (6f): A, mp. 124~
125 ‘CCCrmtE!" 123~125 °C); 'H NMR (500 MHz,
CDCly) §: 7.37~7.34 (m, 4H), 7.31~7.28 (m, 2H),
7.26~7.23 (m, 4H), 7.17 (d, J=7.0 Hz, 1H), 6.25 (d, J=
8.0 Hz, 1H), 4.12 (s, 2H); °C NMR (125.4 MHz, CDCl;)
5: 165.0, 140.7, 128.8, 127.8, 127.3, 57.2, 42.7; MS (EI)
milz (%): 259 (25, M"), 224 (100), 183 (32), 165 (27), 152
(11), 103 (38), 77 (19).

N- 2K BB 3-F A L N Bk (6g): Tt &, mup.
100~101 ‘CCCHRE" 96~97 “C); '"H NMR (500 MHz,
CDCl3) d: 7.33~7.30 (m, 4H), 7.26~7.22 (m, 6H), 6.93
(d, J=7.5 Hz, 1H), 6.25 (d, J=8.0 Hz, 1H), 3.66 (t, J=
5.5 Hz, 2H), 3.36 (s, 3H), 2.52 (t, J=5.5 Hz, 2H); “C
NMR (125.4 MHz, CDCL3) d: 170.6, 141.8, 128.6, 127.3,
126.6, 68.8, 58.8, 56.8, 37.2; MS (EI) m/z (%): 269 (34,
M™), 206 (14), 182 (100), 165 (25), 104 (25), 77(12).

N- " ZF W IE R BEZ (6h): O EAE, mp. 132~
133 “COCBME 133 °C); 'H NMR (500 MHz, CDCl5)
8: 7.3~7.32 (m, 4H), 7.29~7.24 (m, 6H), 6.27 (d, J=8.0
Hz, 1H), 6.20 (d, J=7.0 Hz, 1H), 1.45~1.40 (m, 1H),
1.03~1.00 (m, 2H), 0.78~0.74 (m, 2H); *C NMR (125.4
MHz, CDCly) d: 172.6, 141.7, 128.7, 127.4, 57.1, 14.9,
7.4; MS (EI) m/z (%): 251 (68, M"), 222 (28), 207 (14),
194 (3), 182 (100), 174 (7), 165 (75), 152 (23), 145 (19),
139 (3), 129 (13), 119 (8), 115 (7), 104 (67), 91 (18), 83
9), 77 (30).

N- " 2K F S R (61): LB E AR, mp. 171~
172 COCHrE!™ 168~169 C); '"H NMR (500 MHz,
CDCl3) 6: 7.82 (d, J=7.0 Hz, 2H), 7.53~7.50 (m, 1H),
7.46~43 (m, 2H), 7.37~7.27 (m, 10H), 6.67 (d, J=7.5
Hz, 1H), 6.46 (d, J=8.0 Hz, 1H); *C NMR (125.4 MHz,
CDCly) d: 166.5, 141.5, 134.3, 131.7, 128.8, 128.7, 127.6,
127.5, 127.1, 57.5; MS (EI) m/z (%): 287 (71, M"), 210
(12), 182 (27), 165 (21), 152 (6), 105 (100), 77 (44).

N- 0 FR e -4 PP R R R 5t i (6): G € [ 44, mup.
174~175 COCERME! 174~176 C); '"H NMR (500
MHz, CDCl3) 8: 7.72 (d, J=8.0 Hz, 2H), 7.35~7.23 (m,
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12H), 6.63 (d, J=7.5 Hz, 1H), 6.45 (d, J=7.5 Hz, 1H),
2.40 (s, 3H); *C NMR (125.4 MHz, CDCL;) 6: 166.4,
1422, 141.6, 131.4, 129.3, 128.8, 127.6, 127.5, 127.1,
57.4, 21.5; MS (EI) m/z (%): 301 (65, M"), 224 (5), 182
(40), 165 (19), 152 (5), 119 (100), 104 (16), 91 (36), 77
).

N- R FE -3 B R OR FE I % (6k): o il 44, mup.
150~151 COCErME!™ 151~154 “C); '"H NMR (500
MHz, CDCl;) d: 7.64 (s, 1H), 7.61~7.59 (m, 1H), 7.35~
7.30 (m, 12H), 6.66 (d, J=7.5 Hz, 1H), 6.45 (d, J=7.5
Hz, 1H), 2.40 (s, 3H); C NMR (125.4 MHz, CDCl;) o:
166.7, 141.5, 138.6, 134.2, 132.5, 128.8, 128.5, 127.8,
127.6, 127.5, 124.0, 57.4, 21.4; MS (EI) m/z (%): 301 (64,
M™), 224 (7), 182 (42), 165 (25), 152 (6), 119 (100), 104
(19), 91 (44), 83 (8), 77 (9).

N- 25 3 -4 P A 36 2 G i (o). O e 4,
m.p. 152~153 ‘C; 'H NMR (500 MHz, CDCl;) &: 7.79
(d, J=9.0 Hz, 2H), 7.35~7.29 (m, 10H), 7.93 (d, J=9.0
Hz, 2H), 6.59 (d, J=7.5 Hz, 1H), 6.44 (d, J=8.0 Hz, 1H),
3.85 (s, 3H); *C NMR (125.4 MHz, CDCl;) 6: 166.0,
162.4, 141.6, 128.9, 128.8, 127.54, 127.53, 126.5, 113.8,
57.4, 55.5; MS (EI) m/z (%): 317 (39, M"), 182 (39), 165
(13), 152 (5), 135 (100), 120 (3), 107 (9), 104 (8), 92 (7),
77 (19).

N- 2K F L 2-G0K F Ik e (om)! ) TE L 44, mup.
162~163 ‘C; '"H NMR (500 MHz, CDCLy) &: 7.73 (dd,
J=7.5, 1.5 Hz, 1H), 7.41~7.28 (m, 13H), 6.88 (d, J=7.0
Hz, 1H), 6.46 (d, J=7.5 Hz, 1H); *C NMR (125.4 MHz,
CDCly) 6: 165.4, 141.2, 134.6, 131.5, 130.7, 130.6, 130.3,
128.8, 127.6, 127.5, 127.2, 57.9; MS (EI) m/z (%): 321
(65, M"), 286 (10), 244 (18), 219 (8), 207 (5), 182 (17),
165 (43), 152 (11), 139 (100), 131 (8), 111 (26), 104 (49),
83 (64), 77 (17).

N- 2K R 3- G008 F B ik (6m): T B8 [ 4, mup.
153~154 COCEE" 153~155 C); '"H NMR (500
MHz, CDCly) 6: 7.79 (s, 1H), 7.69 (d, J=8.0 Hz, 1H),
7.49~7.47 (m, 1H), 7.39~7.28 (m, 11H), 6.67 (d, J=7.5
Hz, 1H), 6.43 (d, J=8.0 Hz, 1H); *C NMR (125.4 MHz,
CDCly) 6: 165.2, 141.1, 136.0, 134.9, 131.8, 130.0, 128.8,
127.7, 127.5, 127.4, 125.2, 57.6; MS (EI) m/z (%): 321
(77, M), 244 (19), 208 (3), 182 (55), 165 (55), 152 (12),
139 (100), 111 (40), 104 (59), 83 (10), 77(21).

N-" K F-1-ZEH % (60): TLEEA, mp. 186~
187 “C; '"H NMR (500 MHz, CDCly) d: 8.30 (d, J=9.5
Hz, 1H), 7.93 (d, J=8.0 Hz, 1H), 7.88~7.86 (m, 1H),
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7.66 (dd, J=7.0, 1.5 Hz, 1H), 7.55~7.51 (m, 2H), 7.46
(dd, J=17.5, 8.5 Hz, 1H), 7.39~7.34 (m, 8H), 7.32~7.29
(m, 2H), 6.59 (s, 2H); °C NMR (125.4 MHz, CDCl;) ¢:
168.6, 141.4, 134.2, 133.7, 130.8, 130.3, 128.8, 128.3,
127.6, 127.5, 127.3, 126.5, 125.4, 124.9, 124.7, 57.5; MS
(EX) m/z (%): 337 (72, M), 281 (5), 260 (3), 253 (3), 207
(11), 182 (35), 165 (24), 155 (83), 127 (100), 115 (4), 104
(18), 77 (21). HRMS caled for CoH;oNO (M+H) ':
338.1539, found 338.1528.

N- 2 F1 3K 0225 W e (op)!' ™ E B [E 44, mup.
181~182 °C; 'H NMR (500 MHz, CDCl;) 0: 8.33 (s, 1H),
7.91~7.87 (m, 4H), 7.59~7.53 (m, 2H), 7.39~7.29 (m,
10H), 6.82 (d, J=8.0 Hz, 1H), 6.52 (d, J=7.5 Hz, 1H);
BC NMR (1254 MHz, CDCly) §: 166.6, 141.5, 134.9,
132.6, 131.4, 128.9, 128.8, 128.6, 127.79, 127.77, 127.63,
127.57, 127.5, 126.9, 123.6, 57.6; MS (EI) m/z (%): 337
(57, M), 260 (2), 182 (47), 165 (12), 155 (100), 127 (63),
104 (11), 77 (11).

323 Cu(OTh), BT Fhkbs —HEFa LK N-be i
(Y52

BAMRYR, 1 10 mL f Schlenk 85 PYAK N
AN 2K H i (1a) (184.0 mg, 1 mmol). Z[#(7a) (139.5 mg,
1.5 mmol)#1 Cu(OTf), (7.2 mg, 2 mol%), IMLEE +
120 “Cymir _Ehndddii bk M. H TLC F1/8 GC-MS FREF
SN, FRBSEAR G, KA T, RN BN LR
LR/ VA M) =0/100~1/3], 1574 8a.

N-Z R K (8a): B (ELEA, mp. 56~57 “C(XL
BRE!"™ 57~58 C); '"H NMR (500 MHz, CDCl;) o:
7.70~7.35 (m, 10H), 7.29~7.25 (m, 2H), 6.98~6.77 (m,
1H), 6.77~6.49 (m, 2H), 5.67 (s, 1H), 4.37 (s, 1H); *C
NMR (125.4 MHz, CDCly) o: 147.2, 142.8, 129.0, 128.6,
127.4,127.3,117.6, 113.4, 62.9.

N-" 2K R 4T R 2R (8b): 3 0 44, m.p. 194~
195 CCCERME" 194~195 “C); 'H NMR (500 MHz,
CDCly) 6: 8.02 (d, J=9.0 Hz, 2H), 7.37~7.28 (m, 10H),
6.50 (d, J=9.0 Hz, 2H), 5.63 (d, J=4.5 Hz, 1H), 4.99 (d,
J=3.5 Hz, 1H); *C NMR (125.4 MHz, CDCl;) ¢: 152.1,
141.1,138.7, 129.1, 128.0, 127.4, 126.2, 112.2, 62.5.

N- K B 3 4-EUR B 8e)"™: # Mk, '"H NMR
(500 MHz, CDCl5) d: 7.40~7.11 (m, 10H), 6.73 (d, J=8.5
Hz, 2H), 6.51 (d, J=8.5 Hz, 2H), 5.43 (s, 1H), 4.13 (s,
1H); *C NMR (125.4 MHz, CDCl;) J: 146.8, 141.0, 133.4,
129.2,129.1, 128.8, 118.3, 113.6, 61.9.

N-(4-F 3 — 2K ) 8 i (8d)™™: B [ 1A, mup.
61~62 C; '"H NMR (500 MHz, CDCl;) J: 7.36~7.29
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(m, 4H), 7.25~7.22 (m, 3H), 7.13~7.09 (m, 4H), 6.68 (t,
J=17.5Hz, 1H), 6.53 (d, J=8.5 Hz, 2H), 5.46 (s, 1H), 4.20
(s, 1H), 2.32 (s, 3H); “C NMR (125.4 MHz, CDCLy) ¢:
147.5, 143.2, 140.1, 137.0, 129.5, 129.1, 128.7, 127.4,
127.3,117.6, 113.5, 62.8, 21.1.

N-(2- W1 3 — 2% ) 26 i (8e)P™): 3 (i k. 'H
NMR (500 MHz, CDCl3) d: 7.33~7.28 (m, 5H), 7.27~
7.23 (m, 1H), 7.18~7.12 (m, 3H), 7.10 (dd, J=8.5, 7.5
Hz, 2H), 6.67 (t, J=7.5 Hz, 1H), 6.48 (d, J=8.5 Hz, 2H),
5.65 (s, 1H), 4.11 (s, 1H), 2.31(s, 3H); °C NMR (125.4
MHz, CDCl;) 0: 147.4, 142.0, 140.5, 136.0, 130.8, 129.2,
128.7, 128.0, 127.4, 127.33, 127.25, 126.4, 117.6, 113.2,
59.5,19.5.

N-(1-28 Z.3E) 2 (86121 F k. "H NMR (500
MHz, CDCl3) d: 7.38~7.18 (m, 4H), 7.19~7.08 (m, 1H),
7.00 (t, J=8.0 Hz, 2H), 6.55 (t, J=7.5 Hz, 1H), 6.50~
6.28 (m, 2H), 4.39 (q, J=6.5 Hz, 1H), 3.88 (s, 1H), 1.41
(d, J=6.5 Hz, 3H); “C NMR (125.4 MHz, CDCl;) ¢:
147.2, 145.1, 129.0, 128.5, 126.8, 125.8, 117.2, 113.2,
53.4,24.9.

4B kL (Supporting Information) &JZ X} Cu(OTf),
AR IZ S R R I ST S2 00 | BT A P2 AR 24 4a
ff) "H NMR. °C NMR % EIHE. axshhpbar L4 2k
AT 355 (http://sioc-journal.cn/)_E %K.
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