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An Efficient N-Heterocyclic Carbene (NHC)-Catalyzed Synthesis of
Polysubstituted Cyclopentene

Li, Sha Yang, Wenhan Luo, Xian Yao, Changsheng*
(Jiangsu Key Laboratory of Green Synthetic Chemistry for Functional Materials, School of Chemistry and Materials Science,
Jiangsu Normal University, Xuzhou 221116)

Abstract An one-pot, cascade assembly of polysubstituted cyclopentene was realized via the N-heterocyclic carbene
(NHC)-catalyzed annulation of the in situ activated a,f-unsaturated carboxylic acid with 2-(2-oxo-2-arylethyl)malononitrile
through the sequence of Michael addition, aldol condesation and decarboxylation. This method could serve as a new attractive
strategy for the practical syntheses of multi-functionalized cyclopentene derivatives with broad substrate scope, readily
availability of starting materials, mild reaction conditions, excellent yields and operational simplicity.

Keywords  N-heterocyclic carbene (NHC); a,f-unsaturated carboxylic acid; 2-(2-oxo-2-arylethyl)malononitrile; poly-
substituted cyclopentene; cascade reaction
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¥, CHECNHCREZ BHHF TAEH B A7 2 —.

U, EFATVRRE T 256 2 BRI & 1)
#A%. 2018 4F, Marinetti W PR IE T B BUB AL 2-
W S 5 G BR IS R AR [3+ 21 M OB, e %o Bk
TEPEVE RO A IR A B 22 1) J7¥2:(Scheme 1a). Bfif5 Han
VR ZH YR T R B AL R S A S S LS R
AT[3+ 2] [ B A B B () 5 B (Scheme  1b). LT
5 AR, Robiette! ™ R T — ANl W5 [ B A R IR
i B (Scheme 1¢). XEETVEIRYIVER] T, (H24E4E
LB, RYME DL G R A R e M2, X R s R T EAT
IS FYE L PR e — Rl RIS € 519 SRR AT
R R IB KA LR A YR BT .

(a) Marinetti's work

CO,Et EtO,C
CN f 2
Ph/%r . J &o, QCN
CN || toluene, 80 °C

PH  ©CN
(b) Han's work HoN CN
O CN J/NOZ cat. TBFA o)ﬁw
H o T Towon s M
(c) Robiette's work
X on O 1)LHMDS, CH,cl,  N& CN
-78°Ctort. R? R®
}‘\%\ + S+
CN J 2) Mgy, r.t.
R2 R® R?
(d) This work
o ©oN Nchr RNC oN NC, CN
)J\/I\ - p 0 R
Ar CN CN - Ar
2 e /\)(1 0 —0=Cc=0 Ar
.
R/\)J\OH—’R \I NHC

B 1 BRI A I R

Scheme 1 Syntheses of functionalized cyclopentenes

EJLHER, AHVN TREACEAHLE Uk R
R, H A 4230k 5 (N-heterocyclic carbene, NHC)
TR BAREREREN N TR 2 —, BIHEYTE
Bl AR AR L SN AR AN S R T 52 ok
T2 I FE N R SEER. NHC AT LS oo - ARG
AP RO MY WhMY e p- A AR AR SR
MmN SE AT RS IR o B~ P I A B 5 o i)
PR(BE 2). %R AT 1 A Michael 52 45 55 %7 R 4
— ROV, A, KA S T RUE IR PR R i 2L
B e B DDA B A AL 22 i A5 3 1 22 TARE )
P2, I, 2014 4F, Ye WAL YA R R A
A7 FE T R AT AR IR J5 AL B A6 A B R IR s, 7
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NHC (AL A B oo, B~ AN PR JHE Pk B 8 1 v (R 4%, My
R RMA R PR AESR L T iR AR, e, BRATURRIE
TR R SRR 1 S ws AL e — AU m R, o~ Tk
g™ S A R RO R B AR N &
TIPS AT AR A R 25 UL B A s ) B B, FEACER
L Z AT NHC AR B A 22 (T 7 2t 1, 3R
ATHEM], A2 N af-AEFRERE T R AL IS (L AR 15
[ o, B~ AT I 2 Wk P 25 1 A 2-(2-48AR-2-75 258 T —
1§, &1k Michael IR FREEAE G BAREIIHE, ATLAS
WA 22 B BE AL I3 M 42 (Scheme 1d).

HR5TR
1.1 RMEHHHK

DLIREERR (1a) 5 2-(2-5AMR-2-K 225N 5 (2a) A
JEAINE B IR R A B D AR AR AT T HR TS, S gl
Rk 1 Por. B, UARFBZEATAERERIA R =M
TR SR RO AT T MAA(ER 1, Entries 1~5), &I
=R T A (LRELA 17%72 RS2 AR, H4NH
Fit = WAL TR) B A0 C R = AR & H AR =4, {5 F ke
R P A A A SRR S50 AR A U 1) H b P A B P f
177 A BAMETEPERIRTHE T, 2200 52 5 #4865 77 0
SN AR BAMIER. S5REW, b 2-(7-AtkH=
ZE)-N,N,N'N'- DY F L IR 7S 0 R B (HATU) 2 Ak,
fl 4 A 5% [ B TEAE (R 1, Entries 6~7). #FK,
X} SR 2 IR FRIEAT T 0 %(3R 1, Entries 8~18),
RIHIEFNNCE, TN B TR 5 B 7= 4 (1) 7= 508 3
86%(3& 1, Entry 16). f)a, 1EXT M I HRE TR
FBF, RIS Z= W R NAR b, A R AR T = e
fRX = 28357 A — SE A7 TH 5200 (3R 1, Entries 19~20). &
TR R, Bk R RERMNFE N =g R
FEHIARE A ML), HATU N4 &5, BREREH R 25
a3 BRI, e SR ¥ e AE 25 C.

TESAE RN 2R, S5 B R JE 423 A B gk AT T
WA, B, MEEARFBRER ap-AERRRIAT
WA, RIUAE HIRIR %A ) TR % (2-Cl, 2-Br,
3-F, 4-Cl, 4-NO,, 3,5-CL)i& j2& fit Hy - HU AL 2 (2-Me,
4-MeO), #BHELAFAR 1) 245 3 HFR =K 2, 3a~3i).
BoJe, XY 2 WiEAVE IR AR B, HOR EAE %
A BRI 2 i UL, 3 REDARIR I = 2
3 B AR N A IGAT AR 2, 3j~30). AL, FED 1
PR SRR SO R 3 MRy FIZE RN, %5 vk RIREIE
FHUABL R = R g5 A R B AR =03 2, 3p~3r). X
Segk R TR T RN L
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Figure 2 @ f-Unsaturated acyl azolium generated from different substrates
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Table 1 Reaction optimization for the synthesis of multi-functionalized cyclopentene

CN
o o ©N Cat. (20 mol%) s CN
\ PCR (120 mol%) O
w OH + w CN base (250 mol%) O
1a 2a solvent, N,, 25 °C 3a
. /Bn
_ [\ N ClI
O— \ 4 _ Mes’N\%[\“Mes @[ \>
Cat N N=ar gf ﬁf - |'\3/|h o N
: Ar = Mes Bn
e GAr=CERs D B .

Entry Cat. Base Solvent PCR” Yield“/% of 3a
1 A K,CO; DCM HATU 17
2 B K,CO; DCM HATU Trace
3 C K,CO; DCM HATU Trace
4 D K,CO; DCM HATU n.d.?
5 E K,CO; DCM HATU n.d.
6 A K,CO; DCM CDI n.d
7 A K,CO; DCM DCC/HOBt n.d
8 A Cs,COs DCM HATU 46
9 A ‘BuONa DCM HATU 27
10 A KOAc DCM HATU 21
11 A DABCO DCM HATU n.d.
12 A EtN DCM HATU n.d.
13 A Cs,COs THF HATU 30
14 A Cs,CO3 DCE HATU 62
15 A Cs,CO3 Toluene HATU 54
16 A Cs,COs MeCN HATU 86
17 A Cs,COs3 Dioxane HATU 37
18 A Cs,COs DME HATU 72

19¢ A Cs,COs MeCN HATU 70
20/ A Cs,COy MeCN HATU 62

“ Conditions: n(1a) : n(2a)=1 : 1.2, 0.20 mmol of 1a was used in 2 mL of solvent at 25 ‘C. ® HATU=2-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate, DABCO = 1,4-Diazabicyclo[2.2.2]octane;triethylenediamine, CDI=N,N'-Carbonyldiimidazole, DCC = Dicyclohexylcarbodiimide, HOBt=
1-Hydroxybenzotriazole, ¢ Isolated yield by column chromatography. “n.d.=No reaction was detected by TLC.  Reaction performed at 15 ‘C.”/Reaction performed
at35 C.

BEAk, X 2 BUARER Sl A I Bk & AR EAT 1 0120 E133) HF5/=¥)(Scheme 2), IZFENEDHAXFRE
MIRER. 45RRY, E=RHEIRA HATU {712 T, JRBLE T HEA
BRIRBRAE 9B, Z SR iR, Tk = e A5 44 &6 FEIZ SN (AT RENLER LR 3. DML S W) 3a (165 AR
F o] DMEBEZ [ BBEAT, FEEL 52%H072 A 38% ) ee W1, HGAEBAIMEN T =M RERAEE A B X
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Table 2 NHC-catalyzed Syntheses of multi-functionalized cy-
clopentenes

O CN
o}

N CN
R1/\)J\OH + R2_:

Z
1

2
Cat. A (20 mol%) CN
HATU (120 mol%) RZ/CN
Cs,CO3 (250 mol%)
3 R

MeCN, Ny, 25 °C

Entry Product R R? Yield®/%
1 3a Ph H 86
2 3b 2-CIC¢H, H 82
3 3c 2-BrCg¢Hy H 91
4 3d 3-FC¢H,4 H 84
5 3e 4-BrC¢H, H 80
6 3f 4-NO,C¢H, H 74
7 3g 3,5-C1,CeH; H 89
8 3h 2-MeCeH,4 H 76
9 3i 4-MeOCgHy H 85
10 3j 2-CIC¢H, 4-Cl 72
11 3k 4-CIC¢H, 4-Cl 78
12 31 4-CIC¢H, 4-Me 85
13 3m 4-CIC¢H, 4-MeO 84
14 3n Ph 4-Me 82
15 30 Ph 4-MeO 79
16 3p Me H 65
17 3q 2-Thienyl H 62
18 3r 1-Naphthyl H 87

“Conditions: n(1) : n(2)=1 : 1.2, 0.20 mmol of 1 was used in 2 mL of solvent
at 25 °C. "Isolated yield by column chromatography.

Cat. F (20 mol%)
HATU (120 mol%)
Y(OTf)3 (20 mol%)
K>CO3 (250 mol%)
MeCN, N,, 25 °C

2
NN
. \=y
52% yield BF, +
38% ee - Ph

B2 BRI A AR Gk
Scheme 2  Asymmetric syntheses of functionalized cyclo-
pentene

T ERE B RE. SHER, ap-AMEFMRE 12 5
HATU £ o, f-ANMERTRIREE 12", B R 5= 00 f 1
BEBC 1B BREBRIE PR o, B- AN PRI P B 8 7 o ) 4
L &Y 2a KT AEIN 22" 5k 1 KL
Michael I, 73S0 E AR L, 4558 HAS 54 09 v [R)
KIN. BEJS 25T W Aldol 4 A 15 2L P A4 I, —
A WERE IV ik B RSB RE KRR T W
MeV, STERMEIIEL. &5V iiE CO, 33| H AR ¥) 3a.

2 i

ASCHRE T R H BSOS af-A
TIRRIRAN 2-(2-584%-2-75 2.38) A 4 id Michael i
B FRIEAE A LR S B DD IR A 2 BRI I = %
Jiid. FITE R R B 2 B R AB IR T R ig

3a 1a
To:c:o ¥N lHATU
NC Ph — \/N\ N
. N=
NC (e} /
N
Vv (@) 1a' N=
base
Ph o
NC o | A\)H/N
Ph
Nc%:t&:h N Wan
Ph 0 N NN~ N
/ ABF4 |
v \ O CN
Ph \ O Ph ph)l\/I\CN
NC O NN NG 2a'
NC \‘ 7\ NC o] / Tbase
N
ph £ NC N
o \ Ph Ph” Y |
i e 2 /N\,\f>/ 2a
+
\ Ph \O> / 1
O | N/
TN —
NN
B3 TR ML

Figure 3 Possible mechanism
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17, BARPMFAHRA, JEYIERTERE BRI %15
77 28 e R R TV SR AL
3 SLIEES
3.1 UES5HF

T 75 VR TR CUIC /K AR B A 2 M7 Bl A ol ik 7 2%
RIS 60~90 CHEsr, f81H 100~200 HfEK. %
HRAL: "H NMR J345% Bruker DPX 400 MHz, "*C
NMR iR 45% Bruker DPX 100 MHz, 3P4 CDCl; Ni%
#, DLV OH R R %% (TMS) A W A% . HRMS i
micrOTOF-Q 1T = 73 F i A g . 48 s e XT-5
RO S EA. TR 2 B EGE 2% SR 6],
oL - AN FIFR IR Je FLAh SR 30 24 A 22 o« AL i ol
BHEABRA R AR A = K.
32 EWMINERK

) -8 1) 10 mL Schlenk J B HOIAN R4 1 (0.2
mmol), 2 (0.24 mmol), —MEAEALFIHTA A (0.04 mmol,
10.9 mg), Cs,CO; (0.50 mmol, 162.9 mg)F1 HATU (0.24
mmol, 91.2 mg)[IEEY), WA ERTR, W5
FHVEST 884 2.0 mL T4 ZEVEN Schlenk . [ v
RET 25 C, RPN 2 AR (TLO)RI K N 45
J&, PR ZE TR A, A B VR
WEE) D M(ZBR TR =10 © 1], 153 [ ol i ik
3.

2,4- RN 3-M-1,1- 5 (3a): A,
% 86%. m.p. 138~139 ‘C; '"H NMR (400 MHz, CDCls)
8:7.51~7.37 (m, 10H, ArH), 6.29 (q, J=2.0 Hz, 1H, CH),
4.76 (q, J=2.1 Hz, 1H, CH), 3.71~3.59 (m, 2H, CH,);
3C NMR (100 MHz, CDCl;) d: 141.0, 135.2, 133.0, 129.4,
129.2, 128.9, 128.3, 125.9, 124.5, 116.5, 114.4, 61.0, 44.9,
40.9; HRMS caled for C;9H4N,Na [M—I—Na]+ 293.1049,
found 293.1044.

2-(2- SR B )-4- TR B IR IR -3-0-1,1- i 3b): (It
AR, 722 82%. m.p. 168~169 C; 'H NMR (400 MHz,
CDCly) d: 7.59~7.23 (m, 9H, ArH), 6.27~6.08 (m, 1H,
CH), 5.36 (d, J=2.6 Hz, 1H, CH), 3.68 (s, 2H, CH,); "°C
NMR (100 MHz, CDCLy) d: 141.4, 135.1, 133.3, 132.7,
130.6, 130.3, 129.3, 129.2, 129.0, 127.4, 125.9, 123.6,
116.7, 114.1, 57.1, 454, 38.7, HRMS calcd for
C1oH5CIN,Na [M+Na]" 327.0659, found 327.0647.

2-(2-R AR HL)-4- TR B IR -3-475-1,1- i Be): A
AR, 7% 91%. m.p. 148~149 C; 'H NMR (400 MHz,
CDCly) 8: 7.73 (dd, J=7.9, 1.3 Hz, 1H, ArH), 7.50~7.39
(m, 5H, ArH), 7.34 (td, J=7.5, 1.3 Hz, 1H, ArH), 7.28 (dd,
J=7.7, 1.9 Hz, 1H, ArH), 7.25~7.22 (m, 1H, ArH),

1408 http://sioc-journal.cn/
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6.19~6.18 (m, 1H, CH), 5.36 (d, J=2.0 Hz, 1H, CH),
3.73~3.62 (m, 2H, CH,); '°*C NMR (101 MHz, CDCL;) ¢:
141.4, 135.0, 133.7, 132.7, 130.8, 129.4, 129.3, 129.0,
128.0, 125.9, 123.8, 116.8, 114.1, 59.7, 45.3, 38.6; HRMS
caled for CoH;;BrN,Na [M + Na] " 371.0154, found
371.0149.

2-(3-FAA I )-4- R EE A -3-0-1,1- ZJFE3d): At
[, 723 84%. m.p. 127~128 ‘C; '"H NMR (400 MHz,
CDCly) d: 7.51~7.35 (m, 6H, ArH), 7.22~7.03 (m, 3H,
ArH), 6.26 (d, J=2.2 Hz, 1H, CH), 4.79 (d, J=2.2 Hz,
1H, CH), 3.73~3.59 (m, 2H, CH,); *C NMR (100 MHz,
CDCLy) d: 164.3 (J=248.1 Hz), 141.6, 137.7 (J=7.1 Hz),
132.7, 130.9 (J=8.3 Hz), 129.4, 129.0, 125.9, 124.1 (J=
3.0 Hz), 123.6, 116.5 (J=21.1 Hz), 116.2, 115.3 (J=22.2
Hz), 114.1, 76.7, 60.5 (J=1.6 Hz), 44.9, 40.7, HRMS
caled for C;oH;sFN,Na [M + Na] * 311.0955, found
311.0942.

2-(4- PR IR I )-4-FRIE IR R -3-075-1,1- i Be): AL
B4, 722 80%. m.p. 139~140 ‘C; 'H NMR (400 MHz,
CDCly) 6: 7.59~7.56 (m, 2H, ArH), 7.48~7.39 (m, 5H,
ArH), 7.27~7.25 (m, 2H, ArH), 6.24 (q, J=2.0 Hz, 1H,
CH), 4.72 (d, J=2.0 Hz, 1H, CH), 3.71~3.60 (m, 2H,
CH,); *C NMR (100 MHz, CDCl3) 6: 141.5, 134.2, 132.7,
132.4, 130.0, 129.4, 129.0, 125.9, 123.8, 123.7, 116.2,
114.3, 60.4, 44.8, 40.8; HRMS calcd for C;oH;3BrN,Na
[M+Na]" 371.0154, found 371.0158.

2-(4-Hi B R L )-4- R L IR 18 -3- 45 -1,1- i (3h): 7%
HOEE, 77 74%. mp. 132~133 C; 'H NMR (400
MHz, CDCl;) 6: 8.38~8.28 (m, 2H, ArH), 7.63~7.56 (m,
2H, ArH), 7.52~7.40 (m, 5H, ArH), 6.28 (q, J=1.9 Hz,
1H, CH), 4.88 (q, J=2.1 Hz, 1H, CH), 3.79~3.64 (m, 2H,
CH,); *C NMR (101 MHz, CDCl;) & 148.6, 142.5, 142.4,
132.4, 129.7, 129.5, 129.1, 126.0, 124.4, 122.7, 115.7,
114.0, 60.3, 45.0, 40.7; HRMS calcd for C;oH;3N;0,Na
[M+Na]™ 338.0900, found 338.0885.

2-(3,5- S FUR L) -4- KB IA -3 -45-1,1- 1B (3g): A
O E K, P55 89%. mp. 188~189 ‘C; 'H NMR (400
MHz, CDCl3) 6: 7.49~7.42 (m, 6H, ArH), 7.26 (d, J=1.9
Hz, 2H, ArH), 6.21 (q, J=1.9 Hz, 1H, CH), 4.70 (d, J=
2.1 Hz, 1H, CH), 3.75~3.62 (m, 2H, CH,); >*C NMR (100
MHz, CDCly) d: 142.3, 138.6, 135.9, 132.4, 129.8, 129.6,
129.0, 126.9, 126.0, 122.7, 115.9, 113.9, 60.1, 45.0, 40.5;
HRMS caled for CioHsCLN, [M+H]" 339.0451, found
339.0433.

4-IRFE-2-(A0 A IR TR -3- - 1,1- i (3h): IR
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B, 2% 76%. m.p. 159~160 °C; 'H NMR (400 MHz,
CDCly) 6: 7.49~7.37 (m, 5H, ArH), 7.33~7.27 (m, 2H,
ArH), 7.25~7.18 (m, 2H, ArH), 6.21~6.20 (m, 1H, CH),
5.07 (d, J=2.2 Hz, 1H, CH), 3.66 (d, J=1.7 Hz, 2H,
CH,), 2.57 (s, 3H, CH;); *C NMR (100 MHz, CDCl;) ¢:
140.5, 137.1, 133.6, 133.0, 131.4, 129.2, 129.1, 128.9,
127.7, 126.7, 125.9, 125.1, 117.3, 114.3, 57.1, 45.1, 39.1,
20.0; HRMS calcd for C,oH;7N, [M—i—H]+ 285.1386,
found 285.1378.

2-(4- AR LR B )-4- 2R LR T -3-45-1,1- i 3i): A
O E K, P73 85%. mp. 107~108 ‘C; 'H NMR (400
MHz, CDCly) 6: 7.58~7.41 (m, 5H, ArH), 7.36 (d, J=8.6
Hz, 2H, ArH), 7.01 (d, J=8.6 Hz, 2H, ArH), 6.32 (q, J=
2.0 Hz, 1H, CH), 4.79 (q, J=2.1 Hz, 1H, CH), 3.89 (s, 3H,
CH3), 3.77~3.60 (m, 2H, CH,); >C NMR (101 MHz,
CDCly) d: 160.3, 140.6, 133.0, 129.5, 129.2, 128.9, 127.1,
125.9, 124.9, 116.6, 114.5, 60.5, 55.3, 44.7, 41.1; HRMS
caled for C,yH;(N,ONa [M—|—Na]+ 323.1155, found
323.1150.

2-(2- B FR I )-4-(4- F AT IR -39 -1,1- /5 3j):
HEEAR, 72 72%. mp. 162~163 C; 'H NMR (400
MHz, CDCly) §: 7.54 (dd, J=7.9, 1.4 Hz, 1H, ArH), 7.41
(s, 4H, ArH), 7.36 (td, J=7.7, 1.9 Hz, 1H, ArH), 7.31~
7.35 (m, 1H, ArH), 7.23 (dd, J=7.6, 1.8 Hz, 1H, ArH),
6.17 (dt, J=2.7, 1.8 Hz, 1H, CH), 5.36 (q, J=1.9 Hz, 1H,
CH), 3.65 (q, J=1.7 Hz, 2H, CH,); *C NMR (100 MHz,
CDCly) 6: 140.3, 135.3, 135.1, 133.1, 131.2, 130.7, 130.4,
129.2, 129.1, 127.4, 127.2, 124.4, 116.6, 114.0, 57.2, 45.4,
38.8; HRMS caled for CoH;3CLN, [M+H]' 339.0451,
found 339.0444.

2,4- W (4-FAF) IR -3-0-1,1- 5 (3k): [ [
1, P25 78%. mp. 131~132 C; '"H NMR (400 MHz,
CDCly) &: 7.43~7.37 (d, J=6.5 Hz, 6H, ArH), 7.31 (d,
J=8.3, 2H, ArH), 6.23 (d, J=2.1 Hz, 1H, CH), 4.73 (d, J
=24 Hz, 1H, CH), 3.78~3.46 (m, 2H, CH,); *C NMR
(100 MHz, CDCly) § 140.4, 135.6, 135.3, 133.5, 131.2,
129.6, 129.5, 129.2, 127.1, 124.5, 116.0, 114.1, 60.3, 44.8,
40.9; HRMS caled for CoH;3CLN, [M+H]" 339.0451,
found 339.0442.

2-(4- B L )-4- O B 2R 35 R 1R -3-05-1,1- —JiE (31):
H @ E AR, 7% 85%. mp. 162~163 C; 'H NMR (400
MHz, CDCLy) 6: 7.44~7.19 (m, 8H, ArH), 6.17 (d, J=2.0
Hz, 1H, CH), 4.72 (d, J=2.7 Hz, 1H, CH), 3.70~3.55 (m,
2H, CH,), 2.39 (s, 3H, CH3); *C NMR (100 MHz, CDCl5)
5t 141.3, 139.5, 135.4, 133.9, 129.9, 129.7, 129.6, 129.4,
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125.8, 122.8, 116.3, 114.3, 60.3, 44.8, 40.8, 21.3; HRMS
caled for C,0H;sCIN,Na [M—|—Na]+ 341.0816, found
341.0811.

2-(4- S IR I )-4-(4- A BE 2R ) IR I -3- M- 1,1- 2 1
(3m): AMEAE, 7% 84%. m.p. 167~168 ‘C; 'H NMR
(400 MHz, CDCly) d: 7.42~7.25 (m, 6H, ArH), 6.94 (d, J
=8.6 Hz, 2H, ArH), 6.09 (d, J=2.3 Hz, 1H, CH), 4.71 (d,
J=2.8 Hz, 1H, CH), 3.85 (s, 3H, CH3), 3.66~3.55 (m,
2H, CH,); *C NMR (100 MHz, CDCl;) J: 160.4, 140.9,
135.3, 134.0, 129.7, 129.4, 127.3, 125.4, 121.5, 116.3,
114.4, 1143, 60.3, 55.4, 44.9, 40.8; HRMS calcd for
CaoH;5CIN,ONa [M+Na] 357.0765, found 357.0754.

4-(4- BRI )-2- R BRI 116-3-0-1,1- i 3n): A
EEE, P2 82%. mp. 160~161 ‘C; 'H NMR (400
MHz, CDCl3) 0: 7.43~7.34 (m, 7H, ArH), 7.22 (d, J=7.8
Hz, 2H, ArH), 6.21 (q, J=2.0 Hz, 1H, CH), 4.73 (d, J=
2.7 Hz, 1H, CH), 3.66~3.55 (m, 2H, CH,), 2.38 (s, 3H,
CHs); “C NMR (100 MHz, CDCl5) d: 140.8, 139.3, 135.4,
130.1, 129.5, 129.3, 129.1, 128.3, 125.8, 123.4, 116.5,
114.4, 60.9, 44.8, 40.9, 21.2; HRMS calcd for CyH;(N,Na
[M~+Na]" 307.1205, found 307.1194.

4-(4- AR BE R B )-2- R L 3E 11 -3- 05 -1,1- i (30),
HEEAR, 723 79%. mp. 151~152 °C; 'H NMR (400
MHz, CDCl;) 6: 7.48~7.31 (m, 7H, ArH), 6.94 (d, J=8.7
Hz, 2H, ArH), 6.13 (d, J=2.3 Hz, 1H, CH), 4.73 (d, J=
2.5 Hz, 1H, CH), 3.84 (s, 3H, CHj), 3.66~3.55 (m, 2H,
CH,); *C NMR (100 MHz, CDCl3) 6: 160.3, 140.4, 135.5,
129.3, 129.1, 128.3, 127.2, 125.6, 122.1, 116.6, 114.5,
1142, 61.0, 554, 449, 40.9; HRMS caled for
CaoH (N,ONa [M+Na] 323.1155, found 323.1154.

2- F 4R IR I -3-05-1,1- 5 (Bp): A EalFE A,
F2F 65%. m.p. 67~68 C; '"H NMR (400 MHz, CDCl;)
5: 7.40~7.33 (m, 5H, ArH), 6.06 (q, J=1.9 Hz, 1H, CH),
3.63~3.46 (m, 3H, CH, CH,), 1.47 (d, J=7.1 Hz, 3H,
CH;); *C NMR (101 MHz, CDCl3) 6: 138.5, 133.1, 128.9,
128.8, 126.9, 125.7, 116.5, 114.8, 50.2, 44.5, 38.8, 16.5;
HRMS calced for C4H;,N,Na [M+Na]" 231.0892, found
231.0881.

A-FRFE2-(WEW -2-F5) IR -3-45-1,1- i (3q): VR
EA, P2F 62%. mp. 99~100 ‘C; '"H NMR (400
MHz, CDCly) &: 7.49~7.35 (m, 6H, ArH, CH), 7.17 (dt,
J=3.6, 1.0 Hz, 1H, CH), 7.10 (dd, J=5.1, 3.6 Hz, 1H,
CH), 6.31 (dt, J=2.6, 1.8 Hz, 1H, CH), 5.03 (q, J=1.9
Hz, 1H, CH), 3.74~3.57 (m, 2H, CH,); *C NMR (101
MHz, CDCl;) 0: 140.9, 137.7, 132.7, 129.4, 129.0, 127.9,
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127.6, 126.8, 126.0, 124.3, 116.4, 114.0, 56.0, 44.1, 41.0;
HRMS calcd for C7H;,N,SNa [M—I—Na]+ 299.0613, found
299.0602.

2-(Z5-1-3L)-4-FR B IR TN -3-45-1,1- 5 Br): A

1, PEE 87%, mp. 171~172 C; '"H NMR (400 MHz,
CDCl;) d: 7.93~7.84 (m, 4H, ArH), 7.54~7.39 (m, 8H,
ArH), 6.37 (q, J=1.9 Hz, 1H, CH), 4.93 (d, J=2.1 Hz,
1H, CH), 3.77~3.64 (m, 2H, CH,); *C NMR (100 MHz,
CDCly) d: 141.1, 133.6, 133.3, 133.0, 132.7, 129.2, 129.2,
129.0, 128.1, 127.8, 127.7, 126.8, 126.7, 125.9, 125.6,
124.5, 116.6, 114.4, 61.1, 45.0, 40.9; HRMS calcd for
Co3H 2N, [M+H]™ 321.1386, found 321.1375.

4 BT KL (Supporting Information) L&) 3a~3r [
"HNMR 1 °C NMR #% &, X2kl L4 2 A AT Y
¥ (http://sioc-journal.cn/) |~ %K.

References

(1]

(2]

[3]

(4]
[3]

(6]
(7]

(8]

1410

(a) Mao, S.-C.; Guo, Y.-W. J. Nat. Prod. 2006, 69, 1209.

(b) Yu, X.-Q.; He, W.-F.; Liu, D.-Q.; Feng, M.-T.; Fang, Y.; Wang,
B.; Feng, L.-H.; Guo, Y.-W.; Mao, S.-C. Phytochemistry 2014, 103,
162.

(c) Li, X.-L.; He, W.-F; Li, J.; Lan, L.-F.; Li, X.-W.; Guo, Y.-W. J.
Asian Nat. Prod. Res. 2015, 17, 1146.

(d) Wang, Y.; Wei, D.; Wang, Y.; Zhang, W.; Tang, M. ACS Catal.
2016, 6, 279.

(a) Zhang, Y.-M.; Tan, N.-H.; He, M.; Lu, Y.; Shang, S.-Q.; Zheng,
Q.-T. Tetrahedron Lett. 2004, 45, 4319.

(b) Tto, Y.; Takahashi, K.; Nagase, H.; Honda, T. Org. Lett. 2011,
13, 4640.

(a) Jaroszewski, J. W.; Ramussen, A. B.; Rasmussen, H. B.; Olsen,
C. E.; Joergensen, L. B. Phytochemistry 1996, 42, 649.

(b) Andersen, L.; Adsersen, A.; Jaroszewski, J. W. Phytochemistry
1998, 47, 1049.

(c) Bylov, T.; Franzyk, H.; Jaroszewski, J. W. Biochem. Syst. Ecol.
2004, 32, 695.

Xie, J.; Shang, H.; Luo, L. CN 101851177, 2010.

Aillard, P.; Gicquel, M.; Yavari, K.; Retailleau, P.; Voituriez, A.;
Marinetti, A. Eur. J. Org. Chem. 2018, 2018, 5853.

Alishetty, S.; Shih, H. P.; Han, C. C. Org. Lett. 2018, 20, 2513.
Clergue, S.; Rousseau, O.; Delaunay, T.; Dequirez, G.; Tran, T. V.;
El Aakchioui, S.; Barozzino-Consiglio, G.; Robiette, R. Chem.-Eur:
J. 2018, 24, 11417.

(a) Sun X.; Wu J. Chin. J. Org. Chem. 2006, 26, 745.

(b) Enders, D.; Niemeier, O.; Henseler, A. Chem. Rev. 2007, 107,
5606.

(c) Nair, V.; Menon, R. S.; Biju, A. T.; Sinu, C. R.; Paul, R. R.; Jose,
A.; Sreekumar, V. Chem. Soc. Rev. 2011, 40, 5336.

(d) Qu, M.; He J. Chin. J. Org. Chem. 2011, 31, 1388.

(e) Bugaut, X.; Glorius, F. Chem. Soc. Rev. 2012, 41, 3511.

(f) Grossmann, A.; Enders, D. Angew. Chem., Int. Ed. 2012, 51,
314.

(g) De Sarkar, S.; Biswas, A.; Samanta, R. C.; Studer, A.
Chem.-Eur. J. 2013, 19, 4664.

(h) Sun, L.; Liang, Z.; Ye, S. Acta Chim. Sinica 2014, 72, 841.

(i) Hopkinson, M. N.; Richter, C.; Schedler, M.; Glorius, F. Nature
2014, 510, 485.

(j) Flanigan, D. M.; Romanov-Michailidis, F.; White, N. A.; Rovis,
T. Chem. Rev. 2015, 115, 9307.

http://sioc-journal.cn/

(9]

[10]
(1]

[12]

[13]

[14]

[15]
[16]

[17]

(18]
[19]

[20]

© 2019 Chinese Chemical Society & SIOC, CAS

(k) Yu, F; Lu, Y.; Yuan, B.; Xie, C.; Yu, S. Chin. J. Org. Chem.
2015, 35, 2223 (in Chinese).
(FREE, &, =K, WAE, THE #Aades, 2015,
35,2223))
(1) Candish, L.; Gillard, R. M.; Fernando, J. E. M.; Levens, A.;
Lupton, D. W. Isr. J. Chem. 2016, 56, 522.
(m) Wang, A.; Xiao, Y.; Zhou, Y.; Xu, J.; Liu, H. Chin. J. Org.
Chem. 2017, 37,2590 (in Chinese).
CES, Wk, A5, Riba, W, Aaies, 2017, 37,2590.)
(n) Ye, M.; Shen, P.; Duan, W.; Song, C.; Ma, Y. Chin. J. Org.
Chem. 2017, 37,2919 (in Chinese).
(W2, Wiy, BOCHE, RE, DR, A, 2017, 37,
2919.)
(o) Zhang, J.; Du, G.; Gu, C.; Dai, B. Chin. J. Org. Chem. 2017, 37,
914 (in Chinese).
(okiis, A7, iR E, ROR, AU, 2017, 37,914.)
(p) Wang, N.; Xu, J.; Lee, J. K. Org. Biomol. Chem. 2018, 16, 6852.
(q) Wang, Y.; Wei, D.; Zhang, W. ChemCatChem 2018, 10, 338.
(r) Ju, L.; Ma, C.; Tang, M.; Wang, Y.; Yu, X.; Ma, H. Chin. J. Org.
Chem. 2018, 38, 3056 (in Chinese).
(B, SEl, BE, TUT, EOa, SO, ks,
2018, 38, 3056.)
(a) Rong, Z.-Q.; Jia, M.-Q.; You, S.-L. Org. Lett. 2011, 13, 4080.
(b) Mahatthananchai, J.; Kaeobamrung, J.; Bode, J. W. ACS Catal.
2012, 2, 494.
(¢) Lu, H,; Liu, J.-Y.; Li, C.-G; Lin, J.-B.; Liang, Y.-M.; Xu, P.-F.
Chem. Commun. 2015, 51, 4473.
Xu, J.; Jin, Z.; Chi, Y. R. Org. Lett. 2013, 15, 5028.
Cheng, J.; Huang, Z.; Chi, Y. R. Angew. Chem., Int. Ed. 2013, 52,
8592.
(a) Ryan, S. J.; Candish, L.; Lupton, D. W. J. Am. Chem. Soc. 2009,
131, 14176.
(b) Ryan, S. J.; Candish, L.; Lupton, D. W. J. Am. Chem. Soc. 2011,
133,4694.
(c) Candish, L.; Lupton, D. W. J. Am. Chem. Soc. 2013, 135, 58.
(a) Sun, F.-G;; Sun, L.-H.; Ye, S. Adv. Synth. Catal. 2011, 353,
3134.
(b) Yao, C.; Wang, D.; Lu, J.; Li, T.; Jiao, W.; Yu, C. Chem.-Eur. J.
2012, /8, 1914.
(c) Yetra, S. R.; Bhunia, A.; Patra, A.; Mane, M. V.; Vanka, K.; Biju,
A.T. Adv. Synth. Catal. 2013, 355, 1089.
(d) Mondal, S.; Yetra, S. R.; Patra, A.; Kunte, S. S.; Gonnade, R. G;
Biju, A. T. Chem. Commun. 2014, 50, 14539.
(e) Xie, Y.; Que, Y.; Li, T.; Zhu, L.; Yu, C.; Yao, C. Org. Biomol.
Chem. 2015, 13, 1829.
(f) Qiao, Y.; Wei, D.; Chang, J. J. Org. Chem. 2015, 80, 8619.
(g) Wang, Y.; Wu, B.; Zheng, L.; Wei, D.; Tang, M. Org. Chem.
Front. 2016, 3, 190.
(h) Yu, C.; Shen, S.; Jiang, L.; Li, J.; Lu, Y.; Li, T.; Yao, C. Org.
Biomol. Chem. 2017, 15, 9149.
(a) Kaecobamrung, J.; Mahatthananchai, J.; Zheng, P.; Bode, J. W. J.
Am. Chem. Soc. 2010, 132, 8810.
(b) Zhu, Z.-Q.; Zheng, X.-L.; Jiang, N.-F.; Wan, X.; Xiao, J.-C.
Chem. Commun. 2011, 47, 8670.
Mahatthananchai, J.; Bode, J. W. Acc. Chem. Res. 2014, 47, 696.
Chen, X.-Y.; Gao, Z.-H.; Song, C.-Y.; Zhang, C.-L.; Wang, Z.-X_;
Ye, S. Angew. Chem., Int. Ed. 2014, 53, 11611.
(a) Que, Y.; Li, T.; Yu, C.; Wang, X.-S.; Yao, C. J. Org. Chem.
2015, 80, 3289.
(b) Que, Y.; Lu, Y.; Wang, W.; Wang, Y.; Wang, H.; Yu, C; Li, T;
Wang, X.-S.; Shen, S.; Yao, C. Chem. Asian J. 2016, 11, 678.
Que, Y.; Xie, Y.; Li, T.; Yu, C.; Tu, S.; Yao, C. Org. Lett. 2015, 17,
6234.
Wang, Y.; Pan, J.; Dong, J.; Yu, C.; Li, T.; Wang, X.-S.; Shen, S.;
Yao, C. J. Org. Chem. 2017, 82, 1790.
Hu, Y.; Pan, D.; Cong, L.; Yao, Y.; Yu, C.; Li, T.; Yao, C. Chemis-
trySelect 2018, 3, 1708.

(Zhao, X.)

Chin. J. Org. Chem. 2019, 39, 1404~1410



