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Mannich reactions are attractive and versatile strategies for o SR SR
establishing nitrogen-bearing stereocenters with concomitai@ C HJ\ SZNTT 20mol % 1 (or 2) S)%N
bond constructioA.Accordingly, there have emerged a variety of Rl @ st)\RZ LICIO,, ‘Pr,NE o)\(KRZ
highly successful solutions to stereoselective Mannich additions, R' 505% co
including asymmetric catalytic variantsHowever, the inherent (cistrans >95:5)
incompatibility of reaction conditions that affect enolate formation Catalysts -l ,
with enolizable imine electrophiles has functioned to limit the Z Nu’l j‘\

number of successful direct Mannich processes useful for aliphatic =~ ™SO O HN
imines? Indeed, direct catalyzed Mannich reactions affordin- 1 N N 2 NU)K'/'\
disubstituted Mannich adducts with high absolute and relative MeO OMe R

Sterepcontrol are especially ra!’e. A? 0_ne solution _to Manni.c.h Figure 1. Alkaloid-catalyzed ketendk-thioacyl imine cycloadditions.
reactions adhering to these design criteria, we describe the utility

SR
R2

of cinchona alkaloidX or 2)-catalyzed cyclocondensations of acid $ ; SR

chlorides andx-amido sulfones as effective surrogates for catalytic o} RSJ\N’H PraNEt ﬁ

asymmetric Mannich addition reactions (Figure 1). These reactions %Cl + pTS)\ Ty I + S j‘\/RZ

deliver enantioenriched Mannich adducts masked cess4,5- R 3 R "Pry(EYNH-X R "H H 5

disubstituted thiazinone heterocycles that exhibit useful behavior (X =Cl, PTolSOy) .

as activated ester equivalents. Cat. / Fast iSIow
Direct Mannich additions necessarily incorporate mechanisms SR SR

for in situ formation of the requisite enolate nucleophile. Aliphatic o N)\s’ 5 @OC’MS S)\NH

imine Mannich substrates are subject to thermodynamically driven o+ R2 | — N " Ar HX

imine-to-enamine tautomerization under the basic reaction condi- | RN (%( H R2

tions necessary for enolate formation. Enolizable imines, therefore, R' 10 RRo 4

are generally poor substrates for catalyzed direct Mannich processes. l—> 1

Based on our success developing acyl hatidielehyde cyclocon- SR z. RS +

densations as surrogates for direct catalytic asymmetric aldol SAN e Ny , Rz\/'REN\ //S

additions, we were interested whether a similar reaction design )\H\/Rz LH \+/R or r&“o/u

would yield Mannich-type reactions compatible with enolizable, R g \011 NRj R,

unactivated imine$ Accordingly, in situ ketene generation would
replace the typical enolization event in the Mannich reaction Figure 2. Mechanism for keten&-thioacyl imine [4+ 2] cycloadditions.
sequence (Figure 2). Concomitant in situ imine generation, via base-
mediated elimination ofi-amido sulfones, provided a mechanism

for affording the maximum kinetic advantage to the catalyzed

(>98% ee, 95:&cisitrans) along with ~20% of the N-acylated
enamine? (eq 1).

ketene-imine addition reaction relative to competing tautomeriza- M SEt s o
tion.>6 Presuming imine formation would not be instantaneous, we Jok Catalyst 1 )§ L
expected the reaction of the ketene-derived enclateith low EX™ N _ Ecoa | T 1 4 ESTNE
concentrations of imin& to minimize the enamine formation that pTS)I LiCIOy, PrNEt OM ﬁ\
would accompany extended exposur® td the reaction conditions. 3aX=S “pp (73%) 6a (th/al?/ ee) Ph 7 Ph
Successfully realizing this reaction design proved to be critically 8X=0 °

. . L . 1 (mol %) 6a:7
dependent on utilizing\-thioacyl imine electrophiles that afforded 1 5733

formal [4 + 2] cycloadductss with ketene reaction partnefs. 20 >95:5

Establishing the veracity of this reaction design followed from
the experience we gained developing alkaloid-catalyzed ketene The enamine byprodudtcould be eliminated by using 20 mol %
aldehyde cycloadditionsThus, a catalyst system composed of of catalyst that, presumably, increases the cycloaddition reaction
O-trimethylsilylquinine () and LiCIO, was evaluated in the  rate relative to catalyst-independent imine tautomerization. Indeed,
condensation of-amido sulfone3a, used as a representative enhanced reaction fidelity offsets the need for higher catalyst

enolizable imine precursor, and propiony! chlorfdeeacting3a loadings as the basic alkaloid is efficiently recovered from the
with propionyl chloride in the presence of 10 mol %1fLiCIOy,, reaction mixtures by standard aeidase extraction techniques. The
and i-PrNEt (9:1 CHCI/Et,O, —78 °C) afforded thecis critical role in situ imine generation played in the success of these

disubstituted thiazinonéa with near perfect enantioselection reactions was evident from attempts to utilize pregenerated imines
11690 = J. AM. CHEM. SOC. 2007, 129, 11690—11691 10.1021/ja074845n CCC: $37.00 © 2007 American Chemical Society
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Table 1. Cinchona Alkaloid-Catalyzed Ketene-N-Thioacyl Imine [4
+ 2] Cycloadditions?

(o} il 20 mol % 1 (or 2) SR®
HJ\CI N S/J\N’ LiCIO,, 'Pr,NEt s)\q
R! PTs R? CH2C|2/E120 (9:1) O}\l/kRz
-78°C LS
yield® 6 % ee
entry Rt R? R3 (%) (cis:trans)ed
a Me CHCH,Ph Et 76 6a) >98 (95:5)
b Me GeH11® Et 75 6b) >08 (95:5)
c Me CHOBN Et 51 60) >98 (>97:3)
d Et CHCHzPh Et 68 6d) >98 (>97:3)
e CHPh  CHCHyPh Et 65 6¢) >98 (>97:3)
f Me CeHs Et 59 ©6f) >98 (>97:3)
g Me CH,CH,CHs Bn 67 (60) 98 (>97:3)
h Me CHCH(CHs);, Bn 74 nt6h) 95 (>97:3)
i Et CH,CH(CHs), Bn 72 (6i) >98 (>97:3)
j "Pr CH,CH,Ph Bn 58 6j) >98 (>97:3)
k iPr CH.CH,Ph Bn 63 6k) >98 (>97:3)
| Et CeHs Bn 59 nt6l) >98 (>97:3)

aCatalyst (20 mol %):1, entries a-g, i—k; 2, entries h, 1?2 Isolated
yield. ¢ Enantiomeric excess determined by chiral HPLC; minor enantiomer
not observed for values 98. ¢ Diastereomer ratios determined By NMR
analysis of crude product mixtures; minor diastereomer not observed for
values>97:3.

(e.g.,5) that afforded exclusively enamirié Similarly, attempts
to employ the carbamate-derived sulfo®@s the proelectrophile
afforded no cycloaddition, suggesting that the nucleophilicity of
the thiocarbonyl moiety was critical to the success of this reaction.
The alkaloid-catalyzed keteri¢-thioacyl imine cycloadditions
proved to be generally effective for a variety of alkyl-substituted
ketenes and unactivated imine electrophiles (Table 1). Cycloaddi-
tions involvinga-amido sulfones bearing straight chain or branched
alkyl substituents uniformly proceed with nearly complete control
of absolute and relative stereochemistry in affording thec#sb-
disubstituted 1,3-thiazin-6-one derivativeés—| (=95% ee>95:5
cistrang).’® These formal [4+ 2] cycloadditions are similarly
accommodating of substituted ketenes incorporating aliphatic and
branched alkyl substituents with no deviation in stereoselectivity.
Cycloadditions involving arybi-amido sulfones (entries f and I)
afford modestly attenuated reaction yields due to competing
formation of the f-lactam adducts (e.g.9), possessing the
unanticipatedrans diastereoselection that was not observed for
alkyl imine electrophiles (eq 2).

SBn SBn S
20 mol % 1 P 0
s EtCOCI s N NJ\SBn
o _meoe + @
ot ~pp  LICIO, PENEL O P g Spn
749
(74%) EL6l g020) °

Stereoselectivity in the ketengémine cycloadditions was con-
sistent C-C bond formation proceeding via the quinine-derived
enolate4; imine approach to the exposeil enolate face would
deliver the carbamodithioate anid® (Figure 2)!! The highsyn
selectivity characterizing these reactions can be attributed to
enolate-imine addition proceeding through either open or lithium-
coordinated, closed transition stafdsor 12, respectively. Sulfur's
enhanced nucleophilicity relative to nitrogen dictates théat
collapses by sulfur addition to the acyl ammonium ion to generate
the formal [4+ 2] cycloadduct6.

The utility of the enantioenriched cycloadducts as surrogates for
traditional Mannich products was revealed by the ring opening

processes available to the thiazinone heterocycles (Scheme 1).

Amine-mediated ring opening of thiazinoBewith valine methyl

Scheme 1
S
(S)-MeO-Val MeMeg HN)J\SBn
SBn 2 i
/k cat. Dl\/}/;;,/j:HSCN MeO,C” N Pr
SN g £t 13
iPr
o s
Et 6i
i o) HNJ\SBn
U,AIH -
.
CH,Cl,, -78°C  H
(70%) Et 14

ester provided thet,S-dipeptide derivativel3 (84%), suggestive

of the thiazinone's function as an activated ester surrogate.
Hydride-mediated thiazinone reduction led directly to the enan-
tioenricheds-amino aldehyde derivativé4 (70%).

Cinchona alkaloid-catalyzed ketenignine cycloadditions offer
useful alternatives to traditional asymmetric Mannich reactions. The
ketene-imine cycloadditions are mechanistically distinct and, in
several aspects, complementary to existing direct Mannich reactions.
These reaction attributes are expected to make these ketsime
cycloadditions useful alternatives for executing Mannich-typeaC
bond constructions.
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