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ABSTRACT

The first examples of the stereoselective sequence Rh  -catalyzed tandem conjugate addition of boronic acids to enones —Michael cyclization,
is reported. The reaction is carried out in dioxane ~ —H,O at rt, and 1,2,3-trisubstituted indans are obtained in a highly regio- and stereoselective
fashion.

Catalytic tandem transformations initiated by conjugate containing solvents and is widely functional-group tolerant,
additions constitute powerful tools for the stereoselective which together with the catalytic use of the transition metal
synthesis of complex molecules from readily available and the low toxicity of boron compounds makes this proced-
starting materials in an atom-economical way. This strategy ure attractive from an environmental perspective. In addition,
permits the stereoselective formation of several bonds with

a S|_ngle f:atalySt n a one-po_t Operatlon'_W'thOUt the need (2) See: (a) Saito, S.; Hirohara, Y.; Harahara, O.; Moriwake]. Am.
for isolation of the intermediatésin particular, tandem Chem. Soc1989,111, 4533. (b) Klimko, P. G.; Singleton, D. A. Org.
it ; it Chem.1992 57, 1733. (c) Cooke, M. P.; Gopal, Detrahedron Lett1994
sequences initiated by the conjugate addition of a carbon35’ 2637, (d) Klimko, P. G.: Singleton, D. /8ynthesis1994 979, (o)
nucleophile to arw,S-unsaturated carbonyl compound fol-  savchenko, A. V.; Montgomery, J. Org. Chem1996,61, 1562. (f) Voigt,
lowed by intramolecular trapping of the resulting enolate K. Lansky, A.; Noltemeyer, M.; de Meijere, ALieb. Ann. Chem1996,
. di . ichael . . ful | 899. (g) Montgomery, J.; Oblinger, E.; Savchenko, A.V.Am. Chem.
intermediate in a Michael reaction constitute a powerful tool goc 1997 119, 4911 (h) Yang, J.; Cauble, D. F.; Berro, A. J.: Bauld, N.
for the synthesis of cyclic moleculés. L.; Krische, '\ﬂ, JJ. Org.c(j:hem2004,69, 7979. (i) Ma(tsumoto, T Mkasu,
; ; _ H.; Yamaguchi, K.; Takeda, KOrg. Lett.2004 6, 4367. (j) Li, K.; Alexakis,
The ,form,atlon of Carbocyde_s throth gequenhal carbo A. Tetrahedron Lett2005,46, 8019. (k) Hanzawa, Y.; Takebe, Y.; Saito,
rhodation triggered by the conjugate addition of organobo- A; kakuuchi, A.; Fukaya, HTetrahedron Lett2007,48, 6471. (I) Li, K.;
_defici iq i _ Alexakis, A.Chem. Eur. J2007,13, 3765 and references cited therein.
rpns to eIeCtron. de£|C|ent alkenes L.mdeﬂ Eatalyss IS par (3) Review: Miura, T.; Murakami, MChem. Commur007, 217.
ticularly attractive** Among the different procedures re- (4) For the addition to alkynes followed by conjugate addition, see: (a)

ported for conjugate addition reactions of organometallic Lautens, M.; Marquardt, Tl. Org. Chem2004,69, 4607. (b) Shintani, R.;

reagents to unsaturated carbonyl compounds, the reactiorﬁggfsak" A.; Okamoto, K.; Hayashi, Rngew. Chem., Int. E2005, 44,

of aryl- and alkenylboronic acids under Rtatalysis, the (5) First, report: Sakai, M.; Hayashi, H.; Miyaura, Rrganometallics

- : ; : _ 1997,16, 4229.
Ha%/ashf—Mlyaura reacthrihas become mcreasmgly popu (6) Reviews: (a) Hayashi, Bynlet2001, 879. (b) Fagnou, K ; Lautens,
lar® This type of reaction can be carried out in water- M. Chem. Re:2003,103, 169. (c) Hayashi, T.; Yamasaki, Rhem. Rev.

2003, 103, 2829. (d) Hayashi, TPure Appl. Chem2004, 76, 465. (e)

(1) For recent reviews see: (a) Guo, H.-C.; Ma, J. Akgew. Chem., Hayashi, T.Bull. Chem. Soc. Jpr2004,77, 13. (f) Yoshida, K.; Hayashi,
Int. Ed.2006,45, 354. (b) Enders, D.; Grondal, C.; Hittl, M. R. Mngew. T. In Modern Rhodium-Catalyzed Organic ReactioBsans, P. A., Ed.;
Chem., Int. Ed2007,46, 1570. Wiley-VCH: Weinheim, 2005; Chapter 3, p 55.

10.1021/01702571c CCC: $40.75  © 2008 American Chemical Society
Published on Web 12/15/2007



aryl- and alkenylboronic acids can be conveniently prepared
by a variety of methods.

Initial screening of reaction conditions with compoutal
led to [(cod}Rh]BF, and Ba(OH) as the best choices in

The success of a tandem process initiated by the conjugatecatalyst and base for the tandem conjugate additidichael
addition of an organorhodium compound to an unsaturatedcyclization process.

carbonyl functional group (F&relies on the adequate choice
of a secondary functional group (FGuitably placed in the
starting material. F&must not react intermolecularly with

Reaction of compounda with arylboronic acids (Table
1, entries 1—-5) took place with good yield and diastereo-

the R-Rh' compound, but must be reactive enough to trap _

intramolecularly the oxae-allyl-Rh' intermediateA generated
in the conjugate addition step (Scheme 1).

Scheme 1. Tandem Process Triggered by Conjugate Addition
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In addition, A must be stable enough as not to be
protonated in the organic solvent-® reaction medium
usually used in these reactions.

In this regard, the combination of enone (¥@nd ketone
(F&)), i.e., tandem conjugate additisaldol reaction, has

Table 1. Addition of RB(OH), to Ketonesla—¢

no. 1 R’ product 2/3 ratio®
(yield %)°
1 la CeHs 90 2aa:3aa =90 :10
2 la p-MeO-CsHy 85 2ab:3ab = 85:15
3 la <OI>/ 85 2ac:3ac = 85:15
o}
4 1a p-F-C¢Ha 75 2ad:3ad = 60:40
5 la 0-MeO-C¢Hy 75 2ae:3ae = 55:45
6 la Ph-CH=CH 90 2af:3af = 80:20
7 1b CeHs 90 2ba:3ba = 98:02
8 1b p-MeO-CsH, 90 2bb:3bb = 98:02
9 1b <O:©/ 90 2be:3be = 98:02
o}
10 1b p-F-C¢Hs 85 2bd:3bd = 98:02
11 1b 0-MeO-C¢H4 80 2be:3be = 98:02
12 1b Ph-CH=CH 90 2bf:3bf = 98:02
13 1c CsHs 90 2ca:3ca=90:10
14 1c p-MeO-CgH, 90 2¢b:3¢h = 90:10
15 1c p-F-CsH, 85 2¢ce:3ce =90:10
16 1c 0-MeO-CgHs 80 2¢d:3cd = 95:05
17 1c Ph-CH=CH 85 2ce:3ce = 98:02

a Reactions carried out at room temperature with 0.2 mmol of substrates
1, 1.5 equiv of RB(OHy, and 1.0 equiv of base with 5 mol % of Rhith

been reported to produce cyclic aldols in a stereoselectiverespect to1 in 0.5 mL of dioxane-H;O (10:1).° Yield of the isolated

fashion® and the combination af,3-unsaturated ester (F{5
and nitrile (FG) has been reported to produce cyclic
B-enamino esters.

We report herein the first examples of the stereoselective
sequence Rftatalyzed tandem conjugate addition of aryl-
boronic acids to enonesviichael cyclization (F&= enone,
FG? = enone). Compoundk(Scheme 2) have been chosen

Scheme 2. Addition of RB(OH), to Esters3—5
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as starting materials to produce 1,2,3-trisubstitued indans,

which constitute relevant pharmaceutical scaffdfs.

product mixture after column chromatography on silica §&lroduct ratio
determined by integration of théd NMR signals of the reaction crudes.

selectivity in favor of the 1,2-trans-2,3-trans-inda2e, with
the exception ofp-F-CsHs-B(OH), (entry 4) ando-MeO-
CeH4-B(OH), (entry 5), which afforded the corresponding
products with low diastereoselectivity. Therefore, the reac-
tions of 1a are sensible both to electronic (para electron-
withdrawing group) and steric (ortho electron-donating
group) effects. In addition, the tandem process was also
successful for the addition of vinylboronic acids (entry 6),
which took place with good yield and diastereoselectivity.
On the other hand, the 1{Pans-2,34ransindans2b were
obtained in a highly diastereoselective fashion when com-
poundslb were used as starting materials (Table 1, entries
7—12), for the reaction with both aryl- and vinylboronic
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Scheme 3. Baeyer—Villiger Oxidation of2ba Scheme 4. Proposed Reaction Course
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acids. The stereochemical bias was independent of electronic O r2 J " \B(OH),
or steric effects in the arylboronic acids, and diastereose- LR'O—( 0
lectivity was always higher than that observed for the same R,
reactions with compounda. H R
Last, we explored the reaction with the nonsymmetrical D
starting materiallc, which features two electronically o
different unsaturated ketone moieties (alkyl and aryl). The Six S’T
tandem conjugate additierMichael cyclization of compound R3j e

1c was found to be highly regio- and diastereoselective
(Table 1, entries 1:317). Initial conjugate addition of the C% %\Rh'-" =

R-RHhspecies, generated by transmetalation of the boronic R’ ©
acids with the Rhcatalyst, took place selectively to the c
unsaturated arylketone moiety, giving rise to compoutals
Again, the diastereoselectivity was independent of electronic
or steric effects in the arylboronic acids. CH=CH-COR moiety in alike approach (s si depicted
In sharp contrast with the results obtained for ketones in Scheme 1) will minimize steric interactions, giving rise
la—c, the corresponding reactions with estdr(R* = R? to intermediateD and compoundg after protonation in the
= OCH;) gave rise to a complex mixture of reaction reaction medium.
products. However, estege (R = R? = OPh) were made In conclusion, we have developed a new type of tandem
available by BaeyerVilliger oxidation of compound£b annulation reaction triggered by the 'Riatalyzed conjugate
(Scheme 3), as exemplified for the synthesi2eé. addition of boronic acids followed by an intramolecular
The observed diastereoselectivity in the formation of Michael reaction. The sequence affords 1,2,3-trisubstituted
compounds2 by the tandem conjugate additieMichael indanes in a highly regio- and diastereoselective fashion.
cyclization sequence may be understood on the basis of a
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