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EBRECRERSRRSWERXIIR 1,3-ZRELEY
KON WEE FEEY B¥E

(P R A 2 SRR R TRE 2 AR 610041)

WE 13- E R —REBEENE R R, # 2N T4 BILE SRR . R R %
T, Ll B HEA(DME) AT, HIEIR(1 mmol)5 45K 77(1.5 mmol)7E Ni(acac), (5 mol%)/DPPE (10 mol%)f#{t.
NRMTRB R R, PR ERSRIRAR T 2R 13-THRESE A Y. ZIR SR R TR A R R R I T e B 05
FRFLERIRTT S R T IR I IR U AL i . 10 BT KA a-Z8 0 K 23R 2-MEmy e th A 5 4 (R AL R 12 ) i A
R MRS, AHRZE TS

R 1,3-T0y SJEAR BRI, RS, PR B

Synthesis of Symmetrical 1,3-Diynes via Cross-Coupling Reaction of
Alkynyl Bromide with Alkynyl Aluminum Catalyzed by Nickel

Zhang, Gang Shao, Xuebei Li, Qinghan™ Yang, Xuejun
(College of Chemistry and Environmental Protection Engineering, Southwest Minzu University, Chengdu 610041)

Abstract 1,3-Diyne compounds are important inter mediates in organic synthesis, which are widely used in pharmaceutical
chemistry, organic synthesis and materials science. A highly efficient for the synthesis of 1,3-diyne via cross-coupling of al-
kynyl bromides with alkynyl aluminium reagents catalyzed by nickel has been developed. The coupling reaction of alkynyl
bromides with alkynyl aluminium reagents mediated by Ni(acac), (5 mol%)/1,2-bis(diphenylphosphino)ethane nickel(II) chlo-
ride (DPPE) (10 mol%) in 1,2-dimethoxyethane afforded the corresponding coupling products 1,3-diyne in good to excellent
yields(up to 90%) at room temperature for 5 h. The coupling reaction of alkynyl aluminum with different substituents and al-
kynyl bromine with various substituents can afforded the coupling products in good yields. Importantly, the
o-ethynylnaphthalene and 2-ethynylthiophene were also suitable for the reaction. This process is simple and easily performed,
which provides an efficient method for the synthesis of 1,3-diynes derivatives.

Keywords 1,3-diyne; nickel; alkynyl bromide; alkynyl aluminium; cross-coupling reaction

SHU 13- S T A NS e AR NI E R 1,4- TR AE-1,3- T ZRRBIOR, JF AT
R [ FL R TR R AR =0 & i L 255y 1 I . mRURA IEE 1,3- Rt s ik — BN
HPRAENFRMBSRE T Z MR, TWHEBS T FTAEFRERRG Sl 2 0EHER, AM1E2K
Rl o T IT R AL S IR S 7R T s R A JEW TV 2 A R A IR 1,3- R E MK T
L [, LR 13- R S E BT H A U VR Mo L TR () 5 T VR A S R AT AR )
/UL BrE ™ st BRI A AOE A YRR SR, IR S fiTAEYI 2 51 Sonogashira
ZAEBNEE, JRARE T R DS ) BN, Pd-Cu AL I BRI AR I SR S 4
JFAMZGH o5 op R SEHER 13- TR a G AR EE SR RIS R ko) i B B Ik &
JR G TS ST R B DR, JREUO, R TR I S IR 19 B A B s i TR S A

FIM Glaser'" T 1869 4= YARIE T LR Z BN R 26 BRI S U4 R B BT R R T AR Z B L EE
kL SUKAI LN, CuCl AT, 1ESAFIER 13- ZHRACE VIR 7%, (HRAEIX T P AV
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ZARZAL, AR EER, ROV &, A
R, I O R R ) SR A B A R, K
BT R £ 3500 1,3- AL AW & BT AT
SEAEAFHI T ) — A A

AR, NATARIA AL B A IR 1 SRR
SOSLTE A, R A XV 2 B Re A BRAR I 1) A4,
T By 1t 52 FH TV 2 Bk B () TR B i b, A 1A
SR RO T H — SRR T 4 Ak 1 55 AR
b5 i 4 Jag v PR A BB S S g AR R A 1 5 BRI T
—ZH A R PO Rk, 7E DLRT TR R 3 EPY,
FATKIE T Ni(acac), AL HRIEIR 5 ARSI 2 AH
A XA I SN il 25 0P AR AL 1,3- B Ak S PR E 7 vk
IR N SFAIRAN . SO B, 2 — o7 IF BA
R 3LHE 1,3- A G RIHT 7. X 77 T A
FOIEAR W SCERIRIE. & B B AR & i i e 0l e A
WM ILIR GV BB 3 M 0 F A5 A BEATHIE. & Bk 2k
I Eq. 1.

talyst
R—=AlEt, + R—= BV R—=—=_=— R (1)
solvent

1 &R511R

FEZE R, VYRR (THF) AR, LAIOR ZHERR (2a)
(1.0 mmol)F1#E Z bk FE48 (1) (1.5 mmol)VE AbRE 2 M
P RTINS I R B F B (R 1), MR MNAR R
HONTR N4 8 N ARG AR, 2R Z IR Y)(2a) 58 2
IR (1) TE R IRA e R AR I MAF 2 B AR =) 1,4-22K
F-1,3-T “hk@3a)(# 1, Entry 1). HERNTFIMAN 5
mol% Ni(acac), NHEFIET, 1,4-72KFE-1,3-T 5 (3a)
IRy 5%(F 1, Entry 2). A N4 78 SOBiAR £
I 10 mol% (o-furyl);P BCARRS, 1,4-—2KFE-1,3-T
THGBa) IR N 30%(F 1, Entry 3). AT HIIEEZA
T EFR Y 3a £TRE TR OHREREYI(22) 1 H
EARBRER IR (1a) ) B S REE, T RAEZZMET,
IR EE T R LR B IRA ) (2a) BOK L HR AR (1a) B
TEZAR RIS L. S5 R, 5% MK R,
PR 2 2R IE IR (22) Ko K R LR (1a) R & 3ET
B & BRI SR T AR B H AR 1,4- 0K EE-1,3-T R
(3a)(3R 1, Entries 4, 5). AT —TH iz MEMIA R, K
TR s L e S R AT T 52
1.1 &RHEMBE AR R RS20

T 55 LA(o-furyl);sP (10 mol%) Jy e 44 x5 A 7] ) 45 )
BRER AT ORI, 45 KB NiCly, Ni(OAc), X s N 4  f#
(3R 1, Entries 6, 7). H MM 25 H K F, Ni(acac),/
(o-furyl)sP & R MR B, HARF=20 I mT
15 30%. A Ni(acac), At 4 )E.

Chin. J. Org. Chem. 2018, 38, 1538~1543

F£1 LRBHEAAAN CHsC=CAIMe, (1a) 5 CsHsC=CBr
(22) 1 IBE S5 B FR) S i @

Table 1 Effect of the nickel source and ligand on the cross-
coulping reaction of C¢gHsC=CAlIMe, (1a) with C¢HsC=CBr

(2a)
AMe; BC 5 mol% Ni salt I
5 . éj 10 mol% PR
THF, r.t, 5h Il
1a 2a O
3a
Entry Ni salt Ligand Yield’/%

1 — — 0
2 Ni(acac), — 5
3 Ni(acac), (o-Furyl);P 30
4b Ni(acac), (o-Furyl);P Trace
5¢ Ni(acac), (o-Furyl);P Trace
6 NiCl, (o-Furyl);P 28
7 Ni(OAc), (o-Furyl);P 24
8 Ni(acac), Ph;P 18
9 Ni(acac), DPPB 23
10 Ni(acac), DPPE 70

© 2018 Chinese Chemical Society & SIOC, CAS

“1a (1.5 mmol), 2a (1 mmol), 2 mL of solvent, room temperature. "Only using
1a (1 mmol). ¢ Only using 2a (1 mmol). “Isolated yield.

N T AR B S ] RN X RN R RS e, LA
Ni(acac), NHO& &, XA B C AT T kR 1,
Entries 8~10). Z53:3K 0, EAR MM H PhsP Al 1,4-X0(—
ZIEWE) T B (DPPBYE NI AT, 4861 2] H Ax =)
1,4- 2R %E-1,3-T —4(3a) (3% 1, Entries 8, 9). {H2AHLL
TR 1,2-00( 5 ) 452 (DPPE) [ R V.45 5, 3a (1)
R BARIR 2 (3 1, Entry 10). K, DPPE Bk 2 B
A 1 B AR LA
1.2 BRI R EAIF M

LA Ni(acac),/DPPE J9ffEALAR 2R, X s B 25 1) 264 T
T, G RRPLE L N EL(DME) B R
1,4- 2R F-1,3-T 2 Ba) e ik 80%(% 2, Entry
3), HIRPFIFHM T IE CHE(63%)F1 — & H 2 (DCM)
(71%) ) SOBERCR (36 2, Entries 1, 2). K, 7R F K
T, BL— K (DME) 9 7725 S AL 71 & e <
& 55 TC A (1) 42 o ) 2 B XS S T R
1.3 ERSEANYRNEZLERECTIEXN KM
A

N T BE— 5 (S AR R RN E AR R,
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A Ni(acac),/DPPE MfiEft 14 2, DME J9iE T, %% [ i
AT B SN R, S IR, Ak 7R R PR A
N 2 mol% Ni(acac),/4 mol% DPPE i, HFr=4) 1,4-—
HFE-1,3-T 2R GBa) CRBRE 2 FE%, R 64%I1UK
(K 2, Entry 4). HEERENFMTHER T &E 5
RV EZ L, 259K, 24 Ni(acac),/DPPE [/
IREGN 11 A 21 B, BAREY) 1,4- 20K ,3-T Rk
(Ba) U5 531 AT 71%H1 25%(3 2, Entries 5, 6), ¥JLt
Ni(acac),/DPPE )i &2 oy 1/2 KGR 2, Entry
3). Ak, Ni(acac),/DPPE [ EMIRINEZ LA 1/2.
SRJGTE 5 mol% Ni(acac),/10 mol% DPPE JNEALIK %,
DME RN#EFIIZ&M TR, #—2%F 8T CHsC=CAIEt
(la) 0T B 52, 25 R0, TEi8 & 1 R Bl PRI
CeHsC=CAIEt, (1a)fI&E, HIs=Y 1,4- 28K 5-13-T
TR Ba) iR R IUOKIEFE AR B (3R 2, Entries 8, 9).
DRI, AR DG R LI e A R R 6 A4 21 5 mol% Ni(acac),/
10 mol% DPPE, 1.0 mmol 2a,1.5 mmol 1a, DME ¥
(3% 2, Entry 3).

F2 RN B E & & Ni(acac),/DPPE #) R #2

EEXT 2 L FR) S
Table 2 Effect of the solvent, amount of CqHsC=CAIEt, (1a)
and the molar ratio of Ni(acac),/DPPE on the cross-coulping

reaction

x mol% Ni(acac), | |
Il Il ymol% DPPE

* Solvent, r.t., 5h | ‘

1a 2a O

AlMe, Br

3a
Entry x/mol% y/mol% Solvent Yield’/%

1 5 10 Hexane 63

2 5 10 DCM 71

3 5 10 DME 80

4 2 4 DME 64

5 5 5 DME 71

6 5 2.5 DME 25
8" 5 10 DME 57
9¢ 5 10 DME 56

“1a (1.5 mmol), 2a (1 mmol), 2 mL of DME, room temperature. * 1a (1.2
mmol), 2a (1 mmol). ¢ 1a (2 mmol), 2a (1 mmol). “Isolated yield.

1.4 SMRHEEFHTRYNER

TERAIR AT, FRATHZ R B 1) ) 1 G
FEIEAT 785, WHI0 1 AN A bR IR0 5 R IR ) 4
BN, 2533 3 Fron. SEER 4R, 7E =R, DME
AN, L5 mol% Ni(acac),/10 mol% DPPE i {L ik R

1540 http://sioc-journal.cn/

P I E5 05T (1) 5 B IR IR (2) AT AR R S B2, AT LU
FIHASEH bR 1,4- ZHUR-1,3-T Z(3), Ha ik
N 43%~90%(F 3, Entries 1~15). \F 3 FHLLE
o, B 25 A A6 B R A5 R 75 5 e iRk 7 4 T
DA 1 DA 25U 28 15 2AH L 1) H bR =4 3b, 3i, 3j,
31(3% 3, Entries 2, 8, 9, 11). 1fi H. 7 LA HAZ AR s N A
52 5 R A R BB R R 5 BR B ) AR R H K
Rifpszm, Jo e 72 H(Me, Et, Pentyl, ‘Bu)(3 3,
Entries 2~7)id 2 W L1 £ H1(F, Cl, Br)(¥ 3, Entries 6~
10, 13~ 15)% ] WA 13k AT A8 XA I s 2 43 30 FH B 1)
H AR =4, A Gk N SEG 25 AT B, By W s 1 2 1
JEA ) J5 SRR — ML i T A i - BRI, ME
FRERIARZ, AR PR IR 2-Emy b B AR 1R A
K, ATLALL 77%01) 40 Bl 15 2) H #74 3m (3R 3, Entry
12) SR Z A AAR 20 T3 PR 2R BRI B e H R e
BRI PR R 2, RAE1S 2 H A5 =)

£3 HHAERF ArC=CAIMe, (1) 5 1-BAMRH )BT
SABER I S A% 1,3- b & ¢

Table 3 1,3-Diynes from cross-coupling reactions of organo-
aluminum reagents ArC=CAlMe, (1) with 1-bromoalkynes (2)

5 mol% Ni(acac),
10 mol% DPPE

R—=——AIMe, + R—==—Br DME, rt.5h R————R'
1 2 3
Entry R(1) R'(2) Product 3 Yield/%
1 Ph(1a) Ph (2a) 3a 30
2 3-MeC¢H, (1b) 3-MeCgH, (2b) 3b 72
3 4-MeCg¢H, (1¢) 4-MeCgH, (2¢) 3¢ 51
4 4-EtC¢H, (1d) 4-EtC¢H, (2d) 3d 43
5 4-Pentyl-C¢H, (1e) 4-Pentyl-C4H, (2e) 3e 78
7 4-'BuC¢H, (1f) 4-BuCg¢H, (2f) 3f 89
6 4-BrCgH, (2g) 4-BrC¢H, (2g) 3g 32
7 4-CIC4H, (2h) 4-CIC¢H, (2h) 3h 74
8 2-FCg¢H, (1i) 2-FCgH, (2i) 3i 90
9 3-FC¢H, (1) 3-FCgH, (2j) 3j 90
10 4-FCgH, (1k) 4-FCg¢H, (2k) 3k 38
11 2-Naphthyl (1I)  2-Naphthyl (21) 31 43
12 2-Thienyl (1m) 2-Thienyl (2m) 3m 77
13 Ph(1a) 4-MeCgH, (2¢) 3n 62
14 Ph(1a) 4-BrC¢H, (2g) 30 74
15 Ph(1a) 4-CIC¢H, (2n) 3p 64

© 2018 Chinese Chemical Society & SIOC, CAS

“1a (1.5 mmol), 2a (1 mmol), 2 mL of DME, room temperature, 5 h. b Isolated
yield.

1.5 FAIRERIR RI#1IE

BT BRI g5 A, RATIR T %R R AT REAL
P, il Scheme 1. B 4% Ni(acac), 5 R'C=CAIEt, (1)t
1T& B2, FRIEJETH RS2 Ni(O) IR &) 4. 25
LR (2)5 Ni(0)FIBEFEL &4 4 JEAT Ak 0 RS B ] 4%
Ni(Il) 5, % R'C=CAIEt, (2)'5 /& 5 #4746 @2 e
B3| a4k 6 1 ELAIBr. )5, BLAY) 6 &Ik JRIHbRTT

Chin. J. Org. Chem. 2018, 38, 1538~1543
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FUARSL 52 SCAB IR 40 3 G VE Ni(0) A, FFENTS —
MELCTEIE.

Ni(acac),
R—=—AlIMe,
1 "
R—=——=—R' PR’
I R"3P)Ni Re— &
3 4 2
R
% (R"SP) N'/Br
(R"3P)2Ni 3P 2Nl [
X A
6 \R' 5\R
Me,Al—Br R—=——AIMe,
1
B 1 wREM BB
Scheme 1 Possible mechanism
2 Zhig

RIE T — K& 8 SRAE A B 40 110 5 B T
FIAE SUARBR I B 2% 1,3- R B i, SEIR R,
TS A BT RRI 1,4- HUR-1,3-T R B 91
A AL, WA HFEHERFRE 1,4-ZBUR-1,3-T 8k
BN E R E% i, DME A7, 5 mol% Ni(acac),/10
mol% DPPE Be ] Hi fe Ab He e 45 0] 5 b B IR A 745
BRI L, FF DA S5 B AL T5 (1 5 B U3 (41%~ 90%) 15 F
FRE 1,4- HUR-1,3-T LAY, 2R BN 5 b
B AR B A O B B P R BRI A AR G 1 i
AN, R R S 2. EAEERZ, %
A R P A TR E R eI

3 SEEESs
3.1 MUEFESIRHFA

XRC1 SAUE s A % (IR FE R 2 1E); Varian 400
MHz B g3 HR I (Me,Si N P bR, CDCl; Bk DMSO-dg J¥%
#1); Finnigan-MAT4510 B354, )2 EHT(TLC)REK
BRAEH GF-254 TR, #Z e 88 H 200~400 H
PERERE. BT RMIITER S AT, 056 QRIS IR IR
SCHR[21c] B R, IR ER A% I SCER19d]) & B, Toiat
th, BEEATH. A=A RIS 2 Damas-beta
A Aldrich. 5256 H BT A8 FH 45 Al 71038 200 B /K B
FI0 R DU R (THF) & 1F EW % (n-hexane) B fE &S T
5] A0 DL 4 8 (Na) Bk, ZE TR SR . & H 4t
(DCM)TERS R [ LA 85 (CaHy) FR/K IR SR . B
FEMESL, He sl REH — DA,

Chin. J. Org. Chem. 2018, 38, 1538~1543
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3.2 HBRENRERSHERRTIMEER N

I) 8 1 s AR HOIMN Ni(acac), (12.85 mg, 0.05
mmol)A! DPPE (39.84 mg, 0.1 mmol), &SI T A%
RARE I T K DME (2 mL). 2R 5 7 5 2k e
FLERIRN(1.5 mmol) I R B ZHp, I ek AL,
¥)(1.0 mmol). ¥ [ MR &Y EAE EiR kS PE RN 5
h. [ SR AP N 1 mol/L FFH E:EZ(10 mL), itk
5 min, 2R ZHE(15 mLX3)2H. &IEVE, HH
oK NaySO, T4, I8, EIRAE. FREAMEKEENT 7
SRR ERFEY 3B A I B A - 2R 2
ig).

1,4- 28 FE-1,3- Tk 3a): AEFEIAE, B 80%.
m.p. 87~89 CCCHME": m.p. 88~90 C); 'H NMR
(400 MHz, CDCly) 8: 7.54~7.52 (m, 4H), 7.37~7.32 (m,
6H); *C NMR (100 MHz, CDCls) 6: 132.5, 129.2, 128.4,
121.8, 81.5, 73.9; MS m/z (ESI): 202.52 (M ").

1,4- —(3-FIEZRIE)-1,3-T = H@3b): A B A, Y&
#72%. m.p. 68~70 C CGCEME!": m.p. 67~69 C); 'H
NMR (400 MHz, CDCl;) d: 7.34~7.32 (m, 4H), 7.25~
7.17 (m, 4H), 2.34 (s, 6H); *C NMR (100 MHz, CDCl;) 6:
138.1, 133.0, 130.1, 129.6, 128.3, 121.6, 81.6, 73.6, 21.2;
MS m/z (ESI): 230.78 (M").

1,4-Z(4-F 2K HE)-1,3- T 2 3e): A ulEA, i
K 41%. mp. 181~183 C (CEAE™?: mp. 181~
182 “C); 'H NMR(400 MHz, CDCls,) §: 7.42 (d, J=8.0
Hz, 4H), 7.14 (d, J=8.0 Hz, 4H), 2.36 (s, 6H); °C NMR
(100 MHz, CDCl3) 6: 139.5, 132.4, 129.2, 118.8, 81.5,
73.4,21.6; MS (ESI) m/z: 230.65 (M").

1,4- —(4- L 3L R FE)-1,3-T 5 (3d): 7K A ([ 44,
Y% 41%. m.p. 90~91 CCCHRE"?: m.p. 89~91 C);
'H NMR (400 MHz, CDCL3) 6: 7.44 (d, J=8.0 Hz, 4H),
7.16 (d, J=8.0 Hz, 4H), 2.65 (q, J=7.6 Hz, 4H), 1.23 (t,
J=7.6 Hz, 6H); °*C NMR (100 MHz, CDCl;) J: 145.7,
132.5, 128.0, 119.0, 81.6, 73.4, 28.9, 15.3; MS (ESI) m/z:
258.73 (M").

1,4- (4R FE A FE)-1,3-T “HBe) Y 30 [l 14,
R 78%. m.p. 87~89 ‘C; 'H NMR (400 MHz, CDCls)
8:7.39 (d, J=8.0 Hz, 4H), 7.11 (d, J=8.0 Hz, 4H), 2.60~
2.56 (m, 4H), 1.62~1.57 (m, 4H), 1.35~1.27 (m, 8H),
0.88 (t, J=6.8 Hz, 6H); *C NMR (100 MHz, CDCl;) ¢:
143.9, 132.0, 128.4, 119.2, 83.9, 76.5, 35.9, 31.4, 30.9,
22.5, 14.0; MS (ESI) m/z: 342.71 (M").

1,4- Z(A-BUT FEFEEE)-1,3-T Zhk(3h): K Ak,
% 89%. m.p. 193~194 C(CHRE": m.p. 193~
194 C); 'H NMR(400 MHz, CDCl;) 6: 7.47~7.42 (m,

http://sioc-journal.cn/ 1541
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4H), 7.36~7.33 (m, 4H), 1.31 (s, 18H); *C NMR (100
MHz, CDCLy) d: 152.5, 132.2, 125.4, 118.8, 81.5, 73.5,
34.9,31.0; MS (ESI) m/z: 314.67 (M").

1,4- (4-1R2K35)-1,3-T 3" Ak, ik
K 82%. m.p. 261~263 C(CHAE: m.p. 260~262 C);
'H NMR (400 MHz, CDCly) §: 7.47 (d, J=8.8 Hz, 4H),
7.36 (d, J=8.8 Hz, 4H); *C NMR (100 MHz, CDCl;) ¢:
133.5, 131.6, 123.1, 121.0, 82.5, 78.3; MS (ESI) m/z:
362.25 (M +2).

1,4- —(4-FHFE)-1,3-T —4e@h): [k, Y
74%. m.p. 220~221 CCCHMA™: m.p. 220~221 C);
'H NMR (400 MHz, CDCL3) &: 7.46 (d, J=8.4 Hz, 4H),
7.35 (d, J=8.4 Hz, 4H); *C NMR (100 MHz, CDCl;) ¢:
133.7, 131.7, 127.3, 121.2, 82.7, 78.5; MS (ESI) m/z:
271.32(M").

14- Q-8 AER)-1,3-T = k@i AmEE. i
90%. m.p. 109~110 ‘C; 'H NMR (400 MHz, CDCl;) &
7.54~7.50 (m, 2H), 7.39~7.34 (m, 2H), 7.15~7.08 (m,
4H); “C NMR (100 MHz, CDCl;) §: 163.7 (d, J=251.6
Hz), 134.3, 131.1 (d, J=8.0 Hz), 124.2 (d, J=4.0 Hz),
115.6 (d, J=21.0 Hz), 110.4 (d, J=15.0 Hz), 78.4, 75.8;
MS (ESI) m/z: 238 (M"); HRMS (ESI) calcd for C;cHoF,
(M+H)" 239.0672, found 239.0669

1,4- G- AEH)-1,3-T = H@j): Atk iz
90%. m.p. 115~116 ‘CCCHRE": mp. 115~116 C);
'"H NMR (400 MHz, CDCly) 0: 7.35~7.28 (m, 4H),
7.23~7.21 (m, 2H), 7.12~7.07 (m, 2H); >C NMR (100
MHz, CDCl;) d: 162.2 (d, J=246.1 Hz), 130.1 (d, J=8.5
Hz), 128.5 (d, J=3.2 Hz), 123.3 (d, J=9.4 Hz), 119.2 (d,
J=22.9 Hz), 116.9 (d, J=21.0 Hz), 80.6, 74.4; MS (ESI)
m/z: 238.06 (M").

1,4- —(4- A HE)-1,3-T 24 @Bk): KEAmEE, Ik
% 88%. m.p. 188~189 C(CCHRE"": m.p. 185~187C);
'H NMR (400 MHz, CDCly) 0: 7.53~7.49 (m, 4H),
7.06~7.02 (m, 4H); *C NMR (100 MHz, CDCl;) ¢: 163.0
(d, J=250.4 Hz), 134.5 (d, J=8.4 Hz), 117.8, 115.9 (d,
J=22.2Hz), 80.4, 73.5; MS (ESI) m/z: 239.01 (M " +1).

1,4- = (2-Z536)-1,3-T 4k @1): ABREA, U
43%. m.p. 174~176 CCCHERE!: m.p. 173~176 C);
'H NMR (400 MHz, CDCl;) §:  8.43 (d, J=8.4 Hz, 2H),
7.89~7.83 (m, 6H), 7.65~7.61 (m, 2H), 7.58~7.54 (m,
2H), 7.48~7.44 (m, 2H); *C NMR (100 MHz, CDCls) ¢:
133.9, 133.1, 132.1, 129.8, 128.4, 127.2, 126.7, 126.1,
125.2,119.5, 80.9, 78.7; MS (ESI) m/z: 302.27 (M").

1,4- - (2-MEWY FE)-1,3-T —He(3m): Ak, Ui

1542 http://sioc-journal.cn/
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77%. m.p. 89~90 CCCHRE"): m.p. 89~90 C); 'H
NMR (400 MHz, CDCls) d: 7.35~7.31 (m, 4H), 7.01~
6.99 (m, 2H); “C NMR (100 MHz, CDCl;) &: 134.4,
128.9, 127.2, 121.9, 77.8, 76.6; MS (ESI) m/z: 214.97
(M).

1- 2R 4 (4- R -1,3- T 4 @) [t
A&, WE 62%. mp. 94~96 C; '"H NMR (400 MHz,
CDCly) 6: 7.53~7.51 (m, 2H), 7.43~7.41 (m, 2H),
7.36~7.31 (m, 3H), 7.14~7.12 (m, 2H), 2.35 (s, 3H); "°C
NMR (100 MHz, CDCl3) d: 139.7, 139.6, 132.6, 129.4,
129.3, 128.6, 121.9, 118.8, 82.0, 81.7, 74.1, 73.5, 21.7.

1- 2R 3 4-(4- 1R 2R 3E)-1,3- T hR(30)2'el: 3k 3 (1]
&, I 74%. m.p. 189~190 ‘C; 'H NMR (400 MHz,
CDCl3) 6: 7.53~7.46 (m, 4H), 7.38~7.31 (m, 5H); °C
NMR (100 MHz, CDCly) d: 134.0, 132.6, 131.9, 129.3,
128.6, 123.8, 121.9, 120.9, 81.7, 80.5, 75.2, 74.1.

1- 2R3 4-(4- 5K FE)-1,3-T ~H@p)'el: Al 14,
I 64%. mp. 124~126 ‘C; '"H NMR (400 MHz,
CDCly) d: 7.56~7.52 (m, 2H), 7.46~7.44 (m, 2H),
7.39~7.31 (m, 5H); “C NMR (100 MHz, CDCl;) 6
135.5, 133.8, 132.7, 129.5, 129.0, 128.6, 121.7, 120.4,
82.3, 80.4, 75.0, 73.8.

HBhM &L (Supporting Information) {L54) 3a~3p [
W2 Mg 1AL X e R AT DL A 9l A T I 3k (http:/sioc-
journal.cn/) = N #.
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