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ABSTRACT
MeO.__Me
(3.3 mol%)
Ph G Me
Me Me

[Rh(C2H4)2C|]2 (1 5 mol%)

Ar?

Arl /\/CC)zt-Bu + AI’ZB(OH)Z

KOH (0.5 equiv)
> A )\/Coj-Bu

MeOH/H,0 (10:1)

(1.5-3 equiv)

A general route to enantioenriched
rhodium-catalyzed conjugate addition of arylboronic acids to unsaturated

addition of both electron-poor and electron-rich boronic acids proceeds smoothly with various enoates in 63

enantioselectivites (89 —94% ee).

50 °C 89-93% ee

tert-butyl 3,3-diarylpropanoates is presented. These useful building blocks are prepared via an asymmetric

tert-butyl esters in the presence of chiral dienes as ligands. The
—90% yield with high

The stereoselective preparation of compounds bearing dia-processes are generally insensitive to the electronic properties
rylmethine stereocenters is challenging, particularly when of the nucleophilé.Chiral dienes have recently been applied

only minor electronic or steric effects differentiate the two

as ligands for late-transition metals (i.e., Ir, Rh) for asym-

aryl groups. This structural motif is present in a number of metric reactions of preparative importarkéen particular,
notable pharmaceuticals (for example, tolterodine and ser-the combination of metaldiene complexes and arylboronic

traline} and natural productsihowever, methods for the

acids has been successfully applied in a number of trans-

stereoselective synthesis of these stereocenters is lifited.formations” We have recently reported the catalytic, asym-
An attractive approach to these compounds involves the metric conjugate addition of arylboronic acids to a wide range

Rh-catalyzed conjugate addition of aryl boronic acid

of electron-acceptors including enélsnones, enamides, and

nucleophiles to electron-deficient acceptors, because thesesoumarins (Figure 1}1°
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panoate in 72% vyield, albeit in only 19% ee (Table 1, entry
1). The enantioselectivity was improved to 65% ee using

(o) o] the isobutyl substituted ligareht8 (entry 2). Increasing the
X)H — MeO. Me X)Kk size of the ester (R= Bn) provided a small increase in
| L enantioselectivity to 71% ee. The combination of benzyl-
R® 7 A substituted ligand9 and benzyl ester2 provided 5 in
0 M R Ar O substantially improved enantioselectivity (entry 4, 89% ee).
R/\)J\RZ ABOH) R)\/U\RZ Under optimal conditionstert-butyl cinnamate3*? was
[Rh(CoHa)Cll converted to diarylpropanoatein the presence of the Rh-
(1)+9 complex (3 mol % Rh) in excellent yield and enanti-
] Ar oselectivity (entry 6, 85% vyield, 93% ee).
AR X CHO Aer\/CHO While examining the scope of the Rh-catalyzed conjugate
_ addition reaction tdert-butyl cinnamate3, we observed that
Figure 1. both electron-rich (Table 2, entry 1) and electron-poor

The use of cinnamic acid estéras acceptors is advanta- | IENEEEEEEE—

geous for a number of reasons: the wide variety of Taple 2. Conjugate Addition Reactions Catalyzed by Rig()

unsaturated acids that are commercially available, and the
9 (3.3 mol%)

increased stability of the esters, which thus make them easily [Rh(C,Ha),Cll, (1.5 mol%)
handled starting materials. Of additional importance in A ?((83)(20{;2; ;‘;““') Ar?
pursuing this study was the fact that conjugate additions of ~ art~~~C02tBu MeOHIHO0 (101) pr A COz B
arylboronic acids to cinnamate ester acceptors in the presence 50°C
of metal—d@ne complexes were Iacklng in preced_ence. entry ester APB(OH), y;:lg ()/eeb.c

We examined the Rh-catalyzed reaction of ethyl cinnamate o (G )
with 4-methoxybenzeneboronic acid in the presence of diene | o 02t Bu /©/ 8 o3
ligand 7 using the conditions developed for the conjugate MeO BOH),
addition of arylboronic acids to enon¥sAs expected, the
reactivity of the esters was considerably attenuated compared M9Y©/ 76 92
to that of the corresponding enals (18 h vs 75 min reaction ° B(OH),
time)® We were able to isolate the desired 3,3-diarylpro- © 9

CF3
CO,t-Bu

Table 1. Ligand Screening and Reaction Optimization 4 Me0/©/\/ PhB(OH), 95 91

MeO.__Me MeO.__Me

F CO,tBu
KZ@ R 5 \©/\V PhB(OH); 95 o4
7 /
Me Ph Me
7

. B(OH),
-Bu 6 O 93 93
MeO

8 R'=allyl coLtBu
R1= ot
______________________________________ %R =benzyl . 7 ©\/\/ PhB(OH), 78 02
NO,
ligand (3.3 mol%) OMe B(OH),
[Rh(C2H4)2Cll2 (1.5 mol%) 8 /©/ 84 92
4-MeOCgH4B(OH); (2.0 equiv) MeO
CO.R KOH (0.5 equiv)
Ph X2 o alsolated yield after chromatographyDetermined by chiral HPLC.
50 °C, solvent Ph COsR ¢ Assigned on the basis of our previous work (ref @Fhis value was
estimated because the signals could not be completely resolved in the chiral
1L R=Et 4 R=Et HPLC.
2;R f Bn 5;R=Bn
3, R =tBu 6; R =tBu

boronic acids (entries 2 and 3) afforded the desired adducts
- in 69—85% yield and 9293% ee. By switching the aryl
1 7 dioxane/H,0 (10:1) 72 19 acceptor and donor, we could easily prepare both enantiomers

entry ester ligand solvent yield (%)* ee (%)°

21 ent8 dioxane/l,0(10:1) 99 65 of a given product (cf. entries 1 and 4) using a single

3 2 8 dioxane/H20 (10:1) 85 71 ; . 13 L . .

4 3 8 dioxane/H,0 (10:1) 79 89 enantiomer of ligand®.1® In addition, a wide variety of

5 3 9 dioxane/H,0 (10:1) 89 92 substituted cinnamate esters could be used as acceptors in
6 3 9 MeOH/H0 (10:1) 85 93

) ] ) (8) Paquin, J.-F.; Defieber, C.; Stephenson, C. R. J.; Carreira, . M.
alsolated yield aftger chromato_graprﬂ/Determmed by chiral HPLC (see Am. Chem. SoQ005 127, In Press.
Supporting Information for detailsy.Reaction time= 75 min. (9) Defieber, C.; Paquin, J.-F.; Serna, S.; Carreira, EOKg. Lett.2004
6, 3873.
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s rich and -poor boronic acids to give the desired adducts in

Table 3. Conjugate Addition Reactions Catalyzed by Rig) 62-68% yield and 9+92% ee (entries 12). Both regioi-
to Heterocylic Acceptors someric thienyl-substituted acceptors afforded adducts-+ 65
- 68% vyield and 89-91% ee (entries 3 and 4). We were
entry ester Ar’B(OH), %:Zl)d (.;sb,c pleased to observe that the pyridyl-substituted enoate was
0~ CO:tBu B(OH), smoothly converted to the 1,4-addition product in 70% yield
1 \ Meo/©/ 62 2 and 93% ee (entry 5). In our previous study, the correspond-
B(OH), ing enal did not afford the 1,4-addition product. Finally, the

68 91 indolyl-substituted enoate provided the conjugate addition
product in excellent yield and enantioselectivity (entry 6,

(0]
s CO,tBu B(OH), 90%, 94% ee).
AN N _ .
oY Mew(© 65 91 To extend the utility of this methodology, we decided to
(0]
(0]

l
take advantage of the functional groups present in the
4 (/E/\/COZt'B” Ve c_onjugate ad_dition products for subsequent synt_hetic_elabora—
s tion. In particular, the adduct of phenylboronic acid and
B(OH), 0-NO,-substituted cinnamate ester provided the opportunity

68 89

| X CO,t-Bu
5 L /©/ 70 93 to prepare optically enriched dihydroquinolin-2-ones from
. Meo B(OH) the 1,4-adduct¥! Thus, subjection 010 (Table 2, entry 7)
6 Q]/\/Cozt-Bu /©/ : 90 94 to hydrogenation (k] Pd/C in MeOH) cleanly afforded the
BocN MeO amino ester, which could be converted to the desired lactam

11 by treatment with AcOH in THF (Scheme 1). A one-

alsolated yield after chromatographyDetermined by chiral HPLC.

¢ Assigned on the basis of our previous work (ref9The solvent for these
reactions was 1,4-dioxane.

Scheme 1. Conversion to Dihydroquinolin-2-one

the conjugate addition reaction. Aromatics substituted with Fin i
electron-donating (entry 4) and electron-withdrawing groups ©\)\/ CO2t-Bu Hy, Pd/C @\)l
(entries 5-8) provided the 3,3-diarylpropanoates in-7#% NO, AcOH. MeOH N0
yield and 92-94% ee. In particular, the nitro-substituted 96% H
cinnamate (entries 7 and 8) were good substrates for this 10, 92% ee "

conjugate addition reaction, whereas the corresponding
aldehydes afforded mostly decomposition. It is noteworthy
that the enantioselectivity of these reactions is independentstep protocol involving hydrogenation @0 in the presence
of substitution on the donor or acceptor, providing the desired of 1 equiv of AcOH afforded a mixture of aniline and lactam
products within a narrow window of enantioselectivities{91 ~ and continued stirring under argon furnishgdl in 96%
94% ee). yield.*s

We also examined a number of heterocyclic acceptors to In summary, we have successfully demonstrated the
broaden the scope of the conjugate addition reaction while functional utility of chiral Rh-diene complexes in the
generating functionalized products. In all cases, the hetero-preparation of 3,3-diarylpropanoates in—@5% yield and
cycle-substituted enoates reacted more slowly than the91-94% ee. The Rh-catalyzed addition of arylboronic acids
cinnamate derivatives, often requiring reaction times 6f 12 was also used to prepare 3-aryl-3-heteroaryl-propanoates in
18 h (Table 3). In some cases, it was advantageous to carrys2—90% yield and 89-94% ee. This process is attractive
out the reactions in 1,4-dioxane in place of MeOH (entries because of the ready availability of the starting materials
3—6). Furyl-substituted acceptors reacted with both electron- (esters and boronic acids) and its success with a wide variety
of donors and acceptors. In addition, we have established
(10) Subsequently, Hayashi and co-workers reported thelRisphine tha gpplicability of this reaction as exemplified by the simple,

complex catalyzed addition of arylboronic acids to coumarins. See: Chen, . . . . T
G.; Tokunaga, N.; Hayashi, Org. Lett.2005 7, 2285. one-pot synthesis of optically enriched dihydroquinolin-2-
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