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Enantioselective construction of quaternary carbon stereocentersrable 1. Rhodium-Catalyzed Asymmetric 1,4-Addition of
is an important, but challenging, objective in organic chemistry. Phenylboronic Acid to Substituted Maleimides 1: Ligand Effect

1,4-Addition of carbon nucleophiles t@,3-disubstitutedo.,f3- [RhCI(C2Hq 2]2
. . _ (2.5 mol %
unsaturated compounds is potentially a useful strategy for efficient ligand (URh = 1.1) _ 1 1

assembly of this type of molecular skeleton. It is, therefore, of high
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o
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value to achieve such a transformation in a catalytic asymmetric - Op
fashion2 Some successful examples in this regard have begun to o A= e 308V rnss osS
a:cl)(ptlea_lr in the cgppzr C‘altlill)llzled _asymmetrlc 1,4 :déjltlon of di- ld - o2 ceola ()
alkylzinc reagentsan t_rla ylaluminum reage_r_lt‘san arretero ey 1 ligand (o) (transicis) %) (tans, cis)
recently reported a rhodium-catalyzed 1,4-addition of alkenylboronic 1 1a (RRBnbod* 93 2278(L6) 73 82 o7
acids too,S-unsaturated pyridyl sulfongs for the C(.)nSFI’UCtIOI"I of > 1a (R:R)-Ph-bod* 94  1585(1/2.3) 97 83 >99
quaternary carbon stereocentersn this communication, we 3 1la (R-binap 99 8515(2.0/1) 96 68, 96
describe the development of a rhodium-catalyzed asymmetric 1,4- 4  la (R)-Hg-binap 98 87/13(2.3/1) 97 —19, 96
addition of arylboronic acids to 3-substituted maleimidéy®( 2 :1LE Egyg-gﬂ-gog: g‘; 210128&1/3 gg %, gg
. . . . .. . . . o - - O . A

furnlshlng 3,3 (jlsubstltuted succinimide®) (in high regio- and 7 1b (R-binap 98 7925(2.1/1) 95 0. 96
enantioselectivity (eq 1). 8 1b (R-Hgbinap 98 8V19(2.8/1) 96 —10, 94

7 (gﬁs'l%'ﬁéﬁéf%m 2 aCombined yield of2 and 3. ® Determined by'H NMR of the crude

(R )-Hg-binap (L/Rh = 1.1) material.
| NBn ArB(OH), KOH (0.5 6quv) - Bn (1
R dioxane/H,0 (10/1) Ar Table 2. Rhodium-Catalyzed Asymmetric 1,4-Addition of
1 3-5 equiv 50°C,3-5h 20 Arylboronic Acids to Substituted Maleimides 1: Scope
81->98% regioselectivity
90-98% ee 0 RhCI(CaHa)olo 0o 0
2.5 mol % Rh) Ar.,

We initially conducted a reaction of 1-benzyl-3-ethylmaleimide /E««Nsn ArB(OH), (R)'Egﬂ"zzps(;z:; 11) “"Eéusn an
(1a) with PhB(OHY), in the presence of 2.5 mol % rhodium catalyst R % dioxane/H,0 (10/1) HAr Y R Y
bearing chiral diene® (R R)-Bn-bod*2 obtaining 1-benzyl-3-ethyl- 12; E: II\EAI 3.0 equiv 50°C,3h 2 3

. . . . . . X = Me
4-p_h¢nylsuccm|m|de 3@ as the major product along with its 4.5 5,
regioisomer2a (2a/l3a = 22/78; Table 1, entry 1). Although the :

. . . .. yield eeof2
trandcisratio of 3awas not very good (1.6/1), the enantioselectivity entry 1 A (06 213 ratio %)
was high in both diastereomersans 82% eecis, 97% ee). The -
employment of RR)-Ph-bod? as a ligand gave higher regio- ; ig g—CICGH 358 ;327/%13 9977
select_ivity tovv_artBa(Za/Sa= 15/85_; entry 2) with somewhat better 3 1a 2-napht?1yl 90 86/14 96
enantioselectivity ttans, 83% ee;cis, >99% ee). In contrast, the 4 la 2-MeGsH4 82 >98/2 90
use of bisphosphine ligands reversed the regioselectivity of 1,4- 5 1b Ph 98 81/19 96
addition, preferentially forming compoundal® Thus, in the 6 1b 4-MeOGHa 95 84/16 90

. 1112 . . 7 1b 4-FCeHa 95 86/14 96
presence of R)-binapit!? the products were obtained in 99% g 1c Ph 20 97/3 98
combined yield with2a/3a = 85/15, and the enantioselectivity of o 1c 4-MeCsH, 85 97/3 98

2a was as high as 96% ee (entry 3). By changing the ligand to
(R)-Hg-binap13 the regioselectivity towardawas further enhanced
with maintaining the high enantiomeric excess (87/13, 97% ee; entry
4). A similar trend was observed with substrale(R = Me; entries
5—8), and the absolute configurations todns-3b and cis-3b in
entry 5 were determined to beR{by converting them tdrans-4

andcis-4, respectively (eq 2)*
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aCombined yield of2 and 3. ® Determined by!H NMR of the crude
material.¢ The reaction was conductedrf& h with 5 mol % of catalyst
and 5.0 equiv of ArB(OH)

We have determined that the scope of this asymmetric construc-
tion of quaternary carbon stereocenters catalyzed byRRh§-
binap is fairly broad (Table 2). Both substratesand1b can react
with various arylboronic acids with high regioselectivity (8119
92/8; entries +3 and 5-7), furnishing desired 1,4-addu@swith
excellent enantioselectivity (997% ee). It is worth noting that
an o-tolyl group can be installed irla with almost perfect
regioselectivity £98/2, 90% ee; entry 4). Furthermore, substrate
1c (R =i-Pr) undergoes the 1,4-addition with very high regio- and
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the phenyl group on the ligand, RRj¢Hs-binap provides R)-
isomers and RhRR)-Ph-bod* provides (R)-isomers, respec-

Aﬁr tively.15
fiTraswiang In summary, we have developed a rhodium-catalyzed asymmetric
B 1,4-addition of arylboronic acids to 3-substituted maleimides. The
(R)2 regioselectivity has been controlled by the choice of ligand (dienes

or bisphosphines), and 1,4-adducts with a quaternary stereocenter

Figure 1. Proposed stereochemical pathway for the asymmetric 1,4-addition can be obtained with high regio- and enantioselectivity by the use
to a 3-substituted maleimide catalyzed by R)/Hs-binap. of (R)-Hg-binap
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Figure 2. Proposed stereochemical pathway for the asymmetric 1,4-addition

to a 3-substituted maleimide catalyzed by RR)-Ph-bod*. References
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