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Develpment of nickel complex containing novel nucleophilic carbon atom and its
application to catalytic reaction

Yamaguchi, Eiji

3,200,000

NiCl2(bpy)
Nal 30
80%

Grignard 100 Grignard
Grignard

In this study, a reductive carbonyl arylation reaction using a nickel
catalyst was investigated. The reaction proceeded efficiently by using a NiCl2 bpy) complex. The
highly active nickel center at this time is considered to be electronically stabilized by the
diimine-based ligand and Nal. This highly active species allowed the reaction to proceed with more
than 30 substrates. Most of them had a yield of over 80%, and were applicable to substrates that
were difficult to use in the past, such as substrates containing esters and ketones and hydroxyl
groups serving as proton sources. Moreover, the application to enantioselective reaction has been
found by using an asymmetric ligand.
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Table 1. Optimization of the reaction condition about nickel complex

Nickel complex (0.05 equiv) OH

@* O mmsmmere e
"hexane (1.0 mL), Ar, 95 °C, 7 h Me'
0.3 mmol 2.0 equiv
1a 2a 3aa
Ligands Byproducts
R=OMe (L1)
laYe! Qe “ JI
entry Nickel complex laa (%)
1 NiClz(phen) 38
2 Ni(OAc)2(phen) 34
3 NiBr2(bpy) 23
4 Ni(OAc)2(bpy) 67
5 NiCl(bpy) 81(85)
6 NiCly(L1) 48



7 NiCl(L2) 81(83)
? Yields were determined by 'H NMR analysis of the crude reaction mixture using TCE as an internal
standard. ® Numbers in parentheses refer to isolated yield.
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Table 2. Evaluation of substrates of iodide

o NiCly(bpy) (0.05 equiv) OH
HN'Pr, (1.0 equiv), (PhO),PO,H (1.5 equiv) ]
H —R! Zn° (3.0 equiv), Nal (0.25 equiv) R
+ =]
Me "hexane (1.0 mL), Ar, 95°C, 7 h Me'
0.3 mmol 2.0 equiv
1a 2a-2q 3aa-3aq
OH Me
jeackaolaogiae seRe e
Me Me cl F
3aa, 85% 3ab, 83% 3ac, 82% 3ad, 87%  3ae, 91% 3af, 52%  3ag, 48%
36% "9
3ah, © (11%) 3ai, 9 (11%) 3aj,9 (15%) 3ak, 9 70% 3al, 9 27%
O A@ i A@ /\©\, YN
H
I NJLMe CO,Me ° N
) H
3am, 45% 3an, 62% 3ao0, 46% 3ap, 81% 3aq,® 44%

% Yields were determined by isolated yield. ¥ Numbers in parentheses are '"H NMR yields using TCE as
an internal standard. © Products were obtained with unseparate complex mixtures. 9 2.0 mL of "hexane was
used as a solvent. ® 4.0 equiv of allyl iodide was used. P Bromobenzene was used instead of iodobenznene
9 1.0 equiv of Nal was used.
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Table 3. Evaluation of substrates of aldehyde



NiCl,(bpy) (0.05 equiv)

o | HN'Pr, (1.0 equiv), (PhO),PO,H (1.5 equiv) OH
lj\ \© Zn® (3.0 equiv), Nal (0.25 equiv) R?
+
R H "hexane (1.0 mL), Ar, 95 °C, 7 h

0.3 mmol 2.0 equiv
1a-1u 2a 3ba-3bu
OH Me
coo.0 T O “OO o
Me
3ba, 87% 3aa, 85% 3bb, 81% 3bc, 81% 3bd, 81% 3be, 82%
3bf, 84% 3bg, (83%) 3bh, © (28%) 3bi, 85% 3bj, 70%
MeOZC’Ej /©)\ % /j)\ Me\A ©/\A
3bk, 61% 3bl, 24% 3bm, 51% 3bn, 24% 3bo, 25% 3bp, © (20%)

symanti=1.25:19 E:Z=20:3°

Me\R\ Etse\ Me Me S (0)

3bq,43%  3br, 18% 3bs, 24% 3bt, 40% 3bu, 41%

dr=329
9 Yields were determined by isolated yield. ® Numbers in parentheses are 'H NMR yield using TCE as an
internal standard. © Products were obtained with unseparate complex mixtures. ¢ Diastereoselectivities
were determined by '"H NMR analysis data. ©® E/Z selectivity was determined by 'H NMR analysis data.

TAT e REICBWTCHIEER, A FVETEEL CWDLIE, 72 L o0 TUEIZEDE
BALEICED L P VTG 80% &2 HUNR TERM NG HN TS (3aa, 3ba-3be), 4 L%/~
07 CEBE L TWAREEICOWTIEF CTE#BEL TWAD LOITHE—OA N % 84%D HEEIN 3
THZTWAH (3bf), C1=° Br TE#HSINTWVWD DTS %xﬁgﬁ*imwéﬁaﬁﬁg@
72 (3bg-3bh), ET-RKGIMEED CF: A AT 2HE TILEIE LD (3bi), i HPEH D
MeO & H T 5 HE T%%ﬁéhhk i@ﬁ?i%;ém&wot@m)it ERyEILY
& [FRBRIZ iXTw% WAL TWTHREIERDEZMNE D 2 & 72 < OSIERAFIZHEIT L (3bk),
=hU LD iﬁﬂ#f%é#\_%6%@éﬁ%%5zé LR B L @3bl), £7127
T e REEIZ E@L’C THEMIEAL S b S EH FTRE T dh 5, E 7 2-phenylpropanal %}Eﬁb\f_
BRI T AT LABIRMEIZENL OO, FREONRTERYE S5 27~ (3bm),
ethylcrotonaldehyde % W7 BRITITEN 2N HA L 7 ¢ > OB HEEIT L7 (3bn), 7/1/*71:
RO o fLiz7' v b 2 SR OEGROT VT B RETIEZEICT VY R—/V RS EST LRIER
&ﬁot(%o%m‘itﬁm_owfi TREREE 2 B AR B 23 A2 TG IE THNMR CRIZ TR
HLTWD, FIESIROT T v REEICE L CHBUSITHEIT L2210 43%, 18%D HEEINR T
BRI DT BTN D (3bp-3br), FEE NI AREHNL & Ff-D(S)-(-)-citronellal Z FW 7= fE S, K&
AT LY T AT UABRRPEIIfMEGR SR 72 (3bs),

FWTEAKZBLET LT e R AW T ORERNIRMAZ R OW CTHREEEFT > 72 (Scheme
1,eq 1-3),

o) NiCl,(bpy) (0.05 equiv)

H HN'Pr, (1.0 equiv), (PhO),PO,H (1.5 equiv)
Zn° (3.0 equiv), Nal (0.25 equiv
. 24 ( quiv) ( quiv) 3aa (1)
Me "hexane (1.0 mL), Ar, 95°C, 7 h

47%
1a 0.3 mmol °

Y

NiCly(bpy) (0.05 equiv)

(o] ;
HNPr, (1.0 equiv), (PhO),PO,H (1.5 equiv)
D Zn® (3.0 equiv), Nal (0.25 equiv
/©)L + 2a ( quiv) ¢ quiv) »  3aa-D (2)
Me n-hexane (1.0 mL), Ar,95°C, 7 h

57%

1a-D 0.3 mmol
0.3 mmol KIE = 0.82



o NiCl,(bpy) (0.05 equiv)

HN'Pr, (1.0 equiv), (PhO),PO,H (1.5 equiv)
H/D Zn° (3.0 equiv), Nal (0.25 equiv
/©)L * 2a ¢ auiv) { auiv) » 3aal3aa-D (3)
Me n-hexane (1.0 mL), Ar,95°C, 7 h

20/25 %

1a/1a-D = 1:1 0.3 mmol
Scheme 2. KIE experiments
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