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Enolates are among the most broadly utilized reactive intermedi-
ates in organic chemistdyDespite the fundamental significance
of enolate chemistry, there is a paucity of mechanistically distinct
methods for enolate generation. Most often, enolate formation is

accomplished through deprotonation of carbonyl compounds or acti-

vation of related enol derivatives. Seminal studies by Stork demon-

strate that stoichiometric generation of enolates may be achieved

via dissolving metal reduction of enoneéSubsequently, catalytic

hydrometalative methods for the reductive generation of enolates

and enol derivatives from,3-unsaturated carbonyl compounds have
emerged: catalytic enone 1,4-hydrosilatfoh,4-hydroboratior,
1,4-hydroaluminatiol, and 1,4-hydrostannylatid¥fe The avail-
ability of catalytic methods for reductive enolate generation has
enabled the development of an emerging family of catalytadC
bond-forming processes.

While the conjugate reduction of enones under hydrogenation
conditions is well knowr$,to our knowledge, the reductive gener-

ation of enolates from enones under hydrogenative conditions is

Scheme 1. Proposed Catalytic Cycle: Conjugate Reduction
versus Electrophilic Trapping
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should result in formation of Rh-aldolal , which upon oxygen
hydrogen reductive elimination, should afford the aldol product
along with LnRh(l) to complete the catalytic cycle (Scheme 1).
To explore the feasibility of catalytic-€C bond formation under
hydrogenative conditions, solutions of phenyl-substituted mono-
enone monoaldehyde in dichloroethane (DCE, 0.1 M) were ex-
posed to various Rh(l) sources under 1 atm of hydrogen. While the
majority of Rh-catalysts screened produce products of 1,4-reduction,

unknown and would represent a mild and atom economical meansphcODyOTHPPh gives roughly equal proportions einaldol

of enolate generation. Here, we report a catalytic protocol for the

reductive generation of transition metal enolates using elemental

cycloreduction productb and 1,4-reduction produdic (Table 1,
entry 1). It was speculated that deprotonation of (hydrido)Rh species

hydrogen as terminal reductant. Transition metal enolates generateq o1 would disable the 1,4-reduction manifold. Indeed, transfor-

in this fashion are subject to electrophilic trapping by appendant
or exogenous aldehyde partners, enabling catalyti€®ond for-
mation under hydrogenative conditions (egs 1 and 2, respectively)

Rh(COD),0Tf (10 mol%) o

o}
R)H 0 (P-CFsPh)P (24 mol%) . OH
LHJ/ H; (1 atm), KOAc (30 mol%) Eqn. 1
" DCE, 26°C n
o o] Rh(COD),OTf (5 mol%) o OH
JQ (Ph)sP (12 mol%)
R ‘ H™ "R R R,
H; (1 atm), KOAc (50 mol%) CH;, Eqn. 2

DCE, 26°C

The generally accepted mechanism for Rh-catalyzed alkene
hydrogenation involves three fundamental steps: (1) oxidative addi-
tion of LnRh(l) to elemental hydrogen, (2) alkene hydrometalation
to afford LnRh(lll)(alkyl)(hydrido) intermediates, and (3) alkyl-
hydrogen reductive elimination to provide the saturated product
along with LnRh(l) to complete the catalytic cy&é® Hypotheti-
cally, in the presence of an exogenous electrophile, trapping of the
alkyl-rhodium intermediate might occur in competition with alkyl-
hydrogen reductive elimination. Moreover, were the electrophilic
trap appended to the nascent alkyl-rhodium intermediate& Gond
formation may fully intercede the reductive elimination event.
Predicated on this analysis, hydrogenative cycloreduction of mono-

enone monoaldehydes was deemed feasible. Enone hydrometalation 4

should produce Rh-enolatk. Addition to the appendant aldehyde
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mations conducted in the presence of potassium acetate produce
1bin 59% yield, along with a 21% yield of 1,4-reduction product

*1c(Table 1, entry 2). Exposure of conjugate reduction prodact

to identical conditions does not produtb. Additionally, enone
lais unreactive toward triarylphosphine addition, thus excluding
tandem Baylis-Hillman cyclization-conjugate reduction pathways
en route tolb. It was speculated that enhanced Lewis acidity of
the metal would promote coordination of the appendant aldehyde,
in turn, promoting aldol cyclization. Accordingly, utilization qf-(
CRsPh)P as ligand, in the absence of base, results in a 53% vyield
of 1b, along with a 22% vyield oflc (Table 1, entry 3). Taking
advantage of both potassium acetate and ligand electronic effects,
we found that the yield ofb is increased to 89%, with only 0.1%
1,4-reduction (Table 1, entry 4). The latter conditions proved general

Table 1. Optimization of Rh-Catalyzed Hydrogenative Aldol
Cycloreduction of 1a@
o} 0

Ph)ﬁk/ﬁj\H Rh(COD),0Tf (10 mol%) *@ M
Ligand (24 mol%), H (1 atm)
1a Additive, DCE (0.1 M), 26°C
entry ligand additive (mol %)  yield® aldol (syn—anti)  yield® 1,4-reduction
PPh 21% (99:1) 25%
2 PPh KOACc (30%) 59% (58:1) 21%
3 (p-CRPh)P 57% (14:1) 22%
(p-CRsPhxP  KOACc (30%) 89% (10:1) 0.1%

a As product ratios were found to vary with surface-to-volume ratio of

the reaction mixture, all transformations were conducted on a 1.48 mmol
mkrische@ Scale in 50 mL round-bottomed flasKslsolated yields after purification

by silica gel chromatography.
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reductive aldol condensation of aromatic and heteroaromatic alde-
hyde partners (Table 4, entries8). Aliphatic aldehydes patrticipate
in the reaction, but their reduced rate of reaction exacerbates the
issue of competitive conjugate reduction, resulting in diminished
yields (Table 4, entry 6).

Tolerance with respect to variation of the nucleophilic partner

Table 2. Rh-Catalyzed Hydrogenative Aldol Cycloreduction of

Monoenone Monoaldehydes 1la—7a?
o]
n n

Rh(COD),0Tf (10 mol%)
(P-CF3Ph)3P (24 mol%)

H, (1 atm), KOAc (30 mol%)
DCE (0.1 M), 26°C

x
e}
S 0
\O

Substrate product (syn:anti 14-reduction next was explored. Whereas ethyl acrylate exclusively provides pro-

%g 2 = % g= Pf'{/leoph %B, ?Zﬁf" %01:)1) %g gé% ducts of 1,4-reduction, methyl vinyl ketone undergoes reaction with
=2,R=p , 74% (5: , 3% ; ; ;
3an=2R= g_naphthyl 3b, 90% (10:1) 3¢ 1% p-nitrobenzaldehyde to provide a 70% yield of the aldol product.
4a, n= 2, R= 2-thiophenyl 4h, 76% (19:1) 4c, 2%
5a,n=2, R=2-furyl 5b, 70% (6:1) 5¢, 10% COD),0 "
6an=1 R=Ph 6b, 71% (24:1) 6c, 1% o 0 R 2 oy 0 OH
7a,n=2,R=CHs 7b, 65% (1:5) Hac)lj H HsC
- - - - | H, (1 atm), KOAc (50 mol%) CH,
aSee Supporting Information for detailed experimental procedure. 15 Eaui 1.0 e NO, DCE, 25°C 14 NO,
.5 Equiv. .0 Equiv.

70% (2:1) (syn:anti)

for cycloreduction of aromatic, heteroaromatic, and aliphatic enone

substrates to form five- and six-membered ring products (Table 2). |, summary, we report a catalytic- bond formation under
Competitive conjugate reduction rendered the outcome of hygrogenative conditions. The significance of these findings resides

intermolecular condensation uncertain. To assess the feasibility ofin the apility to regioselectivity generate and transform transition

an intermolecular variant, initial studies focused on the reductive meta| enolates under catalytic conditions that circumvent formation

condensation of phenyl vinyl ketone arnitrobenzaldehyde. — of stoichiometric byproducts. Future studies will focus on the

Remarkably, addition of 10 mol % catalyst and 50 mol % KOAC  development of related hydrogenative catalytic transformations

to an equimolar solution of enone/aldehyde partners in dichloro- predicated on the use of enones as latent enolates.
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OH
(Ph)sP (12 mol%)
H
©)T‘ )K©\ H; (1 atm), KOAc (50 mol%)
NO; DCE, 25°C s NO,
entry  enone (mol %)  catalysts (mol %)  conc. (mollL)  KOAc (mol %)  yield®
1 100 10 0.5 50 53%
2 150 10 0.5 50 75%
3 150 10 0.1 50 85%
4 150 5 0.1 50 92%
5 150 5 0.5 79%

a|solated yields after purification by silica gel chromatography.

reduction accounted for the mass balance, the reaction was repeated
using 1.5 equiv of the enone. A 75% yield of the aldblvas
obtained (Table 3, entry 2). Under more dilute conditions (0.1 M),
the yield of8 was increased to 85% (Table 3, entry 3). When the
amount of catalyst was reduced to 5%, the yieldBdhcreased
further to 92% (Table 3, entry 4). Notably, omission of KOAc under
these conditions gave a 79% yield of aldol prod8cfTable 3,
entry 5). Exposure of propiophenone to the optimized conditions
does not result in aldolization. Additionally, phenyl vinyl ketone
does not engage in Baytidillman chemistry under these condi-
tions, excluding Baylis Hillman-conjugate reduction pathways.
Under optimum conditions identified for condensation of phenyl
vinyl ketone andp-nitrobenzaldehyde, variation of the electrophilic
partner was explored. Conditions proved general for the catalytic

Table 4. Intermolecular Rh-Catalyzed Hydrogenative Aldol
Condensation of Phenyl Vinyl Ketone and Various Aldehydes?

O OoH O OH
L, O LD
NO, %Ha OCH; ?;3

75%,1.7:1

O OH
Hg

Q
v

C
8

92%, (1.8:1) (syn:anti) 61% (2.3:1)

0 CH
4 |© [O 5 6 3
CHg £ CHgy | / M
1 12 13
65% (2:1) 88% (2.5:1) 44% (2:1)

aSee Supporting Information for detailed experimental procedure.
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