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The Michael reaction ranks as one of the most usefuC®ond Table 1. Scope of the -Ketoester Addition to Crotonyl Thione 2a@
constructions, and the development of catalytic enantioselective S8 o 10 mo% 1b S O Me bBU
variants has become an important endedv@reviously, our S)LNJ\/\Me& S)LN R o
research group has reported selective MukaiyaMihael reac- \/ 0 \J COLtBU L
tions of silylketene acetals to alkylidene malonates and unsaturated ’a 3 R . 2 Me; R
N-acyloxazolidinones, catalyzed by Cu(ll) bisoxazoline compléxes. CO,t-Bu CO.tBu
More recently, we reported a Ni(ll)-catalyzed dire_ct addition of entry 3R) fime (h) yield 4 (%) Jield 5 (%) ee (%)
malonates and-ketoesters to nitroalkenésiere we wish to report
an operationally simple, direct addition Gfketoesters to unsatu- ! Me (2) 12 89 84 3
P 11y SImpe, ¢ : 2 Et() 14 92 80 94
ratedN-acylthiazolidinethiones, catalyzed by Ni(i) Tol-BINAP 3 n-Pr (c) 14 86 85 93
Lewis acid complexeslb and 1c4 The products are readily 4 i-Bu (d) 24 78 72 91
converted into dihydropyrone derivatives (eq 1), which are useful 2 CGH;JH (?f)) i‘; gé gi gg
substrates for further stereoselective bond constructions (eq 2). d Ph (f) 12 95 94 o1
(o)
S 0o i0mol% S o R' O a0.25 mmol2a, 1.5 equiv of3, 0.2 M in EtOAc, 0°C. ° Isolated yield.
J J oorte I DBU o ¢ Determined by chiral HPLC! 10 mol % catalystlc.
sON R' "o~ 8 N rR— L L,
/ \/ CO,t-Bu R R Table 2. Scope of the Thiazolidinethione Michael Acceptor 22
R? CO,t-Bu o
COZt-BU (0] S o) S o) R o)
base 10 mol% 1c DBU o
OO (qob= laX=0l B o El+) " S)J\NMFRT» S)LNWM9—> P
N -
PTUX  1cX=BF, RN g2 /o, / CO,t-Bu R Me
OO (Tol, 6 7 COutBu
CO,t-Bu
] ) ] B entry 2(R) time (h) yield 6 (%)° yield 7 (%)° ee (%)°
Kapemasa has reported the enaptloselectlve Michael addition of 1 Me () 12 %5 84 93
1,3-d|keton_e_s and relat_ed nucleop_hlle_s to unsatL_Jratec_:I acylpyrazo_les 2 Et (b) 14 88 89 95
and oxazolidinones, using a combination of a chiral Ni-based Lewis 3 n-Pr (c) 14 91 75 95
acid and an appropriate amine basgimilar experiments by us, 4 i-Bu (d) 24 67 72 84
utilizing the readily available complekb,® afforded little or no S i-Pr (€) 72 N 1¢° 70
. 6 CO2Et (f) 12 87 97 97
desired product. However, we have found that (10 mol %) 7 Ph (g) 24 Hir - -
catalyzes the addition dert-butyl acetoacetate3@) to crotonyl
thiazolidinethione2a,” in the absence of an amine base afford 20.25 mmol2, 1.5 equiv of3a, 0.2 M in EtOAc, 0°C. P Isolated yield.
4da as a 1:1 mixture of diastereomers. Treatmendafvith DBU ¢ Determined by chiral HPLCY 0.8 M in EtOAc.© From Unpuriﬁe&ef No

(20 mol %) resulted in the formation of enantioenriched dihydro- reaction.

pyrone5a8 A solvent survey indicated that ethyl acetate is the y-branched substratge (R = i-Pr), the reaction is prohibitively
preferred reaction medium in terms of reaction rate and enantio- slow (Table 2, entry 5). Alternatively, the fumarate derivatife

selectivity (Table 1, entry 1). (R = CO,Et) afforded the desired Michael adduct in high yield
With effective conditions for thé-butyl acetoacetatereaction and 97% enantiomeric excess (Table 2, entry 6).
in hand, additions of othef-ketoester nucleophiles were evalu- The Michael adducts are readily converted to the corresponding

ated!® Generally, unbranched and branched ketoester substratesacyclic ketoester derivatives by treatment witfC; in methanol
afford good vyields (7897%) and enantioselectivities (Table 1, followed by acidic decarboxylation. Representative examples are

entries 1-5). The use of the tetrafluoroborate catalystaffords illustrated in eq 31
slightly better enantioselectivity f@f (Table 1, entry 7); however, There are two plausible roles that the Ni catalyst could play in
this trend has not yet been evaluated for all cases. promoting this reaction: (a) generation of a Ni-bound ketoester

The scope of the thione Michael acceptor is summarized in Table enolate and (b) Lewis acid activation of the thiazolidinethione
2. While the triflate complex was an excellent catalyst for Michael Michael acceptor. The first mechanism would be analogous to our
acceptor?a (R = Me), the tetrafluoroborate compléxis superior recently reported addition of-ketoesters to conjugated nitro-
as its derived substrate complexes are generally more soluble, whilealkenes However, the failure of complexds—1cto catalyze such
maintaining similar reactivity tdb. Thiones2a—2c generated the a reaction provides some circumstantial evidence against such a
desired Michael adducts in good yield and with high enantio- proposal. The absolute sense of asymmetric induction observed in
selectivity (Table 2, entries-13). Substitution at theé)-position these reactions is the same as that observed fotltkmatalyzed
results in a marked decrease in reactivity and selectivity (Table 2, enantioselective DietsAlder reaction of2a with cyclopentadiene
entry 4), a common attribute for this and related reactions. For (eq 4)1? Both of these results are consistent with addition of the
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10, Stereochemical
model of catalyst-2a
complex

Figure 1. Stereochemical model for Michael reaction.

nucleophile/diene to the thiazolidinethione bound to a distorted
square planar Ni center, as represented by strugfu¢gigure 1)3

We suggest that the nucleophile is most likely a reactive enol
tautomer of the3-ketoester, formed at equilibrium concentrations

under the reaction conditions.

)SL O Me O 1. K,CO3/MeOH Me O
2. TsOH
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Endo : Exo=97:3
97% ee, 83% yield

The product pyrones are excellent substrates for further enolate-
based stereoselective transformations (Scheme 1). For example, th
lithium enolate derived fromdb may be selectively alkylated with
benzyl bromide to provide the anti lactofh&. Alternatively, aldol
condensation obb with benzaldehyde provides,s-unsaturated
lactonel3. Hydrogenation ofl3 (10% Pd/C, toluene) afforded the
syn-substituted produd# with excellent diastereoselectivity. Both
the anti and syn adducts may be transformed into their derived
Weinreb amided 2 and 15, respectively, without loss of stereo-
chemistry after TFA-induced decarboxylation. Dihydropyrdéite
may also be hydrolyzed to its derived carboxylic at&l(R = H)
upon exposure to aqueous LIOH in THF and subsequent decar-
boxylation (eq 5). In a similar manner, treatmenbbfwith sodium
methoxide affords the corresponding methyl e4f2(R = Me) in

Scheme 1. Stereoselective Elaboration of Dihydropyrone 5b@
(0]
0]
0 a
Et
Me™ N “Et 12
5b CO,t-Bu 11 CO,t-Bu
b diastereoselection 15:1
(0]
Bn., O Me O
c ‘ o d MeO
— L — N Et
Me" Et ' 5
Me Bn 15
13 COut-Bu 14 CO,t-Bu

a Reagents and conditions: (a) LIHMDS (1 equiv), BnBr (5 equiv); (b)
i. LIHMDS (1.5 equiv), PhCHO (1.5 equiv);-78 °C, THF; ii. MsClI (2
equiv), EtN (2.5 equiv), CHCIy, rt; iii. DBU (2 equiv), toluene, rt, 81%
(three steps); (c) H 10% Pd/C, toluene, 100%; (d) i. Me(OMe)NHCI
(5 equiv),i-PrMgCl (9 equiv), THF,—20 °C; ii. TFA, CHxCl,, rt, 80%.

high yield. No loss of stereochemical integrity was observed during
any of these ring-opening processes.

9 LiOH; TFA
(84%) Me O
or 16R=H
S o W =H (5
NaOMe; TFA \I)\)J\Et 17R=Ne
(93%) Bn

5b COgt-BU

The present study is complementary to a recent enantioselective
addition—cyclization sequence reported by Kanem#@dae method
detailed in this communication provides a practical approach to
the enantioselective construction of monocyclic dihydropyrone
derivativest* These adducts afford useful options for the stereo-
selective construction of vicinal alkyl stereocenters in both dia-
stereochemical variants (Scheme 1). These stereochemical options
are complementary to the Claisen rearrangement for the construction
of either syn or anti vicinal carbon substituents on bis-functionalized
carbon chaing®
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