% 4]1; {h % DOI: 10.6023/cjoc201407024

WRIL

Chinese Journal of Organic Chemistry

ARTICLE

S R AR K AR S SR S B Suzuki % ABBLR I
Wbs e BEEC AR REKS AT

CHRM AT 22 B AR 350108)
C BRI SR AL RS S R 350002)

FEF

WE B WRA FER AL [Pd(dppD),Cl, PA(OAc),, Pd(PPhs),]. Bl(Na,CO;, NaHCOs, K,CO;, K5PO,, Cs,COs,
CsF). ¥ 7#I(DME/H,0, DMF/H,0, Dioxane/H,0) M (70, 80, 100 “C)X 5-1R-3-43 1 He/K Azl 5 nik e -4-0l R %% 5-(4-
MERE)-3-30 T KM EEA S Y Suzuki ABIEER M FEMR, JF R H—F s s ARl it i B D5 SRR 5 R
FEUAC I IRAR TS I I AR IR s N 1K) J 3k, 1% W AE PA(PPhs),, K,COs, Dioxane/H,O (V@ V=4 1), 80 CIH&M Fr=Fik
F 97%, HHEA SR, EIAEGIRRE; X FEERURIRA T RS 5 10 R R — L.
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Pd-Complex Catalyzed Suzuki Cross-Coupling Reaction of
Brominated Salicylaldehyde with Pyridylboronic Acid

Fan, Jili* Zheng, Huidong”
Zhao, Suying” Bai, Zhengshuai*”
(“ School of Chemical Engineering, Fuzhou University, Fuzhou 350108)

(® State Key Laboratory of Photocatalysis on Energy and Environment, Fuzhou University, Fuzhou 350002)

Wang, Biyu* Ni, Peizhong”

Abstract The synthesis of 3-tert-butyl-2-hydroxy-5-(pyridin-4-yl)benzaldehyde by Suzuki cross coupling reaction of
5-bromo-3-tert-butyl-2-hydroxybenzaldehyde with pyridin-4-ylboronic acid was studied by using different catalysts
[Pd(dppf),Cl,, Pd(OAc), and Pd(PPhs),], bases (Na,CO;, NaHCO;, K,CO;, K;PO, Cs,CO; and CsF) and solvents
(DME/H,0, DMF/H,0 and dioxane/H,0) under different temperature of 70, 80 and 100 C. A compatible method was de-
veloped for the coupling reaction of arylboronic acids (having electron donating or withdrawing group) with aryl bromides
(having electron withdrawing group). Under the condition of Pd(PPhs),, K,CO;, dioxane/H,O (V' V=4 : 1), 80 ‘C, the yield
is excellent (97%) and the product separation is easy. The compatibility for aryl bromides with electron donating group is

moderate.

Keywords Suzuki cross coupling reaction; pyridylboronic acid; aryl bromide; catalytic mechanism
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M Salen AWIVEN —Fh 45K Z LRI & A ICAE, B2
I FH T 3645 A P RE 10 4 8 A DL 2246 5 M) (MOFs) [1)
A B Nguyen U VF| A S-itme-3-50 T 3K iE 53R O
TR T Salen-Mn BLAY . AR RS R
4% L —FhBr 8 £ fL MOFs, iXFh MOFs B A 5414
JE R EA ML ROR, W R S-nbii-3-50 T 30K
Wl 5 FHEIR O A i -2 Salen-Ni S IR R 1l
F BT 1 Ni-MOFs, Ff HARTT T AR [A] [ B K 6 2K 2
A AL IR 0 (e Ak e O BRI e, A 55
DRI S-neue-3- 50 T 3K s 5 kA i 7
Salen-Ti 4% 7 —Fi B 45 3D 4L MOFs, #H N+
T Bk PRI AN B A0 S, B HE P8 T B0 AR A 7 1 3 A
WEFRME; Lee SR S-nbme-3-50 T 3K S it
B R B2 FLES T MOFs, BT IS AR B g
T B AMEA T RE.

S B AR AR H T LA PV PE AR BRI, TR
A B FHT T MOFs R B e —— S ZUK M A & )
(1) 57725, 2001 4F, Nguyen 28 AikiE 7 HATIENE
T REPIK IS A S Y B RIWATE ST, 2987 2R & 7
AR m i S S RUK ML A ), 2R
H 5 mol% Pd(dppf),Cl, 1E A f#4k57, DME/H,0 1E 4 b
TG BARZKAZ R e -4-B R 1K) Suzuki AR MY,
REMS B I H AR =4 5-nEie-3- 50 T 3Lk, 77
H 66%. 2013 4E, Kim 25" 1] 10 mol% Pd(PPhs),Cl, 15 4
AL, M Dioxane/H,O 18 K B i AL IRAK
TitE FINEE W -4-B R Suzuki SRR SN, F= 284K 59%. LA
AT E A I E T e 2K B AR A B R
Pd(dppf),Cl, % PA(PPh;),CL A4 1A D5 2 55 ik g Bl 2
IR SN, AFAE RN =A% flF= 2 Br=) o s %
BAAE . H Ay T S B KA A W 1) A o
D, REEEAN. —ANBAERIMA AR, PIASELES DL 5-iR-
3BT KA W AL e B 0 ok}, BRI A R R
AR Bl W HRPEX P24 S-(4-MEme)-3-50 T
SR =5, A — R, P s e AL
FIE S O (Bq. 1), S8 R PR 9% RN
AT P B AL FE IR ) DT IR S 5-IR-3-80 T 3
KA W DA B W s A1 v - IR R R AR 5 9 5 b e -4- )
P R A IR S W 1R P, 90 2L s LR REAT T 4%

g2 » PA(PPha), (4 mol%) 1
P NN, K,COs (3.0 equiv.) — — R
SN Dioxane/H,O (V:V = 4:1) \/ VAR WAL

B(OH), Br 80°C. N, R?

1 &R5HE
1 Suzuki HEACABIEE SN, i <) 2 (KR 26 5 1
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L ACORIIRSE S IS B 55 B R N AR 2R )
o S N &5 LR AR . AR TARRIT T A A A2 (AL
T Bl Y700 B 0 S N S TR ), AN T s
ORI R RPE LR 1), Lu 25UHRGE TR
[E AP AL X Suzuki (I SN #64k 2 BLAT 1 4
[R5 DRI SE PR SN [ R 2 R A A 7S s = 6 1Y)
R 24 2 HEE-4-BIRAE 5 Pd(dppf).Cl, 1 Na,CO;
) DME/H,0 %771 100 C H N, £ F [V 12 h I,
FERACN 40%, HHSHRBEERI =2, 16 R
RS AE T, 16 F L e Rl S AT e Ak 7R A IR TG A4, IR
Pd(PPhs), # L T Pd(OAc),/PCys, Pd(OAc),/PPhs, Pd(O-
Ac), MR B, HbRr=Wr= 253 80%, it
GC-MS Kl A IR H] PA(PPhs), AL A LT e Al
A2 5 R N = AR R =, HAE T s GR
1, Entries 1~4); MEM N4 T EBRLAS 5
NI, ORI 29 5 17 H AR =403 1, Entry 5). fEIESE
Pd(PPhs), TE N AT RN, BFIC T AS R Tl 2 1 ik
NaHCOs, K,CO3, K3POy, Cs,CO; bz CsF X 1% J2 Wi [ 54,
FR 1 Suzuki BB NS¢

Table 1 Result of Suzuki cross-coupling reaction under differ-
ent conditions

OH
OHC B(OH), CHO
HO Br + @ [Pd], Base
\N Solvent, Temp., N,
]
SN
4a
Entry [Pd] Base Solvent’  Temp./'C Yield/%
1 Pd(dppf),Cl, Na,CO; DME/H,O 80 40
2 Pd(OAc),/PCy;"Na,CO; DME/H,0 80 66
3 Pd(PPhy), Na,CO; DME/H,0 80 80
4 Pd(OAc),/PPh;* Na,CO; DME/H,0 80 39
5 Pd(OAc), Na,CO; DME/H,0 80 <5
6 Pd(PPhy), — DME/H,0 80 <5
7 Pd(PPhy), NaHCO; DME/H,0 80 61
8 Pd(PPhy), K,CO; DME/H,0 80 86
9 Pd(PPhy), K;PO, DME/H,0 80 78
10 Pd(PPhy), Cs,CO; DME/H,0 80 75
11 Pd(PPhy), CsF DME/H,0 80 70
12 Pd(PPhy), K,CO; DMEF/H,0 80 54
13 Pd(PPhy), K,CO; Dioxane/H,0 80 97
14 Pd(dppf),Cl, K,CO; Dioxane/H,0 80 92
15 Pd(PPhj), K,CO; Dioxane 80 0
16 Pd(PPhs), K,CO; Dioxane/H,0 70 87
17 Pd(PPhy), K,CO; Dioxane/H,O 100 83

© 2014 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 2 (0.64 g, 2.5 mmol), pyridin-4-ylboronic acid (0.369 g,
3.0 mmol), [Pd] (0.1 mmol), base (7.5 mmol), solvent (5 mL), under Ny, 12 h;
4 1 1 by volume; “yields determined by GC method using dodecane as the
internal standard; “0.2 mmol of PCys (tricyclohexyl phosphine) was used; ©0.2
mmol of PPh; (triphenylphosphine) was used.
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X EE SR a5 R, R KoCOs 2 51% % N (K33 #
I, RNFE 86%(# 1, Entries 7~11); [FFESZ 5
PR AETCI S 5 ROV B 0T AR U R 1 H b e
YI(F 1, Entry 6). HE—PHFTH RN 0 12 5 Y 25 2R 1)
eI I, 4 Dioxane/H,0 1A 555 /X DME/H,0 &
Ala, R HREEE 97%(3R 1, Entry 13); 114E [H—1&
FH AL PA(PPhs), #e R Pd(dpph),Cl, Itf, 7= &t =ik
92% (3% 1, Entry 14), X 2645 A Dioxane/H,0 1A &
FHEE T DMF/H,0 M DME/H,0 4 S AE b e s 711445 3
AP s N RCR(3% 1, Entries 12, 13); 1Y DL Dioxane 75 4
SV, TG H bR =404 (3R 1, Entry 15), XA g &
HTAETC ARG Ol N JCHUBC VLR, JCi B e BT A
APk, R BEAT TR R A . AR T
AN TR Bh 2 (R AT AR i LA S S FRDGE s 7 6 TR B
e PRI NV JEXT SN = 2R R 2. FHER 1 AT DA,
RNEE Sy 70 CHE, HAR=H7=3 0 87%(F% 1, Entry
16); BfidE [ NI EETHE 2] 80 CINF, PR m 4 97%(F
1, Entry 13); &7 E SR 100 C, F=Z &M kEN
83%(F 1, Entry 17), &3t GC-MS 43 #71 K 8 s Wil ek
fa, I T RIIER 1) B AR IE A R R I e R, ARG
TSR, FrCLR VRS 80 CIRiE H. il
DL b 5286 K B PA(PPhs)s, K,COs, dioxane/H,0 (V : V=
4:1),80 CHEFR MMV B £ e W 4 A
FERAE RN AR, S IZ MR R 1) R4 35 1 1
ITT %%, BT SRR N T R 250V U
FEf TS IEIIR S 2 1 Suzuki ABIBEHEAL SN BUR(E 2).
S 45 SRR W], 4 mol% Pd(PPhs), BES IR fiEAL 2 5555 5%
IR ) Suzuki HHEE N, HAFBECUF =3, & 2 v
DAFFH, DR b IRCARSRE I F - R S B8R AT R
m: B b AT 4 TR ) IR IR IR I FE T R T 1)
IS S5 7= 6 vy e B 1 AFDGS 1 2R e B A B e 11
SNE T, RN ERIE R 97% (£ 2, Entry 1), AJREHT
HAUR 7 HAT XL sp® 240K S5 U 106 e 7,
L AT — 52 TR PR o s AR R R B A A S 1, (R E
MW IR 75 R L R, SR RE T Rl 2 1Y
K, #Em TR 5 4 8 A8 ¥ 68 ) JF Bk T Mol
FAUTL BT AR T 55 R R L A 5 g F S B2 P 3 (R 2,
Entry 2). 40530 A I 4- LR IIRIN,
RN AN IR LS, 7=k 67% (3R 2, Entry 3), 1 4-
FAEERINIR R %2 (3% 2, Entry 4), IREH T
AIEME T RE DR, BRI AR XS T3 = il
MREh 5 4 B AT e N B, D5 IR IR T I 4]
L RE R IR IR LI P = 1, W HSERE S,
MR S N 1. 5 KR T W F 7 AR I 4- 2k
FEORMIR S 4-H RS ZRMIRIN, N 7= 550 51 Ky 61%F11
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62%(% 2, Entries 5, 6). %K RAEMELL 4- A IRILILN
M5 2 AR NI, N =ik F 83%, nIfigH T 4-
FH I S 2R P ) I A FH 5 D 2, [ B 4- FR I 5 )
P 7 5 1 26 PO IR 6 R SR A% e 1 e 4- F AR BE 2K
R R SRR RE Sy, D= R A TAE, JFH GC-MS 4
M4 R I B SRR =Y 2. A A 4- Rt
IR A I = 2 1.5 equiv., 4f P2 R E £
72%, WA ULIA 4-FIBEIE AR 1) 1 S ARG N A 1%
TR S N [ 5 4 SN

Suzuki IS N, AT FEIIER b R EA RS RN,
Xof S N 4 AT B, T FLVR IR L AR EE R st e v
W B RS Rk, A TR — D oA
TRATTIEIARIE I FPE, BRITRA DT I8 EIREE 30w,
X IZ ML AR R AL Suzuki BN = R KR 434K
ik B AR R IR 4-ROR O 4-IROK . TR
2R R FE R IS I 8 v PR S N (K 3, Enntries 1~
3), AFAER R (W H 3 [ R R E IF, % E
IEE] 100%, 4-IK L2 5 N P2 22 A0k £ 99%, 1X
ATREE TR TR AR T =078 S PAd(0)FA Ak N
ML Suzuki MBIPE RN 5 PENY AR EG T ICHUAR
FEMIROR, IR b L A 4- 300K F R
SRR . RIS, 2-VR-4- FROL R, ABIBC S N 11 H A
FEYI R R B R (ER 3, Entries 4~7), XU HVRIR _E4E
L AR IR AP AE AR AHRAR R IR AN 5 T PA(0) ) 4 4k
OCH; kLT REJIHR CH, 38, NIRRT RS R
N HARPEH 77 SRR (F 3, Entries 5, 6), HEE [A] i
FEAE R At i 25 NH, A 554kl 2% CH; i), 2-1R-4-F L
KNG % 5 RIS N IR R AA 37% (35 3, Entry 7).
DL b st gt FLR W, A I SN 45 1 e A i Ak i
B G 1 0 LA R L W P SRR D R T A IR
SN, AR F IR VRAR DT S 5 1 IR N AR —
M, T

2 RNWIBEHR

PR 13 5206 e M 5 SOk IR IEY, A1 T —
FhER S IZ AR R v REMY Suzuki RIS NV ALEE, Wik 1
Fis. BRI K APBr 5 PAO)E AL I, 510
PA(ID)¥ C—Br BEWIIF, A5 PAADEL AW RI4A 6; 1
i, 9958 KoCOs 55 H,O JERLTT OH #EX 6, PA—OH
AR T 6 LB 5 55 1) PA—Br g, A= Bl s Ha Pk (1)
AHERE A AR 7, W05 iR S OH 1R AR
B AT B L O DU B R b R AA 8, e B 1)
Ar-Pd(11)-OH P& Pk by PAIITRS, 8P 5 1 i
P EE I Ar-Pd-Ar' Bt &4 9, BERCEY) 9 154
ST BR A BRI APAr' Bl PA(0), PA(0)FF 594K
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2 PA(PPhy), LA R Suzuki fHIE S 74 4 ¢
Table 2 Result of Suzuki cross-coupling reaction for various groups of boric acid catalyzed by Pd(PPh;),
OHG Pd(PPhy)s (4 mol%) OHC
K,CO5; (3.0 iv.
HO Br + (HO)2B—©—R 2C0; (30 equiv.) HO O O R
Dioxane/H,O (V:V =4:1)
3 80 °C, N,
2 4
Entry Ar'B(OH), Product Yield®/%
OHC
7 HO \N
1 NC\>—B(0H)2 — 97
4a
OHC
o )
2 Q_B(OH)z ;?_. 64
4b
OHC
3 MeO—@—B(OH)Z HOMe 62
4c
OHC
HO M
5 S Iy ;
4d
OHC
o (0]
o )/
5 o< ) ol
4e
OHC
62
6 OHC—@—B(OH)z HO Q O CHO
72¢
4f
OHC
w0 (" )coon
7 MeOOC—@—B(OH)2 83

“Reaction conditions: 2 (0.5 mmol), Ar'B(OH), (0.6 mmol), Pd(PPhs); (0.02 mmol), K,CO; (1.5 mmol), dioxane (4 mL), H,O (1 mL), under Ny, reflux, stirring 12 h;
®yields determined by GC and GC-MS methods using dodecane as the internal standard; ¢ increasing Ar'B(OH), of 0.75 mmol.

J5 9% ArBr UL N SOE A PAID LS4 v 17 4k 6, 1 i

M AR XA EA T (Scheme 1).

3

it

BRI T AN AR 7 [Pd(dppf),Cly, PA(OAc),,

2474
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Pd(PPhs),]. #(Na,COs, NaHCO;, K,CO3, K5PO,, Cs,COs,

CsF). ¥%#|(DME/H,0, DME/H,0, dioxane/H,0) i /&
(70, 80, 100 CYX} 5-¥-3-5U T FHEAKM s 5tk me -4- 0 i
Suzuki TIPSV 5-(4-MEme)-3-50 T 3K AL &)

© 2014 Chinese Chemical Society & SIOC, CAS

E@%ﬁﬂrﬁj. E%%%%i%% Pd(PPh3)4, K2C03, Dioxane/HQO

Chin. J. Org. Chem. 2014, 34, 2471~2477
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# 3 Pd(PPhy), flEALAN IR Suzuki RIS M 452 ¢
Table 3 Result of Suzuki cross-coupling reaction for various groups of Aryl bromides catalyzed by Pd(PPhs),

Pd(PPhs), (4 mol%)

— K,CO; (3.0 iv. -
som, o s yn KE G0 (T (T

Dioxane/H,O (V:V = 4:1)
80°C, N, 5

Entry Ar'Br Product Yield®/%

0
5a
N CHO
2 OHC—@—Br \/ 100

=z
A

99

5b
N\ /) COOMe
3 MeOOC—@—Br 95
5¢c
N
5d
N OMe
5 MeO—@—Br \_/ 69
5e
N _/ Me
6 Me—@—Br \ 76
5f
NH, Z N
Br. S I
7 37
H,N Me
Me 59

“Reaction conditions: Ar°Br (0.5 mmol), pyridine-4-boronic acid 3 (0.6 mmol), Pd(PPhs)4 (0.02 mmol), K,CO; (1.5 mmol), dioxane (4 mL), H,O (1 mL), under N,
reflux, stirring 12 h; * yields determined by GC and GC-MS methods using dodecane as the internal standard; ¢ compound 5g was difficult to isolating because of
various byproducts generate for its reaction.

2L
Ar2Ar! < > AP —Br
Reductive >/ PdL, \Q Oxidation addition
elimination
E e
AP —Fd— A Arz—Féd—Br L=
[ 6
9
B(OH), IE K,CHO3 + H,0
Transmetallation ArZ—de—OH
K2CO3 + Hzo 15 Ii KBr
Ar'B(OH), ——— = Ar'B(OH); 7
8

B 1 Pd(PPhy), 4L Suzuki I % NATLEE

Scheme 1 The mechanism of the Suzuki cross-coupling reaction catalyzed by Pd(PPhs),

Chin. J. Org. Chem. 2014, 34, 2471~2477 © 2014 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2475



BHLLE

MRIEX

(V V=4 DIRRA 80 C FRERMUEIIZIN, 7%
LF]97%; HEAAEMEAFIHE D BIr-wb. 7@
o FEILMELF A . B DEROR I, AR R R
8 50 I A e R AR P R T 1) 5 I R 5 A
H P IR IR IRAR IT I 1 S N, B T A Ik P A 3
RAR T B2 H I OV AR — R, FidE— ot
4 TWERS
41 MNE5RF

JIT FHAGRI B 7035 Oh 1R 9 i 5 A Afr . 3-8 T kK
ME S 5-IR-3-8U T 2K M B 16 B il 226 SCHR (21,
22111777, NMR F Tl AVANCE 111 400 MHz i85 #% i
FL AR PR AW e, AR TR R, GC-MS K
SHIMADZU QP2010 %Y; GC X/ VARIAN 3900 ZY;
Spectrum 2000 FTIR Jt: 353K HI &[5 Perkin-Elmer 2 H.
42 ZR¥HE
421  5-(4-7trR)-3-4 T FAK G EE G A AR

S CER[14119 7515, 18] Schlenk NN 5-1L-3-
BT I K (0.64 g, 2.5 mmol). HEIE-4-B1R(0.369 g, 3
mmol). [Pd]fi4L71(0.1 mmol). Hif(7.5 mmol)FIFEFH(S
mL), 7€ N R8P, BiPERY 12 he ROV ISERUG R EIE
L BN 25 mL H,O 3, H 15 mL CH,Cl, #%
W3 WK, HHUZ K NaySO, T4, i 3E, hez8sn)a,
Tk A % 23 B (LRI R A SR SR/ A s, Vi V=
11 1), AR a4 455090 F% 1. mp. 92~
96 ‘C; 'H NMR (CD;Cl, 400 MHz) &: 1.50 [s, 9H,
C(CH3)3], 7.50 (d, J=6 Hz, 2H), 7.72 (d, J=1.6 Hz, 1H),
7.83 (d, J=0.8 Hz, 1H), 8.70 (d, J=2 Hz, 2H), 10.01 (s,
1H, CHO), 11.95 (s, 1H, OH); IR (KBr) v: 3038, 2999,
2962, 2858, 1650, 1597, 1544, 1457, 1438, 1396, 1338,
1269, 1230, 1198, 1167, 1078, 956, 893, 824, 751,715, 621
cm .
422  Suzuki WBIR BN 64— F ik

1] Schlenk L H I A A [R] HAR JE (1 94K 2K (0.5
mmol) 5 2K il % (0.6 mmol), Pd(PPhs), (0.02 mmol),
K,COj5 (1.5 mmol), Dioxane/H,0O (4.0 mL/1.0 mL). 7E N,
TP F, 80 CHIFERNY 12 h. M 5E i Ja v H 2 =ik,
BRI 25 mL H,O 1, i 15 mL CH,Cl, 2 3
R, APUZRTEK Na, SO, T, 38 AR THR ™= 2.

5-IRIL 3T HK B (4b): 77 F 64%. 'H NMR
(CDsCI, 400 MHz) ¢: 1.50 [s, 9H, C(CH3)s], 7.36~7.60
(m, 5H), 7.63 (d, J=2.8 Hz, 1H), 7.90 (d, J=2.4 Hz, 2H),
9.99 (s, 1H, CHO), 11.81 (s, 1H, OH).

5-(4- AR B R )3 U T FE K M e (4e): 77 % 62%.

2476 http://sioc-journal.cn/
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'H NMR (CD,Cl, 400 MHz) d: 1.49 [s, 9H, C(CH3)s],
7.00~7.02 (m, 2H), 7.49~7.51 (m, 2H), 7.56 (d, J=2.8
Hz, 1H), 7.74 (d, J=2.0 Hz, 1H), 9.97 (s, 1H, CHO),
11.76 (s, 1H, OH).

5-(4-FHEEZIE)-3- U T FAKD I (4d): 723 67%. 'H
NMR (CD;Cl, 400 MHz) §: 1.49 [s, 9H, C(CHs)5], 2.43 [s,
3H, CHs], 7.28 (d, J=8.0 Hz, 2H), 7.47 (d, J=8.4 Hz, 2
H), 7.60 (d, J=2.0 Hz, 1H), 7.77 (d, J=2.4 Hz, 1H), 9.97
(s, 1H, CHO),11.78 (s, 1H, OH).

5-(4- LRI IR F)-3- B T FEAK M I (de): 722 61%.
'H NMR (CD;Cl, 400 MHz) d: 1.51 [s, 9H, C(CH;);], 2.67
[s, 3H, COCH;], 7.66~7.69 (m, 3H), 7.92 (d, J=2.0 Hz,
1H), 8.05~8.07 (m, 2H), 10.00 (s, 1H, CHO), 11.90 (s,
1H, OH).

5-(4- I BEBRE R BE)-3- B0 T JL K M 1 (4f): 722 62%.
'H NMR (CD;Cl, 400 MHz) d: 1.51 [s, 9H, C(CH;);], 7.70
(d, J=2.4 Hz, 1H), 7.83 (d, J=1.6 Hz, 1H), 7.74~8.00
(m, 2H), 10.01 (s, 1H, CHO), 10.09 (s, 1H, CHO), 11.92
(s, 1H, OH).

5-(4- Il IR I )-3-80 | Sk (4g): 7% 83%.
'H NMR (CD;Cl, 400 MHz) d: 1.50 [s, 9H, C(CH;);], 3.97
(s, 3H), 7.51 (s, J=8.8 Hz, 2H), 7.68 (d, J=2.4 Hz, 1H),
7.82 (d, J=2.4 Hz, 1H), 8.12 (d, J=8.4 Hz, 2H), 10.00 (s,
1H, CHO), 11.90 (s, 1H, OH).

4-(4- LR LA I L BE (5a): 77 99%. 'H NMR
(CDsCl, 400 MHz) : 2.69 (s, 3H, CH3), 7.55~7.57 (m,
2H), 7.75~7.77 (m, 2H), 8.09~8.11 (m, 2H), 8.72~8.74
(m, 2H).

4-(4- H B SR IL)IEE (5b): 77 % 100%. 'H NMR
(CDsCl, 400 MHz) §: 7.55~7.57 (m, 2H), 7.82~7.84 (m,
1H), 8.02~8.04 (m, 2H), 8.74~7.76 (m, 2H), 10.01 (s,
1H, CHO).

4-(4- FF B JE IR L) L E (Se): 7% 95%. 'H NMR
(CDsCl, 400 MHz) d: 3.98 (s, 3H), 7.56 (d, J=6.0 Hz,
2H), 7.73 (d, J=8.0 Hz, 2 H), 8.18 (d, J=8.4 Hz, 2H),
8.72 (d, J=6 Hz, 2H).

4-FFENEBE(5d): 77% 83%. 'H NMR (CD;Cl, 400
MHz) d: 7.45~7.55 (m, 5H), 7.65~7.69 (m, 1H), 8.67~
8.69 (m, 2H).

4-(4- F A HE IR HE) L IE (Se): 77K 69%. 'H NMR
(CDsCl, 400 MHz) 6: 3.89 (s, 3H, OCHj3), 7.02~7.04 (m,
2H), 7.49~7.50 (m, 2H), 7.62~7.64 (m, 2H), 8.62~8.64
(m, 2H).

4-(4- W 3 2R FE Y Ik g (56): 77 F 76%. 'H NMR
(CDsCl, 400 MHz) o: 2.44 (s, 3H, CH3), 7.32 (d, J=8.0

Chin. J. Org. Chem. 2014, 34, 2471~2477
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Hz, 2H), 7.51~7.53 (m, 2H), 7.56~7.58 (m, 2H), 8.64~
8.66 (m, 2H).

45 Bl #1 ¥} (Supporting Information)
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