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Abstract An S-(2,2,2-trifluoroethyl) 1,3-dithiane-2-carbothioate has
been successfully employed as acyl anion synthon in the organocatalyt-
ic enantioselective addition to enones promoted by quinine- and quini-
dine-derived tertiary/primary diamines. By proper selection of a co-cat-
alyst and by optimization of the reaction parameters, convenient
experimental conditions were found that allowed to obtain the highly
functionalized products in up to 90% yield and 98% ee in short reaction
times. These compounds, featuring selectively removable functional-
ities, proved to be versatile synthetic intermediates, which could be
transformed into different derivatives without any erosion of the ste-
reochemical integrity of the molecules.

Key words thioester, umpolung, dithiane, aminocatalysis, organocat-
alytic Michael addition

New, efficient, and stereoselective catalytic methods for
the synthesis of highly functionalized chiral molecules
from readily available starting materials are highly desir-
able, as they may find application in the synthesis of biolog-
ically active compounds and in medicinal chemistry.!

Among many innovative synthetic methodologies, the
‘umpolung’ concept offers fascinating and not conventional
synthetic possibilities.? In this framework, the establish-
ment of acyl anion mimics? is one of the main applications
of the umpolung approach, leading to the identification of
acetal-type protected compounds, vinyl ether type protect-
ed acyl anions, unprotected acyl or acyl-analogous deriva-
tives as main umpolung synthons.* In this context, a well-
established organocatalytic strategy involves the in situ
generation of vinyl ether type intermediates employing chi-
ral N-heterocyclic carbenes (NHC) as catalysts.?
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On the contrary, fewer efforts seem to have been devot-
ed to the use of thioacetal-derived anions as nucleophiles,
the classic Corey-Seebach lithiodithiane addition reaction
representing a paradigmatic example.® Despite being a cor-
nerstone in organic synthesis, this reaction has witnessed
relatively few developments and improvements in the con-
text of the application of dithiane chemistry in stereoselec-
tive transformations.”8

In particular, no stereoselective catalytic methods in-
volving dithiane derivatives have been reported before the
publication of our work on the addition of 2-carboxythio-
ester-1,3-dithiane 1° to nitroalkenes.!® In that work, em-
ploying a quinidine-derived thiourea as bifunctional or-
ganocatalyst, it was possible to obtain, in up to 92% ee, the
highly functionalized y-nitro-a-dithianyl thioester I
(Scheme 1).

The compound could be then converted into the corre-
sponding a-keto thioester, through carbonyl deprotection,
and in a precursor of the pharmacologically active molecule
Baclofen by selective reductive removal of the dithiane
ring.!° More recently, a superbasic chiral bis(guanidino)-
iminophosphorane has been reported to effectively pro-
mote the addition of 2-alkoxycarbonyl-1,3-dithianes to
imines, a reaction that proceeded in high yields (up to 98%)
and enantioselectivity (mostly ranging above 90% ee).!!

Following our interest in the development of new or-
ganocatalytic stereoselective reactions involving thio-
esters,!? we decided to investigate the possibility to stereo-
selectively access highly functionalized chiral compounds
of type Il in Scheme 1, by the conjugated addition of the ac-
tivated thioester 1 to a,B-unsaturated ketones catalyzed by
enantiopure tertiary/primary diamines. According to our
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Scheme 1 Stereoselective catalytic reactions with dithiane 1

hypothesis, the reaction should proceed through attack of
the nucleophile activated by the tertiary amine on the
iminium ion generated upon condensation between the
catalyst primary amino group and the enone. Anticipations
of a high stereocontrol in the reaction were supported by
the bifunctional nature of the diamine catalyst that should
lead to a tightly ordered transition state; the possible tran-
sition state is proposed in Scheme 1. In its turn, product II
featuring different functional groups was expected to be
amenable to a variety of subsequent selective transforma-
tions, including transesterification, carbonyl unmasking,
and dithiane ring removal by reduction. Here we report the
results of this study.

Preliminary investigations were performed using as
model reaction the addition of 5-(2,2,2-trifluoroethyl) 1,3-
dithiane-2-carbothioate (1) to 2-cyclohexenone,'? in tolu-
ene at 25 °C, in the presence of catalytic amounts of tertia-
ry/primary amines A-D derived from cinchona alkaloids
(Scheme 2). We found that, while in the absence of a car-
boxylic acid cocatalyst the reaction did not proceed (Table
1, entry 1), the combination of diamine A or B (20 mol%)

and salicylic acid (10 mol%) allowed to achieve a good level
of enantiocontrol in the synthesis of adduct 2, albeit in low
chemical yields (Table 1, entries 2 and 3). By raising the co-
catalyst loading from 0.1 to 0.3 mol equivalents, an im-
provement in the yield was observed, more evidently for
quinidine-derived catalyst A than for quinine derivative B
(Table 1, entries 2 vs. 4 and 3 vs. 5); the observed result may
be an indication that the acid plays not only a role in acti-
vating the substrate, but is probably involved in the forma-
tion of a hydrogen-bonding network that is likely to be dif-
ferent for the two diastereomeric catalysts.
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Scheme 2 Organocatalytic addition of thioester 1 to cyclohexenone

The effect of different reaction temperatures was then
investigated. Running the reaction at 40 °C under micro-
wave irradiation allowed to obtain higher yields in a short-
ened reaction time without compromising the enantiose-
lectivity of the process (Table 1, entries 6 and 7, see the
Supporting Information for experimental details). A further
yield enhancement up to 83% was achieved increasing the
electrophile amount.

Under the conditions of Table 1, entry 8 (0.2 mol equiv
of catalyst, 0.3 mol equiv of acid, and 3.5 mol equiv of
enone), after only two hours, with 9-amino-9-epi-quini-
dine catalyst A, the product was obtained in 83% yield and
97% ee. Under the same conditions, the ‘pseudo enantio-
meric’ catalyst B afforded adduct 2 with opposite absolute
configuration, in similar yield and slightly lower ee (87%).14
The two amines C and D led to comparable results; the
slightly lower ee achieved with the latter was likely due to
competitive and undesired hydrogen bonds established by
the hydroxyl substituent on the quinoline ring with the re-
actants.!
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Table 1 Preliminary Screening of the Experimental Conditions for the
Addition of Thioester 1 to Cyclohexenone?

Entry Cat.  Temp Time  Acid Enone  Yield ee
4] (h) (equiv)  (equiv) (%) (%)

1 B 25 20 - 1.5 - -
2 B 25 20 0.1 1.5 20 (-)71
3 A 25 20 0.1 1.5 47 (+) 92
4 B 25 20 0.3 1.5 23 (-)92
5 A 25 20 0.3 1.5 71 (+) 97
6° A 40 2 0.1 1.5 70 (+) 95
7 A 40 2 0.3 1.5 73 (+) 97
8 A 40 2 0.3 35 83 (+) 97
9 B 40 2 0.3 3.5 80 (-) 87
10 C 40 2 0.3 3.5 89 (+) 94
11 D 40 2 0.3 3.5 55 (+) 85

3 Reactions were carried out in the presence of 20 mol% of catalyst in tolu-
ene (0.1 M) and salicylic acid.

b Determined by HPLC on chiral stationary phase.

¢ Entries 6-11: reaction was carried out under MW irradiation; MW power
was set to 200 W.

Further optimization involved the study of the reaction
in different solvents (Table 2). Among the different solvents
tested, toluene proved to be the best. The relatively poor
performance in ethanol and acetonitrile suggested a possi-
ble interference with the hydrogen-bonding network in-
volving catalyst, cocatalyst, and reagents that is hypothe-
sized to be crucial for obtaining high enantioselectivities.
Poor solubility likely affected the results obtained in apolar
hexane, where low yields but very good stereocontrol were
observed.

The optimization of the reaction parameters was com-
pleted by screening other acids under the best reaction con-
ditions; in all cases, high stereoselectivities were registered
although in less satisfactory yields (Table 2, entries 9-11).
Longer reaction times allowed to further improve the yield
up to 90% and to preserve almost complete enantioselectiv-
ity (98% ee, 4 h under MW irradiation, Table 2, entry 12).
When lowering the catalyst amount the chemical yield
dropped, but the product was isolated in ee above 90% (Ta-
ble 2, entries 14, 15).'® With the optimal experimental con-
ditions in our hands the reaction scope was investigated
(Figure 1).

The reaction between the activated thioester 1 and cy-
clopentenone afforded the expected product 3, although in
lower yields than with cyclohexanone (product 2, please
compare entries 1-3 of Table 3); however, very good levels
of enantioselectivity were maintained: with catalyst C the
adduct 3 was isolated in 51% yield and 91% ee. When C2-
and (C3-methyl-substituted cyclohexenones were em-
ployed, no product was observed; only for prolonged reac-
tion times, formation of adduct 5 was observed in low
yields.

The reaction was then extended to open-chain enones;
the reaction with chalcone led to the addition product 6 in
low yields and enantioselection (Table 3, entry 7), while
better results were obtained with unsaturated methyl ke-
tones: in the reaction promoted by catalyst A the product 7

Table 2 Further Optimization Studies for the Organocatalyzed Reac-
tion between Thioester 1 and Cyclohexenone?

Entry Cat.  Solvent Acid cocatalyst Yield (%) ee (%)
1 A toluene salicylic 83 (+) 97
2 B toluene salicylic 80 (-) 87
3 A ethanol salicylic 57 (+) 65
4 B ethanol salicylic 61 (-) 63
5 A hexane salicylic 23 (+) 85
6 B hexane salicylic 20 (-) 83
7 A MeCN salicylic 50 (+) 75
8 B MeCN salicylic 70 (-)70
9 A toluene acetic 40 (+) 90

10 A toluene 4-hydroxybenzoic 24 (+) 83
11 B toluene 2-fluorobenzoic 30 (+) 91
12° A toluene salicylic 90 (+) 98
13¢ A toluene salicylic 70 (+) 89
144 A toluene salicylic 45 (+)93
15¢ A toluene salicylic 35 (+) 95

3 Reactions were carried out in 0.1 M solution with 3.5 equiv of enone in the
presence of 20 mol% of catalyst and 30 mol% of acid cocatalyst at 40 °C
under MW irradiation for 2 h; MW power was set to 200 W.

b Reaction time: 4 h.

¢ Reaction was run in cyclohexenone (12 mol equiv).

4 Conditions: 10 mol% of catalyst was used.

e Conditions: 5 mol% of catalyst was used.
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Figure 1 Scope of the organocatalytic addition of dithiane 1 to enones
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was isolated in 55% yield and 67% ee. Analogously, the reac-
tion of 4-(p-chlorophenyl)-3-buten-2-one with thioester 1
afforded adduct 8 in 47% isolated yield but only 32% ee. Any
attempt to use 4-alkyl-substituted butenones was unsuc-
cessful, and it was not possible to isolate product 9 in ap-
preciable yields.

Table 3 Scope of the Reaction: Organocatalyzed Reaction between
Thioester 1 and Different Enones?

Entry Cat. Product Yield (%) ee (%)
1 A 2 83 97
2 A 3 45 85
3 C 3 51 91
4 C 4 n.r.

5 C 5 n.r.

6> C 5 12 n.d.

7 C 6 31 15

8 C 7 55 67

9 A 7 57 61
10 C 8 47 32
11¢ C 9 <10% n.d.

3 Reactions were carried out in 0.1 M toluene solution with 3.5 equiv of
enone in the presence of 20 mol% of catalyst A or C and 30 mol% of salicylic
acid, at 40 °C under MW irradiation for 2 h; MW power was set to 200 W.

b Reaction time: 8 h.

¢ Reaction time: 12 h.

In the attempt to establish the absolute configuration of
the addition product, compound 2 was converted into the
known 1,5-keto ester 10 through simultaneous dithiane re-
duction and transesterification by treatment with Raney-Ni
in methanol (Scheme 3). At this stage it was possible to es-
tablish the S absolute configuration of the major enantio-
mer of the adduct (+)-2 obtained with 9-amino-9-epi-qui-
nidine (catalyst A).

(o}
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2 10

Scheme 3 Determination of the absolute configuration of the product 2

The possibility to further synthetically elaborate highly
functionalized adducts like 2 was then evaluated, by per-
forming selective transformation of the different functional
groups of 2. Carbonyl deprotection was performed with a
large excess of N-bromosuccinimide in aqueous solvent,
leading quantitatively to the tricarbonyl compound 11,7 as
determined by '"H NMR analysis of the crude reaction mix-

ture; the product was isolated in 60% yield, after chromato-
graphic purification. The corresponding methyl ester 12
was easily obtained in 65% yield upon treatment with silver

trifluoroacetate (Scheme 4).
o
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Scheme 4 Synthetic manipulation of adduct 2

In conclusion, the metal-free enantioselective conjugate
addition of a masked and functionalized acyl anion equiva-
lent to enones has been studied.'® Employing tertiary/pri-
mary amines derived from cinchona alkaloids as catalysts,
y-dithianyl-6-keto thioesters were obtained in typically
80% yield and enantioselectivities generally higher than
90% and up to 98% ee under the optimized conditions. The
synthetic versatility of highly functionalized compounds
was demonstrated by their subsequent transformation, in-
volving transesterification, carbonyl deprotection, and
dithiane reduction.

Although the present methodology at the present suf-
fers from a limited reaction scope, it represents a prospec-
tive entry to chiral 6-amino acids, valuable compounds
used as monomers in unnatural peptides featuring a pecu-
liar secondary structure.’®?® In addition, it can be consid-
ered an entry into chiral 3-substituted cyclohexamines,
building blocks in the microsomal prostaglandin E2 syn-
thase-1 (mPGES-1) inhibitors.?!
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