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Enolate chemistry represents a methodological cornerstone of Scheme 1. Optimization of the Diastereoselective
organic synthesis, encompassing numerous classical transformation<;arbometallative Aldol Cycloreduction of 2a# Licand I Yield
including the aldol reactioh.Owing to the fundamental role of [RH(COD)CI] (2.5 moi%) Fgm
enolate chemistry, considerable effort has been devoted to the Nt 0 Ligand (7.5 mol%) j Ho§ on  biphep 24%
development of increasingly effective protocols for the generation Ph)Hl\/H\ CHs  phB(OH), (200 mot%) T R
and utilization of enolate nucleophilé&Recently, catalytic methods 2 H20 (500 mol%) P dppb  72%
for the reductive generation of enolates from enones have been Dioxane (0.1 M), 95°C ik
introduced, Whic_h' thr_OUQh Variati_on of the_ elec”qph”ic partn(_er, a(a) All reactions were performed on a 0.5 mmol scale. (b) Reactions
have led to the inception of a rapidly growing family of catalytic  were stopped after 18 h or upon complete consumptictaoc) Addition
transformationd.Such hydrometallative methods would be comple- of TEA (1000 mol %). (d) Addition of KOH (10 mol %).
mented by related catalytic carbometallative transformations.
However, true carbometallative variants are uncommas, the
majority of methods for catalytic conjugate additieenolate-

Table 1. Catalytic Diastereoselective Carbometallative Aldol
Cycloreduction?

trapping require introduction of the electrophilic parteabsequent Entry Substrate Product "ﬂ:.‘fd
to carbometallative enolate generatfdnAs part of a program i i Haf

. ) 1 N Q. _CHy e |.OH
focused on the use of enones as latent enolates in catéalyesisl |, .
inspired by recent accounts of highly enantioselective Rh-catalyzed o P n
inspired by rece 0 ghly ly anet b %
enone conjugate additid¥?,we herewith report a carbometallative Zan=2 2 8%
variant of the catalytic aldol cycloreduction methodology previously o o he
reported from our laBacdthat is, a catalytic tandem conjugate 2 Hsc"“\-l %[.—% e
addition—aldol cyclization. This methodology enables the formation ~4n S L
of five- and six-membered ring products from aromatic and aliphatic pogiies] > o

mono-enone mono-ketone precursors. Notably, in a single manipu- o o ohe
lation, three contiguous stereogenic centers are created with high KA A YoH
levels of relative and absolute stereochemical control (eq 1).
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The design of a catalytic tandem conjugate additiatulol Mo L
cyclization reaction required consideration of several factors. As 5a 5 84%
Rh-catalyzed conjugate addition is performed in aqueous organic
media, trapping of the nascent Rh-enolate via carbonyl addition 2Procedure: See Supporting Information for a detailed experimental
must be faster than enolate protonation. Furthermore, Rh-catalyzedProcedure.
addition of arylboronic acids to aldehydes is known to occur with tigated. This set of conditions, which makes use of phenylboronic
great facility® suggesting the chemoselectivity of aryl transfer could acid, is effective for the formation of five- and six-membered ring
be problematic were aldehydes used as aldol partners. To addresgroducts derived from aromatic and aliphatic mono-enone mono-
the former concern, reactions were performed with a minimum ketone precursors (Table 1, entries 1 and 2). 2-Naphthylboronic
amount of water (5 equiv with respect to substrate). To address acid also participates in the reaction (Table 1, entry 3). Finally, the
the latter concern, methyl ketones were utilized as the electrophilic high yielding carbometallative aldol cycloreduction5# demon-
aldol partner. strates the viability of substrates possessing heteroatoms in the tether

Initial efforts focused on establishing optimal conditions for the connecting the aldol partners (Table 1, entry et)3-Unsaturated
diastereoselective catalytic carbometallative aldol cycloreduction esters undergo conjugate addition when triethylamine is used as
of mono-enone mono-keto@a. Gratifyingly, upon an initial screen  additive, but cyclization does not occur. All carbometallative aldol
of achiral ligands, dppb was found to provide a 72% yield of the cycloreduction products were obtained with complete control of
carbometallative cycloreduction prod@ti as a single diastereomer.  relative stereochemistry, as determined by HPLC analysis. The
Epimeric materials could not be detected by HPLC analysis. It was stereochemical assignment of both five- and six-membered ring
found that the yield ob could be increased to 87% when the products was corroborated by single-crystal X-ray diffraction
reactions were performed using triethylamine or potassium hy- analysis oflb and2b.
droxide as additives (Scheme 1). Having devised a general protocol for the diastereoselective

Using these optimized conditions, the scope of the diastereose-carbometallative aldol cycloreduction of aromatic and aliphatic
lective catalytic carbometallative aldol cycloreduction was inves- mono-enone mono-ketone precursors, we focused our efforts on
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Scheme 2. Optimization of the Enantioselective Carbometallative
Cycloreduction of 2a2

Ligand Yield (ee %)
(R,S)-Josiphos  57% (0)
(R,R)-MeDuphos 67% (0)
(R)-Phanephos  79% (5)

[Rh(COD)CI], (2.5 mol%)

Ligand (7.6 mol%) j HGC\\\OH
Ph CH; PhT
PhB(OH), (200 mol%)
Ph

(R)-TOl-BINAP  94% (62)
H20 (500 mol%) . (R)-BINAP 90% (77)
Dioxane (0.1 M), 95°C (R)-BINAP® 80% (87)

(R)IBINAPY®  88% (88)

a(a) All reactions were performed on a 0.5 mmol scale. (b) Reactions
were stopped after 18 h or upon complete consumptidaofc) Addition
of TEA (1000 mol %). (d) Addition of KOH (10 mol %). (e) Rh{Ba)(acac)
was used as catalyst precursor.

Table 2. Catalytic Enantioselective Carbometallative Aldol
Cycloreduction?

Entry Substrate Product Isolated
o Yield {ee%)
o HC
|
1 Ph"/L‘ Q‘TCHS FhJ !OH
~Aln p'.)\»i’ 'n
1a,n=1 1b 78% (T7)
2a,n=2 2b 88% (88)
o]
2 e A O-.j.cHg
ot n
3a,n=1 88% (94)
4a,n=2 69% (95)

aProcedure: See Supporting Information for a detailed experimental
procedure.

Scheme 3. Proposed Catalytic Cycle and Stereochemical Model
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establishing optimal conditions for the enantioselective catalytic
carbometallative aldol cycloreduction of substrage A range of

chiral ligands were screened (Scheme 2). In accordance with the

results of Miyaura and Hayas®WiBINAP was found to be the ligand

of choice. Using the RABINAP catalyst system, mono-enone
mono-ketone2a was converted to the corresponding cyclized
product2b in 88% chemical yield>99% diastereomeric excess,

and 88% enantiomeric excess as determined by chiral stationary

phase HPLC analysis.

Using these optimized conditions, the scope of the enantiose-

lective catalytic carbometallative aldol cycloreduction was inves-

tigated. This set of conditions, which makes use of phenylboronic

acid, proved general for the formation of five- and six-membered

ring products derived from aromatic and aliphatic mono-enone
mono-ketone precursors (Table 2). The highest enantioselectivities

are observed for methyl-substituted enone precur3arand 4a,
which provide the cyclized produc®b and 4b in 94 and 95%
enantiomeric excess, respectively (Table 2, entry 2).

A simplified mechanism for the carbometallative aldol cyclore-

duction of mono-enone mono-ketones, which is based on detailed
mechanistic studies performed by Hayashi on the related Rh-cata-

lyzed enone conjugate additi@hjs proposed above. A model

accounting for the observed relative stereochemistry invokes the

intermediacy of &-enolate and a ZimmermatT raxler-type trans-
ition state (Scheme 3).

Motivated by the paucity of methods for catalytic aldol cycliza-
tion, diastereoselective catalytic hydrometallative aldol cyclore-
ductions were developed by our I&$:9In this account, we report

a simple and effective method for the diastereo- and enantioselective
catalytic carbometallative aldol cycloreduction of aromatic and
aliphatic mono-enone mono-ketone precursors to yield five- and
six-membered ring products. An attractive feature of this methodol-
ogy resides in the ability to create three contiguous stereogenic
centers, including a quaternary center, in a single manipulation with
high levels of relative and absolute stereochemical control. Through
variation of the electrophilic partner, it is our anticipation that this
carbometallative methodology will stimulate further contributions
to the rapidly growing family of catalytic reactions predicated on
the use of enones as latent enolates.
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