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For the Pt-catalyzed nucleophilic addition of enones, Pt complexes were employed in the presence of various 
phosphine ligands and H2 (or EtaSiH), affording inter- and intra-molecular coupling products in good to modest 
yield. Depending on reaction protocols, different phosphine ligands were required to optimize the conditions. In the 
aldol reaction, the Pt catalyst involving P(2,4,6-(OMe)3C6H2)3 or P(p-OMeC6H4)3 was chosen. Michael reaction 
proceeds in good yields in the presence of P^-CF3C6H4)3- Regarding the activity of the reductants, H2 exhibited 
superior activity to Et3SiH, resulting in a shorter reaction time and higher yield in the aldol and Michael reaction. In 
light of the deuterium labeling studies, the catalytic cycle including the hydrometalation of the enones by the 
platinum hydride species was proposed.

Key Words: Platinum chloride, Reductive aldol reaction, Reductive Michael reaction

Introduction

Platinum complexes have received a great deal of attention 
as powerful catalysts for the synthesis of a diverse range of 
molecules including natural building blocks.1 Pt-catalyzed 
coupling protocols can be divided into two categories; 1) the 
reactions of Pt bound alkenes (alkynes) with nucleophiles and 
2) the reactions of Pt bound alkenes (alkynes) with electro
philes (Scheme 1). In the Pt-catalyzed cycloisomerization of 
enynes and the hydroalkoxylation (hydroamination) of 
alkenes, Pt complexes pull the electron density from the n-bond 
of alkenes or alkynes upon coordination. As a result, the Pt 
bound alkenes or alkynes become electron-deficient, thereby 
allowing them to react with nucleophiles.2 In contrast, Pt 
complexes in the presence of silanes or hydrogen exhibit 
different reactivity toward the n-bond.3,4 In the Pt-catalyzed 
hydroformylation of alkenes, Pt complexes react with the H2 

and alkenes, affording Pt-alkyl complexes, which undergo 
migratory insertion to carbon monoxide.5 Considering the 
remarkable activity of Pt complexes toward electron deficient 
functional groups during the hydroformylation, Pt complexes 
with suitable reductants are expected to conduct the reductive 
coupling of alkenes (alkynes) and electron deficient functional 
groups.6 Hence, we embarked on a study of reductive coup
ling reactions utilizing PtCl2 with electronically different 
phosphine ligands in the presence of reductants.

In the case of Rh, Ir, Pd, and Ni complexes, the reductive 
couplings of alkenes and alkynes through their hydrometal- 
ation are well known.7,8 In particular, activated alkenes (enones) 
undergo hydrometalation at the alkene of the enone in the 
presence of transition metal catalysts and reductants, affording 
hydrometalated products (metal enolates). Transition metal
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Scheme 1. Pt-catalyzed cyclization 

enolates participate in the successive addition to activated 
alkenes (Michael addition), aldehydes (aldol addition), and 
imines (Mannich reaction), etc.9-11 Among the available 
reductants, hydrogen and silanes have emerged as promising 
ones, since reductive coupling reactions using these reagents 
provide high selectivity of the products and functional group 
tolerance. In this sense, the reductive couplings of enones in 
the presence of hydrogen and silanes constitute one of the 
most active areas of transition metal catalysis.10,11

With the aim of developing platinum catalyzed protocols 
for the reductive coupling of enones with electrophiles (alde
hydes and enones), we explored various platinum complexes 
with hydrogen and silanes to obtain the corresponding reduc
tive coupling products. Previously, the Pt-catalyzed hydroge- 
native Michael cyclization of bis-enones and related mechani
stic studies were conducted.12 In this account, we discuss Pt- 
catalyzed intra- and inter-molecular reductive aldol reactions 
where both hydrogen and the silane are utilized as a hydride 
source. Deuterium labeling experiments were conducted to 
confirm the proposed catalytic cycle involving the hydrome- 
talation of the enones and subsequent trapping by the aldehyde. 
Moreover, the Pt complexes showing good catalytic activity 
in the aldol reaction were applied to silane-mediated Michael 
cyclization of bis-enones.

Results and Discussion

In an effort to improve both the diastereoselectivity and 
reactivity of the catalyst, various phosphine ligands were 
screened and a low reaction temperature was employed. Table 
1 summarizes the results. The reactivity and selectivity of the 
aldol reaction catalyzed by PtCl2 with P(p-CF3C6H4)3 and 
P(p-OMeC6H4)3 were previously reported (Table 1, entries 1 
and 2).12 The Pt complex involving the electron-rich phosphine 
appears to promote the hydrogen-mediated reductive aldol 
reaction in good yield. P(furyl)3 and 1,2-bis(diphenylphos- 
phino)ethane (dppe) showed diminished yields with poor 
selectivity (Table 1, entries 3 and 4). The Pt catalyst involving 
the electron-rich P(2,4,6-(OMe)3C6H2)3 exhibited an increased

mailto:hyjang@ajou.ac.kr


Harim Lee et al.328 Bull. Korean Chem. Soc. 2009, Vol. 30, No. 2

Table 1. Optimization of the reductive aldol reaction

O 
乂

oF
Pt complex (5 mol%) 

SnCl2 (25 mol%)PC 5nO2

[H]

1a 1b Dichloroethane (0.1M)

(200 mol%) (100 mol%)

Entry Pt complexx Ligand [H] Temp Yield(syn:anti)

1 PtCh(5 mol%) P(p-CF3C6H4)3 (5 mol%) H2 (1 atm) 80 oC 50% (45:55)
2 PtCh(5 mol%) P(p-OMeC6H4)3 (5 mol%) H2 (1 atm) 80 oC 83% (57:43)
3 PtCb(5 mol%) P(furyl)3 (5 mol%) H2 (1 atm) 80 oC 57% (48:52)
4 PtCh(5 mol%) dppe (5 mol%) H2 (1 atm) 80 oC 16% (58:42)
5 PtCh(5 mol%) P(2,4,6-(OMe)3C6H2)3 (5 mol%) H2 (1 atm) 80 oC 91% (62:38)
6 PtCh(5 mol%) P(2,4,6-(OMe)3C6H2)3 (10 mol%) H2 (1 atm) 80 oC 91% (84:16)
7 PtCh(5 mol%) P(2,4,6-(OMe)3C6H2)3 (5 mol%) H2 (1 atm) 50 oC 36% (42:58)
8 PtCh(5 mol%) P(p-CF3C6H4)3 (5 mol%) Et3SiH (150 mol%) 50 oC 65% (74:26)
9 PtCh(5 mol%) P(p-OMeC6H4)3 (5 mol%) Et3SiH (150 mol%) 50 oC 66% (50:50)
10 PtCl2(5 mol%) P(furyl)3 (5 mol%) Et3SiH (150 mol%) 50 oC 64% (73:27)
11 PtCl2(5 mol%) P(2,4,6-(OMe)3C6H2)3 (5 mol%) Et3SiH (150 mol%) 50 oC 21% (79:21)

yield (91%) along with improved diastereoselectivity (Table 
1, entry 5). Next, the amount of P(2,4,6-(OMe)3C6H2)3 was 
increased to 10 mol% (Table 1, entry 6). Pleasingly, in this 
case, the ratio of syn to anti products was increased (syn:anti 
=84:16), while maintaining a similar chemical yield (Table 1, 
entry 6). In addition to ligand screening, the temperature was 
lowered to 50 oC, with the expectation that the selectivity of 
the syn and anti products would be improved. As shown in 
entry 7 of Table 1, neither the chemical yield nor the dia- 
stereoselectivity was increased. Throughout the optimization 
procedure, 10 mol% of P(2,4,6-(OMe)3C6H2)3 or 10 mol% of 
P(p-OMeC6H4)3 with 5 mol% of PtCk and 25 mol% of SnCk 
was selected as the catalyst of the hydrogenative aldol react
ion.

Based on the results of the hydrogenative aldol reaction, Pt 
complexes containing PG-CF3C6H4)3, PQ-OMeC^B, P(furyl)3, 
and P(2,4,6-(OMe)3C6H2)3 were utilized in the silane-mediated 
aldol reaction. Since silanes have been utilized in various 
reductive coupling reactions, Pt complexes with Et3SiH 
would be expected to catalyze the reductive aldol reaction. As 

indicated in entries 8-10 of Table 1, the silane-mediated 
reductive aldol reactions using P(p-CF3C6H4)3, P(p-OMeC6H4)3, 
and P(furyl)3 provided the products in similar yield (65%, 
66%, and 64%), but with different diastereoselectivities. Unlike 
the hydrogenative aldol reaction, employing P(2,4,6-(OMe)3 

C6H2)3 diminished the yield of the silane-mediated aldol 
reaction (Table 1, entry 11). In addition to phosphine ligand 
screening, a higher temperature (80 oC) was applied, pro
viding the product in diminished yield. As an optimal catalyst 
for the silane-mediated reductive aldol reaction, 5 mol% of 
PtCl2 and 25 mol% of SnCl2 were applied in the presence of 
suitable phosphine ligands. Depending on the substrates, 
different phosphine ligands were required to obtain a good 
yield.

With appropriate sets of reaction conditions, we inves
tigated a range of carbonyl compounds and enones to show 
the substrate scope of the hydrogen-mediated aldol reactions. 
The results are shown in Table 2. Initially, ^-substituted 
enones were evaluated in the hydrogen-mediated intermole- 
cular reductive aldol reaction (Table 2, compounds 2c and

Table 2. The substrate scope of the reductive aldol reaction using H2

46% (syn:anti = 55:45)a 
51% (syn:anti = 40:60)”

31% (syn:anti = 62:40)a
75% (syn:anti = 15:85)”

68% (syn:anti = 73:27)a
99% (syn:anti = 60:40)” 71% (syn:anti = 68:32)” 75% (syn:anti = 15:85)”

7c
60% (syn:anti = 50:50)a
79% (syn:anti = 51:49)”

Ph
Me

8c
20% (syn:anti = 83:17)a
94% (syn:anti = 79:21)”

O HO MePh毕产

Me O

O OH

10c
67%a
58%”

9c 
tracea 
53%”

aP((2,4,6-(OMe)3C6H2)3 (10 mol%) ” P0OMeC6H4)3 (10 mol%) In the case of compound 10c, 5 mol% of phosphine ligand was used.
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Table 3. The substrate scope of the reductive aldol reaction using 
Et3SiH

27% (syn:anti = 70:30)a 
btrace

4c

29% (syn:anti'f
42% (syn:anti = 64:36)a

48% (syn:anti = 58:42)b trace"

Ph'
OEt Ph

10C
60% a
35% b

Me O

7c 9c
67% (syn:anti = 76:24)a 43% a

27% (syn:anti = 42:58)b 19% b

aP(p-OMeC6H4)3 bP(p-CF3C6H4)3

A variety of aldehydes were evaluated with phenylvinyl- 
ketone 1a in the reductive aldol reaction using hydrogen. The 
heterocyclic aldehyde 4b participated in this reaction to 
provide 4c in 68% yield in the presence of P(2,4,6-(OMe)3- 
C6H2)3. By replacing the phosphine ligands with P(p-OMe- 
C6H4)3, the yield of 4c was dramatically increased, while the 
diastereoselectivity was slightly lowered. Aromatic aldehydes 
possessing electron withdrawing groups exhibit improved 
yields (5c-7c) under the conditions employing P(p-OMeCsH4)3 

rather than P(2,4,6-(OMe)sC6H2)3. Especially, compound 6c 
showed significant diastereoselectivity changes in the pre
sence of P(p-OMeC6H4)3. The aliphatic aldehyde, octanal 8b 
was also coupled to phenylvinylketone 1a to afford 8c in 94% 
yield under the conditions using P(p-OMeCsH4)3. In addition 
to the aldehyde, the activated ketone, ethyl pyruvate was 
tested as a carbonyl partner. P(p-OMeCsH4)3 promoted the 
hydrogenative coupling reaction of ethyl pyruvate and phenyl- 
vinylketone to afford 9c as a single diastereomer in good 
yields, while the Pt catalyst with P(2,4,6-(OMe)3C6H2)3 for
med trace amounts of the products. In most intermolecular 
reactions, under the reaction conditions involving P(p-OMe- 
C6H4)3 rather than P(2,4,6-(OMe)3CsH2)3, higher yields were 
observed. In the case of 2c and 6c, remarkable diastereo-

3c). Upon the exposure of chalcone 2a and nitrobenzaldehyde 
1b to the reaction conditions using P(2,4,6-(OMe)sC6H2)3 and 
P(p-OMeCsH4)3, 2c was formed in 46% and 51% yields, 
respectively, indicating that the substituent at the p-position 
of the enone strongly retarded the hydrometalation of the 
enone and the following coupling reaction to 1b. The 
formation of compound 3c illustrated that the p-substituted 
aliphatic enone participated in this reaction to form the 
desired product in low yield, which might be associated with 
the steric effect of the octyl group at the p-position as well as 
the electronic effect of the methyl group proximal to the 
carbonyl group. In addition to acyclic enones, the reaction of 
yclohexenone with p-nitrobenzaldehyde 1b did not provide 
the coupling product.

selectivity changes were detected upon changing the phosphine 
ligands.

Unlike the intermolecular aldol reaction, the intramolecular 
aldol reaction proceeds to afford 10c as a single diastereomer. 
Presumably, the equilibrium between E and Z forms of the 
Pt-enolate and the free rotation of the tethered aldehyde might be 
restricted, providing high selectivity. Both P(p-OMeCgH4)3 and 
P(2,4,6-(OMe)3C6H2)3 were employed under 1 atmosphere of 
hydrogen, affording 10c in 67% and 58% yields, respectively.

In parallel to the hydrogenative aldol reactions, the silane- 
mediated aldol reactions of various enones and aldehydes 
were performed (Table 3). As the catalyst, 5 mol% of PtCl2 

and 25 mol% of SnCl2 were employed in the presence of 5 
mol% of P(2,4,6-(OMe)3C6H2)3 or P(p-CF3GsH4)3. Upon the 
exposure of chalcone to the reductive aldol conditions, the

Table 4. Optimization of reductive Michael cyclization

1 PtCh(5 mol%) P(p-CF3C6H4)3 (5 mol%) H2 (1 atm) 80 oC 69% (22:78)
2 PtCh(5 mol%) P(p-OMeC6H4)3 (5 mol%) H2 (1 atm) 80 oC 98% (33:67)
3 PtCb(5 mol%) PPh3 (5 mol%) H2 (1 atm) 80 oC 76% (26:74)
4 PtCb(5 mol%) P(p-OMeC6H4)3 (5 mol%) H2 (1 atm) 80 oC 66% (28:72)
5 PtCb(5 mol%) P(2,4,6-(OMe)3C6H2)3 (5 mol%) H2 (1 atm) 80 oC 79% (35:65)
6 PtCb(5 mol%) P(furyl)3 (5 mol%) H2 (1 atm) 80 oC 94% (38:62)
7 PtCb(5 mol%) dppe (5 mol%) H2 (1 atm) 80 oC NR

8 PtCh(5 mol%) P(p-CF3C6H4)3 (5 mol%) Et3SiH (150 mol%) 50 oC 71% (29:71)
9 PtCh(5 mol%) P(p-CF3C6H4)3 (5 mol%)a Et3SiH (150 mol%) 50 oC 24% (50:50)
10 PtCl2(5 mol%) P(p-OMeC6H4)3 (5 mol%) Et3SiH (150 mol%) 50 oC 52% (25:75)
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desired product 2c was formed in 27% yield. In the case of the 
nitro-substituted furaldehyde and 4-fluorobenzaldehyde, the 
corresponding aldol products (4c and 5c, repectively) were 
formed in modest yield. In contrast, multihalogen substituted 
benzaldehydes required an electron-rich phosphine ligand to 
obtain a higher yield (6c and 7c). In addition to the aldehyde, 
the activated ketone (ethyl pyruvate) reacts with phenylvinyl- 
ketone to afford 9c as a single diastereomer. As illustrated in 
10c, the intramolecular aldol cyclization occurs to provide the 
desired product in 60% yield. Overall, compared to the hydro- 
genative aldol reaction, the silane-mediated aldol reaction 
exhibited a lower chemical yield despite the prolonged reac
tion time.

We previously reported the results of the reductive Michael 
reaction in the presence of electronically different phsophines 
and the bidentate phosphine (Table 4). Under hydrogenation 
conditions using 5 mol% of P(C6F5)3, P(p-CFsC6H4)3, PPh3, 
and P(p-OMeC6H4)3, the reductive cyclizations of (2E,7E)- 
1,9-diphenylnona-2,7-diene-1,9-dione 11a were previously 
presented (Table 4, entries 1-4).12 Subsequently, electroni
cally and sterically different phosphine ligands were tested in 
an attempt to improve the diastereoselectivity and chemical 
yield. The Pt complex with P(2,4,6-(OMe)3C6H2)3 provided 
the product in 79% yield as a mixture of the syn and anti 
products (syn:anti = 35:65) (Table 4, entry 5). The Pt catalyst 
involving P(furyl)3 exhibited good activity, comparable to 
that of P(p-CF3CsH4)3 but low diastereoselectivity (Table 4, 
entry 6). The activity of the bidentate phosphine ligand (dppe) 
was inferior to that of the monodentate phosphines (Table 4, 
entry 7). Throughout the optimization of the phosphine 
ligands, reasonable yields were obtained using the Pt catalysts 
involving P(p-CF3C6H4)3, PPhs and P(furyl)3. Subsequently, 

to improve the diastereoselectivity, a range of solvents 
(dichloromethane, acetone, diethyl ether, CH3CN, THF, and 
benzene) were applied. Under the conditions involving those 
solvents, desired reductive cyclization products were ob
served in modest to good yields, but the diastereoselectivity 
was not increased.

Next, reductive Michael reactions were conducted using 
Et3SiH as a reductant. The optimal catalyst for the hydro- 
genative Michael cyclization was applied. Using PtCl2 (5 
mol%), P(p-CF3C6H4)3 (5 mol%), SnCh (25 mol%), and 
EtsSiH (150 mol%), compound 11a was converted to 11b in 
71% yield as a mixture of the syn and anti isomers (syn:anti = 
29:71) (Table 4, entry 8). Similar to the hydrogenative Mic
hael reaction, in the absence of SnCl2, the catalytic activity of 
the Pt complex significantly decreases to provide the cycli
zation product in 24% yield (Table 4, entry 9). In the presence 
of the electron-rich phosphine P(p-OMeC6H4)3, product 11b 
was formed in 52% yield (Table 4, entry 10). Throughout the 
screening of the phosphine ligands, the combination of PtCl2, 
P(p-CF3C6H4)3, and SnCl2 was chosen for the reductive 
Michael cyclization of the bis-enones.

To explore the scope of the substrates, a variety of bis- 
enones were evaluated under the standard reductive cycli
zation conditions involving 5 mol% of PtCl2, 25 mol% of 
SnCl2, 5 mol% of P(p-CF3C6H4)3, and 150 mol% of Et3SiH 
(Table 5). Compared to the hydrogenative Michael cycli
zations forming 11b-14c,12 with the silane as a reductant, the 
catalytic activity appears to be lower. The reductive cycli
zation of 12a provided the 5-membered ring 12b in 57% yield 
with a mixture of the syn and anti products (syn:anti = 1:1). 
The electron-rich aromatic bis-enone 13a was converted to 
13b in 89% yield with 1:4 ratio of the syn:anti products.

Table 5. Silane-mediated reductive Michael cyclization

Entry Substrate Product Yield (syn:anti)

1

2

71 % (1:2.5)

3

57 % (1:1)

89 % (1:4)

20 % (1:1) 
14b: 14c = 4:14
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Ph

O

1a

(200 m이%)

PtCl2 (5 mol%)
P(2,4,6-(OMe)3C6H2)3 (5 mol%)

SnCl2 (25 mol%) 
D2 (1 atm) 

Dichloroethane (0.1M)
R = D (~ 82 %), H (~ 18 %)

Scheme 2. Deuterium labeling experiments

PtCl2 (5 mol%)
P(2,4,6-(OMe)3C6H2)3 (5 mol%)

Sn% (25 mol%)
D2 (1 atm) 

Dichloroethane (0.1M)
R = D (~ 71 %), H (~ 29 %)

SnCl2
H2(Et3SiH) HCl(Et3SiCl)

LnPtCb LnPtH(SnCl3)

X = O or CHCOPh

Scheme 3. A proposed catalytic cycle

The catalytic cycle begins with the generation of LnPtH 
(SnCk) from PtCh, phosphine, SnCh, and H2 (or EtsSiH). In 
Pt-catalyzed hydrogenation and hydroformylation, SnCl2 is 
known to function as a co-catalyst.4丄5 Generally, the chloride 
of the Pt complex reacts with SnCl2 to afford SnCL-. The role 
of the strong n-acceptor SnCls- is speculated to promote the 
desired coupling and to prevent the reduction of Pt(II) complexes 
during the reaction.5。Upon its exposure to the reaction mixture 
containing LnPtH(SnCl3), the enone undergoes hydrometalation 
to form intermediate A, as indicated by the deuterium labeling 
results. The subsequent addition of the Pt-enolate A to the 
aldehyde forms the intermediated B. Finally, the oxidative 
addition of hydrogen or the silane to the intermediate B and 
reductive elimination afford the product with the concomitant 
generation of LnPtH(SnCl3).

Conclusion

However, the unsymmetrical bis-enones 14a exhibited much 
lower yields than the symmetric aromatic bis-enones. The 
symmetric aliphatic bis-enones and bis-enoates were not 
converted to the desired product.

With the aim of providing a better understanding of the 
platinum-catalyzed reductive coupling mechanism, deuterium 
labeling experiments were conducted. In D2-mediated inter- 
molecular aldol reaction, the degree of deuterium incorporation 
at the p-position of the ketone was clearly determined by 1H 
NMR. Deuterium labeling studies of the aldol reaction were 
conducted using phenylvinylketone 1a and chalcone 2a with 
p-nitrobenzaldehyde 1b. Upon the exposure of compounds 1a 
and 1b to the hydrogenation conditions using D2, 82% of the 
hydrogen at the methyl group of deuterio-1c was exchanged 
with deuterium. In the case of deuterio-2c formed from 
chalcone 2 a, 71% of deuterium labeling was observed at the 
methylene. These results imply that the reversible hydrome- 
talation of the platinum hydride to the enone occurs prior to 
the C-C bond formation, affording a mixture of the deuterated 
and non-deuterated aldol products.

The catalytic cycle for the Pt-catalyzed reductive Michael 
reaction was previously proposed.12 Here, we propose a 
similar mechanism for the Pt-catalyzed reductive aldol reaction.

We have developed the catalytic nucleophilic addition of 
Pt-enolates to aldehydes or enones in the presence of H2 or 
Et3SiH. Using PtCl2 with phosphine ligands and reductants, 
various enones, aldehydes and bis-enones participated in this 
reaction to afford the corresponding products in good to 
modest yield. Noticeably, under reductive aldol reaction con
ditions, in most cases, electron-rich phsophines (P(p-OMeCeH4)3 

and P(2,4,6-(OMe)K6H2)3)are favored as ligands. On the 
other hand, the reductive Michael reaction requires P(p-CF3- 
。詛4)3 for good conversion. Accordingly, tuning the electronic 
properties of the Pt and phosphine complexes is vital for the 
good conversion of the reactions involving different substrates. 
In terms of the reactivity of the reductants, the hydrogen- 
mediated aldol and Michael reactions exhibited significantly 
higher yields than the silane-mediated reactions. To understand 
the mechanism, deuterium labeling experiments were carried 
out using enones and aldehydes, supporting the formation of 
LnPtH and its subsequent hydrometalation to the enone. Our 
methodology involving Pt catalysts and reductants (H2 and 
Et3SiH) demonstrates the nucleophilic activity of Pt-enolates 
complexes to the electron-deficient functional groups, which 
is an exciting extension of the catalytic activity of Pt complexes 
in organic reactions.
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Experimental Section

General. All reactions were run under an atmosphere of 
argon, unless otherwise indicated. Anhydrous solvents were 
transferred by an oven-dried syringe. Flasks were flame-dried 
and cooled under a stream of nitrogen. Dichloroethane was 
distilled from calcium hydride. Analytical thin-layer chro
matography (TLC) was carried out using 0.2-mm commercial 
silica gel plates (DC-Fertigplatten Krieselgel 60 F254). Pre
parative column chromatography employing silica gel was 
performed according to the method of Still.13 Solvents for 
chromatography are listed as volume/volume ratios. Proton 
nuclear magnetic resonance (1H NMR) spectra were recorded 
with a Mercury (400 MHz) spectrometer. Chemical Shifts are 
reported in delta (8) units, parts per million (ppm) downfield 
from trimethylsilane. Coupling constants are reported in 
Hertz (Hz). Carbon-13 nuclear magnetic resonance (13C 
NMR) spectra were recorded with a Mercury 400 (100 MHz) 
spectrometer. Chemical shifts are reported in delta(8) units, 
parts per million (ppm) relative to the center of the triplet at 
77.00 ppm for deuteriochloroform. 13C NMR spectra were 
routinely run with broadbrand decoupling. Product 1c,12 5c,11a 
9c,14 10c,11a 11b-14c12 exhibited spectral properties consistent 
with previous literature reports. Spectral characterization of 
new compounds 2c-4c and 6c-8c are available in supple
mentary data.

Representative Expeiimental Procedure for Hydrogen- 
Mediated Reductive Aldol Reaction. To the premixed solution 
of PtCl2 (5 mol%), P(2,4,6-(OMe)3C6H2)3 (10 mol%), and 
SnCh (25 mol%), in dichloroethane (0.1 M) under H2 (1atm) 
were added 200 mol% of 1a and 100 mol% of 1b at room 
temperature. The resulting mixture was allowed to run at 80 
oC for 2 hours. The solvent was removed with a rotary 
evaporator to produce a residue which was purified by column 
chromatography on a silica gel eluting with hexane and ethyl 
acetate.

Representative Experiment시 Procedure for Ttiethylsilane- 
Mediated Reductive Aldol Reaction. To the premixed solution 
of PtCk (5 mol%), P(p-OMeC6H4)3 (5 mol%), SnCk (25 
mol%), and Et3SiH (150 mol%) in dichloroethane (0.1 M) 
were added 200 mol% of 1a and 100 mol% of 1b at room 
temperature. The resulting mixture was allowed to run at 50 
oC for 24 hours. The solvent was removed with a rotary 
evaporator to produce a residue which was purified by column 
chromatography on a silica gel eluting with hexane and ethyl 
acetate.

Representative Experimental Procedure for Hydrogen- 
Mediated Reductive Michael Cyclization. To the premixed 
solution of PtCl2 (5 mol%), P(p-CFsC6H4)3 (5 mol%), and 
SnCl2 (25 mol%), in dichloroethane (0.1 M) under H2 (1atm) 
were added 100 mol% of 11a at room temperature. The 
resulting mixture was allowed to run at 80 oC for 2 hours. The 
solvent was removed with a rotary evaporator to produce a 
residue which was purified by column chromatography on a 
silica gel eluting with hexane and ethyl acetate.

Representative Experimental Procedure for Triethylsilane- 
Mediated Reductive Aldol Reaction. To the premixed solution 
of PtCl2 (5 mol%), P(p-CF3C6H4)3 (5 mol%), SnCh (25 mol%), 

and Et3SiH (150 mol%) in dichloroethane (0.1 M) were added 
100 mol% of 11a at room temperature. The resulting mixture 
was allowed to run at 50 oC for 24 hours. The solvent was 
removed with a rotary evaporator to produce a residue which 
was purified by column chromatography on a silica gel 
eluting with hexane and ethyl acetate.
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