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Nickel-Catalyzed Coupling of Grignard Reagents and Diaryl
Acetylenes for Synthesis of Tetra-substituted Naphthalenes

Chen, Jinyang" Wu, Xiaobo” Yi, Rongnan’ Xu, Xinxua™*
(“ College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082)
(® Fiber Inspection Bureau of Hubei Province, Wuhan 420100)

Abstract A novel approach for the synthesis of tetra-substituted naphthalenes is demonstrated through the ligand-free cou-
pling of a wide range of alkynes with Grignard reagents catalyzed by NiCl,, avoiding the use of special ligands and expensive
catalysts used in previous methods. Other outstanding features include mild reaction conditions, good yields and wide func-

tional group tolerance. The protocol provides an efficient method for the synthesis of highly substituted naphthalenes.
Keywords nickel-catalyzed coupling; tetra-substituted naphthalenes; Grignard reagents; diaryl acetylene
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i R A e AT, Hofb A RO, 1P, pgY
5% Fel M A Ab ] % 22 BURZE (1 )7 v th ki 4k i 4,
X s N 3 A R B AR, AR R IR
FIE I JEY). Nakamura 254 3E T 7€ Fe(acac)y/1,10-3F
DR R, =05 3k S S R B B i) £ 22 B
RZE, RN RAESRN L10-FEP M &4 T 46
B RGEAT. A L T7 A8 M DL & BRI A 9 BB
Y, BN T R, R, SRR —
PETEE . N2 AH 1R 7 V2R i 2 1% 8 2 IV ZE L &
.

ASCULRRMT I NiCL AE AR, 38wy Py e A
NiCly (1) SR AA 55 A 323 i ks Bl 7R B 7 1%, Bomn ™
FHL & — RV Z AN EY. &R A HEN
i, SBZEARA, PR mER S, AZRRELED
R AR AL T — AT AR T

1 &R511R

ERSAR T, 1 =2 Z842.0 mmol). NiCl, (0.25
mmol)F PU Z IR (THF) (2.0 mL)f) 7R & ¥ o A\ 2 3
RALEE(1.0 mmol), RMFEER A4 AT 15 h, KM
AT 23% M =R, M R PR RPN — R T
AgyCO; I, RBIF=ZIINE] 42%. Ag,CO; 1E R Bt
HHA] RS B IR A, A et I A 0T, 4R
Ji, BATLL 2K 2B AN 2 R IR A B 1) S AR AR A e
(Scheme 1), RGH LA FMEALT . SN REE DL RS IR
FUIRA I 7 20 S RIS, 45 R LK 1.

Ph
Ph " Ph
catalyst, additive
2 O e
Ph temp., N,, solvent
o N2 Ph
Ph
1a 2a 3a

% 1A 51, BLG/K NICLAE AN, =28 2k
5 OR BRI R 1 [ SR AT e R P2 2. 24 B NICL»6H,0
VEREALTIRS, NiCle6H,0 H 45 b K AR FCAR 5 4
KA, FEUNL = Z K. 4% AR N 7 200 s B
SEMAARR, 2 IR — O IN 21 S SR JR i, e
L= SRR, TSR I 7 5K, N R
4 hN(Tablel, Entry 9). FEEFATE NiClL /F7E T, it
[k AR 2 R AR B S AR IR R AR OR. [ BLAE 2
BQS C)FHERBGEAT, T BB R R SR, R
B R R B, SOSLHR FE T A B T ) S ik
SO FIHEAT. BRI BLTEZK NICl, 15 4 S ) e Ak 741,
SNSERER 25 °C, SR kg R kA E AN
B R [ R 7 Vs

B J5 AJE/K NiCly /R M, ZAAETR, =
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Table 1 Influence of various catalyst and temperature to the

reaction
Entry Catalyst t/'C Yield®/% of 3a

1 NiCl, 25 42
2 NiCl,*6H,0 25 8

3 NiF, 25 20
4 Ni(OAc), 25 15
5 Ni(acac), 25 14
6 NiBr, 25 28
7 Ni(PPh;),Cl, 25 31
8 Ni(dppe)Cl, 25 26
9¢ NiCl, 25 75

10° NiCl, 0 38

11¢ NiCl, 50 41

“Reaction conditions: dibenzenyl (2.0 mmol), catalyst (25 mol%), THF (2.0
mL), Ag,CO; (1.0 mmol), under nitrogen atmosphere, phenyl magnesium
bromide (1.0 mmol) was added in one portion. * GC yields. ¢ phenyl magne-
sium bromide was added dropwise to the reaction mixture under nitrogen
atmosphere.

R ZHH2.0 mmol)5 IR IR EE(1.0 mmol) ) K NAE K
TR J 87, 2% %2 A 79 FH 8 DA % e B2 B ) 6 s B 1)
Wi, 25 RN 2.

B2 WAL N T R R ©

Table 2 Influence of catalyst amount and reaction time to the
reaction

Entry NiCl,/mol% t/h Yield®/%
1 100 15 81
2 50 15 80
3 25 15 73
4 20 15 68
5 10 15 42
6 5 15 18
7 20 20 75
8 20 25 82
9 20 30 82

© 2017 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: dibenzenyl (2.0 mmol), phenyl magnesium bromide (1.0
mmol), NiCl,, THF (2.0 mL), 25 C, Ag,CO; (1.0 mmol), under nitrogen
atmosphere. * GC yields.

FHER 2 AN, Ak 7R S 3G I mT DAGE s B 1247
FRIRFIA], 24 [ SR TR FE K4S 25 h B, 20 mol% R A7)
E AT DUE AL S N AT RIGEEAT, RBIZRAT 82% =3, [Hik
TEHE 20 mol%e HIME A6 77 A S IR BE ) B A F 1

TELL B b, FRATGRSE DL 0K 2 b 5 2R B IR A B
S SR NBERY [ N, AE 20 mol%fEALFIRIELL T, &
MAE RS FHEAT 25 h, HEVEFIXS SN AL, 45
R 3.

HER 3 TN, AN R O AT — R (1 5,
MR R, CREE Y SR S R B TR, RO AK
BT, UL THF 1B R R NIRRT, 2% N 3845 Bt e 7=
K, RNFERA 82%, KILik# THF {F Nt tE R Mg
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7.

3 EFINT SR

Table 3 Influence of solvent to the reaction

Entry Solvent Yield’/%
1 CH;CN 72
2 Ether 69
3 CH,Cl, 52
4 DMF 67
5 Toluene 76
6 1,4-Dioxane 65
7 THF 82

“Reaction conditions: dibenzenyl (2.0 mmol), phenyl magnesium bromide (1.0
mmol), NiCl, (20 mol%), solvent (2.0 mL),25 C, Ag,COs (1.0 mmol), under
nitrogen atmosphere. * GC yields.

4kT, DATOR ORI B A S B AE AR s
Bz, 7E 20 mol%fEALTTIFIHELL T, BA THF 1y Je S 7,
SAE R SRS N T 25 h, BREAFRB LA 252K
FEEACBRACE NI SORG BE, S5 R LK 4.
R4 AFRCHR PG RBER BT T B SRS 0L ¢
Table 4 Influence of the various ratio of dibenzenyl and phenyl
magnesium bromide to the reaction

Entry la:2a Yield®/%
1 211 82
2 3:1 67
3 1:1 53
4 1:2 38
5 1:3 25

“ Reaction conditions: dibenzenyl, phenyl magnesium bromide, NiCl, (20
mol%), THF (2.0 mL),25 ‘C, Ag,CO; (1.0 mmol), under nitrogen atmosphere.
> GC yields.

HHEE 4 WA, 4 OR SR 5 oR IR BR R
201 B, RBDIRTS S R, B AR R PR R = 3
I, SSEAE BT R FE G I, DRI B R 2 S R
TRALBERIBORI LA 2 0 1 A AZ B R B A Bk LE.

WE, VAR S 2RI IR R 1) IR BEATE B A
RZ, 7 20 mol% AL FIfEAL R, LA THF 1E N R 71,
SONAER SRS FHEAT 25 h, F 5 B RERABER 1%
B2 01, BEA RGN s B ) F M 46 Lk 5.

HHEE S WA, FETCE NGRS, RS 2K (Table 5,
Entry 1). [AMNAK R H AN —S =156, FAGefd = M
P75 BB S (Table 5, Entries 2, 3). 1M 7E R MAE &
I Ag,CO; 8% Cu(OAc), I, S B 77 2R 34159 31| 0 2. 34
Jif (Table 5, Entries 4, 5). F ZE & KN Ag,CO; 5
Cu(OAc), 7E R Mt FE A 3 1 &4 FIAEH, M
R N AT, RN EIE N, 50 mol%f] Ag,COs il
REAE S B BOHAT, RSIRTT 82% /=2, Kbk #%
Ag,COj; (50 mol%)E N f AN I

fE EIRSRIG LA B, RAFEEM 5 E OISR
FARTI I S BB BL(Eq. 2), 45 H L3 6.
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Table 5 Influence of the various additive to the reaction

Entry Additive (mol%) Yield”/%
1 None 40
2 Na,CO; (100) 41
3 K,CO; (100) 46
4 Ag,CO5 (100) 82
5 Cu(OAc), (100) 65
6 Ag,CO5 (50) 82
7 Ag,CO; (25) 69

“Reaction conditions: dibenzenyl (2.0 mmol), phenyl magnesium bromide (1.0
mmol), NiCl, (20 mol%), THF (2.0 mL), 25 °C, under nitrogen atmosphere.
b GC yields.

Ar R NiCl, (25 mol%) R! N Ar
AgCO3 (50 mol%)
I+ Rz@ O @
rt., Ny, THF R? Ar
Ar R3 MgBr R3 Ar
1 2 3

K6 A I LR R SR A ¢
Table 6 Yields of reaction of diaryl acetylene with Grignard
reagents

Entry R' R? R® Ar Product  Yield"/%
1 H H Me Ph 3b 80
2 H Me H Ph 3c 78
3 Me H H Ph 3c 82
4 OMe H H Ph 3d 75
5 H H H p-CH;C¢Hy 3e 70
6 H H H p-CH;0C¢H,4 3f 68
7 Me H H p-CH;C¢Hy 3g 76
8 H Me H p-CH;C¢Hy 3g 75
9 H H OMe Ph 3h 65
10 H H OMe p-CH;C¢H,4 3i 65
11¢ H H H p-CIC¢H, Trace
12 Et H H p-CF;C¢H,y 3j 84

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: diaryl acetylene (2.0 mmol), Grignard reagents (1.0
mmol), NiCL, (20 mol%), THF (2.0 mL), 25 ‘C, Ag,CO; (0.5 mmol), under
nitrogen atmosphere. ” Isolated yields. ¢ GC yields.

B 6 RIAI, 12 B0 AS [E] BRI A% P A — 0%
OB —EE AN, RIS A R,
75 B BRI _E 25 HL T 55 (OMe, Me)Xf B
i A K (Table 6, Entries 2~6). {H4 HLTFE(OMe) L &
XSS EA — 8 RIS, 24 5 HE IR IR AT e R A ik
HURES, 8= Z5iK(Table 6, Entries 9, 10), #J g/
R A BEL R ). 17T 24 05 B IR A B R ORI B AR
N CLINF, B UPARA BTN B AR, ROSE A
KELIRYIE fi(Table 6, Entry 11), HKE> — &2
ST DLE AR E TR 2 E. TR BATE NiCl, /7178
T, SACTRIEA IO R A | SRR N, AR T &
WKMESY. 053 20 R IERT e b B — &
IR, 2 07 B L) 2R 3R B IR R 4 e 1
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(OMe, Me)if J 37 %45 FT T B#(Table 6, Entries 5~8).
M 24 05 Bk ORI b (1) B S A 5 1 B (CF3) I,
SR RAFEL R = 23], 84%). FIREZ A CFs (3K
PRI T =05 3 R R BEEYE, NI AE1S & R
HROEAT.

2 Zhig

HEEEML, RIEMSH BN NiClL 7
), Al — 5 FE Zobe e AR OB, A 2 R
BT —RAM IR ZE B, 2R N EA &AM,
oy THAE, TR ASACRR, W m S8R, 50 1 RFIk
Be A4 DA K B s AR, R 2 BURZE R A e it T
—ANMEE AR
3 X
3.1 U5

'H NMR (TMS A F5), C NMR(LL TMS A A #5)
F INOVA-400 Z4ACIE, ik HPS989A e, e
RN ST L AV SR (THF) . O
(CH;CN). ZFif(Et,0)s — & %E(CH,CL) 2K (Toluene)
1 1,4- 5 NI (1,4-dioxane) il i bR v 7 V24T oK Ab
B, JRE 05 B AR SCER[37) 7 1A A, A EQR
BT TR A | S, R IR EE (2.5 mol/L in
THF), X} 4-FEFBRALEE(1.0 mol/L in THF), 3-H K3t
RALEE(1.0 mol/L in THF), 2-2KFEJRALEE(1.0 mol/L in
THF), 4-F &KL R EE(1.0 mol/L in THF), 2- F 4 4 3
IRALEE(1.0 mol/L in THF).

3.2 ZWHE

Eim T, AR T, KRR RAEQa) (1.0
mmol) & i % I B — 2K FE 2 (1a) (2.0 mmol), NiCl,
(0.25 mmol), Ag,CO;5 (0.5 mmol)F1 2.0 mL T-4§f¥) THF
MR N R IRA AR R ZARYF RB 25 h
SSEEE ARG, )OSR INN 2.0 mL H R K OB, FF
2. ZEEZEHL(10 mLX3), & 3FHEHUAH, 31K
Na,SO, T4 KBRIER, EHENIS 1,2,3,4-DY7 %
(3a)?". 'TH NMR (CDCls;, 400 MHz) J: 7.65~7.63 (m,
2H), 7.40~7.37 (m, 2H), 7.26~7.22 (m, 9H), 7.05~7.04
(m, 2H,), 6.84 (m, 9H); *C NMR (CDCl;, 100 MHz) ¢:
140.54, 139.59, 138.89, 138.42, 132.03, 131.13, 127.53,
127.49, 126.99, 126.43, 125.88, 125.33; MS (El) m/z:
432.2.

5-F3E-1,2,3,4- DU K ZE@3b)): '"H NMR (CDCl;,
400 MHz) J: 7.52 (d, J=8.4 Hz, 1H), 7.26~7.10 (m,
13H), 6.81~6.75 (m, 9H), 1.95 (s, 3H); *C NMR (CDCls,
100 MHz) 6: 142.94, 140.75, 140.68, 140.46, 140.34,
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© 2017 Chinese Chemical Society & SIOC, CAS

139.08, 138.49, 138.07, 135.94, 133.40, 131.64, 131.30,
131.12, 130.92, 130.34, 127.91, 127.49, 126.83, 126.48,
126.34, 126.28, 126.19, 125.46, 125.23, 125.03, 25.37; MS
(EI) m/z: 446.2.

6-F3£-1,2,3,4-P0 2K 3 25 3¢)*!): '"H NMR (CDCl;,
400 MHz) d: 7.54 (d, J=8.8 Hz, 1H), 7.40 (s, 1H), 7.21~
7.17 (m, 11H), 6.83 (s, 10H), 2.37 (s, 3H); >C NMR
(CDCl;, 100 MHz) &: 140.74, 140.68, 139.79, 139.01,
137.27, 138.04, 137.82, 135.67, 132.20, 131.43, 131.40,
131.38, 131.35, 130.31, 128.17, 127.95, 127.92, 127.56,
127.55, 126.96, 126.59, 126.41, 126.39, 125.91, 125.30,
21.91; MS (EI) m/z: 446.2.

6- 4 %-1,2,3,4- DU 2 3£ 25(3d)*": '"H NMR (CDCl;,
400 MHz) d: 7.56 (d, J=9.2 Hz, 1H), 7.24~7.17 (m,
10H), 7.06 (d, J=9.2 Hz, 1H), 6.95 (s, 1H), 6.84 (m, 10H),
3.68 (s, 3H); °C NMR (CDCl;, 100 MHz) J: 157.55,
140.73, 140.59, 139.77, 139.72, 139.42, 138.35, 137.29,
136.79, 133.28, 131.48, 131.28, 131.27, 131.22, 128.72,
127.51, 126.54, 126.40, 125.38, 125.28, 125.21, 118.02,
105.66, 55.16; MS (EI) m/z: 462.2.

1,2,3,4-V0(4-F 25 55)25(3e)*": "H NMR (CDCls, 400
MHz) d: 7.62~7.59 (m, 2H), 7.35~7.33 (m, 2H), 7.08~
7.03 (m, 8H), 6.71~6.65 (m, 8H), 2.32 (s, 6H), 2.10 (s,
6H); C NMR (CDCl;, 100 MHz) J: 139.10, 138.29,
137.74, 136.79, 135.61, 134.31, 132.19, 131.14, 131.12,
128.20, 127.24, 126.97, 125.52, 21.25, 21.09; MS (EI) m/z:
488.2.

1,2,3,4-P(4-F A K F)ZEGEHY: 'TH NMR (CDCL,
400 MHz) 6: 7.65~7.63 (m, 1H), 7.37~7.35 (m, 1H),
7.10 (d, J=8.0 Hz, 2H), 6.79 (d, J=8.4 Hz, 2H), 6.71 (d,
J=8.4 Hz, 2H), 6.43 (d, J=8.0 Hz, 2H), 3.80 (s, 3H), 3.63
(s, 3H); °C NMR (CDCls, 100 MHz) §: 157.89, 156.87,
139.13, 138.16, 133.36, 132.37, 132.30, 132.27, 132.16,
126.96, 125.60, 113.02, 112.15, 55.14, 54.91; MS (EI) m/z:
552.2.

6- F 3k -1,2,3,4- P4 (4- F# 2K 3L ) 25 (3g): 'H NMR
(CDCls, 400 MHz) §: 7.50 (d, J=8.4 Hz, 1H), 7.37 (s,
1H), 7.17 (d, J=17.6 Hz, 1H), 7.07~7.02 (m, 8H), 6.70~
6.63 (m, 8H), 2.36 (s, 3H), 2.31 (s, 3H), 2.30 (s, 3H), 2.08
(s, 6H); °C NMR (CDCls, 100 MHz) §: 139.19, 138.21,
138.10, 137.92, 137.85, 137.65, 136.97, 136.92, 135.51,
135.46, 135.16, 134.19, 132.32, 131.19, 131.15, 130.44,
128.17, 128.15, 127.74, 127.19, 126.90, 125.85, 21.78,
21.26,21.24, 21.06; MS (EI) m/z: 502.3.

5-F4E 3E-1,2,3,4-PU 2 3£ 25(30)*Y: 'TH NMR (CDCls,
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400 MHz) 0: 7.25~7.18 (m, 7H), 7.09 (s, 4H), 6.84~6.78
(m, 12H), 3.37 (s, 3H); °C NMR (CDCl;, 100 MHz) 4:
157.21, 143.87, 140.63, 140.55, 140.14, 138.18, 136.63,
134.08, 131.49, 131.30, 131.25, 131.12, 129.84, 127.53,
127.47, 126.57, 126.46, 126.33, 126.22, 126.02, 125.22,
125.00, 124.78, 123.73, 120.11, 106.91, 55.81; MS (EI)
m/z: 462.2.

5-F 4 JE-1,2,3,4- 10 (4- FF 2K 3E) 25 (3i): '"H NMR
(CDCls, 400 MHz) J: 7.04~7.02 (m, 2H), 6.98~6.95 (m,
5H), 6.94~6.93 (m, 3H), 6.88~6.81 (m, 2H), 6.78~6.65
(m, 2H), 6.63~6.52 (m, 5H), 3.36 (s, 3H), 2.30 (s, 3H),
2.25 (s, 3H), 2.07 (s, 6H); *C NMR (CDCl;, 100 MHz) J:
140.20, 139.64, 138.08, 137.37, 136.53, 135.52, 134.11,
133.86, 133.69, 131.27, 131.09, 130.92, 130.73, 129.67,
129.50, 128.63, 128.57, 128.14, 127.49, 127.12, 126.88,
126.65, 126.01, 125.59, 120.22, 107.01, 55.99, 21.41,
21.25,21.20,21.07; MS (EI) m/z: 518.3.

6-2.55-1,2,3 4-PU(4- = H FF R 0E)25(3): '"H NMR
(CDCls, 400 MHz) J: 7.56~7.48 (m, 5H), 7.38~7.32 (m,
6H), 7.17 (d, J=7.6 Hz, 4H), 6.93 (d, J=7.6 Hz, 4H),
2.72~2.70 (m, 2H), 1.21 (t, J=7.6 Hz, 3H); "C NMR
(CDCls, 100 MHz) d: 143.56, 14327, 142.64, 137.69,
137.37, 137.02, 136.11, 131.99, 131.40, 131.36, 131.31,
130.29, 128.53, 128.24, 126.84, 125.19, 124.91, 124.53,
124.10, 122.48, 29.16, 15.67; MS (ESI) m/z: 732.2.

i B4 #H(Supporting Information) FirH H Az~ 1]
"HNMR Al "C NMR . iX2pf b n] LA 5 AR T il
(http://sioc-Journal.cn/) b T #k.
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