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In the past few years, an increasing number of enantioselective Scheme 1. Multicomponent Enantioselective Organocatalytic
reactions have been developed using chiral organic molecules ag*ddition to o.f-Unsaturated Aldehydes
catalysts. Among this class of catalysts, secondary amines and
imidazole derivatives proved to be an important tool for the OoTMS
formation of G-H, C—C, and G-heteroatom stereocentérs. ?‘AFN Elec

These chiral amines have been found extremely useful as '
catalysts for thex-functionalization of aldehydes and ketones via Table 1. Scope of the Organocatalyzed Conjugated Addition of
formation of a nucleophilic enamine intermediate, or for the Thiols to o,f-Unsaturated Aldehydes?

Nuc
RN * Nuc + Elec ~— g R)Y%O >99%ee

activation ofa,S-unsaturated aldehydes and enones via formation O\Tj’\AﬂS
of a reactive iminium ion intermediate. Using these strategies, many N A
different classes of optically active products have been obtained b RESH 3 Ar=35-(CF),CeHy | Rog NaBH, Rig
. . . + -SH—mm> —_—
with excellent enantiomeric excesses. R0 PhCO,H R1)\/\\O RJ\/\OH
Recently, two contributions appeared presenting reactions that  1a.g 2ac (10 mol%) 4a-h 5a-h
take advantage of both enamine and iminium ion activation. gny Rl R time () yield® (%) eec (%)
. ) . .
Machllan t_at al? presented a proline catal;_/zed cyclopropanat_lon 1 Ph-1a Bu— 22 30  5a-80 95
reaction using,f-unsaturated aldehydes with sulfur ylides, while > p.F—ph—1b t-Bu — 2a 30 5b—87 97
we disclosed an asymmetric organocatalytic epoxidation.,8f 3  p-MeO-Ph—-1c tBu-2a 30 5¢—73 90
unsaturated aldehydes using hydrogen perokidevertheless, to g &2"3‘?2_ 1d Eﬁu—_zga 28 gg:gg g;
th_e best gf our knowledge,_ no report h_as yet_ been publlshe_d dealing 6 ethyl— 1f Bn— 2b 40 5f—85 93
with multicomponent reactions (MCR) involving these two different 74 j.pr— 19 Bn—2b 16 5g—-82 95
activation modes. The advantages of MCR over the two-component 8  Me—1le EtOCCH,—2c 16 5h—85 94

processes have been widely demonstrated and revitwed. aReaction conditions: The thiol (1 equiv) was added to the-
particular, asymmetric organocatalytic MCR would lead us to oot 1iohvad ?i.s equiv). catalygtu(lo e %). and BHC?Q
simpler procedures for the formation of multiple stereocenters and toluene at—24 °C for the stated period of time. The reaction product was
closer to the goal of more environmentally friendly processes. LSELagﬁgo;ﬁ;Ecfzggggg”dé?e:rf:qii?nggffbeslémgllnﬂPﬂgggg?fde%rggd
Here we wish to demonstrate. the potential _of the o_rganocatalytlc without acid additive at-5 °C. Y p
asymmetric MCR by presenting the domino-conjugated thiol
addition—amination reaction. The soft sulfur nucleophile first reacts
with the iminium ion intermediate, followed by addition of the
electrophile to the enamine intermediate, giving nearly enantiopure
products when 2-[bis(3,5-bistrifluoromethylphenyl)trimethylsilan-
yloxymethyl]pyrroliding (3) was used as the catalyst (Scheme 1).
For the first step of this MCR, we choose to study the reaction
of a,B-unsaturated aldehydes with thiols. In fact, despite the fact
that addition of thiols to electron-deficient olefins is an important
strategy in the formation of €S stereocentefsthe transformations ) )
reported in the literature involve almost exclusively aromatic thiols &Il converted with very high level of stereocontrol 4a—h, and
as nucleophiled.Furthermore, according to our knowledge, only after reduction, the alcoholsa—h were isolated in high yields.
one example of enantioselective conjugated addition of thiols to Cinnamic aldehydé.a andp-fluorocinnamic aldehydéb reacted
a,B-unsaturated aldehydes has been reported (with up to 70% ee). efficiently with tert-butyl mercaptar2a, and the products were
We immediately realized that the temperature was the key factor obtained with 95 and 97% ee, respectively (entries 1 and 2). It is
for the optimization of the reaction between cinnamic aldetyale ~ important to notice how also the presence of electron-donating
andtert-butyl mercaptar2a using the chiral pyrrolidine derivative ~ substituents in th@ara- or ortho-position of the aromatic ring is
3 as organocatalyst. The thiol additionags-unsaturated aldehydes ~ well tolerated (entries 3 and 4). Whert B an alkyl group, the
is an equilibrium reaction, and the products quickly racemize at products formed in combination with benzyl mercapgnwere
20 °C.2 However, when the transformation takes place-a4 °C, isolated in high yields over the two steps maintaining the high
the background reaction is minimized and the enantiomeric excessenantiomeric excess (entries-8). The screening has been mainly
of the product is stable for days in the reaction mixture. The lower focused on the use of benzyl atert-butyl mercaptans because
temperature decreases also the reaction catalyz8dadnd an acid these protecting groups can be removed releasing the free thiol

additive is necessary for the achievement of good chemical yields
in a reasonable reaction time. On the contrary, the solvent has a
minor impact on the enantioselectivity, and toluene was chosen
because of the high reactivity of the catalytic system in this reaction
media. Table 1 shows the results for the organocatalyzed conjugated
addition of different thiols to various,s-unsaturated aldehydes.

The reaction showed good substrate generality. Aromatic (Table
1, entries +4) and aliphatiax-substituted enals (entries-8) were
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Table 2. Multicomponent Domino Organocatalyzed Conjugated
Addition—Amination Reaction of a,5-Unsaturated Aldehydes?

o)
3 Catalyst 1. NaBH4 H
R"\jiH . R2-SH +R OZC‘N (10mol%) 2. NaOH (aq.) R302c’N"‘!_JL°
“CO,R® s
1 2 6 RZ R 7ae
entry R! R? R® catalyst time (h)  yield® (%) dre eef (%)
19 Me Bn Et 3 3 7a—72 937 >99
2 Me Bn Et 3 35 7a-—57 95:5 >99
3@ Et Bn Et 3 24 7b—63 955 >99
4 Et Bn Et 3 16 7Tb—42 96:4 >99
5 Me Bn Bn 3 16 7c— 44 89:11 >99
6 Me Et Bn 3 16 7d—51 88:12 >99
7 Et Et Bn 3 16 7e— 38 95:5 97
8 Me Bn Et L-proline 1 7a—n.d. 47:53 78/61

aReaction conditions: The thiol (1 equiv) was added to thg-

unsaturated aldehyde (1.5 equiv), catalyst, and benzoic acid in toluene at

—15 °C. Compounds (1.3 equiv) was added after 30 miisolated by

FC after reduction and cyclization (see Supporting InformatibBjaster-
eomeric excesses and enantiomeric excesses were determined by chir
HPLC. 4 Compounds (1.3 equiv) was added after 16 hiNo benzoic acid
additive was used.

functionality. Nevertheless, more complex optically active products
such ash can be obtained under the same reaction conditions (entry
8).

During our studies, we observed that the high initial reaction
rate decreased with the conversiéif.NMR spectroscopic studies
revealed that this phenomenon was the consequence of the serie
of equilibriums that constitute the catalytic cycle. Catalystas
mainly bound to the thio-addition product in a stable enamine
species, and only a minor amount of catalyst was available for the
iminium ion activation of the substrate. With a well-optimized
conjugated addition step and this experimental evidence in hand,
we moved our attention to the second step of the MCR. We decided
to take advantage of the enamine intermediate by adding a new
electrophile to the reaction mixture, aiming at an efficient and

a

Scheme 2. Selective Deprotection of 72

(0] o] o]
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>99% ee
aConditions: (i) A¢O, pyridine, DMAP, 50°C, 64 h, 87%. (ii) Sny,
HMPA, THF, rt, 30 min, 81%. (iii) Li, NH(l), 30 min. (iv) AcCl, EgN,
CH,Cl,, 73% yield (over two steps).

Chiral amino thiols show interesting inhibition properties, for
example, in the case of leukotriene;-Aydrolasé?® and other
aminopeptide$?® and to prove the synthetic utility of this new
MCR, we have demonstrated selective-N bond cleavage and
thiol deprotection, respectively (Scheme 2).

In summary, we have developed a novel simple approach to the
synthesis of highly functionalized molecules having two adjacent
?tereocenters. In particular, we presented the first multicomponent
domino conjugated nucleophilic additierlectrophilic amination
reaction that gives access to 1,2-aminothiol derivatives wBB%
ee in a one-pot process using 2-[bis(3,5-bistrifluoromethylphenyl)-
trimethylsilanyloxymethyl]pyrrolidine as organocatalyst. Further-
more, we presented the first organocatalytic conjugated addition
of thiols to a,f-unsaturated aldehydes with excellent yields and
enantiomeric excesses.
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stereoselective formation of a second chiral center.

We were pleased to find that the addition of azodicarboxylates
6 followed by in situ reduction and cyclization resulted in the
formation of the highly functionalized oxazolidinon&s—e in
nearly enantiopure form. The products were isolated in moderate
to good yields as a result of the four steps and one-pot procedure
(Table 2).

It is important to highlight the role of cataly8tin controlling
the formation of both stereocenters:Proline, a very selective
catalyst for the amination of simple aldehydes, catalyzed the
formation of the desired product in moderate enantiomeric excess
and with a poor diastereomeric ratio (Table 2, entry8).

Comparing the multicomponent domino reactibTable 2,
entries 2 and 4) with the analogous one-pot procedures (entries 1
and 3), we can observe that the overall reaction time is decreased
while the enantioselectivity is not influenced by the different
procedures. This acceleration is due to the fact that the aminated
product is too sterically demanding to form a new enamine species,
and in the reaction mixture, we have a constant amount of free
amine3 that catalyzes the conjugated addition step (eq 1).
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