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Selenium-Promoted Homocoupling of Grignard Reagents

Tang, Jinpeng Tang, Yu™

Yang, Jun

Zhang, Yuanming*

(Department of Chemistry, College of Life Science and Technology, Jinan University, Guangzhou 510632)

Abstract The optimized reacting conditions were obtained by exploring the amount of magnesium and selenium, and the

influence of catalysts and ligands. 15 homo-coupling aromatic or aliphatic products were obtained in high isolated yields of

65%~92%. A reasonable mechanism of selenium cycling in reaction was proposed based on experimental results.
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WRBRARIAL & P2 — Lo FPERCAR . 29 alfE . 5
T HAABGEER AR AHLGHA R L)
BEAL 10 2R & b RL A5 ) o i o B2 45 f B on . 1972 4,
Kumada 2521 Corriu 255 UM ST3RIE T NiCly(dppp)
MEAL R A% EQIR AR L A RS TR AT 0 FRAB K s Y,
H bR T T 6 A B S B (R F 9T, 4l Kambe %5 R
NiClL, fEEAFIEEAT T i AR 5 4% B 1) A 356 e Y,
R 13- T IO B S ERL AR I, Rei8 OREFHEAL T
WEPETE g b B =PI AR G Py NiCL i HIR AL —
7% Kumada fHIE RN 3R4G T o A8 1) b SR e £b &
PP &x)E Pd ATAEIR A AT R AT S B
SRR, AR S A IRy — PRI 0 # 5
FRREEL T A C—C B AR L vk e, et
— Pl A T AR P ) B R4k 1 A FL AT PR SR 2
K4 (Au@PMO) AL 75 HERL 0 FRABIE S, HA Al
REIE T 1) Aw/Pd 9K G 4 AR AR AN ZK A 5 b b A A
{1 SR (R R B e I OVAe A A 7 A T SR (e 0 A Bk
JRNIRIIEAT, Gerard 25U OMRGE T 45 A W LT3 AT R
75 TG TR TR AT A e, SRIGAE 1,2- 2 de
PAEAAE TR, 10 min SRR S 455060 FR 0 o i A 196 7=
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W), WANEAEAVEMEA I &N, W a-SAREIE N
SR = G R A A, At AR TR )
23O Sy AR, 1,2- R LSRR IE—40 CF
Je i AR SR T, 3,30,5,5 - DU BT -4, 4/ K
FRAE R AR U84 AR U RIT S A T A IR ROR,
EFEEMN N S AR SR, Rk, S4k3)
D58 DB S R A O AT AR B A R .

PATTAERIE ST Bk 11 75 B P P R 5 1 46 HH S G
RGN, 5 S AR Al FCARR G, P I AR 7 B IR
HAFH) T RIEAREE, 10 Scheme 1 iR, RN AN AL
FIFIECAAI S iy, 22048 H NiCl, J2 PPhs 4 %
AL, XA FRATIAT HE— B IO 5T, JF3RA8 T
PRI EE R, BIEARE AR 400, I & 8% 1K
TR FH AR 5 30 mol Yo 1) L J AP ik B2 B i EG k1)
{RUEHEER, 75 CoClybipy)EAt T, FRAF T &5 2%
M1 43 25 77 Z(65% ~ 92%) 1) ik B9 %o B A8 1K 7 4] (Scheme
2), EHEMEH T 2400518 Fe i S — e AR
&Y, A2 e R E N, e —REi . R
D8 B T
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Mg

Se
PhBr PhMgBr ———— PhSeMgBr

Ny, THF

PhBr

— » Ph—Se—Ph (minor) + Ph—Ph (major)
NiCl,(PPhs),

Scheme 1
M 9 RBr
RBr 9 RMgBr Se 30% - RR
N,, THF CoCly,(bipy)
Scheme 2

1 SRETE
1.1 =MEHIRE

FRATUUGT IR R F RN S5 8¢ T AL AN il
SCER AT RN e, g5 RIER 1. 7E 3 R
ZAFF, ARG, AR D = AR &
(Entry 1). 24 - MAEAL 7] NiCLy(PPhs), I, =4 (e
U4 16% (Entry 2), {EUEFEAE [, Bl 5 5 mol%
B INE] 30 mol%, WCFEM 36%HINE] T 79% (En-
tries 3~~5). B S SN AR BRI, 4B H
e ARV @ AN ORI N AR < s DR 19
(Entries 6, 7), 124 H & g ok & 5 04 w2
80%/c 44 (Entries 8, 9), B M 2.5 5 Mg, # F
RBATH L T IABMEALFIROR, (] Cul YEAEAL TR,

R VKRR

Table 1 Optimization of the reaction condition

O,

p-MeOCgH,Br p-MeOCgH4MgBr

2,
Se, 15 mol% cat.
p-MeOCgH,4Br

p- MEOC6H4CG H4O Me-p

Entry Mg/equiv. Catalyst” Se/mol%  Yield/%
1 3.0 No No <5
2 3.0 NiCly(PPhs), No 16
3 3.0 NiCly(PPhs), 5 36
4 3.0 NiCly(PPhs), 15 55
5 3.0 NiCly(PPhs), 30 79
6 1.0 NiCly(PPhs), 30 55
7 1.5 NiCly(PPhs), 30 62
8 2.0 NiCly(PPhs), 30 78
9 2.5 NiCly(PPhs), 30 83
10 2.5 Cul 30 80¢
11 2.5 FeCl;3(PPhs), 30 77
12 2.5 CoCl,(PPh;), 30 80
13 2.5 NiCly(bipy) 30 85
14 2.5 CoCl,(bipy) 30 92

“5 mmol [ p-MeOCsH4Br, 2.5 51 IfI = I8EE T 15 mL Jo/K THF H it
AL &S TG, T 30 mol% AT, 15 mol% AL, SR)5MIA 5 mmol
] p-MeOCgH,Br, 7E45 CHIZME TR 1 h, SN B WS35, ¥4
JE AR LR TR ST 12 2 LB TEK LR, 76 78 “CIRlG 6
h Gt g, HIKR 2B BIVESAS B Ao © 2 Bl ¢ GC i,
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T S AR IR AR A 2 AR N (R 6 BRIk 2 B, 8 e
e, Ik GC RN 80% (Entry 10). 7
FeCl3(PPhs),, NiClL(PPhs), 1 CoCly(PPhs), &5 HEAL 1,
LANiCl,(PPhs), £l CoCl(PPhy), i Ak 52 b I RCR B, W
Fp T LLIA#] 83% (Entry 9)H1 80% (Entry 12). fifk
A FH RIEE B A A4 I 1R 358 G PPhs %F, NiCly(bipy)
CoCly(bipy) TEMEALTIIT, S ISR 2 5l 85%F1 92%
(Entries 13, 14). H A A8 I9E B B FH R AL DR
G B 5% () FH S B 25 P Ay il 45 s B FRHIRAR ) 2.5 %
W) R ) B EE . 30 mol% K Al BA &2 15 mol% [7
CoCly(bipy)VEfEAL .
1.2 AEIRREY 8B RN

22 2 J& A IR FE (R AR AT B S Y 2% A
T HEAT BRI SN, AV A 46 FEL T R AU R
FE RS> B3RS 92%M1 90% 1) il % (Entries 1, 3),
EH T A7 BEL FR) 5 e 0057 1 PR A0 R 0 PR G 1) JE 4 3R A T i
KA, 2354 86%A1 88% (Entries 4, 7). o7 BHLEE K f#)
2,4- FIFLRIEAT 2,6- - FRLIRASRAG IR gt — 0 %
1%, 23514 79%H1 76% (Entries 8, 10). JCHUARIE KR
FIRESRTE T 89%M R (Entry 2), WARZERT 2-UWENY
FICRE WA F] T 88%H1 86% (Entries 6, 9), il Hy 13k
(1) 3-F IR A LA R RIS 22, R 79%
(Entry 13). JHIRIFIERE T 91%01 = i0% (Entry 5),
ARIRAREEIR OISR IRTS T 89% KK (Entry 15), {H 2-
R TR 70%H K (Entry 1), AT 84 ke i
KA (Bntries 12, 14), FUT IR BT ASRERIHS K
R VAT SR
1.3 HIBEHFIT

FESERG IR, IR RV F /D e R R S |
2 i TG S8 B B, 4 B BT I N S R, W4 3]
LG () EEEAR DR %, UIE B AR TR R AR, A
BEFRATERH T4 Scheme 3 iz~ e NEHLEE. F )RS
6 FAR T A2 Bl RSeMgBr, 75 M AL FIRIEC A A H 1 #5321
RSeCoL, H5# ARl s W A e A 6 7= 42, [) ) A A1
AT DL RS 20 FCR 5 A A3 208 1Al A B IRR) 1f 2B AT 406
W, WUERIX — s, TATTHAT T Scheme 4 s sEs,
TERFERIAE BRI 25 U5, IMAELF] Cul, XFH
SRR I N [R] INFAS 8 T =P, e AT R A
i, s GC-MS KFIHL A FIBCR, 45100 2
Xt #% 1l ik PhSePh (26%), p-MeOCsH,SeC¢H,OMe-p
(32%)FIAS K FR Al PhSeCeHOMe-p (35%), JLrhnf
B I DR A Tk 11 A= ol D) 2 T e 2 A A PR R R 1)
T4 A% 00T HR A8 5 2R JEE A EGAR R 1 75 2
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Table 2 Selenium-promoted homocoupling of grignard re-
agents
Entry RX Product Yield”/%
L O .
Br O~
O,
C :
~o
. O O .
Br
o (O
6 co
Br
S e e S
8 Br@ 7
S S S
Br
> U Ny 5
Br
o oy D
Br
11 )\/ j\/; 70
12 Br/\/\o/ /O\/\/\/\O/ 75
Br R
o -
F F

14 B

SO
s (=)
“5 mmol ) RBr, 2.5 fi##) B WS T 15 mL Jo/K THF Hp U4 il %% 4%
FGIRF, A 30 mol%fifiAs, 15 mol% AL, SREFIMA 5 mmol K
RBr, 7545 CIIZM T RN 1 h, [R5 T Sei i 4. 43 Bl .
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MRIEX
(1) 2.5 Mg
(2) 30 mol% Se
RBr R—R
(3) RBr, CoCly(bipy)
@g THF, Np, 45 °C
circling Se
RMgBr
Se
RSeMgBr Col. R—Se—CoL—R
)( j RBr
MgX, R—Se—CoL \ Mg

RMgBr
Scheme 3

PhSeMgBr + p-MeOCgH,Br %; PhSePh + PhSeCgH,OMe-p +
26% 35%
p-MeOCgH,SeCgH,OMe-p
32%

Scheme 4
2 4ig

W0 N AR R, BATBRAS A
RIS 2.5 59011 52 (A6 S N i) 2 A BRI, 4R
JE A 30 mol%HIAfi. 15 mol%H) CoCly(bipy)fF 1AL 71

SRR THE 45 “C RN 1 h, 7EEAE T,
AN E AR IR R, — 8838 5 T 3 2 B 7= )
TR BRAB I = H0(65%~92%). 1% 7145 Ty B L [ v 4
TN, KR 2 B AT I s AR R rfeR, B
A M REBEHYE, 5 HBWE BRI EMLE —e
PR, FETSrg ah B, Pl T A B VAL

3 ZEEIMH
31 E5IRT

¥t 3L %% 1 BRUKER AC-P400 B4 52, LA
CDCL E# ], il VG Auto Spec-300 3052 ; 44 55
X6 A AU S8 B FH A8 Ok i B4k 2 4l
B4 BT AR

DU SRIRG [ T4 10 DU ARIR I B B 1
P LRy 5~6 h, T AW EETE R, AR
7678 CZEH, B IPE (AT 10 mL Acde e 10 mL 7E 4
PR ATFE), TN T KL R 456 - L JON T A0 (R AT
H.
32 XWAHE
32,1 AHABFE

FESE R, B S mmol AR, H 2.5 I
ST G MM TAE N IIAZ] 15 mL THF
o, IR LR | R N, 45 °C TR O 40 min 5
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JEAL I AR, A 30 mol% Pl Se Bt T Rl ks,
O RRDR IR BRI 2%, ARG SEEIINA 15 mol%fifb 7, L
J 5 mmol JARH), 45 C RN 1h, V58RI AH1E
S UE, BOEW, e LR LERVEE =R, SR
G F, INJC/KBRIREE T 1, VR e 78 R T A3 IR 4 W,
LR AT HEEY - V=1 10/ N REITH], ST
JENTIRAS 7 B .

BT & A & 3 B etk &4, &R 'H
NMR &5 4% 5 I 5 SCHRRT L.

4.4 " HESERCRP PR 929%, (I A mup.
178~180 C (lit.*" 177~179 ‘C); '"H NMR (300 MHz,
CDCly) 6: 7.47 (d, J=8.1 Hz, 4H), 6.96 (d, J=8.7 Hz,
4H), 3.84 (s, 6H); MS (EI) m/z: 214 (M"), 199, 171, 143,
128, 115, 102, 89, 77, 63, 51, 39.

B PR 89%, [ [ 44, mp. 69~70 C
(1it.*" 68~71 °C); "H NMR (300 MHz, CDCl5) 6: 7.58~
7.81 (m, 4H), 7.32~7.46 (m, 6H); MS (EI) m/z: 154 (M "),
128, 115, 102, 89, 76, 63, 51, 39, 27.

4.4 " FIEEOR N PR 90%, (4 E 4K mup.
118 ~120 C (lit.*" 119~120 ‘C); '"H NMR (300
MHz, CDCl;) d: 7.50 (d, J=6.3 Hz, 4H), 7.26 (d, J=6.3
Hz, 4H), 2.42 (s, 6H); MS (EI) m/z: 182 (M), 167, 152,
141, 128, 115, 102, 90, 76, 63, 51, 39, 27, 15.

2,2 A BRI P 86%, (A 14 mp.
154~156 C (lit."! 155~156 ‘C); '"H NMR (CDCl,,
300 MHz) 0: 7.34 (t, J=7.6 Hz, 2H), 7.26 (d, J=6.6 Hz,
2H), 6.98~7.04 (m, 4H), 3.77 (s, 6H); MS (EI) m/z: 214
(M"), 184, 155, 128, 115, 102, 75, 63, 51.

1,2- 7R e P2 91%, ({4 E44; m.p. 49~51
‘C (1it.?" 50~52 C); '"H NMR (300 MHz, CDCl;) §:
7.18~7.32 (m, 10H), 2.95 (s, 4H); MS (El) m/z: 182
(M"),152, 128, 104, 91, 77, 65, 51, 39, 27.

LI-BeZES: P2 87%, M GEfA; mp. 144~145
‘C (1it."™ 145~146 C); '"H NMR (300 MHz, CDCL5) §:
7.93~7.96 (m, 4H), 7.25~7.81 (m, 10H); MS (EI) m/z:
254 (M), 200, 163, 139, 126, 113, 100, 87, 75, 63, 51, 39,
18.

2,2 IR e 8-, LA A; "TH NMR
(CDCls, 300 MHz) §: 7.22~7.26 (m, 6H), 7.07~7.12 (m,
2H), 2.05 (s, 6H); MS (EI) m/z: 182 (M"), 167, 152, 141,
128, 115, 102, 89, 76, 63, 51, 39, 27.

2,424 DY FRAEIR AR P2 790, Fota ik, 'H
NMR (CDCls, 300 MHz) 6: 6.90~7.21 (m, 6H), 2.38 (s,
6H), 2.05 (s, 6H); MS (EI) m/z: 195 (M"), 180, 152, 128,
103, 89, 76, 63, 39.
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2,2- Iy R 86%, (A 1A, mp. 31~32
‘C (1it.*" 33~34 “C); '"H NMR (CDCls, 300 MHz) ¢:
7.17~7.22 (m, 4H), 7.00~7.04 (m, 2H); MS (EI) m/z:
166 (M"), 121.

2,2',6,6'-PU FEEIE R 7= 76%, 1A {4; mup.
66~68 °C(lit.*! 67~69 C); 'H NMR (CDCl;, 300
MHz) §: 7.14~7.16 (m, 2H), 7.05~7.10 (m, 4H), 1.99 (s,
12H); MS (EIl) m/z: 195 (M"), 180, 152, 141, 128, 115,
103, 89, 76, 63, 51.

3.4- RO HERY: PR 70%, LA '"H NMR
(300 MHz, CDCls) 8: 0.50~1.00 (m, 12H), 1.00~1.6 (m,
6H); MS (EI) m/z: 114 (M"), 98, 85, 77, 69, 56, 43, 29,
15..

1,6- — AR O 77k 75%, Wik, 'H
NMR (300 MHz, CDCl3) 6: 1.32~1.61 (m, 12H), 3.24 (s,
6H); MS (EI) m/z: 146 (M), 131, 114, 99, 82, 71, 67, 54,
45, 41.

3,3 IR P 79%, LAk TH NMR
(300 MHz, CDCly) 8: 7.16~7.42 (m, 6H), 6.94~7.06 (m,
2H); MS (EI) m/z: 190 (M7), 170, 164, 151, 120, 107, 94,
85,75, 57, 39.

IEERERT: P23 65%, LBk, 'TH NMR (300
MHz, CDCL) d: 0.72~0.99 (m, 6H), 1.11~1.45 (m,
12H); MS (EI) m/z: 114 (M™), 85, 71, 57, 43, 29, 15.

SR T2 72 89%, Jothififk; "HNMR (300
MHz, CDCly) d: 1.60~1.79 (m, 18H), 2.07~2.12 (m,
4H); MS (EI) m/z: 166 (M "), 138, 120, 96, 82, 67, 55, 41,
29, 15.

3.2.2  ABEHME KGR T 4EAS 49 E 8

IS mmol WK, 3 A4 01 = (4T BE ) R B s 7
FAE R IMAE] 15 mL THF 1, JF 0 /b 5 s
IR N, 45 °CF [V 40 min Ji JEA I £64% BRI, 0
5 mmol TRAGHET IR H 15 R Al PR 7, 2R )5
P 15 mol% Cul, LAK& 5 mmol X} FAILIRK, 45 C
N h, RN SERUGAEEI R g, BRI, U8
W G CBEVEG =k, SIEE T, oK ST
P, DEIREHRE 75 R AR IR 4R Y5 i GC-MS 43 #T.

X AR AL R0 MS (E) m/z: 292 (M), 214,
199, 107, 77, 63.

X} FAE R R SE Al Bk MS (BD) m/z: 262 (MY,
184,169, 141, 115, 77, 51.

TIREEAR R MS () m/z (%): 234 (M +22), 157
(100), 77 (90).
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