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Ni(Il)-Catalyzed Oxidative Coupling of Arenes
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Abstract A protocol for the synthesis of bibenzyls via nickel acetylacetonate-catalyzed coupling of arenes was devloped
using di-tert-butylperoxide as the oxidant with the asistance of 1,4-diazabicyclo[2.2.2]octane (DABCO). The process tolerated
to different substrates, among of which, isopropylbenzene provided the most satisfactory yield of bibenzyls in 73% yield. The
cross-coupling of arenes with cycloalkanes was also realized under the optimal reaction conditions but accompanied with the

self-coupling of substrates. The method could effectively restrain the formation of alcohol, aldehyde, acid.
Keywords arene; coupling; di-fert-butylperoxide; nickel(II) acetylacetonate; bibenzyl
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SRR AT 1a FIMEEL, KB4 h J5HEEA K 2a,
{HEAL R4 Z5(3£ 1, Entries 1, 2). HEHE T A FAE)E
AT [ S FS2 I (3 1, Entries 3~12). WERHR]LL
% th Ni(acac), PR R BAR T H S AL, 2a (157
B RIE R 25%(F 1, Entry 10). HE 4B #LE RS,
R AEAS IR BE BRI RS, P2 AR 2 2R % (3). FeCly
VE ALY, R () & 25 =i (3R 1, Entry 6). NiClye
6H,0, Ni,SO,+6H,0 5 Ni(acac), #itt, EIREIF=H7KH
A D, AR TS PR A RLBEAG, BT RESE BT X PRI 1k
FIAE R 2R R RV R VERL 22 (R 1, Entries 11~12).
1R ¢

Table 1 Condition screening for the self-coupling of toluene

O _H
Cat., DTBP
+
Auxiliary, temperature O
2a 3

1a

Entry Cat. Auxiliary Temp./C ':(wld/% 7
2a 3
1 — — 150 10 43
2 — DABCO 150 16 45
3 Cu(OAc),*H,0 — 150 15 32
4 CoCl, — 150 13 40
5 Co(acac), — 150 19 30
6 FeCly — 150 10 49
7 Fe(acac), — 150 18 38
8 AgCl — 150 Trace 42
9 PdCl, — 150 19 35
10 Ni(acac), — 150 25 Trace
11 NiCl,*6H,0 — 150 20 Trace
12 Ni,SO4+6H,0 — 150 19 Trace
13 Ni(acac), EtONa 150 14 Trace
14 Ni(acac), NaOAc 150 15 Trace
15 Ni(acac), Et;N 150 Trace  Trace
16 Ni(acac), K,CO; 150 Trace  Trace
17 Ni(acac), DMAP 150 30 Trace
18 Ni(acac), DABCO 150 34 Trace
19 Ni(acac), NaOH 150 28 Trace
20 Ni(acac), DABCO 110 Trace 46
21 Ni(acac), DABCO 190 35 Trace
22% Ni(acac), DABCO 150 Trace 40
23 Ni(acac), DABCO 150 Trace 45
247 Ni(acac), DABCO 150 Trace 35

“1a (25.0 mmol), DTBP (5.0 mmol), Cat. (0.25 mmol), auxiliary (0.25 mmol);
®1a (25.0 mmol), Na,S,05 (5.0 mmol), Ni(acac), (0.25 mmol), DABCO (0.25
mmol); “1a (25.0 mmol), H,O0, (w=30%, 5.0 mmol), Ni(acac), (0.25 mmol),
DABCO (0.25 mmol); “1a (25.0 mmol), TBHP (5.0 mmol), Ni(acac), (0.25
mmol), DABCO (0.25 mmol); ¢ Isolated yield of 2a;” Isolated yield of 3.

TEM B AT IS, 0 IROBE B e 2 AR 3R AT T AR AL
G392 82T TURP A A 53 0 s B A 75 LA B AL AR
(3 1, Entries 13~19). \EH A LLIE i, DABCO ¥ Bhf#
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Chin. J. Org. Chem. 2020, 40, 2772~2777

B LR AR AR N, PR SR, B2
RS (1) & B B BN 1, Entry 20). $RERNIRE, K
Re3E AR B~ Y IR, B A4 K B A A IR Y i
(F 1, Entry 21). ZJ5, Xl Z5%2 7 A FREATIXT R
SIS, A il s A NapS,05 S50
i, =82 (PR (SR 1, Entries 22~24).
1.2 HEFHFRUEYHNEERE
1.2.1 FH2ESHE BI85 R

£ LA T (GR 1, Entry 18), H8 7 H'E Ty
TR BLE R, RS R IR 2. IR N E
RIS, X HER A e, 18] 55%(3 2, Entry
3). — SR AN AT R ICR 5 R A (3K 2,
Entry 12). 1-FIEZE ) ROBR Geta il 2] B AR =40, T2
PR KRR, PTREZEIM P AR, FE 4-RH3E R L
A- FH L REE I 1) 5 . HR A BEASE I 380 FH . AR IS P2 4, T g
EE R A 27 A = R XX VA =0 - N e EW O
FR R R () R B e 26 2 B T- W 2R (3R 2, Entry 4). &

K2 HERENE MBS

Table 2 Self-coupling reaction of arenes
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“ Reaction conditions: 1 (25.0 mmol), DTBP (5.0 mmol), DABCO (0.25
mmol), Ni(acac), (0.25 mmol), 150 °C, 4 h;*Isolated yield of 2.
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Table 3 Cross-coupling of arenes with cyclohexane

R R! R?
Ni(acac), , DTBP, DABCO
)\ s * Ar +
Ar” R 150°C, 4 h
1 4 R, R" R?=CHj,3 5
R? R!
Ar Ar+
R' R?
2 6
Yield/%
Entry 1 5 W
1 /J[::r/ /J[::T/\T::] 30 14
1c 5a
2 ©\/ @J\O 25 28
1f 5b
3 ©><© 24 30
1k 5¢

© 2020 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 1 (1.5 mmol), 4 (20.0 mmol), DTBP (1.0 mmol),
DABCO (0.05 mmol), Ni(acac), (0.05 mmol), 150 ‘C, 4 h; ® Determined by
GC-MS; ¢ Determined by GC-MS.
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Scheme 2 Probable mechanism of the coupling of arenes
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2 Zhig

PL DTBP %4k, Ni(acac), 4L, DABCO A
BN T — P R 55 18- 0548 . 95 &30 CURe 1 Bk
J7iE, AN TSR R A Y. R R RIEE
', R, B —E N AN E.

3 XIS
3.1 UEFES5EHF

'H NMR #1 *C NMR | Bruker AV-400 4T3,
PL TMS A A%, CDCL AE i 55. GC-MS {# 4 Trace ISQLT
RS - B T IR OO E . i 20 DT 1% £ FH VR AR
XEVO G2-XS QTOF {#5ll€, CHCL {EIF. 445 H
X-4 K& SIS SO EASCE . FrA 245 oGR8 T
B aisife e all, BREpULAh, Rt — DA EE.
32 ZWHE
32,1 FEIBASWHIBIER T

£ 25 mL KGR H, KON R 2K(25.0
mmol), DTBP (5.0 mmol), DABCO (0.25 mmol) fl
Ni(acac), (0.25mmol). ¥ 7KFA Bl B SN G 84 A,
TFR IR BOETHEE 150 C, [ 4 h. UKKBRER, K
Mk R LRSS, TN 30 mL /K, A & H A0S
mL X 3)ZEH, A AN, /K NaSO, T, k28
T, BV, TR R RE R R JE AT (LA I A B
A8, #3EHbRY) 2a.

WEY) 2a~2m, Sa~5c FEALEY) 2a 716 K.

1,2-7K ZJe2a)! ' AR, 725 34%. m.p. 50~
51 C (1it"" 52~53 “C); '"H NMR (400 MHz, CDCl;) 6:
7.68~7.65 (m, 4H), 7.61~7.31 (m, 6H), 3.31 (s, 4H); °C
NMR (101 MHz, CDCly) §: 142.15, 128.89, 128.77,
126.36, 38.36.

1,2- T (3-HHRFEI) 2k @b)l B O, 7o
36%. '"H NMR (400 MHz, CDCls) &: 7.19~7.16 (m, 2H),
7.11~6.91 (m, 6H), 2.86 (s, 4H), 2.33 (s, 6H); *C NMR
(101 MHz, CDCly) 6: 14227, 138.16, 129.66, 128.67,
127.07, 125.86, 38.44, 21.82.

1,2- ~ (4RI 2 kol Ak, 7%
55%. m.p. 84~85 C (lit.'"" 81~82 °C); "H NMR (400
MHz, CDCL3) §: 7.09 (s, 8H), 2.86 (s, 4H), 2.32 (s, 6H);
C NMR (101 MHz, CDCly) &: 139.10, 135.47, 129.27,
128.57,37.90, 21.28.

1,2- (- FEIE R k) AEfEfdk, =5
25%. m.p. 128~129 C (lit.*” 125~126 C); 'H NMR
(400 MHz, CDCL3) d: 7.00 (d, J=8.0 Hz, 4H), 6.74 (d, J=
8.0 Hz, 4H), 3.70 (s, 6H), 2.74 (s, 4H); “C NMR (101
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© 2020 Chinese Chemical Society & SIOC, CAS

MHz, CDCly) §: 157.88, 134.02, 129.45, 113.78, 55.28,
37.35.

1,2- = (3,5- W EFI) 2 el AmE A,
# 44%. mp. 70~72 C (lit.*" 74~76 ‘C); '"H NMR
(400 MHz, CDCLy) 8: 7.10 (s, 6H), 3.07 (s, 4H), 2.55 (s,
12H); “C NMR (101 MHz, CDCLy) &: 141.00, 136.73,
126.45, 125.16, 37.03, 20.20.

23- I T RO AMmEE, F 53%. mp.
128~129 C (lit.*” 124~125 C); "H NMR (400 MHz,
CDCly, N ¥ i A (75 20) A A1 e A4 (AR 20) 1 L 20
1:1)6: 7.74~7.68 (m, 2H), 7.64~7.54 (m, 6H), 7.49~
7.46 (m, 2H), 3.38~3.34 (m, 1H), 3.24~3.21 (m, 1H),
1.70 (d, J=6.5 Hz, 3H), 1.47 (d, J=6.5 Hz, 3H); "°C
NMR (101 MHz, CDCly) &: 146.84, 146.13, 128.75,
128.25, 128.23, 128.02, 126.52, 126.18, 47.74, 46.93,
21.52,18.41.

2,3- (4SRN T hie)!": AMERE, 7R 39%.
m.p. 145~146 C (lit™' 147~148 “C); '"H NMR (400
MHz, CDCls, ¥ A4 (75 20) A AMH e dA (7R 20) 1 L]
239 11 1)6:7.23 (d, J=8.0 Hz, 2H), 7.08 (d, J/=8.3 Hz,
4H), 6.85 (d, J=8.0 Hz, 2H), 2.84~2.79 (m, 1H), 2.76~
2.66 (m, 1H), 1.22 (d, J=5.0 Hz, 3H), 0.98 (d, J=5.0 Hz,
3H); *C NMR (101 MHz, CDCly) o: 144.50, 143.97,
131.86, 131.56, 129.21, 129.04, 128.56, 128.12, 46.64,
46.08, 20.69, 18.76.

2,3- (4TI TR [aER, PR 45%.
m.p. 129~130 C (1it* 130~131 C); '"H NMR (400
MHz, CDCls, PN e (75 30) F 40 e R (7 =0) 11 L 7]
291 :1) 6 7.12~7.08 (m, 2H), 6.98~6.93 (m, 2H),
6.89~6.84 (m, 2H), 6.83~6.76 (m, 2H), 2.85~2.79 (m,
1H), 2.76~2.71 (m, 1H), 1.23 (d, J=6.5 Hz, 3H), 0.99 (d,
J=6.5 Hz, 3H); *C NMR (101 MHz, CDCl;) J: 162.69,
162.42, 160.27, 160.00, 141.83, 141.80, 141.29, 141.26,
129.21, 129.14, 129.02, 128.94, 115.22, 115.01, 114.75,
114.54, 46.66, 46.17,20.77, 18 81.

2,3- T (2-FAEL) T h Qi) MEOIE, FRER 43%,;
'H NMR (400 MHz, CDCls, P48 e 20) MAhE gtk
GREMIEEBIZ N 1 1 1) 6: 7.30~7.26 (m, 1H), 7.17~
7.12 (m, 1H), 7.10~7.02 (m, 2H), 6.99~6.96 (m, 2H),
6.91~6.87 (m, 1H), 6.82~6.79 (m, 1H), 3.42~3.37 (m,
1H), 3.32~3.28 (m, 1H), 1.32 (d, J=6.3 Hz, 3H), 1.05 (d,
J=6.3 Hz, 3H); “C NMR (101 MHz, CDCl;) J: 162.31,
161.80, 159.88, 159.37, 132.94, 132.80, 132.78, 132.63,
128.92, 128.87, 128.63, 128.58, 127.59, 127.50, 127.34,
127.25, 124.29, 124.25, 123.68, 123.67, 115.55, 115.32,

http://sioc-journal.cn/ 2775
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115.21, 114.97, 38.74, 38.31, 19.55, 18.40; HRMS (ESI)
caled for CigH,7F, [M+H]" 247.1298, found 247.1308.

34-—E Ok ABEE, 2% 30%. mp.
86~87 C (lit.* 89~90 C); 'H NMR (400 MHz,
CDCly) 6: 7.32 (t, J=7.2 Hz, 4H), 7.25~7.13 (m, 6H),
2.67~2.47 (m, 2H), 1.44~1.29 (m, 4H), 0.52 (t, J=7.4
Hz, 6H); °C NMR (101 MHz, CDCLy) J: 144.57, 128.43,
128.21, 125.98, 54.25,27.45, 12.21.

2,3-HIE2 3- ORI T i)l [ Ak, P
# 73%. mp. 118~120 C (lit*Y 115~116 C); 'H
NMR (400 MHz, CDCLy) 6: 7.14 (d, J=5.2 Hz, 6H), 7.05
(d, J=6.4 Hz, 4H), 1.29 (s, 12H); *C NMR (101 MHz,
CDCly) 6: 146.92, 128.75, 126.78, 125.64, 43.76, 25.34.

1,2- (4 A 2k [k, 7R 37%.
m.p. 100~102 C (lit.*” 98~100 C); 'H NMR (400
MHz, CDCls) 0: 7.22 (d, J=8.3 Hz, 4H), 7.04 (d, J=8.3
Hz, 4H), 2.85 (s, 4H); >*C NMR (101 MHz, CDCl;) o:
139.68, 131.82, 129.90, 128.51, 37.06.

12- = QR-A ) Z ke )™ g @ E K, 2R
39%. m.p. 60~61 C (lit.* 62~63 °C); '"H NMR (400
MHz, CDCLy) d: 7.39~7.26 (m, 2H), 7.16~7.09 (m, 6H),
3.02 (s, 4H); “C NMR (101 MHz, CDCls) d: 139.01,
134.08, 130.68, 129.54, 127.63, 126.83, 33.88.

(1-3F O 3 3 )-4- 1 2K (5a) ) TE ik, 77
30%; '"H NMR (400 MHz, CDCl3) d: 6.99 (d, J=5.0 Hz,
2H), 6.94 (d, J=5.0 Hz, 2H), 2.35 (d, J=7.1 Hz, 2H), 2.23
(s, 3H), 1.63~1.55 (m, 5H), 1.43~1.36 (m, 1H), 1.10~
1.07 (m, 3H), 0.87~0.83 (m, 2H); *C NMR (101 MHz,
CDCly) 6: 138.30, 134.96, 129.12, 128.79, 43.77, 39.92,
33.25,26.68, 26.42, 21.06.

(1-3F O 238 (5b) > Tk, % 25%; 'H
NMR (400 MHz, CDCly) 6: 7.26 (d, J=7.3 Hz, 2H),
7.18~7.07 (m, 3H), 2.51~2.35 (m, 1H), 1.88~1.84 (m,
1H), 1.74~1.71 (m, 1H), 1.63~1.58 (m, 2H), 1.43~1.37
(m, 2H), 1.26 (d, J=5.0 Hz, 3H), 1.24~1.20 (m, 3H),
0.91~0.80 (m, 2H); *C NMR (101 MHz, CDCL) ¢:
147.13, 128.01, 127.72, 125.63, 45.95, 44.22, 31.49, 30.64,
26.57, 18.82.

(1-3F D -1-H 5 ) IR (Se): ik, 7%
24%; "H NMR (400 MHz, CDCL3) 0: 7.41~7.28 (m, 2H),
7.28~7.15 (m, 2H), 7.14~6.90 (m, 1H), 1.70~1.67 (m,
2H), 1.62~1.59 (m, 1H), 1.56~1.48 (m, 2H), 1.25 (d, J=
4.4 Hz, 6H), 1.20~0.96 (m, 4H), 0.96~0.81 (m, 2H); "*C
NMR (101 MHz, CDCly) &: 15031, 127.74, 126.19,
125.15, 49.16, 40.45, 27.95, 27.20, 26.71, 25.27; HRMS

2776 http://sioc-journal.cn/
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(ESI) caled for C;sHy; [M+ H]* 203.1800, found
203.1798.

#HBh# B (Supporting Information) {L&4%) 2a~2m,
5a~5c [ '"H NMR, *C NMR #% & L % 2i #1 5¢ ) HRMS
WL XL PRL T DL G 2 AR T 9 3k (http://sioc-journal.
cn/) bR ER.
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