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Abstract A practical and environmentally friendly low-dose palladium-catalyzed Suzuki coupling reaction system, utilizing
simple oxalyl monoamides as ligands is introduced in this work. The reaction is conducted in a green solvent system com-
posed of ethanol and water in a volume ratio of 1 : 2, which not only reduces the environmental impact but also enhances the
solubility of the reactants. Even at a low catalyst loading of n(S)/n(C)=70000, this system demonstrates excellent catalytic
efficiency, yielding outstanding product yields of up to 98%. This is a substantial improvement over traditional methods that
require higher catalyst concentrations. The study demonstrates the broad applicability of this reaction system to a variety of
halogenated heteroaryl and aryl boronic acids, which are common substrates in the synthesis of complex molecules and
pharmaceuticals. The high and consistent yields from the reactions validate the system's reliability and robustness. This work
not only provides a more sustainable approach to Suzuki-Miyaura Cross-Coupling (SMCC) but also broadens the utility of
oxalyl monoamide ligands in catalysis, paving the way for further exploration and application in the field of homogeneous
catalysis. In summary, the development of this low-dose palladium-catalyzed Suzuki coupling system with oxalyl monoam-
ides as ligands offers a green and efficient alternative for the synthesis of biaryl compounds. The system's versatility and the
high yields obtained underscore its potential for broader applications in organic synthesis and catalysis research. This work
contributes significantly to the ongoing efforts to develop more sustainable and efficient catalytic processes in chemical syn-
thesis, making it a valuable addition to the field of green chemistry and catalysis.
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L7. L11. L12 1 L15 7] DA &t (e i R 5 S B2 1) kA
I HAE 1 h WA PAFRTS 82%~98% 7~ (L7 L11. L12
1 L1S), 1EIXIRSEIE M Ee Lk e, BATHIE T L1 1
NEAREAR, EXFEEsSLEe T, L19 5 L1l 4 RRE T
Fic A4 R TR A0 4 O AR .
22 RMNEHMK

TEWFFLRIVIGRIY B, AT S T IR S5 LI LB
(n(S)m(C)YXHE R I FEm. FATK I, n(S)/n(C) LA N
50000 F1 70000 B}, 72354 98%(F 2, Entries 1, 2). &
M, BEE n(S)n(C)LLBIHE—S1hin, =5 2 00 H %
FFEI#3(FE 2, Entries 3~5), B FRIEA 9L T %4k
R, &Pk T PACI(F 2, Entries 6~8). £X
B, BAE 1% b A B . FRATTER T T 2
THUFIE NSNS Suzuki-Miyaura W FI520H (R 2, En-
tries 9~16). TEX AL iz AT BRI e H, A FH 4558
[ TEATLAR AT DA w3 7= 2 A5 2 BT 75 7= 4. Tt e FH A WL
B, BAILEA N ERSOR, RAKI KOH #UR &
. B P N A — R R, TEAR SRR &
R I 1.5 mmol KOH 7230y 82%, N3 2.0
mmol I =K 98%, 4kLEIGHNZ 2.5 mmol B, 22 [%
2 95%, A RKHMREAEN 2.0 mmol(E 2,
Entries 17, 18). ¥AFIRERAE N & X EHE, N T
FUX R, FAVFE T AEPEF. EmE 2 PR,
afi K B AR WL I R SRAT T = 10 45 L (Entries 19~
24). R, K ZEERRA DS TGt e 3 T E
=R, XAEBRA TR R K M Z BRG], & 2 Mg R
T, HLEERUKEIAFEE A 102 I, RN R A
(3% 2, Entries 25~28). XK, /KA ZBEHIE 2 LU 7E
RN B R E T YR R A BCARES, RN
65%(% 2, Entry 29), JE/R TSR IZAARIMER. 1%L
IO I NI B AN B (] 3547 T ¥R FL(3R 2, Entries 30~34),
CERKHILE 80 C RN 1 h NI, HAEEEN
&, i KOH fE AR, 545 &A1 EE LA A&, ST
WY mik 22615 HIEEALE(TON), X—45 BB ERK T
B AR AL B, R AR R ISR A I 22 55
PRAET 9 SIS
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Table 1 Ligand screening

PdCl,/Ligand
( ) KOH (2.0 equiv.
QB(OH)Z + Br (2.0 equiv,)
EtOH/H,0 (VIV, 1:2)
1a 2b 80°C, 1h 3ab
OMe
Fon H N H o)
N N N 0
0 /©/ o 0 /©/\H
R ) ) OMe F
L1 65% - L2R=Me 56% L4 52% 2 Le 72%
L3 R =OMe 62% L5 66%
" le) R H (0] o)
NTHLOK (j/ TH'LOK /@/\NHOK
: e} H
R © R 0
L7TR=H 86% LM R=Me 98%
L8 R=Me 88% L12 R = OMe 87% L15R=H 82%
L9 R = OMe 95% L13R=F 76% L16 R =OMe 75%
LIOR=F 80% L14R = OPh 85%
o) o)
%NH HNJSF H o § G § T
KO OK N%OK %OMe
© © o) o)
L18 70% L19 82%

L17 94%

@The general conditions are as follows: 1a (1.5 mmol), KOH (2.0 mmol), 2b (1.4 mmol), PdCl, (EtOH) (2X 1075 mol/L, 1.0 mL), ligand (H,O) solution (2 X 107
mol/L, 1.0 mL), H,O (1.0 mL), at 80 “C for 1 h. ? Determined by gas chromatography using n-decane as the internal standard.

K2 R

Table 2 Optimization of reaction conditions

PdCly/L11 ' o
QB(OH)Z + Br‘Q KON (2.0 equiv) NHOK
EtOH/H,0 (VIV, 1:2) N
1a 2b 80°C,1h 3ab L11 ©
Entry* Deviation from standard conditions Yield®/% Entry* Deviation from standard conditions Yield®/%
1 None 98(96)° 18 2.5 mmol KOH instead of 2.0 mmol KOH 95
2 n(S)/n(C)=50000 98 19 THF instead of EtOH/H,O(1 : 2) 62
3 n(S)/n(C)=100000 78 20 Dioxane instead of EtOH/H,O(1 : 2) 83
4 n(S)/n(C)=150000 46 21 DMF instead of EtOH/H,O(1 - 2) 85
5 n(S)/n(C)=200000 25 22 MeOH instead of EtOH/H,O(1 . 2) 85
6 Pd(OAc), instead of PdCl, 96 23 EtOH instead of EtOH/H,O(1 : 2) 88
7 (C¢H5CN),PdCl, instead of PdCl, 92 24 H,O instead of EtOH/H,O(1 : 2) 47
8 Pd(PPh;), instead of PdCl, 95 25 EtOH/H,O(1 : 1) instead of EtOH/H,O(1 : 2) 90
9 NaOH instead of KOH 90 26 EtOH/H,0(2 : 1) instead of EtOH/H,O(1 : 2) 92
10 K,COs instead of KOH 92 27 EtOH/H,O(5 - 1) instead of EtOH/H,O(1 : 2) 89
11 Cs,COj instead of KOH 85 28 EtOH/H,O(1 : 5) instead of EtOH/H,O(1 : 2) 76
12 NaOAc instead of KOH 76 29 No L11 65
13 Et;N instead of KOH 44 30 60 ‘C instead of 80 C 86
14 DMAP instead of KOH 40 31 70 C instead of 80 C 92
15 Dicyclohexylamine instead of KOH 23 32 90 C instead of 80 C 97
16 Acetonitrile instead of KOH 48 33 0.5 hinstead of 1 h 85
17 1.5 mmol KOH instead of 2.0 mmol KOH 82 34 1.5hinstead of 1 h 98

“ General reaction conditions: 1a (1.5 mmol), KOH (2.0 mmol), 2b (1.4 mmol), PdCl, (EtOH) solution (2 X 1075 mol/L, 1.0 mL), L11 (H,0) solution (2 X 107> mol/L,
1.0 mL), H,O (1.0 mL), at 80 C for 1 h. ? The yield is determined by gas chromatography using n-decane as an internal standard. Isolated yield. DMAP:
4-dimethylaminopyridine, THF: tetrahydrofuran, Dioxane: 1,4-dioxane, DMF: N,N-dimethylformamide.
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RARA, 5 HFh 0T BN = BB AT 2 B B 5 2,
FERARE. BRAh, BATERER T %05 & x4 5 2K L
PR 2 1A) B s 8. 3 a4 1) JEG 4 5 4 1 37 EE A (m(S)/n(C))
920000 FFZEK 2 SIS ], SRAF T A 2 (3an~

HE, RETATE n(S)/n(C)FEEF] 20000 H2EK T M
WA % 5 h, (555 KR AR B A B

5B TR (Bau~3aw). (HERERE, Kk RE
71N R A SN 25 A A e {10 7 i AL £ (TON) A SMCC $2
BT Mg, S5 RN E

PdCly/L11 o
KOH (2 0 equiv.)
B(OH), + Br NJLW/OK
EtOH/H,0 (VIV, 1:2) H
80°C, 1h 0
1a (30 mmol) 2b (28 mmol) 3ab (yield 95%, 4.4481 g) L1
Bl BEORS8
Figure 1 Scaled-up reaction
R3 JRYIEHTEEELE
Table 3 Examination of substrate applicability range
R R PdCI2/L11 5
4 /
— — EtOH/H,0 (VIV, 1:2) R'
1 2 80°C,1h
A R F
O~ O~ O~0)
3aa 3ab 3ac 3ad 3ae 3af

82%, 1 h, S/C=70000 98%, 1 h, S/C=70000 90%, 1 h, S/C=70000

95%, 1 h, S/C=70000 81%, 1 h, S/IC=70000 83%, 1 h, S/C=70000

3ah 3ai
83%, 1h S/C 70000 96%, 1 h, S/C=70000

OO0 OO O

3am 3an 3ao

89%, 1 h, S/IC=70000 85%, 2 h, S/IC=50000 82%, 2 h, S/C=50000 83%, 2 h, S/C=50000

97%, 1 h, S/IC=70000

3ak 3al

84%, 1 h, s/c 70000 82%, 1 h, S/IC=70000 92% 1 h, S/C=70000

N\
‘/L;‘O O /
3ap 3ar

85%, 2h S/C 50000 88%, 2 h, S/C=50000

WMH

3as 3at 3au
86%, 2 h, S/IC=50000 85%, 2 h, S/C=50000

3av 3aw

23%, 5 h, S/C=20000 22%, 5 h, S/C=20000 22%, 5 h, S/C=20000

Hﬂﬂmﬂ

3bc 3bd 3be

3bf 3bh

92%, 1 h, S/C=70000 82%, 1 h, S/C=70000 80%, 1 h, S/C=70000 85%, 1 h, S/C=70000 82%, 1h S/C 70000 93%, 2 h, S/C=50000

&6 ﬂwﬂw

3bi 3bk
82%, 1 h, S/IC=70000 83%, 1 h, S/C 50000

3bl 3bm

95%, 1 h, S/IC=70000 82%, 1 h, S/C=70000 88%, 1 h, S/C=50000

“The general reaction conditions are as follows: 1 (1.5 mmol), KOH (2.0 mmol), 2 (1.4 mmol), PdCl, (EtOH) solution (2X 10~° mol/L, 1.0 mL), ligand (H,O) solu-
tion (2X 107> mol/L, 1.0 mL), H,O (1.0 mL), at 80 C. ®The yield is the isolated yield. ¢In part A, the numbers 3aa~3at are products obtained from the reaction of
phenyl boronic acid with aryl bromides; numbers 3au~3aw are products from the reaction of phenyl boronic acid with aryl chlorides. ¢In part B, the numbers 3bc~
3bm are products obtained from the reaction of p-bromotoluene with phenyl boronic acid derivatives. S/C is the molar ratio of substrate to catalyst.
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3 4
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Gl LU, AT IR AP KIS EGN-HCL 28
JE PRI, F KNS B DEAR B [, ffax el
] A 3E AT 2 A AR B, FE LA TR, A5 B R
NN-Z 05 FEUERE . AR aiig, A fREs—Daifk
SR LAfE .

Tk Jie Eh R ICAR G e — OPBR(E 4): VA A T 2R i
(1.0 equiv.)fl THF (0.2 mol/L)¥&EW A Et:N (1.2
equiv.). SRIGTEVKKIE T G218 1) 3 HH ohn N FF 5k e gt S
(1.1 equiv.). BT IREWIEEIR FHiFE 2 h J5, HAHE
R K BRI B, B AN NaxSO4 W45 211

0
"o
N
A Pd—9K

reductive
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L,Pd©

-

oxidative
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o
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/ Br
I
Lp-1yPd™ and(n)/
|
B(OH), 5
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e)
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B2 PACL/L11 {4k (SMCC) AT BE 1 s SAL il

Figure 2 The possible reaction mechanism for the (SMCC) catalyzed by PdCl,/L11
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Figure 3 The synthesis of bisamides
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ML= L (i L 24, BRI EE A, xRN
89%. ¥ 1S (A AV AR AE THF (0.5 mol/L)H, A7
A IR NN KOH (2.0 mol/L, 1.0 equiv.), F7E %
TR EY), WL R R (TLC) R B 24
HE el AR 2 THE AUK, AT, B
98% ™ AT FI [ €[5 4.

e}
~ o )S(OMe
o) (1.1 equiv.) R-L
Z >NH, - 2N
Et3N (1.2 equiv.) H
THF (0.2 mol/L),0°Ctort., 2 h

R

(1.0 equiv.)

KOH(1.0equv) RL | @
> = )’L
THF/H,0 N 0K

B4 Ml AR

Figure 4 The synthesis of amide salts
4.2 Suzuki {BELSLE

EAFIE R RS (DFRECE L 4E(0.05 mmol, 8.9
mg) THEAH, I 25 mL N,N-—H 3 H % (DMF) T
Hl R E A 2X 107 mmol/mL (1) PA(IAR. B LR
% 0.25 mL, N 25 mL /K LEE, 53] PAIDIKEEA 2
X107 mmol/mL IR, (2)FRHUEERZ EREC M L11 (0.05
mmol, 10.8 mg), HIZKVEME G €4 2 25 mL. HU R
0.25 mL, A 25 mL /K, 32K 2X 107> mmol/mL
B A ek A4 VA5 T

17 i A A AR I AR R (1.5 mmol, 0.1866 g)«
XHEH ZK(1.4 mmol, 173 pL). KOH (2.0 mmol, 0.1247
). UL ZE) W2 X 1075 mol/L, 1.0 mL). EEAR(K)
(2 X 107° mol/L, 1.0 mL). 7K(1.0 mL)FAN — A
Fg 3BT BN R (10 mL) . IR AYIAE 80 'CF
ISR 1 b REVEEIRH O/ OBk, HSiR
4, FFFRERAE g aifn, DLIRTSAE R AL & ).
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