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At the beginning of the 21st century, organocatalysis has emerged as a new powerful
methodology for the synthesis of enantiopure organic compounds. The breakthrough of
proline-catalyzed asymmetric direct aldol reaction together with the pioneering work on
catalytic thioureas and imidazolidinones opened new directions in asymmetric catalysis. The
five-membered secondary amine structure of proline is considered as a“privileged” structure
able to activate carbonyl compounds through the formation of enamine intermediates. In an
attempt to develop new organocatalysts, we thought of combining a thiourea group with
prolinamide or an a-amino acid amide unit. Thiourea group is a well known double hydrogen
bond donor and recently we have shown that chiral thioureas based on tert-butyl esters of a-
amino acids are excellent catalysts for the asymmetric Michael reaction.’ In the present work,
we describe the synthesis of various a-amino acid amides based on a chiral diamine carrying a
thiourea group (general structure 1). The catalytic efficiency of the new organocatalysts was
evaluated in the aldol reaction between acetone and 4-nitrobenzaldehyde. Prolinamide
derivative was more efficient than the valinamide and the threonine amide derivatives. The
catalyst based on (S)-proline and (1S,2S)-diphenylethylenediamine proved to be an excellent
catalyst providing the products between ketones and aromatic aldehydes in high to
quantitative yield and high stereoselectivities.?
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INTRODUCTION

At the beginning of the 21st century. organocatalysis has emerged as a new powerful
methodology for the synthesis of enantiopure organic compounds.! The breakthrough of
proline-catalyzed asymmetric direct aldol reaction together with the pioneering work on
catalytic thioureas and imidazolidinones opened new directions in asymmetric catalysis. The
five-membered secondary amine structure of proline is considered as a “privileged” structure
able to activate carbonyl compounds through the formation of enamine intermediates. In an
attempt to develop new organocatalysts, we thought of combining a thiourea group with a
prolinamide or an a-amino acid amide unit. Thiourea group is a well known double hydrogen
bond donor and recently we have shown that chiral thioureas based on rerr-butyl esters of o-
amino acids are excellent catalysts for the asymmetric Michael reaction.? In the present work,
we describe the synthesis of various a-amino acid amides based on a chiral diamine carrying a
thiourea group and the evaluation of the resulting catalysts in asymmetric aldol reactions.*

RESULTS AND DISCUSSION

Boc-L-proline (1a). Boc-L-valine (1b). and Fmoc-L-threonine O-fert-butyl ether (1c)
were each coupled with (15.2S5)-diphenylethylenediamine using 1-[3-dimethylamino)propyl]-
3-ethylcarbodiimide (WSCTI) as a condensing agent in the presence of 1-hydroxybenzotriazole
(HOBt). The amides 2a—c¢ were then treated with the commercially available 3.5-
bis(trifluoromethyl)phenyl isothiocyanate to give the thiourea derivatives 3a-c. The Boc
group was removed from 3a and 3b by treatment with HCI in methanol, whereas the Fmoc
group was removed with piperidine in DMF.
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Scheme 1. Reagents and conditions. (a) (1S.2S)-diphenylethylenediamine, WSCI. HOBt,
Et;N, CH,Cl,. 24 h. r.t. (b) 3.5-bis(trifluoromethyl)phenyl isothiocyanate, CH,Cl,. 24 h. r.t.
(c) 4N HCI/MeOH, r:t. for 3a.b and piperidine/DMF, r.t. for 3c.

The catalytic activities of 4a-c¢ were first evaluated in the reaction between acetone and
4-nitro-benzaldehyde at various temperatures in toluene that as we have shown is the
optimum solvent for this reaction.? In all cases. the best enantioselectivities were achieved at
-20 or -50 °C. The prolinamide catalyst 4a (entries 1-3. Table 1) was more efficient than the
valinamide 4b (entries 4-6. Table 1) and the threonamide 4c¢ (entries 7-9. Table 1). indicating
that a secondary amino group rather than a primary one is required for catalytic efficiency in
the aldol reaction.

Table 1. Effect of temperature on the direct asymmetric aldol reaction between acetone and
4-nitro-benzaldehyde in the presence of catalysts 4a-c.

Entry Catalyst Solvent, temp. [°C]  Yield [%]®  ee [%]®]
o o 1 4a toluene. room temp. 50(<l 42
A+ H)L s «
\“ ) 2 4a toluene, -20 90 83
— NO> g 4a toluene, -50 66 90
catlysials 4 4b toluene, room tem 76 55
corl%it'i‘ons - P e
5 4b toluene, -20 60 77
O OH 6 4b toluene. -50 21 73
\/L\H&;‘L 7 4c toluene, room temp. 48 57
7 NO, 8 4c toluene, -20 33 86
9 4c toluene. -50 20 83

[a] Isolated yield after column chromatography. [b] The ee was determined by HPLC with
a Diacel Chiralpak AD-RH column. [¢] Reaction time: 18 h.
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Using toluene as the solvent and reaction temperature at -20 °C, we continued our
research studying the effect of different additives and catalyst loading on the reaction
between acetone and 4-nitro-benzaldehyde in the presence of catalyst 4a and we found
that the best results were obtained when a medium acidity additive as the 4-nitro-benzoic
acid (4-NBA) was used at 10% catalyst loading.*
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Scheme 2. Optimum conditions on the direct asymmetric aldol reaction between
acetone and 4-nitro-benzaldehyde in the presence of catalyst 4a.

The aldol reaction substrate scope for the new catalyst 4a was studied then and the
results are summarized in Table 2. Electron-poor aldehydes (entries 1-3. Table 2) reacted
easily with acetone. providing the products in high to quantitative yields (79-100%) and
with high enantioselectivities (94-99% ee). When cyclohexanone or cyclopentanone were
used as the donors and 4-nitro-benzaldehyde as the acceptor. the products were obtained
both in quantitative yields and with excellent enantioselectivities (entry 4.5). A number of
cyclic ketones reacted with 4-nitro-benzaldehyde to provide the products in varying
yields (61-98%). with high diastereoselectivities (93:7 to 98:2) and excellent
enantioselectivities (98-99% ee, entries 6-8. Table 2).

Table 2. Direct asymmetric aldol reactions between ketones and
various aldehydes in the presence of catalyst 4a.
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[a] Isolated yield after column chromatography. [b] The diastereomeric ratio was
determined by 'H NMR spectroscopy and refers to the anti/syn ratio. [c] The ee was
determined by chiral HPLC. [d] 10 equiv. of ketone were used. [e] 99% ee for anti, 92%
ee for syn. [f] Reaction time 48 h. [g] 91% yield after 4 d.

The catalytic mechanism in the case of 4a is likely to proceed through enamine
activation of the ketone by the pyrrolidine functionality and subsequent nucleophilic
attack to the aldehyde that is oriented and activated through the formation of a double
hydrogen bond involving the amide hydrogen and one of the thiourea hydrogen atoms
(scheme 3). Additives as 4-nitro-benzoic acid might enhance enantioselectivity indicating
that the acid might play a key role in the catalytic mechanism (scheme 4).
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