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Abstract: In this work, we report the synthesis and charaagon of three new thiazolidine- and
thiourea-based chiral organocatalysts. These congsowere successfully applied in asymmetric
Michael addition reactions between different ketoaad nitrostyrenes leading to products in up to
85% vyield, >96:4r.d. and 97%e.e. Computational studies were used to better visealie
proposed transition state and explain the obsest@@oselectivities. One of the new catalysts was
also successfully applied in an aldol addition lestw cyclohexanone ap-nitrobenzaldehyde
leading to product in 80% vyield, >96c4 . and 80%e.e.

Keywords: Thiourea, Thiazolidine, Asymmetric Michael Reantidsymmetric Aldol Reaction.

Introduction

With growing interest for enantioenriched compaairttie search for methodologies that can
deliver asymmetric molecules in high yields wittesévity is becoming increasingly important. In
this context, after all the work developed since dihganocatalyzed aldol reaction reported by List,
Barbaset al. in 2000* organocatalysis is now recognized as one of thet rimportant tools in
organic synthesis, performing a large number ofrasgtric organic reactions very efficienfly.

L-Proline and its derivatives are one of the mogliamed groups in organocatalysis. This
natural amino acid, which presents a five-memb®ey dontaining a secondary amine, is responsible

for efficiently catalysing several organic reactdnits sulfur analogue, R)-thiazolidine-4-
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carboxylic acid, is rarely explored in asymmetratatysis, despite the high potential presented
when it is applied: the thiazolidine moiety has destrated pyrrolidine-like activity, forming
enamine intermediaries from ketones and catalyaiithgl additions stereoselectivély.

The stereoselectivity in aminocatalysis can behlgigmproved with the presence of a
hydrogen-bonding directing group in the compoundcheW double-hydrogen-bound motifs are
synthesized, the efficiency of the catalysts cambdulated by the type of scaffold and the distance
between the units. Thioureas are the most apptieapg in this context, and over the last few years
several modifications were performed in an attetnpmprove their catalytic activity.

Interested in obtaining an efficient organocatalg@ystem, we synthesized three catalysts
containing both thiourea and thiazolidine moietiegying the linker between them through simple
and already stablished synthetic routes. The rédleéhese linkers in the conformation of the
compounds and consequently in their catalytic @gtiwas evaluated in order to develop an

optimized catalytic method.
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Figure 1. New thiazolidine-thiourea organocatalysts.

Results and discussion

Initially, catalystsl and 2, containing a carbonyl group linker between thes-imember
cycle and the thiourea portions, were synthesizedn f (R)-thiazolidine-4-carboxylic acid4
(Scheme 1). Compountlwas prepared through a coupling reaction with plielourea catalysed
by boric acid, while compoun® was obtained through esterification and a posterio
multicomponent protocol with hydrazine and phengbthiocyanate. These two simple and
straightforward methodologies can lead to the petslwith good global yields without the
necessity of protection and deprotection steps.
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Scheme 1Synthesis of compoundsand2 from (R)-thiazolidine-4-carboxylic acid.

The prepared compounds were then applied in asicis Michael protocol using
cyclohexanone ang-nitrostyrene as substrates and benzoic acid asdditive (Scheme 2).
However, even after 48 hours of reaction the comdda was formed in less than 5% yield,
demonstrating that the conformation adopted byctimepounds were probably not ideal to promote
the reaction. These results were corroborated byiqus report§, which showed that systems
containing a carbonyl moiety as linker betweenuhea and pyrrolidine portions were inefficient as

Michael catalysts.
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Scheme 2Application of compounds 1 and 2 as catalysts iohslel addition.

Another report, by Tang al.” presented a new catalyst with a methylene groupeasnker
and a substituted aromatic ring. This catalyst mimah the Michael addition with excellent yields
and stereoselectivity. With this in mind, we redegd our synthetic route to obtain compo@nd
order to investigate the role of the thiazolidiryele in this type of catalyst. The methylene moiety
was obtained through a borane-dimethylsulfide radocof the protected compoun@ After

tosylation of the alcohol group and a nucleophdlidstitution with sodium azide, a Staudinger
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protocol was performed to generate compoL®dThe primary amine group was then reacted with
isothiocyanatel 4, and the removal of the Boc group with HCI ledthie potential catalys? with
high overall yield.
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Scheme 3Synthetic route to prepare compouid

Catalyst3 was then tested in the Michael addition reactiemg the same conditions
applied previously. After 72 hours of reaction, f®duct was obtained with yield of 70% and
excellent stereoselectivity (Table 1, entry 1). sThesult indicates that the insertion of a more
flexible link between the two catalytic sites camrdatically improve the catalytic activity of the
compound, probably because more effective confoomsitare allowed. Moreover, the addition of
electron withdrawing substituents in the phenyyroan increase the acidity of the hydrogens in the
thiourea portion, improving the efficiency of thgdnogen-bond catalysis.

Other additives were also tested (Table 1, entBé¢n and butyric acid presented an
improvement in the catalytic system. But in ternisyield and stereoselectivity, none of them
presented better results than benzoic acid. Whém dadalyst and additive loads were increased to
20 mol%, the yield was improved and both enantiaenexcess and diastereomeric ratio were not
influenced (entry 6). Interestingly, when only tbatalyst load was increased, the reaction yield



dropped considerably, and when only 5 mol% of adest was added there was no product

formation. The same was observed for the reactofopned without additive.

Table 1. Screening of additives and load of catalyst inNhehael addition catalysed I8/

X NO,
N >
additive
0°C;72h

NO,
6 7
8a
Catalyst 3 N Additive Yield™ eeld
Entry Additive d.r.t
(mol%) (mol %) (%) (%)
1 10 Benzoic acid 10 70 96:4 97
2 10 Butyric acid 10 21 92:8 97
3 10 Acetic acid 10 49 91:9 96
4 10 Trifluoroacetic acid 10 50 96:4 97
5 10 p-Nitrobenzoic acid 10 55 95:5 95
6 20 Benzoic acid 20 80 96:4 97
7 20 Benzoic acid 10 15 96:4 97
8 20 Benzoic acid 5 - - -
9 20 Benzoic acid - - - -

[a] The reactions were performed using cyclohexand@® mmol; 0.5 mL), cataly§;, additive and
p-nitrostyrene  (0.25 mmol); [b] Yield of isolated opluct; [c] Determined by'H NMR
spectroscopy; [d] Determined by HPLC analysis usiradpiral stationary phase.

An optimization of the reaction conditions, suchsat/ent, temperature and time, was also
realized. Solvents with hydrogen bond acceptortherr structures, such as THF, methanol and
DMF, can interact with the thiourea moiety of tregatyst and deactivate it. These interactions can
explain the absence of product when all of thebeeats were used in the reaction (Table 2, entries
1-3). When an apolar solvent was used (Table 2y &)t high stereoselectivity was still obtained,
but the yield decreased to 21%. Brine was als@dea$ a solvent, based on several reports that it
was capable of creating a better environment talysis due to salting-out effetf but the results
for both the yield and stereoselectivity were lowem in the neat medium (Table 2, entry 5).

An increase in the reaction yield without loss tdreoselectivity was observed with the

passage of time. However, after 72 hours of reagtlte increase in yield was almost insignificant.
5



In an effort to reach higher selectivity, a reactwas performed at -10 °C, but the yield dropped to
51%, while at 20 °C the stereoselectivity was aff@é¢Table 2, entries 7-12).

Table 2. Optimization of time, solvent and temperaturehia Michael addition reaction catalysed
by 3.

CF,
el
o e ®
X NO» 3 (20 mol%) 0
ij " ©/\/ Benzoic acid (20 mol%) g &
6 7 NO,
8a
Entry Time Solvent Temperature  Yield™ e eeld
(h) (°C) (%) (%)
1 72 THF 0 - - -
2 72 DMF 0 - - -
3 72 Methanol 0 - - -
4 72 Toluene 0 21 96:4 97
5 72 Brine 0 62 90:10 78
6 72 Neat 0 80 96:4 97
7 12 Neat 0 trace - -
8 24 Neat 0 15 96:4 97
9 48 Neat 0 56 96:4 97
10 96 Neat 0 83 96:4 97
11 72 Neat -10 51 96:4 97
12 72 Neat 20 74 90:10 75

[a] The reactions were performed using cyclohexan(@® mmol; 0.5 mL), cataly$t(0.05 mmol),
benzoic acid (0.05 mmol), angnitrostyrene (0.25 mmol); [b] Yield of isolated goluct; [c]
Determined byH NMR spectroscopy; [d] Determined by HPLC analysiing a chiral stationary

phase.

With the optimized conditions in hand, differentdaes and nitroolefins were submitted to
the catalysed reaction (Table 3). When a five-megtbeyclic ketone was used (Table 3, entry 2),
both diastereo- and enantioselectivities decredsmger enantioselectivity was also observed when

acetone was used as the Michael donor (Table By 8t These results are explainable by the
6



higher stability presented by the enamine derivedmf cyclohexanone, giving it better
stereochemistry control. When electron-rich aromatlystems were used as olefin substituents
(Table 3, entries 4 and 5), good yields and steteosvities were obtained, especially for the
thiophenyl group. Electron-withdrawing groups ihralg positions were tolerated (Table 3, entries
6-8), and in the case of tipegbromophenyl substituent, only one of the four asssterecisomers
was observed. Even when the highly reactivaitrophenyl-substituted olefin was employed the
product could be obtained in good enantio- andteliasselectivity.

Table 3. Scope of different ketones and nitroolefins in¢htalysed Michael addition.
CF,

S
Yﬁkﬁﬁl@

S
0 \—NH O Ar

3 (20 mol%) R
NO -
)J\ + Ar 2 v

/\/ »
L\ . J Benzoic acid (20 mol%) E NO,
ba-c Ta-f 8a-h
Yield™ r.d.® ]
Entry Product _ eeld (%)
(%) (syn:anti)
Q=
1 \ 80 96:4 97 gyn)
; NO,
8a
Q=
2 : 52 85:15 76gyn) : 64 (anti)
: NO,

69



4 _ 82
~ NO,
8d
S
)0
5 - 85
~ NO,
8e
O ; Br
6 - 76
: NO,
8f
Br
7 Q= 81
: NO,
8g
o
8 B 77
> NO,
8h

95:5

95:5

>99:1

>99:1

93:7

76 $yn)

9¢gsyn)

94(syn)

9qsyn)

9Q(syn)

[a] The reactions were performed using ketone (bhbm0.5 mL), catalys8 (0.05 mmol), benzoic
acid (0.05 mmol), and olefin (0.25 mmol); [b] Yietf isolated product; [c] Determined B

NMR spectroscopy; [d] Determined by HPLC analysigg a chiral stationary phase.

To demonstrate the catalyst versatility, compoihdvas also employed in the aldol
asymmetric reaction between cyclohexanone@ndrobenzaldehyde (Scheme 4). When 10 mol%
of catalyst was used along with 10 mol% of benzai, the product could be obtained in 80%
yield, excellentanti selectivity of >96:4, and good enantiomeric exce$s80%. Previously

synthesized compoundsand?2 were also applied in this reaction but could nidord the aldol

product.
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Scheme 4Aldol asymmetric reaction catalysed By

The influence of a carbonyl group in the catalgificiency of the synthesized compounds
was investigated through DFT calculations (Figuyeuging the Gaussian 03 program package
(B3LYP/6-31G(d) basis set; solvent was accounteduiing the PCM method). Conformational
studies were realized to evaluate the spatial gement of compoundd and 3 in the
cyclohexanone medium. The minimum energy confornsaftsulated for the two compounds are
shown in Figure 1. It can be easily noted thatdadonyl group present in catalysieads to a
more planar structure, in which thiazolidine anttinea moieties are parallel to each other. This
conformation does not provide a good approximatibtie reaction substrates, which could explain
the inefficiency of the compound in Michael andaddltests. Even if the compound was capable of
promoting the reaction, it is not possible to olseeany steric or electronic hindrance to induce
stereocontrol in the formed product. In the propgosenformation for compoungl the N-H bonds
of the thiourea portion are parallel, and thiazakdis displaced from the molecule plane. This
calculation suggests a better conformation for aqushing the reaction, because the two

substrates can be oriented by the bifunctionalysitan one favoured disposition.



Figure 2. DFT-calculated minimum energy conformers calculdte compounds &) and b)3.

Since Tang’s catalyStseveral bifunctional catalysts containing the pldine and thiourea

moieties were reported in the literature, presgntintstanding performance in asymmetric catalysis
(Table 4). These reports can reassure the impmtahthe union of amine and hydrogen bond

catalysis, since the results are strongly relatethé catalysts structures. Our proposed bifunation

catalyst (Table 4, entry 7), based on previousltesf our research grodpthat incorporates a

thiazolidine moiety in the structure, produced canaple or even better results than the catalysts

mentioned in the asymmetric Michael addition.

Table 4.Different catalysts employed in the asymmetric Miehreaction in the last years.

O o Ph

. o ANO, Catalyst > . :
[ j > NO,
6a 7Ta 8a
Time  Yield d.r. ee.
Entry Catalyst _ Ref.
(h) (%)  (syn:anti)) (%)
CF;
1 il 38 93 96:4 90 [7]
N N CF5
Yy ;
S C12H25
2 A O 8 91 100:00 92 9
CE :
JS]\ O
3 N"N 12 92 99:1 94
AR 10
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IS

OANJLN)KQ 15 92 98:2 98 [11]
NH H H

JJ\ 0, S Bn .
5 NTONT / 48 72 99:1 95%

S SOs;Na
6 J O 60 86 97:3 90 [13]
N N
CF;
7 1 48 80 96:4 97  Our catalyst
N~ "N CF;

Conclusions

Three different methodologies were developed tmthesize bifunctional catalysts
containing thiazolidine and thiourea groups in tle#iuctures. A versatile protocol was developed
to catalyse Michael additions between cyclic opladitic ketones and aromatic aldehydes, yielding
products with high stereocontrol. The same catatyatld be employed to efficiently catalyse
asymmetric aldol reactions. The presence of a rfilexéle methylene group as a linker between
the two catalytic portions was proved necessargalee the compounds containing carbonyl
groups in the linker were not able to provide tmedpict. This inability could be explained by
conformational studies of compountl&and3, which showed the different dispositions creatgd b
the presence or absence of a carbonyl group. Thertance of flexibility in the structure to lead

the catalyst to a more convenient conformatiohésthighlighted.

Experimental Section

The'H NMR, *C NMR, 2D-COSY NMR and 2D-HMQC NMR spectra wereaeted on
300 MHz spectrometers Varian Inova 300 and VariadWWRS 300. Chemical shiftsé) are
expressed in ppm downfield from TMS as internaindéad. All enantiomeric excesses were
obtained from HPLC using chiral stationary phasa Bhimadzu LC-20AT chromatograph. Optical
rotations were obtained in a Perkin Elmer Polaran&4l. Infrared spectra were obtained in a
Varian 640-IR spectrometer. All of the column chedography separations were done using silica
gel Fluka, 100-200 Mesh. Solvents were purified tbg usual methods. Other reagents were
obtained from commercial source and used withorihéu purification. The organic extracts were
dried over anhydrous sodium sulfate. Evaporationsolvent was performed under reduced

pressure.
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(R)-N-(Phenylcarbamothioyl)thiazolidine-4-carboxamide(1)

In a 50 mL two-neck round bottom flask, equippedhwa Dean-Stark trap and a condenser,
compound4 (2.0 mmol) was added over toluene (10 mL). Themickacid (0.9 mmol, 0.055 g) and
1-phenylthiourea (2.2 mmol, 0.334 g) were addedthedreaction was heated up to 120 °C under
strong stirring. The reaction became homogenedes iafreached reflux temperature. The reaction
was monitored by TLC until complete consumptiortted starting material was completed (12 h).
An azeotropic distillation was performed under tlipressure using methanol to remove toluene
and then the mixture was diluted with ethyl ace{@®@ mL) and washed with HCI 10 % (v/v)
solution (2 x 20 mL). The residue was submittegudfication by column chromatography using a
70:30 hexane:ethyl acetate solution as eluent. Aewdolid was obtained as the product. Yield:
51%. M.P. = 180-183 °Gar]%’ = -24 (c 1, CHCL,). FTIR (ATR): 3500 crit, 1567 crit. *H NMR
(300 MHz, CDC}) &: 7.54-7.42 (m, 3H); 7.50-7.38 (m, 2H); 5.43 (d,, 1H= 9.3 Hz); 4.65 (dd, 1H,
J=19.0 Hz); 4.51 (d, 1H) = 9.6 Hz); 3.39 (dd, 1H] = 12.0 Hz; 6.9 Hz); 3.17 (dd, 1K= 9.0 Hz;

8.3 Hz); 1.25 (s, 1H)**C NMR (75.5 MHz, CDGJ) & 185.1; 170.5; 132.8; 129.3; 129.1; 66.3;
49.9; 31.1. HRMS calcd. for (M+K)306.0500, found 307.0201.

(R)-N-phenyl-2-(thiazolidine-4-carbonyl) hydrazinecarbdhioamide (2)

In a 50 mL round-bottom flask containing methain@ teagents were added in the following order:
compound5 (5.0 mmol, 0.576 @), hydrazine monohydrate (5.0 almn®.15 mL), phenyl
isothiocyanate (5.0 mmol, 0.9 mL). Catalytic acetoed was added, and the mixture was heated to
reflux (90 °C) under magnetic stirring. The reactweas monitored by TLC and finished in 6 h. The
white solid product was obtained after filtratiororh the crude reaction and washed with cold
methanol. Yield: 35%. M.P. = 203-206 %@]%’ = -3 (c 1, CHCl,). *H NMR (300 MHz, CDC}) &:
7.54-7.42 (m, 3H); 7.50-7.38 (m, 2H); 5.42 (d, 14+ 9.3 Hz); 4.64 (dd, 1H] = 9.1 Hz); 4.53 (d,
1H,J=9.6 Hz); 3.35 (dd, 1H] = 12.0 Hz; 6.9 Hz); 3.19 (dd, 1H,= 9.0 Hz; 8.3 Hz); 1.23 (s,
1H). **C NMR (75.5 MHz, CDGJ) &: 185.1; 170.5; 132.8; 129.3; 129.1; 66.3; 49.913HRMS:
calcd. for (M+2H¥"/2 142.0300, found 142.03009.

(R)-tert-butyl 4-((3-(3,5-bis(trifluoromethyl)phenyl) thioureido)methyl)thiazolidine-3-
carboxylate (15)

In a 10 mL one-neck round bottom flask containirghlbromethane (10 mL) at 0 °C, compour&i
(2.1 mmol, 0.131 g) and the isothiocyanatie(1.2 mmol, 0.25 mL) were added. The reaction was
stirred under room temperature for 2-3 hours warisumption of starting material was completed.
Then, the solution was concentrated under reducedgspre and the residue was purified with
column chromatography using as eluent a mixtur@@(hexane: ethyl acetate), affording a white

crystalline solid. Yield: 99%. M.P.: 140 °Qa]%’ = +35° (c 1, CHCl,). *H NMR (300 MHz,
12



CDCL) & 8.38 (s, 1H): 7.58 (s, 2H): 4.24 (d, 28z 7.2 Hz); 3.67 (m, 2H); 3.17 (d, 1H= 5.41
Hz); 2.81 (d, 1H,) = 10.0 Hz); 1.40 (s, 9H}’C NMR (75.5 MHz, CDGJ)) &: 179.1; 154.7; 141.0;
131.7; 128.5; 124.9; 123.5; 121.3; 118.1; 82.66598.6; 46.4; 34.9; 28.1.

1-(3,5-bis(trifluoromethyl)phenyl)-3-(((R)-thiazolidin-4-yl)methyl)thiourea) (3)

In a round bottom flask containing compoubs (0.32 mmol, 0.156 g), a solution of HCI 3M in
ethyl acetate (8 mL) was added. The reaction wagdtat 0 °C for 1h. After, NaHC{ay Solution
was added until pH 6-7. The solution was extragtgd dichloromethane (3 x 20 mL). The organic
phase was dried over &0, filtered and the solvent was evaporated. Theymbdas afforded as
a white crystal solid. Yield: 90%. M.P.: 112-11@. {a]%° = + 43° (c 1, CHCl,). *H NMR (300
MHz, CDCE) &: 9.00 (s, 1H); 7.70 (s, 2H); 7.60 (s, 1H); 7.101(s); 4.08-3.95 (m, 3H); 3.71 (s,
1H); 3.30 (m, 1H); 2.98 (m, 1H); 2.62 (m, 1H); 2.29 1H).*C NMR (75.5 MHz, CDQ)) &:
180.1; 139.3; 132.4; 124.1; 123.2; 121.4; 118.99682.5; 46.0; 36.1. HRMS (ESI) calcd. for
(M+H)" 390.0533, found 390.0525.

General procedure for organocatalytic asymmetric Mchael reaction

In a round bottom flask containing the solvent, kieéone (5 mmol), cataly& (0.05 mmol, 0.020

g) and additive were added and stirred at 0 °C3fbmin. After this, the nitroolefin (0.25 mmol)
was added and the reaction was stirred for theatbime at the specified temperature. Then it was
treated with NHClsap solution (10 mL) and the aqueous phase was egttagith dichloromethane

(2 x 15 mL). The organic phase was dried oves3Q, filtered and the solvent was evaporated.
The residue was purified through column chromatolgyausing as eluent an 80:20 mixture of

hexane:ethyl acetate as eluent.

References

[1] () List, B.; Lerner, R. A.; Barbas Ill, C. B. Am. Chem. Soc. 200Q 122, 2395. (b) Notz, W.;
List, B. J. Am. Chem. Soc. 200Q 122, 7386.

[2] For recent reviews about organocatalysis, §g@eVega-Penaloza, A.; Paria, S.; Bonchio, M.;
Dell’Amico, L.; Companyo, XACS Cat. 2019 9, 6058. (b) Meninno, S.; Volpe, C.; Lattanzi, A.
ChemCatChem 2019 11, 3716. (c) Oliveira, V. G.; Cardoso, M. F. C.; éor L. S. M.
Catalysts 2018 8, 605/1. (d) Agirre, M.; Arrieta, A.; Arrastia, |.Cossio, F. P.Chem. Asian

J. 2019 14, 44. (e) Guo, H.; Fan, Y. C.; Sun, Z.; Wu, Y.; Kwd. Chem. Rev. 2018 118, 10049.
(H) Evans, C. S.; Davis, L. OMolecules 2018 23, 33/1.

[3] For recent reviews about aminocatalysis, sag:Rrzydacz, A.; Skrzynska, A.; Albrecht, L.
Angew. Chem. Intern. Ed. 2019 58, 63. (b) Klier, L.; Tur, F.; Poulsen, P. H.; Joemgen, K. A.

Chem. Soc. Re017, 46, 1080. (c) Vicario, J. LSynlett 2016 27, 1006. (d) Donslund, B. S,;
13



Johansen, T. K.; Poulsen, P. H.; Halskov, K. Srge&msen, K. A.Angew. Chem. Intern.
Ed. 2015 54, 13860.

[4] (a) Jacoby, C. G.; Vontobel, P. H. V.;Bach, M.; Schneider, P. H.New J.
Chem. 2018 42, 7416. (b) Rambo, R. S.; Jacoby, C. G.; Silvd,.TSchneider, P. Hletrahedron:
Asym. 2015 26, 632. (c) Rambo, R. S.; Schneider, PTetrahedron: Asym. 201Q 21, 2254.

[5] For recent reviews about thiourea organocatslysee: (a) Sun, Y.-L.; Wei, Y.; Shi, M.
ChemCatChem 2017, 9, 718. (b) Held, F. E.; Tsogoeva, S. @at. Science Tech. 2016 6, 645. (¢)
Fang, X.; Wang, C.-Lhem. Commun. 2015 51, 1185.

[6] (a) Mossé, S.; Alexakis, AOrg. Lett. 2005 7, 4361. (b) Cobb, A. J. A.; David, M. S.; Deborah,
A. L.; Gold, J. B.; Ley, S. VOrg. Biomol. Chem. 2005 3, 84. (c) Mitchell, C. E. T.; Cobb, A. J. A;;
Ley, S. V.Synlett 2005 611.

[7] Tang, Y.; Sun, X.-L.; Ye, M.-C.; Cao, C.-Drg. Lett. 2006 8, 2901.

[8] (a) Vishnumaya, M. R.; Singh, V. K. Org. Chem. 2009 74, 4289; (b) De Nisco, M.; Pedatella,
S.; Ullah, H.; Zaidi, J. H. ; Naviglio, D.; Ozdam#.; Caputo, RJ. Org. Chem. 2009 74, 9562.

[9] Li, J.; Liu, Y.; Liu, L. Lett. Org. Chem. 2012 9, 51.

[10] Ban, S.-R.; Zhu, X.-X.; Zhang, Z.-P.; Xie, M.: Li, Q.-S.Eur. J. Org. Chem. 2013 2977.

[11] Wang, Z.-Y.; Ban, S.-R.; Yang, M.-C.; Li, Q.-Shirality 2016 28, 721.

[12] Wang, H.;Wang, Z.; Li, S.; Qiu, Y.; Liu, B.;08g, Z.; Liu, Z.Chem. Res. Chin. Univ. 2016
32, 373.

[13] Lu, J.; Chen, W-YBull. Korean Chem. Soc. 2013 34, 3179.

14



- New thiazolidine- and thiourea-based chiral organocatalysts

- A versatile protocol to catalyse Michael additions between cyclic or aliphatic ketones
and aromatic aldehydes.

- The same catalyst also efficiently catal yses asymmetric aldol reactions.. .



