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AR FEAEL IS EE R LAY Suzuki F1 Heck &K 2

RERES HEZE"  F X" #Hxm’
(O RKERE R Z S AW TR KR 030021)
O RJFH TR TR K 030024)

Y

BWE IR T MEHK ALOs 1EHA, VY = 5 B AT A 10 9K AR LR Ak P45 FH 55 56 3 R0 BR VR JEURH I v 2
£Ef0 Suzuki 1 Heck (ISR SF il £ A RN 75 LI A S W 77, 12 Bk & DL TR OB, RS F
25 CF, MEALF ] E i Ab 55 3 B A AL 4 701 5 55 SRR ALA 42 1 Suzuki A1 Heck BTG N, #3838 8210 e NP #R 25
e R, T ELAE AT IA A 4 VR, LA R S A R ER AT I S B A

FK4BiE HKA; Suzuki; Heck; PA/ALOS; BRI &, T 505

Nanoparticles Pd-Catalyzed Suzuki and Heck Cross-Coupling Reac-
tions of Arenediazonium Tetrafluoroborate Salts

Zhao, Xiaoxia®* Chang, Honghong” Li, Xing” Wei, Wenlong”
(“ College of Chemistry and Biological Engineering, Taiyuan University of Science and Technology, Taiyuan 030021)

(* College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024)

Abstract An efficient protocol for the Suzuki and Heck reactions of arenediazonium tetrafluoroborate salts catalyzed by
Pd(PPh;),-derived nanoparticles palladium catalyst has been developed. This method is able to prepare a variety of biaryls and
aryl olefin under air atmosphere at 25 ‘C in ethanol. In the presence of this catalyst, the cross-coupling reactions of arenedia-
zonium tetrafluoroborate salts with arylboronic acids and olefin proceed smoothly and afford the desired coupling products

with good yields, respectively. The catalyst could be recycled 4 times without loss of activity and decrease of yield.
Keywords nanoparticle palladium; Suzuki; Heck; Pd/Al,Os; biphenyls; aryl olefin

W7 AT AL S WIE R IR W WA RE T
ARG TSRS BT Z IR, AN
FAVEA AL A T eI L S S R i 1 < e )
AL T HAL B W 2 8] AR IR AN J57 AL 5 S I A &
W 2 T R AR R B I 5 ¥R FB BB 05 2 A 57 R AR AL 5 )
—E SR AR B TR B A L RIS B
JH B0 57 2 25 L) 3 2 DL s AR5 K AR 5 2 6 2R 1
ST, MAELJLE, 75 BRI 95 2
SRHARA, BT HAESH & Rk E e BBk
I3 FEARI SN G B T 743 KR

20 tHZLOK, TSR RIS N, JEH A
AL B A 0 B B AE AT HL G AR 25 AN IR AF 21 172 (19
JREFR 1), e e A TR A T 4 A s PR A 1Y
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BefA, eHRAS 2wl M AR AL, AT AR R A2 R
SEHL T HE R S 2 Rl 2R AL SR AR I SN, Bk
2 TAREF IRWESS 71, R XSGR g 7 —
RYNTTid, KRG W B KW 738, M %
PERGEN, MR B, AR S0 == A Tk A P v 45 3
SN EAER, W2 R R T ZRE R
PRI IR T 05 L R IR B s vy, e
Je X T EAE LM Suzuki F1 Heck {5 S N 5 /2455 7 —
SE R UL R T A R I IR BA R Y =
BRAL 1 B AE AR ALOs 15 3 KA A0 77 B F 21 8
R ER 50 5 75 LT ER A7 12 1) Suzuki A1 Heck {8 5E [ b
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1 &R51TR

HT ALO; [ EER B N A CARBLT T Em
Po PO, A R T e A S A — i 4 R
B AN TR L SRR B B R ARE. 251, 3R
IR IR BHEAIE PA(PPhs), K 942K ALO; L 3% iial
KABMEALT, [FIIRFHEIZAMEEAL 773 70 32 B 57 W 2
555 SERHER R 2 (¥) Suzuki Al Heck fBIESM . 24f
WFHIHE S5, % Suzuki A1 Heck {8 IS () 3 B0 [
FOTWR AT SOSER RE . PR AR DU G
PR RR P R 55 TR IR 1) S LA AR e 2 7 ) R 5 o ¥
FS AR TR R S S, E HEAT T Ui 2.
1.1 JAFIXF Suzuki & B0

DA L DY S0 P R L S 5 A A TR ) A TR B I A
MRS, ARG AL Os 1F B A G 38 A 4 R AL AR AL 5
HIEH 0.3 mol% Pd, 25 C RHE [ &R IEHIXHZ M
s, SERE R IR 1.
R IR DY FN BRI AL 5 KR Suzuki [N
o
Table 1 Effect of solvents on the Suzuki coupling of ben-
zenediazonium tetrafluoroborate and phenylboronic acid

Pd/Al,O3, 25 °C
vars - O)-aom 2 (O
solvent

Entry Solvent Time/h Yield"/%
1 DMF 4 16
2 Dioxane 4 9
3 H,0 4 11
4 CH;0H 4 81
5 CH,;CH,0H 4 84

¢ Reaction conditions: benzenediazonium tetrafluoroborate (0.3 mmol), phenyl-
boronic acid (0.33 mmol, 1.1 equiv.), Pd/ALLOs catalyst (6 mg, 0.3 mol% Pd),
solvent (1.5 mL). * Isolated yield.

R 1 ATLUE W, BT dind rvs A, 2 5o s
DMF, Dioxane 1 HO I, N BCRA LI 2, 4
AL H 16%, 9%F1 11%HC#(ER 1, Entries 1~3), T
CH;OH #11 CH;CH,OH M43 5l 45 H 81%A11 84% It (3%
1, Entries 4, 5); Rk, ¥ CH;CH,0H fE & MEFI(FE
1, Entry 5)#EA7 (A6 FH & (1 9 i
2.2 fEUFIAES Suzuki & MBS

D5 35 D0 G0 T AR 2 2 5 2 A G 1 £ Bk S 7 1
MR L, Wi T LA ORISR, BHETE 25 CH
BETR, RMNHAT 4 h ]G5 T M SR MUK
KR, SLIR A5 2.

HE 2 AT PAAS H MG RI R 2 0.3 mol% Pd B, &
R4 84% I (35 2, Entry 1), BEE AL EHIA
WrEE N, WCRAKTIE IR 2, Entries 2, 3). 2810, 1k
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F2 A EST Suzuki [ B IR ¢
Table 2  Effect of catalyst loading on the Suzuki coupling

@ @ Pd/Al,03, 25 °C
2ot 4 2 CH4CH,OH

Entry Pd/mol% Time/h Yield”/%
1 0.3 4 84
2 0.4 4 94
3 0.5 4 95

“ Reaction conditions: benzenediazonium tetrafluoroborate (0.3 mmol), phenyl-
boronic acid (0.33 mmol, 1.1 equiv.), Pd/ALO; catalyst, EtOH (1.5 mL). ”
Isolated yield.

FIFHER NS 0.5 mol% Pd i, P4HUE R ER R L
FIHEHR 0.4 mol% Pd B 1 N 43 s(GR 2, Entry 3
vs. 2), LA R EIE S 0.4 mol% Pd & iE.
2.3 SBFIAEX Suzuki & KEIEN

R A AT EE, BL 0.4 mol% 4K
PA/ALO; TEMEALT, BN, 25 CFHE T #7H
AT RNV ISCR BRI, SIS R LK 3.

K3 EFAEX Suzuki & B ¢
Table 3 Effect of solvent dose on the Suzuki coupling

@ @ Pd/Al,04, 25 °C
N;BF, + BOH: (S enon
4 2 CH4CH,OH

Entry Solvent dose/mL ~ Time/h Yield”/%
1 1.0 4 83
2 1.5 4 94
3 2.0 4 97
4 2.5 4 93

¢ Reaction conditions: benzenediazonium tetrafluoroborate (0.3 mmol), phenyl-
boronic acid (0.33 mmol, 1.1 equiv.), Pd/AL,O; catalyst (8 mg, 0.4 mol% Pd),
EtOH, temperature (25 ‘C). ? Isolated yield.

R 3 nTLUE H, B VAR B3, o e
TG, Sy RN 2.0 mL i, WCRIE R KE N
97%, HEOE A I 2.0 mL(GER 3, Entry 3).

2.4 HERPEECERNRIESE M

FRAE DL RSB0 e 1 RS St 26 A 05 B A
££(0.3 mmol), F5IEMER(1.1 equiv.), 0.4 mol% Pd gk
Pd/ALO; fEfEALF, EtOH VAT, 25 C RREAT L. %
Fedg, BAVEMFAET, XA EE B A B 55 2 3 2
RN BN B R AT T R, IR R LK 4.

M 4 sREe S5 T DU, 6T 05 FR AR R 1,
IR b BUARES 1) B 20BN s () 1 R 2 AT K

RS, W PR (AR X A H e [ A ) 2 2 DY
PR A B Sk A0 m DABUAS B 1y (1) YA 23R 4, Entries 5~7
vs. Entries 2~4), 1A BH RN S S35 PRI A K
KIS (3R 4, Entry 4 vs. Entries 2, 3; Entry 7 vs. Entries
5, 6). X105 EEONEE KU, MHLFRN T EE, &
25 HLT B R A 05 HE IR e RLE PR T, A AT Suzuki
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RIS BNFEAT, AEXT s SR ] LE AR (% 4, Entries 8~11
vs. Entries 12~14), T -5 PR A 55 JEHIRR 1) s
I B SR PG, ICHR - B TR AN R T B B (AT
(3R 4, Entries 12, 13 vs. Entry 14); A7BHN AR T HLT
BRSNS N SR S M /S, B — e B2, 22 L
A1) 75 B R AR T LA 47 1 45 SR GR 4, Entry 15).

4 FFIEERES T EMRE Suzuki KB
Table 4 Suzuki couplings of aryl arenediazonium tetrafluoro-
borate salts and arylboronic acids

N2BF4 O/ OH)2 |:>d/A|203 25°C @_@
CHsCH,0H _ X /7 N\ Wge

Entry R! R’ Product t/h Yield®/%
2 oCH, H 4!§_4i} 576
3 m-CH, H 5 81
4 pCH, H 585
NO,
5 0-NO, H 4 90
O,N
7 pNO, H 02N 309
8 H 2-Me 4 72
9 H 3-Me 4 76
10 H  4Me 4 381
OMe
11 H  3-OMe 4B
NO,
2 H  3NO, 0 63
480 http://sioc-journal.cn/

Entry R! R? Product t/h Yield"/%

13 H  4NO, No2 10 69

4 H  4C c:| 6 7l
Me

15 H  35Me g8 95
Me

“ Reaction conditions: arenediazonium tetrafluoroborate salt (0.3 mmol), aryl-
boronic acid (1.1 equiv.), Pd/Al,O5 catalyst (8 mg, 0.4 mol% Pd), EtOH (2.0
mL), temperature (25 °C). ® Isolated yield. €90 ‘C was used.

N TR IV, S, AT R
R DU GBI AR B 55U 5 T A R P R Y Hek A IBC S LA R
B R, A 1.0 mol% Pd MIGKRAEEMEIL T, 5%
07 G A R ORIV T R FL AT T 2% A O
i, SKIRESRINK 5 PR,
5 LD A S PR B Heok S04 1
itk
Table 5 Screening of conditions on the Heck coupling of ben-
zenediazonium tetrafluoroborate and methyl acrylate

Pd/Al, 04, 25 °C COOMe
—_—_—
solvent @J

Catalyst loading/mol% Time/h Yield®/%

N,BF,
+ 7 >COOMe

Entry  Solvent

1 DMSO 1.0 26 N.D.
2 Dioxane 1.0 26 47
3 H)0 1.0 26 12
4 CH;0H 1.0 26 53
5 CH;CH,OH 1.0 26 64
6 CH;CH,OH 1.5 26 75
7  CH;CH,OH 2.0 26 89
8 CH;CH,OH 2.3 26 96

© 2015 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: benzenediazonium tetrafluoroborate (0.2 mmol), methyl
acrylate (0.3 mmol, 1.5 equiv.), Pd/AL,O; catalyst, solvent (2.0 mL), tempera-
ture (25 °C).” Isolated yield.

R 5 SEIEER AT E 1, AN BtOH B, ML
2 64%(3K 5, Entry 5); #7125 DMSO K, %A kil 2 4%
ICP= (3R 5, Entry 1); HE¥ AW H,0, MeOH 1 Di-
oxane #PZ5HiLL EtOH 1RIZ (K 5, Entries 2~4 vs.
Entry 5), #UiZi%4E EtOH 1R, AT Tk ss
BE & AR =38 0, R Bt m, YHEN 23
mol% Pd B ISR sl il ik 3] 96%(3F 5, Entry 8), #E AL
H&Ei%# 2.3 mol% Pd.

16 IR AR T, 2538 DY S 00 1 AR B 4 R i %
0.2 mmol, #ELFIFHEAN 2.3 mol% Pd, ¥ 5fN EtOH,
MEHN 2.0 mL, RMREEN 25 C, WEHRRHEEHEN

Chin. J. Org. Chem. 2015, 35, 478~483
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1.5 equiv., %M N RMNFEAT 26 h, FrifERPICE N
96%; A Lz FAF e S R E R AT T EE,
SERE RN 6. WNRPE I ATLUE H, X T AR5 DY 5
IR AR B R SR U, AR IS (1) HE TSR 6 e W3 A
K 6, Entries 2~4 vs. Entries 5, 6), MjHLHE
(AT L8R % 2 I RIS 2R AT K (P s, &S B 1 0
FEE B S B = % (3 6, Entry 2 vs. Entries 3, 4,
Entry 5 vs. Entry 6), 07 HUR 0 145 2SR R s B2
% (3 6, Entries 4, 6).
6 I R BN Heck 527 °

Table 6 Heck couplings of arenediazonium tetrafluoroborate
salts and methyl acrylate

N2BFs Pd/ALO;, 25 °C TB COOM
P 203, =|= e
| ¥ COOMe —hchon - N\ 2
A =
R3
Entry R’ Product th  Yield"/%
COOMe
1 H @J 26 9
j~CoOMe
2 o-CH; QJ 28 91

/ COOMe
3 mCH, QJ 28 85

COOMe
4 p-CHs —@—/ 28 57
COOMe
/
5  oNO, 26 89
NO

2
COOMe
6  p-NO, OZN—Q—[ 26 72

¢ Reaction conditions: arenediazonium tetrafluoroborate salt (0.2 mmol),
methyl acrylate (1.5 equiv.), Pd/ALO; catalyst (46 mg, 2.3 mol% Pd),
CH;CH,OH (2.0 mL), temperature (25 ‘C). ° Isolated yield.

2.5 fEHFIBIEISFIR

L 2 e DY 90 B0 P AR T G i -5 A A TR 1) AR K e Iz A
RSN, 3 FZAKRARAEREALT, LRE AT, 25 °C
TR RO A, SR EE R I 7.

S 45 RRW], POREAELFIZ S EAFA 4 K
Ja, HARCRCER A TS VERR A R RS,
g VAL E S ES AR i

2 #ig
WA T AGK PA/ALOs TEALT, Z BN, 25
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RT AL TAE R S ¢

Table 7 Recycling test of Pd catalyst in the coupling reaction of
benzenediazonium tetrafluoroborate and phenylboronic acid

Run Time/h Yield”/%
0 4 97
1 4 97
2 5 97
3 5 96
4 7 95

© 2015 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: benzenediazonium tetrafluoroborate (0.3 mmol, 1.0
equiv.), phenylboronic acid (0.33 mol, 1.1 equiv.), Pd/Al,0; catalyst (8 mg,
0.4 mol% Pd), EtOH (2.0 mL), temperature (25 C). ® Isolated yield.

C 4T KA Ak 55 35 B 402k 00 ol 5 5 000 R R A4
F2[1) Suzuki 1 Heck BRI X T Suzuki BRIV,
BTG 25 5210 05 BE B B R0 O RO IR, SO BLAT SRS T 5%
BRI X Heck BRI, J5REER LS
Rt P i s e T DA BASHE v P S AR

3 SCIEES

3.1 UE5EFA

'H NMR £ Bruker Avance 300 (600 MHz) Ll 5E,
TMS AW bR, CDCL A, FrA I35 i & i 4,
KRG — PR, HEPTRA 300~400 H A EHTE
Ji2.
3.2 EUTIEEIE

PRI 0.4 g VY = ZEHE P (PA[P(CeHs)s]4) 1 1.6 g &4k
FRH(ALOS) I E T 50 mL B, R TR FIA
20 mL DMF %551 90 C&1EFHtEE 15 h, it g,
T 45 mL P Seae 0 2 AR R =, RE1EE
B FEA A= BT H AR T 50 CTRTE S h
13 BT B G R AT AR fh 771
3.3 XWHE
33.1 FEAE R 55 LML Suzuki 1BIK R L

TEREAE i PET 1R SAVE FFk A 0.3 mmol P4
SR 5 HE E (AL, 1.1 equiv. 1995 JEIER A1 0.4 mol% Pd
HIMEALFIRTAF ZBE(2.0 mL), M T 25 CHMF R
PR, TLC PREFR MRS, RMEHRE, RMEES
T8 I FH SRR e 5 U B T 15 21 4 KA A 7R 4k 8 [ i
FIFH; JEWORYE 5 T A I B R T RE E AT e M 40 8
AR LA 3058 AR,
332 FHAE R 5H 269 Heck 1855 B2

FEREA B B R BLRE AKX 0.2 mmol 1Y
SRR 7 R E A . APRAME AL (2.3 mol% pd).
2B (2.0 mLYFIE (1.5 equiv.), RSAE 25 “CH44F T
PR, TLC PREFSONHERE, RMEEHE, MRS S
8 SRR o e A B T 15 B g R AR £ 7R 4k 82 [ Ui
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FIF; DRV 5 A B LR 2Bk 2 AT e i 4 58
AT LA 2058 SUB =),

Bl @K, mp. 65~66 ‘C; "H NMR (600
MHz, CDCly) d: 7.31~7.34 (m, 2H), 7.40~7.43 (m, 4H),
7.57~7.58 (m, 4H).

2- AL 2RO, Bk, "TH NMR (600 MHz,
CDCLy) d: 2.26 (s, 3H), 7.21~7.26 (m, 4H), 7.31~7.34
(m, 3H), 7.40 (t, J=7.2 Hz, 2H).

3-HEEEAIY "H NMR (600 MHz, CDCL3) 6: 2.42
(s, 3H), 7.16 (d, J=7.8 Hz, 1H), 7.31~7.34 (m, 2H),
7.38~7.43 (m, 4H), 7.58 (dd, J=7.8, 1.2 Hz, 2H).

4-FFEEZE21626 TH NMR (600 MHz, CDCls) o:
2.39 (s, 3H), 7.24 (d, J=8.4 Hz, 2H), 7.30~7.32 (m, 1H),
7.40~7.43 (m, 2H), 7.47~7.49 (m, 2H), 7.57 (dd, J=7.8,
1.2 Hz, 2H).

2-fH B> 'TH NMR (600 MHz, CDCly) 4
7.30~7.32 (m, 2H), 7.37~7.45 (m, 4H), 7.46~7.48 (m,
1H), 7.59~7.62 (m, 1H), 7.84 (dd, J=7.8, 1.2 Hz, 1H).

-G R BEAPL 'TH NMR (600 MHz, CDCLy) 6
7.41~7.44 (m, 1H), 7.48~7.51 (m, 2H), 7.59~7.63 (m,
3H), 7.90~7.92 (m, 1H), 8.19~8.20 (m, 1H), 8.46 (t, J=
1.8 Hz, 1H).

4-FEFEBEE): TH NMR (600 MHz, CDCl3) &: 7.45
(dd, J=7.8, 5.4 Hz, 1H), 7.51 (t, J=7.8 Hz, 2H), 7.63 (d,
J=172 Hz, 2H), 7.74 (d, J=9.0 Hz, 2H), 8.30 (d, J=8.4
Hz, 2H).

3-HAE L BEAPY 'TH NMR (600 MHz, CDCls) 6
3.85 (s, 3H), 6.89 (dd, J=6.0, 1.8 Hz, 1H), 7.13 (t, J=7.8
Hz, 1H), 7.18 (d, J=7.8 Hz, 1H), 7.32~7.35 (m, 2H),
7.42 (t, J=8.4 Hz, 2H), 7.58 (t, J=7.2 Hz, 2H).

450 J@fE A mp. 32 °C; '"H NMR (600
MHz, CDCly) d: 7.34~7.37 (m, 1H), 7.39~7.41 (m, 2H),
7.43 (dd, J=17.8, 6.4 Hz, 2H), 7.50~7.52 (m, 2H), 7.55
(dd, J=17.8, 1.2 Hz, 2H).

3,5- ~HIEEERPY: TH NMR (600 MHz, CDCly) 6:
2.39 (s, 6H), 7.01 (s, 1H), 7.22 (s, 2H), 7.34 (t, J=7.2 Hz,
1H), 7.43 (t, J=7.8 Hz, 2H), 7.58 (dd, J=7.8, 1.2 Hz,
2H).

(E)- P71 B! "H NMR (600 MHz, CDCl;) 6:
3.84 (s, 3H), 6.48 (d, J=16.0 Hz, 1H), 7.41~7.42 (m,
3H), 7.55~7.56 (m, 2H), 7.73 (d, J=16.0 Hz, 1H).

(E)-2-FFEEPIAIR S 'H NMR (600 MHz,
CDCLy) &: 2.44 (s, 3H), 3.81 (s, 3H), 6.37 (d, J=16.0 Hz,
1H), 7.21 (t, J=7.9 Hz, 2H), 7.27~7.29 (m, 1H), 7.56 (d,
J=17.9 Hz, 1H), 7.99 (d, J=16.0 Hz, 1H).

482 http://sioc-journal.cn/
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(E)-3-H B IGIRF A '"H NMR (600 MHz,
CDCl3) 6: 2.37 (s, 3H), 3.80 (s, 3H), 6.43 (d, J=16.0 Hz,
1H), 7.19~7.21 (m, 1H), 7.26~7.29 (m, 1H), 7.34 (d, J=
7.2 Hz, 2H), 7.67 (d, J=16.0 Hz, 1H).

(E)-4- FF R ZL NG R FEE™): '"H NMR (600 MHz,
CDCl3) 6: 2.37 (s, 3H), 3.80 (s, 3H), 6.40 (d, J=16.0 Hz,
1H), 7.20 (d, J=8.0 Hz, 2H), 7.42 (d, J=8.0 Hz, 2H), 7.68
(d, J=16.0 Hz, 1H).

(E)-2-TH 3 AL ISR FFEE™: '"H NMR (600 MHz,
CDCL3) &: 3.84 (s, 3H), 6.38 (d, J=15.8 Hz 1H), 7.54~
7.57 (m, 1H), 7.63~7.68 (m, 2H), 8.05~8.06 (m, 1H),
8.13 (d, J=15.8 Hz, 1H).

(E)-4-TH 3 L ISR P EE™: '"H NMR (600 MHz,
CDCL3) 6: 3.72 (s, 3H), 6.57 (d, J=16.1 Hz 1H), 7.80 (d,
J=8.7 Hz, 2H), 7.73 (d, J=16.1 Hz, 1H), 8.26 (d, J=8.7
Hz, 2H).

#HBh#1 Bl (Supporting Information) Fr& i H AL &
Y 'H NMR B3, 3SR R AT DL G 9 AR F1) ) i
(http://sioc-journal.cn/) I N #k.
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