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ARTICLE

a-EVE PIRERS  BE/BLRRN-R R T BT RE = 40 ) & 7 2-TEMLTf
HERE 7 Ak EXHE

(BRPGITR 2222 TR BRIGE R TR SEIRE 154 710119)

WE DL o-FENER CEETEY) . MM N-RACT B ENBS) MR, 7ETCKBRIRANEE T, DL N N-— I
B (DMF) A, Sl NS T = 5 2-VEMEIR AR A R AEUALRPE T, DIt PIMGIERE . 7 T IR AN e
HEIRE S AN A SR o- TR AETR CBEAT A SRONE, eSO 3t A A L ) 2-WEME R (B = IS R TT A 94%), Ut B2 e b
HAT ZRERN M. ST 39 MG, HEmS MR . ol m o il siiE. REEsciesi R,
TSR] RENLEE, IZALEEA SRR TR 2-WE RN 1 X 38 FE A

KRB 2-WEME; o- TR VEERR LI, I N-RARTT G

Three-Component Synthesis of 2-Oxazolines from Ethyl a-Cyano-
cinnamate Derivatives with Amides and N-Bromosuccinimide

Chen, Zhanguo™ Hou, Dan Liu, De'e Hui, Wenping
(Key Laboratory of Macromolecular Science of Shaanxi Province, School of Chemistry and Chemical Engineering,
ShaanxiNormal University, Xi'an 710119)

Abstract An easy and efficient new method for the three-component synthesis of 2-oxazolines from ethyl a-cyanocinnamate
derivatives with amide and N-bromosuccinimide has been developed. A series of ethyl a-cyanocinnamate derivatives can be
smoothly converted into corresponding 2-oxazoline derivatives promoted by Na,CO; in N,N-dimethylformamide (DMF) at
room temperature in high yield (up to 94%). The reactions of 11 structurally different substrates with propionamide, acryla-
mide, isobutyamide and pentanamide were investigated, respectively. The results indicated that the protocol has applicability in
a large scope of ethyl a-cyanocinnamate derivatives and amides. A possible mechanism was proposed and it can explain well
the full regiospecificity of the reaction. 39 new compounds were achieved via the three-component synthesis reaction and all

the products structures were confirmed by their '"H NMR, "*C NMR and HRMS analysis.
Keywords 2-oxazoline; ethyl a-cyanocinnamate; amide; N-bromosuccinimide

2-WEmEnpk AL — S H BRI W), I X ke
FEVE AN ST A FENE T2 S R 72 b S REAL AT £,
BRI ZEA WL b2 — 2R EE &b Al
T EARZ N LA RIS RR W # S A 2-08
WERRR S5 AL BT, I HL i TR SR BT A T R B
SRZUF A G TR, BEAMEECA, TR 2-IEn
B2 N TR A AR S B T 2- W
CETE 2 WUCR I KN ANE, EREmITiE—
A UL SR A 2 R o, e 22 )L
TR, OARZICEIGE T 2-BEMEIK ) & BT, X
LT VE R Ay B AR AL BRI SRR R ST
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R

Bk WL LB LA R A O — MR
LA — P JRATTIR R ALAE W T Bk TR R I R
B R, R I o-FIERRERR Z B LWL N-
BT I (NBS)EBERR SR 2 T, PR AR VA 71 mT
— ST A R ) 2-WERERC Y Sy 7 e 2-WE R
LR, RN T BB ARSI R — SRR AR
RE 75 TR RSCAR L 2-EE MR IR, AR SOt AN [R] 45 44 fA Tt A
(B 1)« NBS 5 - FE A AEERR LB TN & 1 2-WE e
HIRMHEAT T RGEW I, LT a- T AR IR 205/
Jf&/NBS =273 1 2-WEMEMR T T i, fE NN-— i3
HIEZ Ji (DMF) 3 71, FE TS K R AN IE HE T, o2
WAHERR LBRATAEY) 5 & AL AN NBS SIRIEHE, FII
HIAF BRI NI 2-WEREIR, 5z e SR AT IK 94%.

o 0 o 0
\)I\NHz \)LNHZ NH, \/\)J\NHZ

2a 2b 2c 2d

B 1 ik 2a~2d 45
Figure 1 Structures of amides 2a~2d

1 ZFER5VE
1.1 REEHHHL

TECMERIR U, BATEIRBIB S NBS Ae i
B N-TRARBE . WA o- TS R 26 - e A NBS
RATRE, SRR R N-BRARBERAEBRIE R T, Mix
At - PEERR 206 & B E BN B, Hm el
FRLEBR AR R AR 23 N IR S A AR s 2 A8 R T
2-MEmEk, SOG4 B SCHE T IRATIHHEI. 8 T AR
A, AL a-FEEWFERR CFE(1a). B (2b)
FINBS G)WEA =K R, 1ET07K NayCOs IAEAE T
SLAMERL R N(Eq. 1). 7E DMF 35, 8 2% B
YIRIEEHEAT 700, SRR 1. B3R 1 AR, HEfEY)
BLHEESA n(1a) @ n(2b) : n(3) @ n(JE7/K Na,CO3)=1:2:
2:1.1.

0 o |
moa NH " DMF rt MO @

1a 2 o) Etooc CN

3 4-12

76 NayCO; 23T, X5 FHE AT 75%2, 4
R 2. BFE 2 WA, fEAE. FHRK, L5, DMF,
AR A VUSRI (THF) A SN 5% AN A [
(3 2, Entries 1~7). ZXBAEREN. 5. DMF. &
HGe N 38 e R AR IROBE, 5 DL 4577 545 21 B AR~
v, Hv DMF NEhf, RS AFE 3.5 h ginl DUkF|
8% (3K 2, Entry 2). ik H R NI, RV 24
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R AFPEHE R R 52 ¢

Table 1 Effect of molar ratio of materials on the reaction

1a:2b : 3 : Na,CO; t/h Yield®/%
1:1:1:1.1 24 38
1:15:15:1.1 35 52
1:20:2.0: 1.1 35 78
1:20:20:15 3.0 75

“ Reaction conditions: DMF (10 mL), Na,CO; was as an accelerator, room
temperature. ” Isolated yield.

h X33 TSR3 2, Entry 5), THF 1R A8fH%
LR A (3K 2, Entry 7).
F2OWF B R R ¢

Table 2 Effect of solvent and base on the reaction

Entry Base (mol%) Solvent th  Yield”/%
1 Na,CO;(110) Acetone 24 62
2 Na,CO; (110) DMF 3.5 78
3 Na,COs(110) Chloroform 24 20
4  Na,COs; (110) Dichloromethane 24 52
5 Na,COs (110) Toluene 24 Trace
6 Na,CO; (110) CH;CN 24 38
7  Na,CO; (110) THF 24 NR°
8 KOH (110) DMF 2.5 76
9 NaOH (110) DMF 3.0 71
10 K3PO4(110) DMF 3.5 74
11 CH;COONa (110) DMF 3.5 73
12 CH3;CH,ONa (110) DMF 3.5 67
13 CH;ONa (110) DMF 24 72
14 Na,CO; (150) DMF 3.0 75
15 NayCOs (110) DMF 3.5 78
16 Na,CO; (50) DMF 12 45
17 Na,CO; (10) DMF 24 30
18 — DMF 24 NR¢
19 NH,CONH, (110) DMF 24 NR°
20 Diethylamine (110) DMF 24 NR¢
21 Triethylamine (110) DMF 24 NR¢

© 2016 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: ethyl a-cyanocinnamate (2.0 mmol), acrylamide (4.0
mmol), NBS (4.0 mmol), solvent (10 mL), room temperature. * Isolated yield.
“No reaction.

N T SR BAER LA, BAMIIRER o- BRI
B2 2. (1a). LR (2b) R NBS B)WEN =401k R,
76 DMF ¥ 71 H @AY i B, %of 5 PR P A A sl 1)
FEHHT T 0k, S8RV F3R 2. nT5, LR A
AR BRI BE % M M.(FR 2, Entries 8~17), ML &, T
7K Na;CO; 721 M. A U3t 7, HEHERN o-5
FEREERR OB 1.1 W ELE, 3R 2, Entries 14~
17). 1A WL ED X % e B A EEAE (R 2, Entries 19~
21). XFELSZIGERA, ASIN0SiZ S M ASRE K4 (F 2, Entry
18), Wt BB 2 B A 25 2 A2 E R .
1.2 |RPIEHTNELBRLEAIXT & R Y52

RNT RGN ER M, 75 B IR e B 2% 14
T, WEF o-FIERFER B S5 AN S5 ML & NBS
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M= [ BAFOLEAT 1552, G5 RA TR 3.
K3 RMGR R, 2 25 Rk S 2 ) s i

Table 3  Effect of substrate structure and amide structure to the reactive activity

0 R
CN Q Na,CO N 4
Ar/\( + AL + QN— Br —2°°3% . 0
COOEt R™ 'NH; DMF, r.t. Ar oN
o EtOOC
1 2 3
4
Entry Product Ar R Time/h Yield®/%

1 4-1 CeHs CH,CH; 3 83
2 4-2 3-CH;0CH, CH,CH; 2 85

3 4-3 4-CH;0C¢H, CH,CH; 3 92
4 4-4 3.,4,5-(CH;0),;C¢H, CH,CH; 3 94

5 4-5 3,4-(CH;0),C¢H; CH,CH; 3 82

6 4-6 4-Br-3,5-(CH;0),C¢H, CH,CH; 3.5 41

7 4-7 4-CICeH, CH,CH; 4 84

8 4-8 4-O,NC¢H,4 CH,CH; 24 20
9 4-9 2-Furfuryl CH,CH; 5 70
10 4-10 1-Naphthalenyl CH,CH; 3 81
11 4-11 Styryl CH,CH; 8 62
12 4-12 CeHs CH=CH, 3.5 78
13 4-13 4-CH;0C¢H, CH=CH, 3 88
14 4-14 3-CH;0CH, CH=CH, 3 79
15 4-15 3.,4,5-(CH;0),;C¢H, CH=CH, 3 90
16 4-16 3,4-(CH;0),C¢H; CH=CH, 3.5 88
17 4-17 4-Br-3,5-(CH;0),C¢H, CH=CH, 3.5 34
18 4-18 4-CIC¢H, CH=CH, 5 68
19 4-19 4-O,NC¢H,4 CH=CH, 24 trace
20 4-20 1-Naphthalenyl CH=CH, 3 81
21 4-21 2-Furfuryl CH=CH, 5 66
22 4-22 Styryl CH=CH, 8 52
23 4-23 CeHs CH(CHs;), 2.5 86
24 4-24 4-CH;0C¢H, CH(CHs;), 3 81
25 4-25 3-CH;0CH, CH(CHs;), 3 74
26 4-26 3.4,5-(CH;0),;C¢H, CH(CHs;), 2 90
27 4-27 3,4-(CH;0),C¢H; CH(CHs;), 3.5 53
28 4-28 3,5-(CH;30),C¢H; CH(CHs;), 3.5 80
29 4-29 4-CIC¢H, CH(CHs;), 2.5 60
30 4-30 4-O,NC¢H,4 CH(CHs;), 4 82
31 4-31 2-Furfuryl CH(CHs;), 24 Trace
32 4-32 1-Naphthalenyl CH(CHs;), 24 26
33 4-33 Styryl CH(CHs;), 24 31
34 4-34 CeHs CH,CH,CH,CH; 2.5 77
35 4-35 4-CH;0C¢H, CH,CH,CH,CH; 3 83
36 4-36 3.4,5-(CH;0),;C¢H, CH,CH,CH,CH; 2 92
37 4-37 3,4-(CH;0),C¢H; CH,CH,CH,CH; 3.5 85
38 4-38 3,5-(CH;30),C¢H; CH,CH,CH,CH; 24 0
39 4-39 4-CICeH, CH,CH,CH,CH; 2.5 63
40 4-40 4-O,NC¢H,4 CH,CH,CH,CH; 4 84
41 4-41 2-Furfuryl CH,CH,CH,CHj 24 Trace
42 4-42 1-Naphthalenyl CH,CH,CH,CH; 24 43
43 4-43 Styryl CH,CH,CH,CH; 24 40

“Reaction conditions: ethyl a-cnayocinnamate derivative 1 (2.0 mmol), amide 2 (4.0 mmol), NBS 3 (4.0 mmol), Na,COjs (2.2 mmol), DMF (10 mL), room tempera-
ture. * Isolated yield.
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H3 3 AIAIL, SRS [F 2 1) a- 32k PR R 2 T8 3
RS 5N [ G5 M (R AT NBS. = 2023 T RO RE P 2T
Wk, AELKS T AN [ o025 AR FR LT R A [) PR I e o it
R BT 4Ly N B (2a)iS, 76 NBS /276 T,
BRI -5 PIFERR B8 35 R IR % 4% sioAH
i () H AR (3, Entries 1~11), KE IR #4E
60%LL_E, FmE IR IA 94%(F 3, Entry 4). M a-fJE
WHERR LB AT A ORI I SRR R, 12 N 52 R A XL
B PR EE T R A AR, 4 A U T ORI
BT 5 XU A 3 2 B 1) % Ao A 5 ik FE T 5 B (1 OCHL),
SN IR (R 3, Entries 3, 4, WG HIN 92%F1
94%), 45 WA IE RN FAA W BB (W NO,), AH
IS (RIS A P AR (3 3, Entry 8, WK 20%). {1517
2, M5 R OCEA 0 05 2 N 2RI, tEE1E 3
81%H9 H AR 4(3 3, Entry 10, 0% 81%). 4tz AN
W2, BB BRI S FR AR AL A (3R
3, Entries 12~22), K WEBE 60%LA F, ]
15 90%(# 3, Entry 15). 4755 RZEET, HEETHE]81%
[ HFRPZ9)(FR 3, Entry 20), F H 2455 58 24 PR L
i, TRIRTS 2] 66% MU (3R 3, Entry 21). {H 24755 %f
iR IR, HBEH 2R =1 Y(3K 3, Entry 19). 47
iR S T R (2e) i, OB ISR AR RE R I Y F R
(3% 3, Entries 23~33), {H X4 i1 75 JE A0 filg 3 2R Ik
I, 5 AR B 82% U #E (3K 3, Entry 30), Ff HFkH
RURIZE R =W 2 K BRI (3R 3, Entries 31~32), Ut
AP Bt e 1) &8 R %ot S AR A R, T R I R R 2R 1) S
RPN S VA W17 [ AP B e S 154
Bk d) S 5K N, HERDH AR S ERER
FEAL, HREIRTFE =R = H)(R 3, Entries 34~43).
ZELRTIR, =R R 2-WERK, LN S

RS2 I A IS, A 52 T i 45 R I 5 T, {EL R A 45
AT 2 LTS T RS2 M K, G2 S A Ut v (1) FE -3
J5E B R R S B 3% 1 PR s ) f R i B, RS 40 0 b e
TR, SSON ) .

G REIN a-FIE-3,5- AW 2D
i, PRI (2a) F1 T IE BRI (2b) 2 S5 I I B, Hogh AN
AT PIAE R (1) 1A XU &b T RS RE P IR BA, 1 L 75 AH B2 (1)
IR AR AT SR B R B, 15 3] T 2RI 467 R4%
774 4-6 1 4-17(% 3, Entries 6, 17), ¥ _E&RAE TR
R, WM AFFEAT Br' (Scheme 1). A 1 BIIX AN
Br (SRR, ASCHET T ISR, B R a-FIE-3,5-
TR 2R R NBS 1R AR ER, 7R AR R R
NS A R NP 24 h AN [ RE, BT U Ak g gk
BRI T Jl, 0 R _E I RAR =P AE ik, #EM Br®
AR EERIET NBS, A0l Bek s T AL B N-IR
RIS BERE RN N-IRAR T MG BER%, BEi%S NBS A4z pl N-35
AREIBERE, T BAZ i A AR B e st
1.3 TFIRERIR RIALIE

PG LR N gE R, BAAARFEMIBTE NBS 775
T5 a-F3t AR ZBATE B RENFIS 2 MR 2-
WEREIRR, (H T IR S AN R, B ARG AN A S
BRI HICRA 2 5%, (HIXFh 22 S m A K a-FFE A
FERR 2,6 HOUUsEE FL 5% B A [R] BT S BRI % 22 e B I,
RUED 0 b2 Bk S, O SR E MR, X — 3
SEUERH, 12 RONAE N-IRAREE (5 S A (8] 72 490) 5 XU 1)
I — 25 0 REAFAE — SR FUIN AR, AR SR H %
)T BEATLEE A 5 FLIN R/ 43 N SR AZ BRI 2 (Scheme
2).

H el 2 5 NBS M IE K N-IRAREE R A, TEBR

o]
H3CO XN CN . \)J\ . N—Br Na,CO3 H,CO o)
COOEt NH, DMF, r.t. CN
2a o) 5 COOEt
OCHs 3 '
11 OCH3 4.6
H5CO ~CN \)OL . N—Br Na,CO4 o Nf(o/
+ — —_—
COOE NH, DMF, r.t. ° CN
COOEt
2b Br
OCH,4
0
H3CO xCN Na,COj3
+ N-Br —¢——>
COOEt DMF, r.t. 24 h
OCH,4 o
1f 3
AR 1 K ERRAR R B
Scheme 1 Bromination on the benzene
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N CN
H - +
o o A COOEt Br
(I? M H N32003 . 1 CN B
—C—NH, * N-B R—C—N—Br Br g
R <2: NH, r A o j c A" COOEt
e} I -
) R—C—NH
B
R RO R R
>=O 2- - (6] * _ )\
HN €05~ HCOs e N7 o
} CN N A _CN —— )__)(CN—> }Lon
Ar” gf "COOEt Ar’ Bf COOEt A" Bf COOEt  Ar COOEt
E F G 4
B2 ArRERI R BNLER

Scheme 2 The plausible reaction mechanism

MERT, e A RREREAE T B AR IES T
C, RIEE T C 5JRM 1 KA IR 45 2 v i) 44
BE T D, JTAAAE SRS E T D IR AT 23
AAEIE], REALEEATER S, FILSEAE T B #HK
B T, Bt UONAERR, [RGB X
AR 5 SCHRISTARML. AERRIRBAMIAERI T, fb&%) E
BRERE-NHRT, BREENETF, )5 FRE
HRFHARENE T G, A TRz B 540
PRI T AR AZ U S RS B R 287 4.

2 Zhig

AL a-FIE AR QFERTAEY) . WA NBS 4
JEUR}, FEJCKBRIRENEEE T, UL DMF i, =ik T
LT =y AR R 2-WEMEIR TR R SEE6 25 ARAIE
W1, FEOLALSRAE T, MR 250 IO 22 RE 5 AN TR 4
T o=k A REIR CBEATAE DO, e R T R L
) 2-WEMERE, i W% S AN a- T AT EERR £ BRIE &
XSRS BAT Tz G R, AR PRSI aE R, 1R T i
ST RENLER, RISE RN 71 N SR BURLEE, 2%
BUHSCHF 1 R 2-WE MR I F [X ik 64

3 X
B 5iRF
AVANCE 400 MHz i F 57 i e A Az g LR A
(Ffi -t Bruker 22 #); GC-MSQPZ2010 %4 J5i 3 {3 (H A 5
AT, BS224S HLF RSP (15 [E 25 2 R B SE A]); RE-52AA
e 28 R A (IR AL SR ), XTSA A sl
SEA (R 2 ) 8, 4 SRS IE, bR T RHMC
IR H3E).

Tl FIELTROHE BERGR N-ARTT
(NBS)# 1 B E & b R A H R A F], rdrad,
PR AR G A A FE.

3.1
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3.2 ZWHE
3.2.1  a-FUE AARBR CESHT A A A Ak

o-FIE R OB AT A 1% IS 2 SCk[16] 6 BX.
DL - ARG 2B 910, 28 F % (50 mmol). itk 208
Z.1i8(50 mmol)+ JRZ (5 mmol) T 250 mL = H e+, 2
RS E, £E 100 C R e RO HR-A VB CuaZ
VR, HE A (TLC)IREFAT (30 min Flll 1 7). K
2 h 5k . B IBAREIN 100 mL BeRR, i EIK,
PEPE, 0. R B i B D e AL e,
KEEERIRE, B2 A GREAK. 7Y, HAamEm s
R CERE 4G, FEIA ARSI 1a, E 88%, m.p.
49~50 C (1it"” m.p. 49~50 C); '"H NMR (400 MHz,
CDCLy) d: 8.26 (s, 1H, =CH), 7.99 (d, J=6.9 Hz, 2H,
Ar), 7.48~7.59 (m, 3H, Ar), 440 (g, J=7.2 Hz, 2H,
OCH,), 1.41 (t, J=7.2 Hz, 3H, CHj).

A EGANFEBREM L EIRY 1b~1k FHAHFE T
THEA R la~1k [Z5H . IR, 1A IR WA Bt
wh
3.2.2  2-"Ee ok b9 A A%,

DL 2-2.05-4- 2R 0 -5 B -5- O SR R I 0k -4,5- A8
We(4-D) A BB, fE—A 25 mL TR FMF,
I o-FIERHERR LB 1a (2.0 mmol), FEEZ 2a
(4.0 mmol), NBS 3 (4.0 mmol), Na,CO; (2.2 mmol), DMF
10.0 mL, ZEHiHE, 2 EON(TLO)RE RN, B a-
T R R 58 278 R BRI 1E(Z) 3 h).
N SERE, AR 20 mL ZFR g, A
B EKPEER(0 mLX3), FHKEEE(10 mLX3), Gl
A TCK R BN T, U8, R A HLIER, RE
YIRS B VR ) © (2R 2H8)=3 : 11133
T HIRYD 4-1, YK 83%. 'H NMR (400 MHz, CDCl5)
8: 7.36~7.29 (m, 3H), 7.19 (d, J=6.0 Hz, 2H), 5.43 (s,
1H), 4.30 (s, 2H), 2.43 (s, 2H), 1.28 (s, 3H), 1.22 (s, 3H);
2195
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C NMR (100 MHz, CDCl;) d: 168.4, 165.0, 135.9, 129.5,
128.9, 127.0, 113.2, 82.05, 79.77, 64.26, 21.17, 13.97,
10.14. HRMS-ESI caled for C;sH;(NaN,O; [M+Na]"
295.1053, found 295.1059.

P 4-2~4-43 [ A T 5 4-1 ME), A G R

WEDRIETE . B e PR S A A0 1 LA B
PR

4 BT EL(Supporting Information) L&) 4-2~4-43
1A U AR A SR RS . Bl o A e
FREE, (LAY 1a~1k PIE5H PRIR 48 S R,
X e A4} ] BA 4 8% AR T I 35 (hitp://sioc-journal.cn/) |
T
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