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Progress in the Asymmetric Metal-Catalyzed 1,2-Addition
Reactions of Arylboronic Acids with Ketones

Luo, Renshi Liao, Jianhua Zhang, Jian*
(School of Pharmaceutical Sciences, Gannan Medical University, Ganzhou 341000)

Abstract A number of biologically active compounds and drugs contain the structural unit of chiral aryl-substituted tertiary
alcohol. The catalytic asymmetric arylation of ketones is a powerful tool for the efficient construction of such compounds.
Arylboron reagents have attracted considerable attention due to their availability, relative insensitivity to air and moisture, high
functional group tolerance and generally low toxicity. Recent progress of the catalytic asymmetric arylation of highly activated

ketones such as isatins, trifluoromethyl ketones, a-ketoesters, 1,2-diketones and unactivated ketones is reviewed.
Keywords metal-catalyzed; arylboronic acid; ketone; asymmetric; 1,2-addition; progress
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Figure 1 Biologically active compounds featuring a 3-aryl-3-
hydroxy-2-oxindoles motif
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L2a: R = Me; L2b: R = OMe

0 Pd(OAc), (5 mol%)
(R.S)-L2 (10 mol%) Z,

(om0
N N

Bn BF3-Et,0 (4 equiv.) Bn
1 THF/r.t./48 h 2

1A L2 MEACHI DT IEINR S 1 A PRI AR ¢
Table 1 Asymmetric addition of arylboronic acids to 1 cata-
lyzed by ligands L2

Entry  Ligand Ar Yield®/% ee /%
I (RS)L2a (—)-2a (Ar=Ph) 63 67
2 (S.5)-L2a (+)-2a (Ar=Ph) 48 62
3 (RS)-L2b (—)-2a (Ar=Ph) 40 60
4 (S,5-L2b (+)-2a(Ar=Ph) 30 57
5 (RS)-L2a (+)2b(Ar=4-MeOCGH,) 78 38
6  (RS)-L2a (—)2c(Ar=3-MeOC(H,) 51 73

7 (5.5)-L2a (+)-2d (Ar=4-FC¢H,) 36 65

© 2013 Chinese Chemical Society & SIOC, CAS

5 mol% M, 10 mol% (R,S)-L2a, 0.5 equiv. -BuOK. ° Isolated yield. ¢ ee
values were determined by HPLC on a Chiralcel OD-H or AD-H column with
hexane/2-propanol.

Liao 5P IE T 55 2 fif 40 6 TPk AR AL 54
L3¢ S5[RhCI(CyHy),]o AT FER R AN EE 2L 1 i S B,
L MeOH A¥%71, LA 5.0 mol% DIPEA N##, {£40 C N
IV 3 h JE 3RS 80%~99%HII % K 83%~95% ee

(Eq. 2).
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R’ PPh,

R2
L3a: R' = H, R? = OCH,OCH;
L3b: R' = H, R? = OCH;4
L3c: R'=R? = OCH;,4

0 [Rh(C4H,)5Cll, (2.0 mol%)

R L3c (4.8 mol%) Q Ar
0
N

ArB(OH),
H DIPEA (5.0 mol%)

R=H,Cl, F, CHy MeOH, 40 °C, 3 h
3

T 1 0 25 Wy A3 A= 1 oA 28 I A Ik M I K (R,R)-Me-
BIPAM /& Yamamoto A/F57/NA P2 ikt K i) — 284 %4
HIFEERCAR, Z2RIEAA Y Ru fEBE. WlE A LRI A
PR 55 HEA B N b SR AR G R AL PR e Rl R
SR FH B HE L0 A FR 05 HAb N ) 3k A T AT
RN 45 R (Bq. 3) (3 3)),

http://sioc-journal.cn/ 2299



BHlLE

2 Rh-MEAEEEINIR 5 HE L0 1 A BRI
Table 2 Rhodium-catalyzed asymmetric addition of arylboronic
acids to isatins

Entry R Ar 4 Yield/% eel%
1 H CeHs 4a 97 85
2 cl CeHs 4b 96 91
3 F CeHs 4c 97 88
4 Me  C¢Hs 4d 94 86
5 cl 2-MeCH, 4e 95 92
6 cl 3-MeCgH, 4f 99 91
7 cl 3-MeOCH, 4g 95 90
8 cl 4-MeOCH, 4h 96 87
9 cl 4-FCeH, 4i 98 87
10 cl 4-MeCgH, 4j 97 90
11 cl 4--BuCgH, 4k 95 91
12 cl 4-BnOCgH, 4 96 87
13 Cl 2,4-Me,CeH; 4m 80 83

¢ Reaction conditions: 0.2 mmol of 3, 0.6 mmol of ArB(OH),, 1.6 mg of
[{Rh(C>H4),Cl},] (0.004 mmol, 4.0 mol% Rh), 0.0096 mmol of ligand L3¢, 1
mL of MeOH, 5.0 mol% DIPEA 0.1 mol/L in MeOH), 40 °C, 3 h. *Yield of
the isolated product. ¢ Determined by HPLC analysis on a chiral stationary

phase.
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NMe2 MezN
(R,R)-Me-BIPAM
RuCly(PPh
0 [RuClx(PPh)s] HO Ar
SN (R,R)-Me-BIPAM N
R-— 0 PhB(OH), R 0
_ — 7 > i 3)
N Z N
toluene-H,0, KF \
PG 50°C, 24 h PG
5 6

3 Ru-MEAIRIEING 5 5t L1 I ASK BRI
Table 3 Ruthenium-catalyzed asymmetric addition of phenyl-
boronic acids to isatins

Entry R PG 6 Yield/%  ee/%
1 5-F PMB 6a >99 87
2 5-F Bn 6b 95 90 (R)
3 5-Br  PMB 6¢ 97 90
4 5-Br Bn 6d 96 86
5 5-Me  PMB 6e 97 90 (R)
6 5-Me Bn of 92 87 (R)
7 6-Cl PMB 6g 97 88
8 6-Cl Bn 6h >99 89
9 H PMB 6i >99 89 (R)

“Isolated yields. ” Determined by HPLC.
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Figure 3 Proposed catalytic cycle
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Table 4 Copper-catalyzed asymmetric addition of arylboro-
nates 8 to isatins 7

Entry 8 (A1) 9  Yield/% ee’%
1 8a (4-MeOCgHy) 9aa 80 88
2 8a 9ba 67 85
3 8a 9ca 83 89
4 8a 9da 70 89
5¢ 8a 9ea 76 85
6 8b 9ab 74 91
7 8b 9¢cb 83 92
8 8b 9db 87 92
9 8c (4-MeC¢H,) 9dc 87 92
10 8d (4-CIC¢Hy) 9ad 78 86
11 8e (2-Naphthyl) 9ae 85 86
12 8f (3-Thienyl) 9af 94 87
13 8g (2-MeCgH,) 9ag 74 68
14 8h (1-Cyclohexenyl) 9ah 72 67

“ Isolated yield. * Determined by HPLC with chiral OD-H column. ¢ The reac-
tion conducted for 36 h.
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Figure 4 Proposed catalytic cycle for the copper-catalyzed
addition of 8a to 7a
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Figure 5 A plausible reaction mechanism
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Figure 6 Binaphthyl phosphite ligand L6
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L7
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1 " [R(CoHa)zCllp, L7
cF, * RB(OH)

K,COj3, MTBE, 60 °C
13 14

RS TEMIRS =T IER L SN SR ¢
Table 5 Addition of arylboronic acids to trifloromethyl methyl

ketones
5 bo
Entry R R" z{é::p/d/.‘; ee/%
1 Ph 4-MeOC¢H, 79 (15a) 95
2 Ph 4-MeC¢Hy 78 (15b) 99
3 Ph 4-CIC4H, 83 (15¢) 97
4 Ph 4-PhC¢Hy 71 (15d) 95
5 Ph 3-MeOC4H,4 83 (15¢) 95
6 4-FC¢H,4 4-MeOC¢H, 81 (15f) 95
7 4-FC¢H,4 Ph 61 (15g) 95
8 4-FC¢H,4 4-MeC¢H, 85 (15h) 97
9 4-FC¢H,4 4-CIC4H, 86 (15i) 97
10 4-FC¢H,4 4-PhC¢Hy 73 (15§) 97
11 4-FC¢H,4 4-TMSC¢H, 91 (15k) 98
12 4-FC¢H,4 4-BuCgHy 91 (151) 96
13 4-FC¢H,4 4-i-PrCgHy 93 (15m) 97
14 4-FC¢H,4 3-CF;0C¢H4 87 (15n) 99
15 4-FC¢H,4 2-Naphthyl 61 (150) 95
16 4-FC¢H,4 2-FC4¢H, 73 (15p) 99
17 4-FC¢H,4 2-MeOC4H,4 37 (15q) 81
18 4-CIC4H4 4-MeOC¢H, 83 (15r) 93
19 4-CIC¢H4 4-MeC¢H, 86 (15s) 96
20 4-BrCgHy 4-MeOC¢H, 81 (15¢) 95
21 4-BrCgHy 4-MeC¢Hy 81 (15u) 95
22 4-BrCgH, 4-CIC4H, 83 (15v) 96
23 4-MeC¢Hy;  4-MeOC4H, 47 (15w) 93
24 4-MeC¢H,y  4-i-PrC¢H, 58 (15x) 96
25 Thienyl 4-MeOC¢H, 81 (15y) 81
26 Thienyl 4-CIC4H, 61 (15z) 89
27 2-MeOCgH; Ph 31 (15aa) 96

28 3-CF;0C¢H, 4-MeOC¢H,4 79 (15ab) 96

© 2013 Chinese Chemical Society & SIOC, CAS

“The reactions were carried out at 60 ‘C in MTBE (1.5 mL) for 20 h with
ketone (0.25 mmol), boronic acid (0.5 mmol), and K,CO; (0.75 mmol) in the
presence of [Rh(C,H4)Cl], (1.5 mol %) and ligand L7 (3.6 mol %); ® Isolated
yields. ¢ Determined by chiral HPLC on a Chiralcel OD-H, Chiralcel AD-H, or
Lux Amylose-2 column.

R S8 45 R S AR S I (R e # 2, AF id
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I, [Rh(CH,CH,),Cl], 55 TR RUBHAC A e A ple P Ik 4 2%
YT, AEY 17 507 R 14 TR 215 &)
18, RJa SEY) 13 AR FIHCAL A3 21 W R R] BE R B b id
AH Y L AR TR i T =5 TR S TR A4
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Figure 7 The stereochemical model of the Rh-L7 catalyst dur-
ing addition of arylboronic acids to trifluoromethyl ketones
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L8a: Ar = CGH5

L8b: Ar = 4-CF3CgHy
L8c: Ar = 4-MeOCgH,
L8d: Ar =3,5-(t-Bu),CgH3
L8e: Ar = 2-Naphthyl

(S)-ShiP L8
OR' 3 mol% [Rh]
X % (S)-
X I + ArB(OH), 6 mol% (S)-L8c
19 20 LiF, H,O/DCE (4:1), r.t.
At OH |
X‘i\ - OR ,
L o (")
21
K 6 RO/(S)-L8c filALTTIEMIE 20 15 o-HAME 19 KIAXFRIN
i
Table 6 Asymmetric addition of arylboronic acid 20 to

a-ketoesters 19 catalyzed by Rh/(S)-L8c

Entry R! X Ar Yield/% ee/%
1 Et 4-Cl CeHs 96 77
2 i-Pr 4-Cl CeHs 93 80
3 t-Bu 4-Cl CeHs 51 70
4 Ph 4-Cl CeHs 90 72
5 Bn 4-Cl CeHs 95 84
6 Bn 4-Cl CeHs 81 90
7 Bn 4-F CeHs 84 88
8 Bn 4-CF; CeHs 93 91
9 Bn 4-Me CeHs 96 84
10 Bn 4-MeO CeHs 93 86
11 Bn 3,4-(CH), CeHs 78 80
12 Bn H 4-MeC¢Hy 85 80
13 Bn H 4-MeOC¢H, 80 83

© 2013 Chinese Chemical Society & SIOC, CAS

“ 19/20/LiF/ {RhCI(CH,CH,);}o/ligand=1: 2 : 2 : 0.015 : 0.06. * Yield of
isolated product. ¢ Determined by chiral HPLC analysis. “ 0 C.

R, A2 B N A A4 Z0 ANV MU P 18 the AT 1R 4 1)
REALRCR(Eq. 8). S H A HIAN R AR 55 2 S 2 0l
RRES I PAFIR LS (SR EE 7).

o 3 mol% [Rh]
OBn ,  ArB(OH), 6 mol% (S)-L8c
S LiF, H,O/DCE (V:V = 4:1)
Ph 0 r.t.
22 23
Ar, OH
“, OBn
/W 8)
Ph 0
24

2011 4, Ready P& T TR A 0 SUB I
A 4 L T Ak 5 A R 5 5 i R 1 1 AN X6E R in e
W (Eq. 9), PA 1.0 mol% [RhCI(C,Hy),]» 55 2.0 mol% L9
AT S N 0] 3RS 52%~98% I ) 79%~95% ee,
SN0 57 R AR R, Al s S i L 345
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Table 7 Asymmetric addition of aryboronic acids 23 to benzyl
2-phenyl-vinyl-2-ketoesters 22 catalyzed by Rh/(S)-L8¢

Entry Ar 24 Yield”/%  ee/%
14 CeHs 24a 70 93
24 4-MeCgH,4 24b 77 93
34 4-MeOCgH, 24c 75 90

4-FC4H; 24d 93 92
5 4-CF4C¢H, 24e 61 90
6 3-MeC¢H, 24f 75 91
74 3-MeOC¢H, 24g 70 93
8 2-MeCgH, 24h 92 75
9 2-Naphthyl 24i 89 90
10 2-Thienyl 24 91 88

“ 22/23/LiF/{RhCI(CH,CH,),}»/ligand=1: 2 : 2 1 0.015 : 0.06. * Yield of
isolated product. ¢ Determined bu chiral HPLC analysis. ¢ 0 °C.

S5 L RO RE PP (R 8).

AI’QP
HsC\,

PAFZ
L9 Ar= 3,5-(CF3)2—C6H3

[Rh(C5Hy4)oCll> (1 mol%)
L9 (2 mol%)
KF (2 equiv.)
FPrOH/H,0 (V:V = 5:1), r.t.

YE# R B & s B 48 Rh 5 L9 4 & 99F
AL A, Sl R AT R4 )E Rh 5N
TR AR AT B — A (B 8), LAY T 5K
B AT R AT 11 R e DT 8 s A 500 P40 4 A
TP T B UM I AR R (10 v A7 o) A 3% Mt A K
DR, SRR TR 3,5- = SR IR IR U I LA 1)
TS TEEE, TTRERI IR S A S R A Rl
SR T AT ek 58 S JE A0 11 R R M A A N B ) AT

FI 42 %) Yamamoto 257U I (R,R)-Me-BIPAM 4
Ru ARG (AL 07 FEI R 5 e £ AN AR ek, B J=
/N ARSI AZ A7 T AR G 4D A T T 1 A o A T
S SEAY AT AR G A A 7 SR R, 0 e S A i g
] SRAF AR BRI s b 45 R
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# 8 RhEALHITTEEMNIR S ol I A AN AR AL
Table 8 Enantioselective Rh(I)-catalyzed addition of boronic
acids to a-keto esters: reaction scope

Entry R Ar Time/h Yield”/% ee/%
1¢ H 4-MeOCeH, 12 90 91
2 H 4-PhC¢H, 60 88 88
3 H 2-Naphthyl 60 74 87
4 3,5-(CF;), 4-MeOC¢H, 6 90 79
5 3,5-(CF;), Ph 6 89 91
6 3,5-(CF;), 4-PhCg¢H, 6 94 89
7 3,5-(CF3), 2-Naphthyl 6 90 90
8 3,5-(CF;), 3-MeOC¢H, 6 87 91
9 3,5-(CF;), 4-CIC4H, 6 80 91
10 4-CN 4-MeOC¢H, 6 95 91
11 4-CN Ph 6 81 95
12 4-CN 4-PhC¢H, 6 88 93
13 4-CN 2-Naphthyl 6 87 92
14 4-CN 3-MeOC¢H, 6 93 94
15 4-F 4-PhCgH, 48 77 92
16 4-F 2-Naphthyl 48 73 83
17 4-Me 4-MeOCgH, 48 81 84
18 4-Me 4-PhCgH, 72 58 87
19 4-MeO 4-Me,NCgH, 20 98 83

20¢ 4-MeO 4-CIC¢H,4 72 37 80
21 4-Cl 4-MeOCgH, 12 97 90
22 4-Cl 4-PhCgH, 24 87 90
23 3-Cl 4-MeOCeH, 16 98 93
24 3-Cl 2-Naphthyl 40 97 86
25 2-Cl 4-MeOCgH, 72 84 92
26 2-CF; 4-MeOCgH, 72 52 90

© 2013 Chinese Chemical Society & SIOC, CAS

“ Conditions: 0.06 mmol of 25, 0.12 mmol of 26, 0.1 mol/L under a N, atmos-
phere, unless otherwise noted. b Isolated yields. 2.6 mmol of 25, 5.2 mmol of
26. ¢ Reaction conducted at 40 °C.

FsC

CF3

F3C

B8 fALAI[RhCI(C,H,),1o/L9 I F gk £
Figure 8 The X-ray of catalyst [RhC1(C,H,),],/L9

TP 5 4 b T e o AN 06 kO SE T R 5 AN T RO Bk
SEAL A 1,4- I bR — AR H A R A Ak e D)
o, Xu ZPNRIE T A8 L10 5[ {Rh(coe),Cl},] AL
5 S e O FEMN R (K I Y. (Eq. 10), LL KOH
Bk, VUSRI (THF) A & N Z il R RN AT 5 55 B
TF1) P 58 B 1 e AT g ) W M 1 I = 0 (% 9).

Chin. J. Org. Chem. 2013, 33, 2298~2309



Chinese Journal of Organic Chemistry

REVIEW

(0]
[l

Ph/\/\H/s”/ ’<

L10

o)
Ardg(o [Rh(coe),Cl],/L10
+ Ar?B(OH),
0] KOH (0. mol/L)/ THF, r.t.
0
HO,//l%/O
' 10
AT AR (10)
30

£ 9 [{Rh(coe),Cl},)/L10 ALY FNEE 5 o 5 B A FR
piio
Table 9 Asymmetric 1,2-addition of arylboronic acids to

o-ketoesters catalyzed by [{Rh(coe),Cl},]/L.10

Entry Ar' Ar’ Yield/%  ee/%
1 Ph 4-MeC¢Hy 86 94
2 Ph 4-CIC¢H, 84 94
3 Ph 4-FC¢Hy 86 94
4 Ph 4-MeOC4H,4 94 92
5 Ph 2-MeC¢Hy 72 92
6 Ph 2-MeOC4H,4 73 90
7 Ph 3-MeCgH,4 82 93
8 Ph 3-CIC¢H,4 67 95
9 Ph 3-FCe¢Hy 72 95

10 Ph 3-MeOC¢Hy 72 93
11 Ph 3,5-Me,CeH3 74 92
12 Ph |-Naphthyl 87 91
13 Ph 2-Naphthyl 76 92
14 Ph n-BuC¢Hy 82 93
15 4-CIC¢Hy Ph 66 95
16 4-CIC¢Hy 4-MeC¢Hy 66 92
17 4-CIC¢Hy 4-FC¢H, 70 95
18 4-CIC(H, 2-Naphthyl 75 93
19 2-Naphthyl  Ph 89 91
20 2-Naphthyl 4-CIC¢H, 87 94
21 2-Naphthyl  2-MeC¢H, 54 93

“ Reactions were carried out with a-ketoesters (0.25 mmol) and 1.5 equiv. aryl
boronic acid, in the presence of 3.0 mol% [Rh], 3.3 mol% ligand L10, and
KOH (0.1 mol/L, 0.08 equiv.) in THF (1.0 mL) for 3 h.  Isolated yield. ¢ De-
termined by HPLC.

4 1,2-"fi

A B I AU RE AL 5 W) 2 B M TR 52 A4 Y ) 591 P W
FRBTIE) HIV #2417 Integrastatin A B¢ BIP*H) 5 %
A, DR A BOZ BN E WM 3 207 v — e
Friedel-Crafts J= I 848 A7 HL 5 570 8 6 %l 7, (H
Friedel-Crafts & N0 & HL T 05 B KA 45 R A BEAL K A
LR B P AR R TR A O BRI, &8
WAL T IR 5 1,2- WA A I AN KRR N B Y A A
JAZRAAT PV R BEAR J35. 2007 4, Chisholm™ 4R
1& T Rh(acac)(CO), 5 PPh(Cy), 4 AL FIME AL TS LA 1R
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5 12- WIS, AR S R SRAT AN i
(KU B =, A SR AR W AR R 2 R IR O 5 R IR
AP T A = T PR i A 110 ANBU T BUR G (K fiE AL
D5 MR Y o- MR ASSIRRINRE, X 1,2- il nl 3RS
REFHBRAHR A AL AT R (R 10). SOV 052 =
B T SRAF KT 95 % IR WL FEAE, AN AL (KA X] i il
A S5 PR IR AT B A K AR

(0] (0]

RJS(RZJ{ ArB(OH), _HRN(0),ClVL10 Ho%LRz )
5 KOH (0.1 mol/LYTHF, r.t. R'™ Ar
31 32 33

& 10 [{Rh(coe),Cl},)/L10 EALTFIIMNIE S a-— i (A XTFR

1,2 JiHpg
Table 10  Asymmetric 1,2-addition of arylboric acids to
a-diketones catalyzed by [ {Rh(coe),Cl},]/L10

Entry Substrate Ar Yield”/% ee/%
1 R!=R’=Ph 4-MeCgH,4 97 97
2 R!=R’=Ph 4-MeOC¢H, 99 97
3  R!=R’=Ph 4-CI1C¢H,4 97 99
4 R!'=R’=Ph 4-FC¢H,4 98 98
5 R!=R’=Ph 4-PhCg¢H,4 98 97
6 R!'=R’=Ph 3-MeOC¢H, 95 97
7 R!'=R’=Ph 4-MeCgH,4 54 95
8§ R'=R’=4-BrC¢H, 4-MeCgH,4 93 98
9 R!=R’=4-FCH, 4-MeCg¢H, 99 96
10 R'=R*=4-MeOC(H, 4-MeC¢H, 98 97
11 R'=R*=Me 4-MeCgH,4 45 63
12 R'=Me, R*=Ph 4-MeCgH,4 85 80

© 2013 Chinese Chemical Society & SIOC, CAS

“ The reaction was carried out with a-diketone (0.25 mmol) and 1.5 equiv. of
aryl boronic acid, in the presence of 3 mol% [Rh], 3.3 mol% ligand, and 0.1
mol/L aq KOH (0.2 mL, 0.08 equiv.) in 1.0 mL of THF. ? Yield of isolated
product. ¢ Determined by chiral HPLC.

[FJ4E, AR A OB RIS T 0 - R
HEEC A L1155 [Rh(CoH, ) Cl], #EAL DT HEAIR 5 1,2-
IAKIRR NGB, 12), RN T 0% 5 i3 nl 3545
BB ER) S 285 R, 3 () S X6 A P g s P gy —— i)
BN HSRAF T T T 1 =) (& 11).

Q 0
R [Rh(CoHy)Cl/L11 g
R+ ABOH)y ———— x R (12)
o) dioxane/H,0 Ar” OH
0
34 35 50 °C 36

5 AiE&ER

SRR ECEL, AEIREAR 1,2- s 2, JCH
S W (057 B B N AN By LA IR T W 1) 57 A S [
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Table 11 Rh(I)-catalyzed asymmetric addition of arylboronic
acids to a-diketones

Entry R Ar Time/h Yield’/% ee/%
1 Ph 4-MeOCgH, 3 99 98
2 Ph 4-MeCgH, 9 88 98
3 Ph 4-t-BuCgH, 4 79 98
4 Ph 4-FC¢H, 7 56 99
5 Ph 4-AcCeH, 8 61 99
6 Ph 3-CICeH, 4 99 99
7 Ph 24-CH;CeH; 12 99 97
8 Ph Naphthyl 12 99 98
9 Ph Naphthyl 6 76 97
10 Ph 2-MeCgHy 9 57 96
11 Ph Styryl 11 40 88
12 4-MeCgH,  4-BrCgH, 4 87 97
13 4-MeOCgH,; 3-MeOCgH, 12 99 99
14 4-MeOCgH, Furyl 11 99 4
15  4-MeOCgH, Thienyl 11 98 16

“ Reactions were carried out in 2.0 mmol of scale and 3.0 mL of solvent for 0.1
mol% catalyst loading and in 0.4 mmol scale and 1.5 mL of solvent for 1.0 and
3.0 mol% catalyst loading at 50 ‘C. ® Isolated yield. ¢ The ee was determined
by chiral HPLC.

FHERAE ] T IR, AR B8 3 s ) 0 ) o5
LIRGTENE, Ty HEAN R I WA B A N e PR, e
ST HENIR S R ) 1,2- 0 e B AT R ) e B
S . 2006 4F, Lu ZEHURH R IE & L &4 37
(B9) SEBLT 431 P 5 LRI S5 I (40 e Jse I 3764 1
MU R N5 IR 553 W98 TAEAE 2009 4F Wiley Hi i)
{Modern Arylation Methods) — 154 & H & K, (EIEAF
;E%j&[lﬂ.

CP\ + /8\ + P :

* P/Pd\O/Pd\PD*ZTfO

: 37
*CE = (R)-BINAP

B9 Tk e sy 37

Figure 9 chiral positive ions palladium compound 37

Ub4h, Sarpong ZEMHBIRIE T [Rh(cod)OH], 5 F1
TSRO TR A A A 43 TN 5 SRR ko AN SRR
RIN(Eq. 13), KM BIEFEMEIITE 92%LL EGER 12),
AN TR 2 S5 I P 5 R A A 7] B A P 0K

353, Lam 25 PHRIE T4 H Rh 55 F0E W kG- 41k
G N-2=H0 0 731 N 5 540 R V(Eq. 14), V1]
RGO SO R PEPE ) N-Z¥ I E=4 (Up to
95% yield, 91% ee).

5505 F PO I0 e S A L, 43 ) 0 A e 5 T
AR I A 2. BLAR Ttami™ 5 Sakai 251153 Jj1
HRIE T Z 4 Ni FI[Rh(COD)OH], 5 47 L 1 WU A
1 7 B IR 5 2R W (9 0 B s N R 3R A5 AR 1R
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[Rh(cod)(OH)],, L12
toluene, 85 °C (13)

SOl
BPin HO R

38 39
A2 AXIFRIRITHAL S

Table 12 Enantioselective hydroarylation reactions

Entry R Yield®/% ee/%
1 Ph 78 94
2 3-MeOCgH, 85 95
3 4-MeCgH, 90 94
4 2-Naphthyl 50 93
5 4-FC¢H, 54 92
6 Me 90 95

© 2013 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 5.0 mol% [Rh(cod)(OH)],, 11 mol% L11, 0.1 mol/L in
PhMe. * Isolated yield. ¢ Determined by chiral HPLC.

BPin N0 @Me
- ,OH
Ph)\/ 2
N L13
PMPO Me N (14)
Rh “PMP
40 4

95%, 91% ee

A, AR RGN R 4, < Js AL 1R 231 ) 5
FEONR S AN TR I I ARFR 1,2-Inse— R A RiE. B
ARG Hu A5UEE— Uil T FIEXUGRC/A S Rh
AR B 55 IR 5 28 ST 1,2- I ¥ (Eq. 15),
ABGRAFRGF IR, W AR SRAG T A 25 (K0 B FEE
(R 13). BURIN Rt s FEE AN BAL, (HIZT7 104
T LS AT R AL 1 AR R I B 4R T 5L

Ar
H L14a: Ar = Ph
L14b: Ar = 4-t-BuCgH,
L14c: Ar = 4-CF3CgHy4
H pr L14d: Ar=3,5-(CF3),CeHs
° 1.5 mol% [Rh(CaHy),Cll, o Ar
[ N
)k + AIB(OH), 3.6 mol% L14c R>\R' (15)
R™ R KF, o-xylene, r.t., 24 h
42 43 44

BR A, H5 T T A 2 200 B A T ek 0 g i A
L7 5[RhCI(CyHy), ], ] fiAh 55 FERINTR 55 AN T I an 24
LA ASKEFR N R N (Bq. 16), N AT 3R A8 4 (1 56k
MNIEPETE(96% ee), Tt IR S5 N 1R 3% PR AN 5 (7
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Table 13 Rh(I)/14c-catalyzed addition reactions of arylboronic
acid with unactive ketones

Entry Ketone Ar Yield”/% ee/%
1 Propiophenone 4-MeC¢H, 83 47
2 Propiophenone 3-MeC¢Hy 85 39
3 o-Tetralone Ph 81 36
4 o-Tetralone 4-MeCgH, 80 68°
5 o-Tetralone 3-MeCgHy4 84 43
6 o-Tetralone 4-MeOC¢H, 84 49¢
7 1-Indanone 4-MeCg¢Hy 83 56

“ Reaction conditions: ketone (0.25 mmol), arylboronic acid (2 equiv.), KF (3
equiv.), o-xylene (1.0 mL), [Rh(C,H4)>Cl], (1.5 mol%). L14c (3.6 mol%).
? Isolated yield. ¢ Determined by HPLC. ¢ 5.0 mol% Rh(I)/6 mol% L14c at 0
‘C for 7 d.“Reaction at 60 C.

o]
©)k B(OH),  [Rh(CyH,),Cllp, L7
HyCO K,CO3, MTBE, 60 °C
45 46
HO, ,CHs
"
OCHj

47
25% vyield, 96% ee

25%). A3 5 BT 5T DA b T B ¢ T K
G, B K AR IR,

6 SRESRE

BIH AT AL, SR A 57 SRR -5 1 (1 T ok Jse
BAREUT T —E Mk RE, (HMEARIEBON Bl i 2
75 HERNIR S W Ae 2L = FR TN MR K 1,2-
KA 7T A BRI AR BRINBE. ANTE A 42K 2,
¥ 1,2-hnpse Jse i H AT 08 B4 R B AEAR. H A
Sakai 15 Hu #JFFT/INHRIE AL B 1 (1 0UREPC 1A B 2
XU BC A AT AR (10 g e R I (1 0 e I P e, R
J& Sakai $RIE AE ] G XOUBHIC Al B w2 A )
FEL SR 2% Er Jim vl A A A A S I JEE ) M i T 3R
R 12- ™). AR LR PR TE S S PR RS
WEFEIEAR WG, (HOU RS (1 <6 HEAL 7 SR &
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S AR FE WAL T BAT TR b (0 0URE PE
IRANBURT DUAR S (10 1R A 57 RE A IR 55 = 5 Y 2 2 I 3R
5 IR L X R R E (0 n e 4, e m] AR 231 [R]
5 FERR 5 ANVE VR I U 4% 2 $RA5 s R 3k 6 1%
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